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The Hubble tension
[Knox&Millea 1908.03663]



The Hubble tension
[Knox&Millea 1908.03663]

SH0ES + Planck  5 sigma discrepant

(i) model-dependent statement:



The Hubble tension

[Aylor++1811.00537]

BAO + SNe: H0rs ' const
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(ii) model-independent statement:

[Arendse++1909.07986]

[Knox&Millea 1908.03663]

SH0ES + Planck  5 sigma discrepant

(i) model-dependent statement:



The Hubble tension

[Aylor++1811.00537]

BAO + SNe: H0rs ' const
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(ii) model-independent statement:

[Arendse++1909.07986]

[Knox&Millea 1908.03663]

SH0ES + Planck  5 sigma discrepant

(i) model-dependent statement:

 Resolving the tension requires lowering the sound horizon by ~ 8 Mpc.



The Hubble tension

[Aylor++1811.00537]

BAO + SNe: H0rs ' const
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rs =

Z 1
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cs(z)

H(z)
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<latexit sha1_base64="Y1ubXoTJTcg2p0mWOeY7DLHUroQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkVUXMLeskxonlAsoTZyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xskmgs+ChqKqm+6uIBFcG4zfncLS8srqWnG9tLG5tb1T3t1r6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8389h1Tmsfy1kwS5kdkKHnIKTFWuqn3cb9cwW4Ve9UzD/0mnotzVGCBRr/81hvENI2YNFQQrbseToyfEWU4FWxa6qWaJYSOyZB1LZUkYtrP8lOn6MgqAxTGypY0KFe/TmQk0noSBbYzImakf3oz8S+vm5rwws+4TFLDJJ0vClOBTIxmf6MBV4waMbGEUMXtrYiOiCLU2HRKNoTPT9H/pHXietj1rk8rtctFHEU4gEM4Bg/OoQZ1aEATKAzhHh7hyRHOg/PsvMxbC85iZh++wXn9ADIEjb0=</latexit><latexit sha1_base64="Y1ubXoTJTcg2p0mWOeY7DLHUroQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkVUXMLeskxonlAsoTZyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xskmgs+ChqKqm+6uIBFcG4zfncLS8srqWnG9tLG5tb1T3t1r6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8389h1Tmsfy1kwS5kdkKHnIKTFWuqn3cb9cwW4Ve9UzD/0mnotzVGCBRr/81hvENI2YNFQQrbseToyfEWU4FWxa6qWaJYSOyZB1LZUkYtrP8lOn6MgqAxTGypY0KFe/TmQk0noSBbYzImakf3oz8S+vm5rwws+4TFLDJJ0vClOBTIxmf6MBV4waMbGEUMXtrYiOiCLU2HRKNoTPT9H/pHXietj1rk8rtctFHEU4gEM4Bg/OoQZ1aEATKAzhHh7hyRHOg/PsvMxbC85iZh++wXn9ADIEjb0=</latexit><latexit sha1_base64="Y1ubXoTJTcg2p0mWOeY7DLHUroQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkVUXMLeskxonlAsoTZyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xskmgs+ChqKqm+6uIBFcG4zfncLS8srqWnG9tLG5tb1T3t1r6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8389h1Tmsfy1kwS5kdkKHnIKTFWuqn3cb9cwW4Ve9UzD/0mnotzVGCBRr/81hvENI2YNFQQrbseToyfEWU4FWxa6qWaJYSOyZB1LZUkYtrP8lOn6MgqAxTGypY0KFe/TmQk0noSBbYzImakf3oz8S+vm5rwws+4TFLDJJ0vClOBTIxmf6MBV4waMbGEUMXtrYiOiCLU2HRKNoTPT9H/pHXietj1rk8rtctFHEU4gEM4Bg/OoQZ1aEATKAzhHh7hyRHOg/PsvMxbC85iZh++wXn9ADIEjb0=</latexit><latexit sha1_base64="Y1ubXoTJTcg2p0mWOeY7DLHUroQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkVUXMLeskxonlAsoTZyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xskmgs+ChqKqm+6uIBFcG4zfncLS8srqWnG9tLG5tb1T3t1r6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8389h1Tmsfy1kwS5kdkKHnIKTFWuqn3cb9cwW4Ve9UzD/0mnotzVGCBRr/81hvENI2YNFQQrbseToyfEWU4FWxa6qWaJYSOyZB1LZUkYtrP8lOn6MgqAxTGypY0KFe/TmQk0noSBbYzImakf3oz8S+vm5rwws+4TFLDJJ0vClOBTIxmf6MBV4waMbGEUMXtrYiOiCLU2HRKNoTPT9H/pHXietj1rk8rtctFHEU4gEM4Bg/OoQZ1aEATKAzhHh7hyRHOg/PsvMxbC85iZh++wXn9ADIEjb0=</latexit>

(ii) model-independent statement:

[Arendse++1909.07986]

[Knox&Millea 1908.03663]

SH0ES + Planck  5 sigma discrepant

(i) model-dependent statement:

 Resolving the tension requires lowering the sound horizon by ~ 8 Mpc.

 This clearly suggests new physics pre recombination in redshift  window:

<latexit sha1_base64="hlTOJ6V0wGVlCHRRPzQ5EuMU5qc=">AAAB+XicdVDJSgNBEK2JW4zbqEcvjUHwNPQEowY8BL14jGAWSIbQ0+lJmvQsdPcE4pA/8eJBEa/+iTf/xs4iuD4oeLxXRVU9PxFcaYzfrdzS8srqWn69sLG5tb1j7+41VJxKyuo0FrFs+UQxwSNW11wL1kokI6EvWNMfXk395ohJxePoVo8T5oWkH/GAU6KN1LVtF2OMLtCdqVLZ8K5dxE4Fu5VTF/0mroNnKMICta791unFNA1ZpKkgSrVdnGgvI1JzKtik0EkVSwgdkj5rGxqRkCkvm10+QUdG6aEglqYijWbq14mMhEqNQ990hkQP1E9vKv7ltVMdnHsZj5JUs4jOFwWpQDpG0xhQj0tGtRgbQqjk5lZEB0QSqk1YBRPC56fof9IoOW7ZwTcnxerlIo48HMAhHIMLZ1CFa6hBHSiM4B4e4cnKrAfr2XqZt+asxcw+fIP1+gEoe5DH</latexit>

1000 < z < 25000
Modify history of universe when 

highly constrained! 



The Hubble tension

[Aylor++1811.00537]

BAO + SNe: H0rs ' const
<latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

H0
<latexit sha1_base64="Y1ubXoTJTcg2p0mWOeY7DLHUroQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkVUXMLeskxonlAsoTZyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xskmgs+ChqKqm+6uIBFcG4zfncLS8srqWnG9tLG5tb1T3t1r6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8389h1Tmsfy1kwS5kdkKHnIKTFWuqn3cb9cwW4Ve9UzD/0mnotzVGCBRr/81hvENI2YNFQQrbseToyfEWU4FWxa6qWaJYSOyZB1LZUkYtrP8lOn6MgqAxTGypY0KFe/TmQk0noSBbYzImakf3oz8S+vm5rwws+4TFLDJJ0vClOBTIxmf6MBV4waMbGEUMXtrYiOiCLU2HRKNoTPT9H/pHXietj1rk8rtctFHEU4gEM4Bg/OoQZ1aEATKAzhHh7hyRHOg/PsvMxbC85iZh++wXn9ADIEjb0=</latexit><latexit sha1_base64="Y1ubXoTJTcg2p0mWOeY7DLHUroQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkVUXMLeskxonlAsoTZyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xskmgs+ChqKqm+6uIBFcG4zfncLS8srqWnG9tLG5tb1T3t1r6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8389h1Tmsfy1kwS5kdkKHnIKTFWuqn3cb9cwW4Ve9UzD/0mnotzVGCBRr/81hvENI2YNFQQrbseToyfEWU4FWxa6qWaJYSOyZB1LZUkYtrP8lOn6MgqAxTGypY0KFe/TmQk0noSBbYzImakf3oz8S+vm5rwws+4TFLDJJ0vClOBTIxmf6MBV4waMbGEUMXtrYiOiCLU2HRKNoTPT9H/pHXietj1rk8rtctFHEU4gEM4Bg/OoQZ1aEATKAzhHh7hyRHOg/PsvMxbC85iZh++wXn9ADIEjb0=</latexit><latexit sha1_base64="Y1ubXoTJTcg2p0mWOeY7DLHUroQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkVUXMLeskxonlAsoTZyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xskmgs+ChqKqm+6uIBFcG4zfncLS8srqWnG9tLG5tb1T3t1r6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8389h1Tmsfy1kwS5kdkKHnIKTFWuqn3cb9cwW4Ve9UzD/0mnotzVGCBRr/81hvENI2YNFQQrbseToyfEWU4FWxa6qWaJYSOyZB1LZUkYtrP8lOn6MgqAxTGypY0KFe/TmQk0noSBbYzImakf3oz8S+vm5rwws+4TFLDJJ0vClOBTIxmf6MBV4waMbGEUMXtrYiOiCLU2HRKNoTPT9H/pHXietj1rk8rtctFHEU4gEM4Bg/OoQZ1aEATKAzhHh7hyRHOg/PsvMxbC85iZh++wXn9ADIEjb0=</latexit><latexit sha1_base64="Y1ubXoTJTcg2p0mWOeY7DLHUroQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkVUXMLeskxonlAsoTZyWwyZHZ2mZkVwpJP8OJBEa9+kTf/xskmgs+ChqKqm+6uIBFcG4zfncLS8srqWnG9tLG5tb1T3t1r6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8389h1Tmsfy1kwS5kdkKHnIKTFWuqn3cb9cwW4Ve9UzD/0mnotzVGCBRr/81hvENI2YNFQQrbseToyfEWU4FWxa6qWaJYSOyZB1LZUkYtrP8lOn6MgqAxTGypY0KFe/TmQk0noSBbYzImakf3oz8S+vm5rwws+4TFLDJJ0vClOBTIxmf6MBV4waMbGEUMXtrYiOiCLU2HRKNoTPT9H/pHXietj1rk8rtctFHEU4gEM4Bg/OoQZ1aEATKAzhHh7hyRHOg/PsvMxbC85iZh++wXn9ADIEjb0=</latexit>

(ii) model-independent statement:

[Arendse++1909.07986]

[Knox&Millea 1908.03663]

SH0ES + Planck  5 sigma discrepant

(i) model-dependent statement:

 Resolving the tension requires lowering the sound horizon by ~ 8 Mpc.

 This clearly suggests new physics pre recombination in redshift  window:

<latexit sha1_base64="hlTOJ6V0wGVlCHRRPzQ5EuMU5qc=">AAAB+XicdVDJSgNBEK2JW4zbqEcvjUHwNPQEowY8BL14jGAWSIbQ0+lJmvQsdPcE4pA/8eJBEa/+iTf/xs4iuD4oeLxXRVU9PxFcaYzfrdzS8srqWn69sLG5tb1j7+41VJxKyuo0FrFs+UQxwSNW11wL1kokI6EvWNMfXk395ohJxePoVo8T5oWkH/GAU6KN1LVtF2OMLtCdqVLZ8K5dxE4Fu5VTF/0mroNnKMICta791unFNA1ZpKkgSrVdnGgvI1JzKtik0EkVSwgdkj5rGxqRkCkvm10+QUdG6aEglqYijWbq14mMhEqNQ990hkQP1E9vKv7ltVMdnHsZj5JUs4jOFwWpQDpG0xhQj0tGtRgbQqjk5lZEB0QSqk1YBRPC56fof9IoOW7ZwTcnxerlIo48HMAhHIMLZ1CFa6hBHSiM4B4e4cnKrAfr2XqZt+asxcw+fIP1+gEoe5DH</latexit>

1000 < z < 25000
Modify history of universe when 

highly constrained! 

 Challenge: The new physics should preserve good fit to CMB observables.



How to shorten sound horizon?



How to shorten sound horizon?
 Energy injection before recombination (but not too early!).



How to shorten sound horizon?
 Energy injection before recombination (but not too early!).

H(z) = H0

p
⌦⇤ + ⌦m(1 + z)3 + ⌦r(1 + z)4 + ⌦X(z)

<latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="75yTf8+jYCaQGag8fVAHa5HzYmo="></latexit><latexit sha1_base64="MHrwLf1eaFWozeOI7U6cVURX3a4="></latexit><latexit sha1_base64="CRnRkP3TgFRNtadzRb7mCNsBWFI="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit>

new component (~10%)

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>



How to shorten sound horizon?
 Energy injection before recombination (but not too early!).

H(z) = H0

p
⌦⇤ + ⌦m(1 + z)3 + ⌦r(1 + z)4 + ⌦X(z)

<latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="75yTf8+jYCaQGag8fVAHa5HzYmo="></latexit><latexit sha1_base64="MHrwLf1eaFWozeOI7U6cVURX3a4="></latexit><latexit sha1_base64="CRnRkP3TgFRNtadzRb7mCNsBWFI="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit>

new component (~10%)

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 Balanced by increasing 
<latexit sha1_base64="18phKAQHXG3TBu8EFpvzbsC3x/o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPD6414</latexit>

H0



How to shorten sound horizon?
 Energy injection before recombination (but not too early!).

H(z) = H0

p
⌦⇤ + ⌦m(1 + z)3 + ⌦r(1 + z)4 + ⌦X(z)

<latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="75yTf8+jYCaQGag8fVAHa5HzYmo="></latexit><latexit sha1_base64="MHrwLf1eaFWozeOI7U6cVURX3a4="></latexit><latexit sha1_base64="CRnRkP3TgFRNtadzRb7mCNsBWFI="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit>

new component (~10%)

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 Subsequently, the new component has to decay at least as fast as radiation.
 Balanced by increasing 

<latexit sha1_base64="18phKAQHXG3TBu8EFpvzbsC3x/o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPD6414</latexit>

H0



How to shorten sound horizon?
 Energy injection before recombination (but not too early!).

 Canonical example: Dark Radiation (DR)

H(z) = H0

p
⌦⇤ + ⌦m(1 + z)3 + ⌦r(1 + z)4 + ⌦X(z)

<latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="75yTf8+jYCaQGag8fVAHa5HzYmo="></latexit><latexit sha1_base64="MHrwLf1eaFWozeOI7U6cVURX3a4="></latexit><latexit sha1_base64="CRnRkP3TgFRNtadzRb7mCNsBWFI="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit>

new component (~10%)

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 Subsequently, the new component has to decay at least as fast as radiation.
 Balanced by increasing 

<latexit sha1_base64="18phKAQHXG3TBu8EFpvzbsC3x/o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPD6414</latexit>

H0



Dark radiation:

Simplest implementation:  promote       to free parameter 

⌦X(t) = ⌦DR a(t)�4
<latexit sha1_base64="HzWwNDM/C0IeCn/EQR1YOjcMbBo="></latexit>

How to shorten sound horizon?
 Energy injection before recombination (but not too early!).

 Canonical example: Dark Radiation (DR)

Ne↵
<latexit sha1_base64="bGZWw47n8w3sFpToiUeRE+u0dGI=">AAAB83icdVDJSgNBEO1xjYlL1KOXxih4CjMR1NyCXjxJBLNAEkJPpyZp0rPQXRMMQ37DiwdFvHr1B/wDb36Inu0kCq4PCh7vVVFVz42k0GjbL9bM7Nz8wmJqKZ1ZXlldy65vVHUYKw4VHspQ1V2mQYoAKihQQj1SwHxXQs3tn4z92gCUFmFwgcMIWj7rBsITnKGRmmftJsIlJuB5o3Y2Z+eLtlM8cOhv4uTtCXKlndfHp0HmrdzOPjc7IY99CJBLpnXDsSNsJUyh4BJG6WasIWK8z7rQMDRgPuhWMrl5RHeN0qFeqEwFSCfq14mE+VoPfdd0+gx7+qc3Fv/yGjF6R61EBFGMEPDpIi+WFEM6DoB2hAKOcmgI40qYWynvMcU4mpjSJoTPT+n/pFrIO/v5wrlJ45hMkSJbZJvsEYcckhI5JWVSIZxE5IrckFsrtq6tO+t+2jpjfcxskm+wHt4Bm5yWgA==</latexit>

H(z) = H0

p
⌦⇤ + ⌦m(1 + z)3 + ⌦r(1 + z)4 + ⌦X(z)

<latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="75yTf8+jYCaQGag8fVAHa5HzYmo="></latexit><latexit sha1_base64="MHrwLf1eaFWozeOI7U6cVURX3a4="></latexit><latexit sha1_base64="CRnRkP3TgFRNtadzRb7mCNsBWFI="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit>

new component (~10%)

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 Subsequently, the new component has to decay at least as fast as radiation.
 Balanced by increasing 

<latexit sha1_base64="18phKAQHXG3TBu8EFpvzbsC3x/o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPD6414</latexit>

H0



Dark radiation:

Simplest implementation:  promote       to free parameter 

⌦X(t) = ⌦DR a(t)�4
<latexit sha1_base64="HzWwNDM/C0IeCn/EQR1YOjcMbBo="></latexit>

How to shorten sound horizon?
 Energy injection before recombination (but not too early!).

 Canonical example: Dark Radiation (DR)

[Planck 2018 + BAO (+LSS)  
+ Pantheon + BBN]

 Result: Tension only reduced slightly, still ~4 sigma

Ne↵
<latexit sha1_base64="bGZWw47n8w3sFpToiUeRE+u0dGI=">AAAB83icdVDJSgNBEO1xjYlL1KOXxih4CjMR1NyCXjxJBLNAEkJPpyZp0rPQXRMMQ37DiwdFvHr1B/wDb36Inu0kCq4PCh7vVVFVz42k0GjbL9bM7Nz8wmJqKZ1ZXlldy65vVHUYKw4VHspQ1V2mQYoAKihQQj1SwHxXQs3tn4z92gCUFmFwgcMIWj7rBsITnKGRmmftJsIlJuB5o3Y2Z+eLtlM8cOhv4uTtCXKlndfHp0HmrdzOPjc7IY99CJBLpnXDsSNsJUyh4BJG6WasIWK8z7rQMDRgPuhWMrl5RHeN0qFeqEwFSCfq14mE+VoPfdd0+gx7+qc3Fv/yGjF6R61EBFGMEPDpIi+WFEM6DoB2hAKOcmgI40qYWynvMcU4mpjSJoTPT+n/pFrIO/v5wrlJ45hMkSJbZJvsEYcckhI5JWVSIZxE5IrckFsrtq6tO+t+2jpjfcxskm+wHt4Bm5yWgA==</latexit>

H(z) = H0

p
⌦⇤ + ⌦m(1 + z)3 + ⌦r(1 + z)4 + ⌦X(z)

<latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="75yTf8+jYCaQGag8fVAHa5HzYmo="></latexit><latexit sha1_base64="MHrwLf1eaFWozeOI7U6cVURX3a4="></latexit><latexit sha1_base64="CRnRkP3TgFRNtadzRb7mCNsBWFI="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit>

new component (~10%)

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 Subsequently, the new component has to decay at least as fast as radiation.
 Balanced by increasing 

<latexit sha1_base64="18phKAQHXG3TBu8EFpvzbsC3x/o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPD6414</latexit>

H0



Dark radiation:

Simplest implementation:  promote       to free parameter 

⌦X(t) = ⌦DR a(t)�4
<latexit sha1_base64="HzWwNDM/C0IeCn/EQR1YOjcMbBo="></latexit>

How to shorten sound horizon?
 Energy injection before recombination (but not too early!).

 Canonical example: Dark Radiation (DR)

[Planck 2018 + BAO (+LSS)  
+ Pantheon + BBN]

 Result: Tension only reduced slightly, still ~4 sigma

Ne↵
<latexit sha1_base64="bGZWw47n8w3sFpToiUeRE+u0dGI=">AAAB83icdVDJSgNBEO1xjYlL1KOXxih4CjMR1NyCXjxJBLNAEkJPpyZp0rPQXRMMQ37DiwdFvHr1B/wDb36Inu0kCq4PCh7vVVFVz42k0GjbL9bM7Nz8wmJqKZ1ZXlldy65vVHUYKw4VHspQ1V2mQYoAKihQQj1SwHxXQs3tn4z92gCUFmFwgcMIWj7rBsITnKGRmmftJsIlJuB5o3Y2Z+eLtlM8cOhv4uTtCXKlndfHp0HmrdzOPjc7IY99CJBLpnXDsSNsJUyh4BJG6WasIWK8z7rQMDRgPuhWMrl5RHeN0qFeqEwFSCfq14mE+VoPfdd0+gx7+qc3Fv/yGjF6R61EBFGMEPDpIi+WFEM6DoB2hAKOcmgI40qYWynvMcU4mpjSJoTPT+n/pFrIO/v5wrlJ45hMkSJbZJvsEYcckhI5JWVSIZxE5IrckFsrtq6tO+t+2jpjfcxskm+wHt4Bm5yWgA==</latexit>

H(z) = H0

p
⌦⇤ + ⌦m(1 + z)3 + ⌦r(1 + z)4 + ⌦X(z)

<latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="75yTf8+jYCaQGag8fVAHa5HzYmo="></latexit><latexit sha1_base64="MHrwLf1eaFWozeOI7U6cVURX3a4="></latexit><latexit sha1_base64="CRnRkP3TgFRNtadzRb7mCNsBWFI="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit><latexit sha1_base64="hnzrZX5wIdZO2kXnqlQaGlBB2c8="></latexit>

new component (~10%)

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 Problem: Too much diffusion damping on small scales.
 Generalisations where DR constituents becomes non-relativistic around eV 
scale and annihilate are more promising (see Majoron and “step” proposal). 

[Aloni++,2111.00014][Escudero,Witte,2004.01470]

 Subsequently, the new component has to decay at least as fast as radiation.
 Balanced by increasing 

<latexit sha1_base64="18phKAQHXG3TBu8EFpvzbsC3x/o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPD6414</latexit>

H0



Early Dark Energy [Karwal et al., 2016]
[Smith et al., 2019]



Early Dark Energy
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2nd order 

 transition
(i)

(i) frozen due to Hubble 

friction until matter-rad. eq.
(ii) (ii)  coherent oscillations

�6
<latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit>

�2
<latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit>

�4
<latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit>

non-generic choice

[Karwal et al., 2016]
[Smith et al., 2019]



Early Dark Energy

(ii)
(i)

↵ = 3

✓
1 +

n� 1

n+ 1

◆

<latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit>

where

⌦X(t) '
(
⌦EDE

⌦EDE [a(t⇤)/a(t)]
↵

<latexit sha1_base64="CPnRdabdVSds5k9V0sq+w9r+x3w="></latexit>

cycle-averaged:

�2n
<latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit>

n � 2
<latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit>

2nd order 

 transition
(i)

(i) frozen due to Hubble 

friction until matter-rad. eq.
(ii) (ii)  coherent oscillations

�6
<latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit>

�2
<latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit>

�4
<latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit>

non-generic choice

 Phenomenology requires:
•Flattening of potential at high field values.

•Oscillations in anharmonic potential.

•Ultralight effective mass : 
<latexit sha1_base64="2OdRnWA2xLzQYn3PuRNWS65QKpI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKUYl0W3bisYB/QxjKZTtqhM5MwMxFKyMKNv+LGhSJu/Qh3/o2TNgttPXDhcM693HuPHzGqtON8W4W19Y3NreJ2aWd3b//APjzqqDCWmLRxyELZ85EijArS1lQz0oskQdxnpOtPrzO/+0CkoqG407OIeByNBQ0oRtpIQ7vM4UBRDl3nPjmvNVI44EhPJE9IJx3aFafqzAFXiZuTCsjRGtpfg1GIY06Exgwp1XedSHsJkppiRtLSIFYkQniKxqRvqECcKC+ZP5HCU6OMYBBKU0LDufp7IkFcqRn3TWd2olr2MvE/rx/r4NJLqIhiTQReLApiBnUIs0TgiEqCNZsZgrCk5laIJ0girE1uJROCu/zyKunUqu5FtX5brzSv8jiKoAxOwBlwQQM0wQ1ogTbA4BE8g1fwZj1ZL9a79bFoLVj5zDH4A+vzBweglxk=</latexit>

m ⇠ 10�27eV

[Karwal et al., 2016]
[Smith et al., 2019]



Early Dark Energy

 Brings tension down to ~2.5 sigma (1p-EDE).
[Planck 2018 + BAO (+LSS) + Pantheon + BBN]
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<latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit>

where

⌦X(t) '
(
⌦EDE

⌦EDE [a(t⇤)/a(t)]
↵

<latexit sha1_base64="CPnRdabdVSds5k9V0sq+w9r+x3w="></latexit>

cycle-averaged:

�2n
<latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit>

n � 2
<latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit>

2nd order 

 transition
(i)

(i) frozen due to Hubble 

friction until matter-rad. eq.
(ii) (ii)  coherent oscillations

�6
<latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit>

�2
<latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit>

�4
<latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit>

non-generic choice

 Phenomenology requires:
•Flattening of potential at high field values.

•Oscillations in anharmonic potential.

•Ultralight effective mass : 
<latexit sha1_base64="2OdRnWA2xLzQYn3PuRNWS65QKpI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKUYl0W3bisYB/QxjKZTtqhM5MwMxFKyMKNv+LGhSJu/Qh3/o2TNgttPXDhcM693HuPHzGqtON8W4W19Y3NreJ2aWd3b//APjzqqDCWmLRxyELZ85EijArS1lQz0oskQdxnpOtPrzO/+0CkoqG407OIeByNBQ0oRtpIQ7vM4UBRDl3nPjmvNVI44EhPJE9IJx3aFafqzAFXiZuTCsjRGtpfg1GIY06Exgwp1XedSHsJkppiRtLSIFYkQniKxqRvqECcKC+ZP5HCU6OMYBBKU0LDufp7IkFcqRn3TWd2olr2MvE/rx/r4NJLqIhiTQReLApiBnUIs0TgiEqCNZsZgrCk5laIJ0girE1uJROCu/zyKunUqu5FtX5brzSv8jiKoAxOwBlwQQM0wQ1ogTbA4BE8g1fwZj1ZL9a79bFoLVj5zDH4A+vzBweglxk=</latexit>

m ⇠ 10�27eV

[Karwal et al., 2016]
[Smith et al., 2019]



Early Dark Energy

 Brings tension down to ~2.5 sigma (1p-EDE).
[Planck 2018 + BAO (+LSS) + Pantheon + BBN]
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<latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit><latexit sha1_base64="KMgZvpo/hzFtbMkAbPDrT7+lEF8=">AAACE3icdVDJSgNBEO1xjXEb9eilMQguGKZVXA6C6MWjgkmEzBB6Oj1Jk56eobtGCEP+wYu/4sWDIl69ePNv7MQIrg8KHu9VUVUvTKUw4Hlvzsjo2PjEZGGqOD0zOzfvLixWTZJpxisskYm+CqnhUiheAQGSX6Wa0ziUvBZ2Tvt+7ZprIxJ1Cd2UBzFtKREJRsFKDXfDpzJtU3yEd7AveQRrZBP7kaYsV1ukl6tN0vO1aLVhveGWvPKhRw73CP5NSNkboISGOG+4r34zYVnMFTBJjakTL4UgpxoEk7xX9DPDU8o6tMXrlioacxPkg596eNUqTRwl2pYCPFC/TuQ0NqYbh7YzptA2P72++JdXzyA6CHKh0gy4Yh+LokxiSHA/INwUmjOQXUso08Leilmb2kDAxli0IXx+iv8n1e0y8crkYrd0fDKMo4CW0QpaQwTto2N0hs5RBTF0g+7QA3p0bp1758l5/mgdcYYzS+gbnJd3VvGcmw==</latexit>

where

⌦X(t) '
(
⌦EDE

⌦EDE [a(t⇤)/a(t)]
↵

<latexit sha1_base64="CPnRdabdVSds5k9V0sq+w9r+x3w="></latexit>

cycle-averaged:

�2n
<latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit><latexit sha1_base64="/9cwZEayF0fQBHxl+MqTHrzH3Yo=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSySjKGn05M06e4ZunuEMOQrvHhQxKuf482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqZ+644qzWJ5bcYJDQQeSBYxgo2VbrrJkN1mZTnpFUueW/X8asVHv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzgyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJjoLMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o4IN4fNT9D9pll3fc/2rk1LtfBFHHg7gEI7Bh1OowSXUoQEEBNzDIzw5ynlwnp2XeWvOWczswzc4rx9CBpC1</latexit>

n � 2
<latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit><latexit sha1_base64="R/yqLnL7/gb1Btz/+rxa4SHBzvI=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCqLkFvXiMYBZIhtDTqUma9PSM3T1CCPkILx4U8er3ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3ljRikGMe1LHnFGjZWastPHW1LuFkueW/H8yqlPfhPf9WYowQK1bvGt00tYFqM0TFCt276XmmBMleFM4KTQyTSmlA1pH9uWShqjDsazcyfkyCo9EiXKljRkpn6dGNNY61Ec2s6YmoH+6U3Fv7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCRVsCJ+fkv9Jo+z6nutfn5SqF4s48nAAh3AMPpxBFa6gBnVgMIR7eIQnJ3UenGfnZd6acxYz+/ANzusHFiOPZw==</latexit>

2nd order 

 transition
(i)

(i) frozen due to Hubble 

friction until matter-rad. eq.
(ii) (ii)  coherent oscillations

�6
<latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit><latexit sha1_base64="h2XBzydNyfY3saGNCe5XS8EjXUA=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEEnMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnV8s++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/6rRUO1/EkYcDOIRj8KECNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fsk2PNQ==</latexit>

�2
<latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit><latexit sha1_base64="ayC2Fryt9e8FweIlLnOfxQXPJ2o=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzbLre65/dVKqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8frD2PMQ==</latexit>

�4
<latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit><latexit sha1_base64="PeUQmT14sAmbg5vUY/bpePBRB4g=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmYkRHMLevEYwSyQjKGn05O06ekeunuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1rapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWji6nfuqNKMymuzTihQYwHgkWMYGOlZjcZsptyr1jy3KrnVys++k1815uhBAvUe8W3bl+SNKbCEI617vheYoIMK8MIp5NCN9U0wWSEB7RjqcAx1UE2u3aCjqzSR5FUtoRBM/XrRIZjrcdxaDtjbIb6pzcV//I6qYnOgoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXx+iv4nzRPX91z/qlyqnS/iyMMBHMIx+HAKNbiEOjSAwC3cwyM8OdJ5cJ6dl3lrzlnM7MM3OK8fr0WPMw==</latexit>

non-generic choice

[Amico++,2006.12420]

[Murgia++,2009.10733]

 Challenges:
•How to justify choice       ?    

•Not resolving S8 tension (does not make it much worse though).

<latexit sha1_base64="3Bbe2MzMlbJ/3i/XnLGrDqdddrU=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSybNtLGZJCQZoQz9BzcuFHHr/7jzb0zbWWjrgQuHc+7l3nsixZmxvv/tLS2vrK6tFzaKm1vbO7ulvf2GkakmtE4kl7oVYUM5E7RumeW0pTTFScRpMxreTPzmE9WGSXFvR4qGCe4LFjOCrZMaHTVgDxfdUtmv+FOgRRLkpAw5at3SV6cnSZpQYQnHxrQDX9kww9oywum42EkNVZgMcZ+2HRU4oSbMpteO0bFTeiiW2pWwaKr+nshwYswoiVxngu3AzHsT8T+vndr4KsyYUKmlgswWxSlHVqLJ66jHNCWWjxzBRDN3KyIDrDGxLqCiCyGYf3mRNE4rwXnFvzsrV6/zOApwCEdwAgFcQhVuoQZ1IPAIz/AKb570Xrx372PWuuTlMwfwB97nD0Knjus=</latexit>

�6

[Smith++,2009.10740]

[Hill++,2003.07355]

 Phenomenology requires:
•Flattening of potential at high field values.

•Oscillations in anharmonic potential.

•Ultralight effective mass : 
<latexit sha1_base64="2OdRnWA2xLzQYn3PuRNWS65QKpI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKUYl0W3bisYB/QxjKZTtqhM5MwMxFKyMKNv+LGhSJu/Qh3/o2TNgttPXDhcM693HuPHzGqtON8W4W19Y3NreJ2aWd3b//APjzqqDCWmLRxyELZ85EijArS1lQz0oskQdxnpOtPrzO/+0CkoqG407OIeByNBQ0oRtpIQ7vM4UBRDl3nPjmvNVI44EhPJE9IJx3aFafqzAFXiZuTCsjRGtpfg1GIY06Exgwp1XedSHsJkppiRtLSIFYkQniKxqRvqECcKC+ZP5HCU6OMYBBKU0LDufp7IkFcqRn3TWd2olr2MvE/rx/r4NJLqIhiTQReLApiBnUIs0TgiEqCNZsZgrCk5laIJ0girE1uJROCu/zyKunUqu5FtX5brzSv8jiKoAxOwBlwQQM0wQ1ogTbA4BE8g1fwZj1ZL9a79bFoLVj5zDH4A+vzBweglxk=</latexit>

m ⇠ 10�27eV

[Karwal et al., 2016]
[Smith et al., 2019]



First order decay scenario



First order decay scenario
 Question: Can we find a model more motivated from particle physics?



First order decay scenario
 Question: Can we find a model more motivated from particle physics?

New idea: use 1st order transition

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2



First order decay scenario
 Question: Can we find a model more motivated from particle physics?

New idea: use 1st order transition

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE/NEDE provided by (decaying) false vacuum energy. 



First order decay scenario
 Question: Can we find a model more motivated from particle physics?

New idea: use 1st order transition

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE/NEDE provided by (decaying) false vacuum energy. 
This idea faces challenges:



First order decay scenario
 Question: Can we find a model more motivated from particle physics?

New idea: use 1st order transition

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE/NEDE provided by (decaying) false vacuum energy. 
This idea faces challenges:

1. Decay should happen around matter-radiation equality (lesson from EDE).



First order decay scenario
 Question: Can we find a model more motivated from particle physics?

New idea: use 1st order transition

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE/NEDE provided by (decaying) false vacuum energy. 
This idea faces challenges:

1. Decay should happen around matter-radiation equality (lesson from EDE).
2. Bubble percolation has to be extremely efficient to avoid anisotropies.

(prevented from growing to cosmological size).
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<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>
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<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) � ' �ini
<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

Field stuck in false minimum

suppressed tunnelling rate

(i)

 Introduce a trigger field to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) � ' �ini
<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

Field stuck in false minimum

suppressed tunnelling rate

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

strong nucleation event

(ii)  starts evolving

after orange dot:  �/H4 & 1
<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

(ii)

 Introduce a trigger field to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) � ' �ini
<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

Field stuck in false minimum

suppressed tunnelling rate

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

strong nucleation event

(ii)  starts evolving

after orange dot:  �/H4 & 1
<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

(ii)

 Introduce a trigger field to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]
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<latexit sha1_base64="RDMN/22R84dm0HMO+R90yt9gzwg="></latexit> ↵ = O(1)
<latexit sha1_base64="Ak8uB8WWkApf00+kXVlu4BrKCKQ=">AAACAHicdVDJSgNBEO2JW4zbqAcPXpoEISKEmQhqDkLQizcjmAUyIdR0OkmTnoXuHiEMc/Eb/AMvHhTx6md4y9/Ykyi4Pih4vFdFVT035Ewqy5oYmbn5hcWl7HJuZXVtfcPc3GrIIBKE1knAA9FyQVLOfFpXTHHaCgUFz+W06Y7OU795Q4VkgX+txiHteDDwWZ8RUFrqmjsO8HAI+BQ7HqghAR5fJkV7v2sWrFLFsitHNv5N7JI1RaGadw7uJtVxrWu+Ob2ARB71FeEgZdu2QtWJQShGOE1yTiRpCGQEA9rW1AePyk48fSDBe1rp4X4gdPkKT9WvEzF4Uo49V3emV8qfXir+5bUj1T/pxMwPI0V9MlvUjzhWAU7TwD0mKFF8rAkQwfStmAxBAFE6s5wO4fNT/D9plEv2Yal8pdM4QzNk0S7KoyKy0TGqogtUQ3VEUILu0SN6Mm6NB+PZeJm1ZoyPmW30DcbrO6p5mMw=</latexit>



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) � ' �ini
<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

Field stuck in false minimum

suppressed tunnelling rate

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

strong nucleation event

(ii)  starts evolving

after orange dot:  �/H4 & 1
<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

(ii)

 Introduce a trigger field to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

hierarchy: m ⇠ 10�27eV
<latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit>

�
<latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit> ultra-light physicsM ⇠ eV

<latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit>

radiative stability: weak coupling: � < 0.1
<latexit sha1_base64="KY+zxaM6kIfRDcvDtqoikpe18L0=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBFchaSCWhAsunFZwT6gDWUymbRDJ5M4MymU0O9w40IRt36MOz/FndNUweeBgcM553LvHD/hTGnHebXm5hcWl5YLK8XVtfWNzdLWdlPFqSS0QWIey7aPFeVM0IZmmtN2IimOfE5b/vBi6rdGVCoWi2s9TqgX4b5gISNYG8nrchMNMDpFju32SmXHrjpu9chFv4lrOznKZ29hjnqv9NINYpJGVGjCsVId10m0l2GpGeF0UuymiiaYDHGfdgwVOKLKy/KjJ2jfKAEKY2me0ChXv05kOFJqHPkmGWE9UD+9qfiX10l1eOJlTCSppoLMFoUpRzpG0wZQwCQlmo8NwUQycysiAywx0aanoinh86fof9Ks2O6hXblyyrVzmKEAu7AHB+DCMdTgEurQAAI3cAv38GCNrDvr0XqaReesj5kd+Abr+R0P7pSu</latexit>

�̃ . 103m2/M2 ⌧ 1
<latexit sha1_base64="KdwhY+7GADdRnTN21Lm5oAMCPIE="></latexit>
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<latexit sha1_base64="RDMN/22R84dm0HMO+R90yt9gzwg="></latexit> ↵ = O(1)
<latexit sha1_base64="Ak8uB8WWkApf00+kXVlu4BrKCKQ=">AAACAHicdVDJSgNBEO2JW4zbqAcPXpoEISKEmQhqDkLQizcjmAUyIdR0OkmTnoXuHiEMc/Eb/AMvHhTx6md4y9/Ykyi4Pih4vFdFVT035Ewqy5oYmbn5hcWl7HJuZXVtfcPc3GrIIBKE1knAA9FyQVLOfFpXTHHaCgUFz+W06Y7OU795Q4VkgX+txiHteDDwWZ8RUFrqmjsO8HAI+BQ7HqghAR5fJkV7v2sWrFLFsitHNv5N7JI1RaGadw7uJtVxrWu+Ob2ARB71FeEgZdu2QtWJQShGOE1yTiRpCGQEA9rW1AePyk48fSDBe1rp4X4gdPkKT9WvEzF4Uo49V3emV8qfXir+5bUj1T/pxMwPI0V9MlvUjzhWAU7TwD0mKFF8rAkQwfStmAxBAFE6s5wO4fNT/D9plEv2Yal8pdM4QzNk0S7KoyKy0TGqogtUQ3VEUILu0SN6Mm6NB+PZeJm1ZoyPmW30DcbrO6p5mMw=</latexit>



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) � ' �ini
<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

Field stuck in false minimum

suppressed tunnelling rate

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

strong nucleation event

(ii)  starts evolving

after orange dot:  �/H4 & 1
<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

(ii)

 Central assumption: inv. duration: �̄ = dSE/dt ' �̇/� � H
<latexit sha1_base64="NBD0BbMucUrpXGpwhPDqa+Ymdpo="></latexit>

 Introduce a trigger field to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

hierarchy: m ⇠ 10�27eV
<latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit><latexit sha1_base64="DNRTWbxmJQvo3P6cmZGg2RXEYuI=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCF8NuEB+3oBePCiYKyRpmJ51kcGZ3mekVw7J48Ve8eFDEq1/hzb9xEiP4LGgoqrrp7goTKQx63pszNj4xOTVdmCnOzs0vLLpLy3UTp5pDjccy1uchMyBFBDUUKOE80cBUKOEsvDwc+GdXoI2Io1PsJxAo1o1ER3CGVmq5q4o2jVDU9y6yrcpuTpsI15hBPW+5Ja+87/n7Oz79TfyyN0SJjHDccl+b7ZinCiLkkhnT8L0Eg4xpFFxCXmymBhLGL1kXGpZGTIEJsuELOd2wSpt2Ym0rQjpUv05kTBnTV6HtVAx75qc3EP/yGil29oJMREmKEPGPRZ1UUozpIA/aFho4yr4ljGthb6W8xzTjaFMr2hA+P6X/k3ql7Htl/2S7VD0YxVEga2SdbBKf7JIqOSLHpEY4uSF35IE8OrfOvfPkPH+0jjmjmRXyDc7LO/EploY=</latexit>

�
<latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit><latexit sha1_base64="NOaPF9baW0WO5hrKKvnm4eF0F90=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMLevEY0ZhAsoTZyexmyOzsMtMrhJBP8OJBEa9+kTf/xslD8FnQUFR1090VZlIY9Lx3p7CwuLS8Ulwtra1vbG6Vt3duTZprxhsslaluhdRwKRRvoEDJW5nmNAklb4aDi4nfvOPaiFTd4DDjQUJjJSLBKFrpuhPH3XLFc6ueXz3xyW/iu94UFZij3i2/dXopyxOukElqTNv3MgxGVKNgko9LndzwjLIBjXnbUkUTboLR9NQxObBKj0SptqWQTNWvEyOaGDNMQtuZUOybn95E/Mtr5xidBSOhshy5YrNFUS4JpmTyN+kJzRnKoSWUaWFvJaxPNWVo0ynZED4/Jf+T2yPX91z/6rhSO5/HUYQ92IdD8OEUanAJdWgAgxju4RGeHOk8OM/Oy6y14MxnduEbnNcPsACOEA==</latexit> ultra-light physicsM ⇠ eV

<latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit><latexit sha1_base64="Q9p/Agn/Fcs+JCKcpxl5Dnz1Juo=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiehhkRNbegFy9CBLNAZgg9nUrSpGehuyYYhvyJFw+KePVPvPk3dhbB9UHB470qquqFqRQaXffdWlhcWl5ZLawV1zc2t7btnd26TjLFocYTmahmyDRIEUMNBUpopgpYFEpohIPLid8YgtIiiW9xlEIQsV4suoIzNFLbtq+pr0VEfYQ7zKE+btsl1ym7XvnUo7+J57hTlMgc1bb95ncSnkUQI5dM65bnphjkTKHgEsZFP9OQMj5gPWgZGrMIdJBPLx/TQ6N0aDdRpmKkU/XrRM4irUdRaDojhn3905uIf3mtDLvnQS7iNEOI+WxRN5MUEzqJgXaEAo5yZAjjSphbKe8zxTiasIomhM9P6f+kfux4ruPdnJQqF/M4CmSfHJAj4pEzUiFXpEpqhJMhuSeP5MnKrQfr2XqZtS5Y85k98g3W6weOepOf</latexit>

radiative stability: weak coupling: � < 0.1
<latexit sha1_base64="KY+zxaM6kIfRDcvDtqoikpe18L0=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBFchaSCWhAsunFZwT6gDWUymbRDJ5M4MymU0O9w40IRt36MOz/FndNUweeBgcM553LvHD/hTGnHebXm5hcWl5YLK8XVtfWNzdLWdlPFqSS0QWIey7aPFeVM0IZmmtN2IimOfE5b/vBi6rdGVCoWi2s9TqgX4b5gISNYG8nrchMNMDpFju32SmXHrjpu9chFv4lrOznKZ29hjnqv9NINYpJGVGjCsVId10m0l2GpGeF0UuymiiaYDHGfdgwVOKLKy/KjJ2jfKAEKY2me0ChXv05kOFJqHPkmGWE9UD+9qfiX10l1eOJlTCSppoLMFoUpRzpG0wZQwCQlmo8NwUQycysiAywx0aanoinh86fof9Ks2O6hXblyyrVzmKEAu7AHB+DCMdTgEurQAAI3cAv38GCNrDvr0XqaReesj5kd+Abr+R0P7pSu</latexit>

�̃ . 103m2/M2 ⌧ 1
<latexit sha1_base64="KdwhY+7GADdRnTN21Lm5oAMCPIE="></latexit>

V ( ,�) =
�

4
 4 +

1

2
M2 2 � 1
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↵M 3 +

1

2
m2�2 +

1

2
�̃ �2 2

<latexit sha1_base64="RDMN/22R84dm0HMO+R90yt9gzwg="></latexit> ↵ = O(1)
<latexit sha1_base64="Ak8uB8WWkApf00+kXVlu4BrKCKQ=">AAACAHicdVDJSgNBEO2JW4zbqAcPXpoEISKEmQhqDkLQizcjmAUyIdR0OkmTnoXuHiEMc/Eb/AMvHhTx6md4y9/Ykyi4Pih4vFdFVT035Ewqy5oYmbn5hcWl7HJuZXVtfcPc3GrIIBKE1knAA9FyQVLOfFpXTHHaCgUFz+W06Y7OU795Q4VkgX+txiHteDDwWZ8RUFrqmjsO8HAI+BQ7HqghAR5fJkV7v2sWrFLFsitHNv5N7JI1RaGadw7uJtVxrWu+Ob2ARB71FeEgZdu2QtWJQShGOE1yTiRpCGQEA9rW1AePyk48fSDBe1rp4X4gdPkKT9WvEzF4Uo49V3emV8qfXir+5bUj1T/pxMwPI0V9MlvUjzhWAU7TwD0mKFF8rAkQwfStmAxBAFE6s5wO4fNT/D9plEv2Yal8pdM4QzNk0S7KoyKy0TGqogtUQ3VEUILu0SN6Mm6NB+PZeJm1ZoyPmW30DcbrO6p5mMw=</latexit>



NEDE Phenomenology



NEDE Phenomenology
 Important result: Phase transition is an instantaneous process on cosmological scales.



NEDE Phenomenology
 Important result: Phase transition is an instantaneous process on cosmological scales.

t⇤<latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit>

(i)



NEDE Phenomenology
 Important result: Phase transition is an instantaneous process on cosmological scales.

�̄�1
<latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit>

t⇤<latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit>

(i)
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 Important result: Phase transition is an instantaneous process on cosmological scales.

�̄�1
<latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit>

t⇤<latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit>
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+ colliding wall 
condensate

(ii)

+ microscopic decays 



NEDE Phenomenology
 Important result: Phase transition is an instantaneous process on cosmological scales.

 After PT: Mixture of radiation and small scale anisotropic stress
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(ii)
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 NEDE as phenomenological model:
•Before transition: NEDE plays role of CC.

•Sudden triggered transition at time:

•After transition: NEDE is described by 
decaying dark fluid with e.o.s.p.:

t⇤<latexit sha1_base64="XLBJBGIAvtKSWrdozYWsoPt4slE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWIQxCLsxkLLEBvLBM0DkiXMTmaTIbOzy8xdISz5BBsLRWxt/Qu/wM7Gb3HyKDTxwIXDOfdy7z1+LLhGx/myMiura+sb2c3c1vbO7l5+/6Cho0RRVqeRiFTLJ5oJLlkdOQrWihUjoS9Y0x9eT/zmPVOaR/IORzHzQtKXPOCUoJFusXvezRecojOFvUzcOSmUj2rf/L3yUe3mPzu9iCYhk0gF0brtOjF6KVHIqWDjXCfRLCZ0SPqsbagkIdNeOj11bJ8apWcHkTIl0Z6qvydSEmo9Cn3TGRIc6EVvIv7ntRMMrryUyzhBJulsUZAIGyN78rfd44pRFCNDCFXc3GrTAVGEokknZ0JwF19eJo1S0b0olmomjQrMkIVjOIEzcOESynADVagDhT48wBM8W8J6tF6s11lrxprPHMIfWG8/2uORNg==</latexit>

(i)

(ii)

34

10�5 10�4 10�3 10�2 10�1 100

a

101

104

107

1010

1013

1016

� (
�)

/(
3M

2 p
l
H

2 0
)

�m

�NEDE

�rad

��

�⇤

(a) Di↵erent fluid components. ⇢NEDE decays quickly

after the transition (dotted line), and ⇢� is sub-

dominant before and vanishing after the transition.

(b) E↵ective e.o.s. parameter, we↵ = ptot/⇢tot. During

radiation and matter domination the dashed and the

solid line is approached, respectively.

FIG. 5. Background evolution for the best fit model in Tab. I (w/ SH0ES) as a function of the scale factor

a. The transition is characterized by a jump in the e↵ective e.o.s. parameter (dotted line). ⇢m = ⇢b + ⇢cdm

and ⇢rad are the matter and radiation density, respectively, ⇢⇤ is the cosmological constant contribution.

is to provide a time switch triggered by its first zero crossing at (35). Since its vev does not change

during the (almost instantaneous) phase transition, we have [�]± = 0. Integrating its dynamical

equation in (33) over an infinitesimal time interval yields [�̇]± = 0. As argued before, we are

studying a regime where the scalar is also sub-dominant after the phase transition. In terms of our

field theory model this corresponds to the limit (52). A summary of the background evolution is

provided in Fig. 5 (with values corresponding to our best-fit base model discussed in Sec. IV). The

left panel shows the composition of the background energy density, ⇢̄ =
P

i
⇢̄i, and the right panel

depicts the discontinuity in the e↵ective equation of state parameter.

B. Perturbation Matching

Before the phase transition ⇢NEDE = const and NEDE fluctuations can be consistently assumed

to vanish. After the transition, on the other hand, they are necessarily produced due to the gravi-

tational sourcing of their equations. We will also see that they are crucial for the phenomenological

success of our first order phase transition. However, their implementation involves a subtlety due

to the fact that the transition occurs during the CMB epoch where observable modes have already

entered the horizon. As a result, we cannot use the usual super-horizon approximation to initialize

perturbations in the NEDE fluid after the phase transition. Instead, we have to derive the full

set of matching equations describing how cosmological perturbations evaluated directly before and

after the transition at time t⇤ can be related. As the central result of this section, we will express
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NEDE Phenomenology
 Important result: Phase transition is an instantaneous process on cosmological scales.

 After PT: Mixture of radiation and small scale anisotropic stress
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+ gravitational waves
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+ colliding wall 
condensate

(ii)

+ microscopic decays 



 NEDE as phenomenological model:
•Before transition: NEDE plays role of CC.

•Sudden triggered transition at time:

•After transition: NEDE is described by 
decaying dark fluid with e.o.s.p.:
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(ii)
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(a) Di↵erent fluid components. ⇢NEDE decays quickly

after the transition (dotted line), and ⇢� is sub-

dominant before and vanishing after the transition.

(b) E↵ective e.o.s. parameter, we↵ = ptot/⇢tot. During

radiation and matter domination the dashed and the

solid line is approached, respectively.

FIG. 5. Background evolution for the best fit model in Tab. I (w/ SH0ES) as a function of the scale factor

a. The transition is characterized by a jump in the e↵ective e.o.s. parameter (dotted line). ⇢m = ⇢b + ⇢cdm

and ⇢rad are the matter and radiation density, respectively, ⇢⇤ is the cosmological constant contribution.

is to provide a time switch triggered by its first zero crossing at (35). Since its vev does not change

during the (almost instantaneous) phase transition, we have [�]± = 0. Integrating its dynamical

equation in (33) over an infinitesimal time interval yields [�̇]± = 0. As argued before, we are

studying a regime where the scalar is also sub-dominant after the phase transition. In terms of our

field theory model this corresponds to the limit (52). A summary of the background evolution is

provided in Fig. 5 (with values corresponding to our best-fit base model discussed in Sec. IV). The

left panel shows the composition of the background energy density, ⇢̄ =
P

i
⇢̄i, and the right panel

depicts the discontinuity in the e↵ective equation of state parameter.

B. Perturbation Matching

Before the phase transition ⇢NEDE = const and NEDE fluctuations can be consistently assumed

to vanish. After the transition, on the other hand, they are necessarily produced due to the gravi-

tational sourcing of their equations. We will also see that they are crucial for the phenomenological

success of our first order phase transition. However, their implementation involves a subtlety due

to the fact that the transition occurs during the CMB epoch where observable modes have already

entered the horizon. As a result, we cannot use the usual super-horizon approximation to initialize

perturbations in the NEDE fluid after the phase transition. Instead, we have to derive the full

set of matching equations describing how cosmological perturbations evaluated directly before and

after the transition at time t⇤ can be related. As the central result of this section, we will express
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(i)

(ii)  Trigger

NEDE Phenomenology
 Important result: Phase transition is an instantaneous process on cosmological scales.

 After PT: Mixture of radiation and small scale anisotropic stress
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(i)

+ gravitational waves

t⇤ + �̄�1
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+ colliding wall 
condensate

(ii)

+ microscopic decays 

1/3 < wNEDE(t) < 1
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 NEDE as phenomenological model:
•Before transition: NEDE plays role of CC.

•Sudden triggered transition at time:

•After transition: NEDE is described by 
decaying dark fluid with e.o.s.p.:
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(i)

(ii)
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(a) Di↵erent fluid components. ⇢NEDE decays quickly

after the transition (dotted line), and ⇢� is sub-

dominant before and vanishing after the transition.

(b) E↵ective e.o.s. parameter, we↵ = ptot/⇢tot. During

radiation and matter domination the dashed and the

solid line is approached, respectively.

FIG. 5. Background evolution for the best fit model in Tab. I (w/ SH0ES) as a function of the scale factor

a. The transition is characterized by a jump in the e↵ective e.o.s. parameter (dotted line). ⇢m = ⇢b + ⇢cdm

and ⇢rad are the matter and radiation density, respectively, ⇢⇤ is the cosmological constant contribution.

is to provide a time switch triggered by its first zero crossing at (35). Since its vev does not change

during the (almost instantaneous) phase transition, we have [�]± = 0. Integrating its dynamical

equation in (33) over an infinitesimal time interval yields [�̇]± = 0. As argued before, we are

studying a regime where the scalar is also sub-dominant after the phase transition. In terms of our

field theory model this corresponds to the limit (52). A summary of the background evolution is

provided in Fig. 5 (with values corresponding to our best-fit base model discussed in Sec. IV). The

left panel shows the composition of the background energy density, ⇢̄ =
P

i
⇢̄i, and the right panel

depicts the discontinuity in the e↵ective equation of state parameter.

B. Perturbation Matching

Before the phase transition ⇢NEDE = const and NEDE fluctuations can be consistently assumed

to vanish. After the transition, on the other hand, they are necessarily produced due to the gravi-

tational sourcing of their equations. We will also see that they are crucial for the phenomenological

success of our first order phase transition. However, their implementation involves a subtlety due

to the fact that the transition occurs during the CMB epoch where observable modes have already

entered the horizon. As a result, we cannot use the usual super-horizon approximation to initialize

perturbations in the NEDE fluid after the phase transition. Instead, we have to derive the full

set of matching equations describing how cosmological perturbations evaluated directly before and

after the transition at time t⇤ can be related. As the central result of this section, we will express

t⇤<latexit sha1_base64="XLBJBGIAvtKSWrdozYWsoPt4slE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWIQxCLsxkLLEBvLBM0DkiXMTmaTIbOzy8xdISz5BBsLRWxt/Qu/wM7Gb3HyKDTxwIXDOfdy7z1+LLhGx/myMiura+sb2c3c1vbO7l5+/6Cho0RRVqeRiFTLJ5oJLlkdOQrWihUjoS9Y0x9eT/zmPVOaR/IORzHzQtKXPOCUoJFusXvezRecojOFvUzcOSmUj2rf/L3yUe3mPzu9iCYhk0gF0brtOjF6KVHIqWDjXCfRLCZ0SPqsbagkIdNeOj11bJ8apWcHkTIl0Z6qvydSEmo9Cn3TGRIc6EVvIv7ntRMMrryUyzhBJulsUZAIGyN78rfd44pRFCNDCFXc3GrTAVGEokknZ0JwF19eJo1S0b0olmomjQrMkIVjOIEzcOESynADVagDhT48wBM8W8J6tF6s11lrxprPHMIfWG8/2uORNg==</latexit>

(i)

(ii)  Trigger

NEDE Phenomenology
 Important result: Phase transition is an instantaneous process on cosmological scales.

 After PT: Mixture of radiation and small scale anisotropic stress

�̄�1
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(i)

+ gravitational waves
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<latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit>

+ colliding wall 
condensate

(ii)

+ microscopic decays 

1/3 < wNEDE(t) < 1
<latexit sha1_base64="qCkXOmfGWvgInUZkAMF46+7XTFo=">AAACA3icdVDJSgNBEO2JW4xb1JteGoMQL3EmETXgIagBTxLBLJCE0NPpSZr0LHTXqGEIePFXvHhQxKs/4c2/sbMIrg8KHu9VUVXPDgRXYJrvRmxqemZ2Lj6fWFhcWl5Jrq5VlB9KysrUF76s2UQxwT1WBg6C1QLJiGsLVrV7J0O/esWk4r53Cf2ANV3S8bjDKQEttZIb1m4OH+HrVgPYDUTnxdPiIA07WrJayZSZyZtWft/Cv4mVMUdIoQlKreRbo+3T0GUeUEGUqltmAM2ISOBUsEGiESoWENojHVbX1CMuU81o9MMAb2uljR1f6vIAj9SvExFxleq7tu50CXTVT28o/uXVQ3AOmxH3ghCYR8eLnFBg8PEwENzmklEQfU0IlVzfimmXSEJBx5bQIXx+iv8nlWzGymWyF3upwvEkjjjaRFsojSx0gAroDJVQGVF0i+7RI3oy7owH49l4GbfGjMnMOvoG4/UDiSyVjQ==</latexit>

 Perturbations in decaying NEDE fluid seeded by trigger field perturbations.



 NEDE as phenomenological model:
•Before transition: NEDE plays role of CC.

•Sudden triggered transition at time:

•After transition: NEDE is described by 
decaying dark fluid with e.o.s.p.:

t⇤<latexit sha1_base64="XLBJBGIAvtKSWrdozYWsoPt4slE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWIQxCLsxkLLEBvLBM0DkiXMTmaTIbOzy8xdISz5BBsLRWxt/Qu/wM7Gb3HyKDTxwIXDOfdy7z1+LLhGx/myMiura+sb2c3c1vbO7l5+/6Cho0RRVqeRiFTLJ5oJLlkdOQrWihUjoS9Y0x9eT/zmPVOaR/IORzHzQtKXPOCUoJFusXvezRecojOFvUzcOSmUj2rf/L3yUe3mPzu9iCYhk0gF0brtOjF6KVHIqWDjXCfRLCZ0SPqsbagkIdNeOj11bJ8apWcHkTIl0Z6qvydSEmo9Cn3TGRIc6EVvIv7ntRMMrryUyzhBJulsUZAIGyN78rfd44pRFCNDCFXc3GrTAVGEokknZ0JwF19eJo1S0b0olmomjQrMkIVjOIEzcOESynADVagDhT48wBM8W8J6tF6s11lrxprPHMIfWG8/2uORNg==</latexit>

(i)

(ii)
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(a) Di↵erent fluid components. ⇢NEDE decays quickly

after the transition (dotted line), and ⇢� is sub-

dominant before and vanishing after the transition.

(b) E↵ective e.o.s. parameter, we↵ = ptot/⇢tot. During

radiation and matter domination the dashed and the

solid line is approached, respectively.

FIG. 5. Background evolution for the best fit model in Tab. I (w/ SH0ES) as a function of the scale factor

a. The transition is characterized by a jump in the e↵ective e.o.s. parameter (dotted line). ⇢m = ⇢b + ⇢cdm

and ⇢rad are the matter and radiation density, respectively, ⇢⇤ is the cosmological constant contribution.

is to provide a time switch triggered by its first zero crossing at (35). Since its vev does not change

during the (almost instantaneous) phase transition, we have [�]± = 0. Integrating its dynamical

equation in (33) over an infinitesimal time interval yields [�̇]± = 0. As argued before, we are

studying a regime where the scalar is also sub-dominant after the phase transition. In terms of our

field theory model this corresponds to the limit (52). A summary of the background evolution is

provided in Fig. 5 (with values corresponding to our best-fit base model discussed in Sec. IV). The

left panel shows the composition of the background energy density, ⇢̄ =
P

i
⇢̄i, and the right panel

depicts the discontinuity in the e↵ective equation of state parameter.

B. Perturbation Matching

Before the phase transition ⇢NEDE = const and NEDE fluctuations can be consistently assumed

to vanish. After the transition, on the other hand, they are necessarily produced due to the gravi-

tational sourcing of their equations. We will also see that they are crucial for the phenomenological

success of our first order phase transition. However, their implementation involves a subtlety due

to the fact that the transition occurs during the CMB epoch where observable modes have already

entered the horizon. As a result, we cannot use the usual super-horizon approximation to initialize

perturbations in the NEDE fluid after the phase transition. Instead, we have to derive the full

set of matching equations describing how cosmological perturbations evaluated directly before and

after the transition at time t⇤ can be related. As the central result of this section, we will express

t⇤<latexit sha1_base64="XLBJBGIAvtKSWrdozYWsoPt4slE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWIQxCLsxkLLEBvLBM0DkiXMTmaTIbOzy8xdISz5BBsLRWxt/Qu/wM7Gb3HyKDTxwIXDOfdy7z1+LLhGx/myMiura+sb2c3c1vbO7l5+/6Cho0RRVqeRiFTLJ5oJLlkdOQrWihUjoS9Y0x9eT/zmPVOaR/IORzHzQtKXPOCUoJFusXvezRecojOFvUzcOSmUj2rf/L3yUe3mPzu9iCYhk0gF0brtOjF6KVHIqWDjXCfRLCZ0SPqsbagkIdNeOj11bJ8apWcHkTIl0Z6qvydSEmo9Cn3TGRIc6EVvIv7ntRMMrryUyzhBJulsUZAIGyN78rfd44pRFCNDCFXc3GrTAVGEokknZ0JwF19eJo1S0b0olmomjQrMkIVjOIEzcOESynADVagDhT48wBM8W8J6tF6s11lrxprPHMIfWG8/2uORNg==</latexit>

(i)

(ii)  Trigger

NEDE Phenomenology
 Important result: Phase transition is an instantaneous process on cosmological scales.

 After PT: Mixture of radiation and small scale anisotropic stress

�̄�1
<latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit><latexit sha1_base64="WsddDmg3SWbzNWUtQKvquLIvsZY=">AAAB+3icbVDLSgNBEOz1GeNrjUcvg0HwYtgVQY9BLx4jmAdk19A7mSRDZh/MzIph2V/x4kERr/6IN//GSbIHTSxoKKq66e4KEsGVdpxva2V1bX1js7RV3t7Z3du3DyotFaeSsiaNRSw7ASomeMSammvBOolkGAaCtYPxzdRvPzKpeBzd60nC/BCHER9witpIPbviES9AmXkB05g/ZGdu3rOrTs2ZgSwTtyBVKNDo2V9eP6ZpyCJNBSrVdZ1E+xlKzalgedlLFUuQjnHIuoZGGDLlZ7Pbc3JilD4ZxNJUpMlM/T2RYajUJAxMZ4h6pBa9qfif10314MrPeJSkmkV0vmiQCqJjMg2C9LlkVIuJIUglN7cSOkKJVJu4yiYEd/HlZdI6r7lOzb27qNavizhKcATHcAouXEIdbqEBTaDwBM/wCm9Wbr1Y79bHvHXFKmYO4Q+szx95mZQQ</latexit>

t⇤<latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit><latexit sha1_base64="+97l0TN4e+JZXiE1O8ESV7A4VCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesD+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AH67Y2V</latexit>

(i)

+ gravitational waves

t⇤ + �̄�1
<latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit><latexit sha1_base64="/YNX5G+fD84fatA3s2vSVpGT3uI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARRLEkIuiy6MZlBfuAJobJdNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBFdgWd9GaWFxaXmlvFpZW9/Y3DK3d1oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd9+YFLxOLqDUcLckPQjHnBKQEueuQfeMT7Bjk9k5vgMSH6fndq5Z1atmjUBnid2QaqoQMMzv5xeTNOQRUAFUaprWwm4GZHAqWB5xUkVSwgdkj7rahqRkCk3m9yf40Ot9HAQS10R4In6eyIjoVKj0NedIYGBmvXG4n9eN4Xg0s14lKTAIjpdFKQCQ4zHYeAel4yCGGlCqOT6VkwHRBIKOrKKDsGefXmetM5qtlWzb8+r9asijjLaRwfoCNnoAtXRDWqgJqLoET2jV/RmPBkvxrvxMW0tGcXMLvoD4/MHhxSVJA==</latexit>

+ colliding wall 
condensate

(ii)

+ microscopic decays 

1/3 < wNEDE(t) < 1
<latexit sha1_base64="qCkXOmfGWvgInUZkAMF46+7XTFo=">AAACA3icdVDJSgNBEO2JW4xb1JteGoMQL3EmETXgIagBTxLBLJCE0NPpSZr0LHTXqGEIePFXvHhQxKs/4c2/sbMIrg8KHu9VUVXPDgRXYJrvRmxqemZ2Lj6fWFhcWl5Jrq5VlB9KysrUF76s2UQxwT1WBg6C1QLJiGsLVrV7J0O/esWk4r53Cf2ANV3S8bjDKQEttZIb1m4OH+HrVgPYDUTnxdPiIA07WrJayZSZyZtWft/Cv4mVMUdIoQlKreRbo+3T0GUeUEGUqltmAM2ISOBUsEGiESoWENojHVbX1CMuU81o9MMAb2uljR1f6vIAj9SvExFxleq7tu50CXTVT28o/uXVQ3AOmxH3ghCYR8eLnFBg8PEwENzmklEQfU0IlVzfimmXSEJBx5bQIXx+iv8nlWzGymWyF3upwvEkjjjaRFsojSx0gAroDJVQGVF0i+7RI3oy7owH49l4GbfGjMnMOvoG4/UDiSyVjQ==</latexit>

 Perturbations in decaying NEDE fluid seeded by trigger field perturbations.
 Description applies to other triggered decay scenarios too (e.g. hybrid NEDE).



 Cosmological parameter extraction



 Cosmological parameter extraction
 Consider simplest implementation of NEDE:

 parameters: trigger mass & fraction NEDE
 fix                                   (relaxed later)wNEDE = c2s = 2/3

<latexit sha1_base64="34zvcJZrigeMQCHYSRz0jxvPCN8=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXcTQRshqAEriWAekKzL7GSSDJl9MHNXDUsKG3/FxkIRWz/Czr9x8ig08cDlHs65l5l7vEhwBZb1baQWFpeWV9KrmbX1jc0tc3unpsJYUlaloQhlwyOKCR6wKnAQrBFJRnxPsLrXPx/59TsmFQ+DGxhEzPFJN+AdTgloyTWz924L2AMkV+WL8hCfYuqq24LuhcOia+asvDUGnif2lOTQFBXX/Gq1Qxr7LAAqiFJN24rASYgETgUbZlqxYhGhfdJlTU0D4jPlJOMjhnhfK23cCaWuAPBY/b2REF+pge/pSZ9AT816I/E/rxlD58RJeBDFwAI6eagTCwwhHiWC21wyCmKgCaGS679i2iOSUNC5ZXQI9uzJ86RWyNvFfOH6KFc6m8aRRlm0hw6QjY5RCV2iCqoiih7RM3pFb8aT8WK8Gx+T0ZQx3dlFf2B8/gCZOZYb</latexit>

<latexit sha1_base64="yw28PSJkBXRzMJe5bZQ94FWgSGk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIqMuiFlxJBfuANoTJdNIOnZmEmYlQQ7/EjQtF3Pop7vwbJ20X2npg4HDOvdwzJ0wYVdp1v63Cyura+kZxs7S1vbNbtvf2WypOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo+vcbz8SqWgsHvQ4IT5HA0EjipE2UmCXo6DHkR5Knt3Vb+qTwK64VXcKZ5l4c1KBORqB/dXrxzjlRGjMkFJdz020nyGpKWZkUuqliiQIj9CAdA0ViBPlZ9PgE+fYKH0niqV5QjtT9fdGhrhSYx6ayTykWvRy8T+vm+ro0s+oSFJNBJ4dilLm6NjJW3D6VBKs2dgQhCU1WR08RBJhbboqmRK8xS8vk9Zp1Tuvnt2fVWpX8zqKcAhHcAIeXEANbqEBTcCQwjO8wpv1ZL1Y79bHbLRgzXcO4A+szx+OMpMI</latexit>

fNEDE



 Cosmological parameter extraction
 Consider simplest implementation of NEDE:

 parameters: trigger mass & fraction NEDE
 fix                                   (relaxed later)
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H0 [km s°1Mpc°1]

P

NEDE (m fixed; w/o SH0ES)

NEDE (w/ SH0ES)

§CDM (w/o SH0ES)

SH0ES

[Planck 2018, BAO, Pantheon, SH0ES 2019]

wNEDE = c2s = 2/3
<latexit sha1_base64="34zvcJZrigeMQCHYSRz0jxvPCN8=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXcTQRshqAEriWAekKzL7GSSDJl9MHNXDUsKG3/FxkIRWz/Czr9x8ig08cDlHs65l5l7vEhwBZb1baQWFpeWV9KrmbX1jc0tc3unpsJYUlaloQhlwyOKCR6wKnAQrBFJRnxPsLrXPx/59TsmFQ+DGxhEzPFJN+AdTgloyTWz924L2AMkV+WL8hCfYuqq24LuhcOia+asvDUGnif2lOTQFBXX/Gq1Qxr7LAAqiFJN24rASYgETgUbZlqxYhGhfdJlTU0D4jPlJOMjhnhfK23cCaWuAPBY/b2REF+pge/pSZ9AT816I/E/rxlD58RJeBDFwAI6eagTCwwhHiWC21wyCmKgCaGS679i2iOSUNC5ZXQI9uzJ86RWyNvFfOH6KFc6m8aRRlm0hw6QjY5RCV2iCqoiih7RM3pFb8aT8WK8Gx+T0ZQx3dlFf2B8/gCZOZYb</latexit>

w/o SH0ES w/ SH0ES     

71.4± 1.0
<latexit sha1_base64="4cvJ+M1DH4Hl9kuXTF1M2ImwmIM=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgapipxdpd0Y3LCvYB7VAyaaYNTTJjkimU0u9w40IRt36MO//G9CH4PBA4nHMu9+aECWfaeN67k1lZXVvfyG7mtrZ3dvfy+wcNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPh1cxvjqjSLJa3ZpzQQOC+ZBEj2FgpKPtuCaFOIpDvet18wXMrnl8599FvYgNzFGCJWjf/1unFJBVUGsKx1m3fS0wwwcowwuk010k1TTAZ4j5tWyqxoDqYzI+eohOr9FAUK/ukQXP168QEC63HIrRJgc1A//Rm4l9eOzXRRTBhMkkNlWSxKEo5MjGaNYB6TFFi+NgSTBSztyIywAoTY3vK2RI+f4r+J42i65+5xZtSoXq5rCMLR3AMp+BDGapwDTWoA4E7uIdHeHJGzoPz7LwsohlnOXMI3+C8fgDmIJBA</latexit>

' 4�
<latexit sha1_base64="OyB+kQuZ4EyIgLdzjFp+099fuc4=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFcSEhqUbsrunFZwT6gCWUynbRDZyZxZiKUUH/FjQtF3Poh7vwbJ20FnwcuHM65l3vvCRNGlXbdd2thcWl5ZbWwVlzf2Nzatnd2WypOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHo4vcb98SqWgsrvU4IQFHA0EjipE2Us8u+YpycgOr0D+Chg84KvbssuvUXK924sHfxHPcKcpgjkbPfvP7MU45ERozpFTXcxMdZEhqihmZFP1UkQThERqQrqECcaKCbHr8BB4YpQ+jWJoSGk7VrxMZ4kqNeWg6OdJD9dPLxb+8bqqjsyCjIkk1EXi2KEoZ1DHMk4B9KgnWbGwIwpKaWyEeIomwNnnlIXx+Cv8nrYrjHTuVq2q5fj6PowD2wD44BB44BXVwCRqgCTAYg3vwCJ6sO+vBerZeZq0L1nymBL7Bev0AG0mTyQ==</latexit>

(' 1.5�)
<latexit sha1_base64="xbiD7TthEDcjFPdko2Z4L3NB7bM=">AAACAHicdVDLSgMxFM3UV62vURcu3ASLUEGGmfrsrujGZQVbC52hZNJMG5pkxiQjlNKNv+LGhSJu/Qx3/o2ZtoLPAxdOzrmX3HvChFGlXffdys3Mzs0v5BcLS8srq2v2+kZDxanEpI5jFstmiBRhVJC6ppqRZiIJ4iEj12H/PPOvb4lUNBZXepCQgKOuoBHFSBupbW+VfEU5uYGecwT9fWheXY72Cm276DoV16sce/A38Rx3jCKYota23/xOjFNOhMYMKdXy3EQHQyQ1xYyMCn6qSIJwH3VJy1CBOFHBcHzACO4apQOjWJoSGo7VrxNDxJUa8NB0cqR76qeXiX95rVRHp8GQiiTVRODJR1HKoI5hlgbsUEmwZgNDEJbU7ApxD0mEtcksC+HzUvg/aZQd78ApXx4Wq2fTOPJgG+yAEvDACaiCC1ADdYDBCNyDR/Bk3VkP1rP1MmnNWdOZTfAN1usH0CeUog==</latexit>

' 2�
<latexit sha1_base64="+5xVoOFvusDuJ/Jlk8gnc8pt0Qw=">AAAB+HicdVDLSgNBEOyNrxgfWfXoZTAInpbdKGpuQS8eI5gYSJYwO5lNhszMrjOzQgz5Ei8eFPHqp3jzb5w8BJ8FDUVVN91dUcqZNr7/7uQWFpeWV/KrhbX1jc2iu7Xd0EmmCK2ThCeqGWFNOZO0bpjhtJkqikXE6XU0OJ/417dUaZbIKzNMaShwT7KYEWys1HGLbc0EvUFlZElP4I5b8r2KH1SOA/SbBJ4/RQnmqHXct3Y3IZmg0hCOtW4FfmrCEVaGEU7HhXamaYrJAPdoy1KJBdXhaHr4GO1bpYviRNmSBk3VrxMjLLQeish2Cmz6+qc3Ef/yWpmJT8MRk2lmqCSzRXHGkUnQJAXUZYoSw4eWYKKYvRWRPlaYGJtVwYbw+Sn6nzTKXnDolS+PStWzeRx52IU9OIAATqAKF1CDOhDI4B4e4cm5cx6cZ+dl1ppz5jM78A3O6wdiIJLt</latexit>

' 2.5�
<latexit sha1_base64="NP9jaGeNTQCp1N2tqCq8IB4hMQM=">AAAB+nicdVDJSgNBEK1xjXGb6NFLYxA8DTNxzS3oxWMEs0AyhJ5OT9Kke2bs7lHCmE/x4kERr36JN//GziK4Pih4vFdFVb0g4Uxp13235uYXFpeWcyv51bX1jU27sFVXcSoJrZGYx7IZYEU5i2hNM81pM5EUi4DTRjA4H/uNGyoVi6MrPUyoL3AvYiEjWBupYxfaigl6jUrOETK0J3DHLrpO2fXKxx76TTzHnaAIM1Q79lu7G5NU0EgTjpVqeW6i/QxLzQino3w7VTTBZIB7tGVohAVVfjY5fYT2jNJFYSxNRRpN1K8TGRZKDUVgOgXWffXTG4t/ea1Uh6d+xqIk1TQi00VhypGO0TgH1GWSEs2HhmAimbkVkT6WmGiTVt6E8Pkp+p/US4534JQuD4uVs1kcOdiBXdgHD06gAhdQhRoQuIV7eIQn6856sJ6tl2nrnDWb2YZvsF4/AEr4k2Q=</latexit>

69.6+1.0
�1.1

<latexit sha1_base64="DzuHnR626Lw06vwnf/KdwURaOxg=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIsgiMOkSrW7ohuXFewD2nHIpGkbmskMSUYsw/yKGxeKuPVH3Pk3pg/B54HA4ZxzuTcniDlT2nXfrdzC4tLySn61sLa+sbllbxebKkokoQ0S8Ui2A6woZ4I2NNOctmNJcRhw2gpGFxO/dUulYpG41uOYeiEeCNZnBGsj+XaxUnUqN+khctzMT4+QgzLfLrlO1UXVCoK/iQlOUQJz1H37rduLSBJSoQnHSnWQG2svxVIzwmlW6CaKxpiM8IB2DBU4pMpLp7dncN8oPdiPpHlCw6n6dSLFoVLjMDDJEOuh+ulNxL+8TqL7Z17KRJxoKshsUT/hUEdwUgTsMUmJ5mNDMJHM3ArJEEtMtKmrYEr4/Cn8nzTLDjp2ylcnpdr5vI482AV74AAgcApq4BLUQQMQcAfuwSN4sjLrwXq2XmbRnDWf2QHfYL1+AD39kqg=</latexit>

Evidence 

Hubble tension

H0

fNEDE 6= 0
<latexit sha1_base64="Azk7zO0kiDPV0VXAOY3TJhEm9oI=">AAAB/XicdVDJSgNBEO1xN25xuXlpDIKnMBNFzS24gCeJYFRIQujp1JgmPT1jd40Yh+CvePGgiFf/w5t/Y2cRXB8UPN6roqqeH0th0HXfnZHRsfGJyanpzMzs3PxCdnHpzESJ5lDhkYz0hc8MSKGgggIlXMQaWOhLOPfb+z3//Bq0EZE6xU4M9ZBdKhEIztBKjexK0Kgh3GB6fHhw2KU1BVfUbWRzbr7oesVtj/4mXt7tI0eGKDeyb7VmxJMQFHLJjKl6boz1lGkUXEI3U0sMxIy32SVULVUsBFNP+9d36bpVmjSItC2FtK9+nUhZaEwn9G1nyLBlfno98S+vmmCwW0+FihMExQeLgkRSjGgvCtoUGjjKjiWMa2FvpbzFNONoA8vYED4/pf+Ts0Le28wXTrZypb1hHFNklayRDeKRHVIiR6RMKoSTW3JPHsmTc+c8OM/Oy6B1xBnOLJNvcF4/AM1ilM8=</latexit>

[km/s/Mpc]
<latexit sha1_base64="rRtPiaK8dDs8E2D8hkqa1dn03Co=">AAAB+nicdVDJSgNBEO1xjXGb6NFLYxA8TWaiqLkFvXgRIpgFJkPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sbMIrg8KHu9VUVXPTwRXYNvvxtz8wuLScm4lv7q2vrFpFrYaKk4lZXUai1i2fKKY4BGrAwfBWolkJPQFa/qDs7HfvGZS8Ti6gmHCvJD0Ih5wSkBLHbPgtoHdQjYIS6p0kdCR1zGLtlWxncqRg38Tx7InKKIZah3zrd2NaRqyCKggSrmOnYCXEQmcCjbKt1PFEkIHpMdcTSMSMuVlk9NHeE8rXRzEUlcEeKJ+nchIqNQw9HVnSKCvfnpj8S/PTSE48TIeJSmwiE4XBanAEONxDrjLJaMghpoQKrm+FdM+kYSCTiuvQ/j8FP9PGmXLObDKl4fF6uksjhzaQbtoHznoGFXROaqhOqLoBt2jR/Rk3BkPxrPxMm2dM2Yz2+gbjNcPobyUQQ==</latexit>

S8 tension

Parameters fNEDE = ⇢̄⇤NEDE/⇢̄
⇤

<latexit sha1_base64="TX+90eztOv9RiIcOFP0ahId2+qM=">AAACIHicdVDJSgNBEO2JW4xb1KOXxiCIhzgTxZiDENSAJ4lgYiATQ0+nJ2nSs9BdI4Yhn+LFX/HiQRG96dfYWQTj8qDg8V4VVfWcUHAFpvluJKamZ2bnkvOphcWl5ZX06lpVBZGkrEIDEciaQxQT3GcV4CBYLZSMeI5gV073ZOBf3TCpeOBfQi9kDY+0fe5ySkBLzXTebdrAbiE+L52W+vgI2w6RsS07Qf96Z8LanbTSGTNbMK3CgYV/EytrDpFBY5Sb6Te7FdDIYz5QQZSqW2YIjZhI4FSwfsqOFAsJ7ZI2q2vqE4+pRjx8sI+3tNLCbiB1+YCH6veJmHhK9TxHd3oEOuqnNxD/8uoRuIeNmPthBMyno0VuJDAEeJAWbnHJKIieJoRKrm/FtEMkoaAzTekQvj7F/5NqLmvtZXMX+5ni8TiOJNpAm2gbWSiPiugMlVEFUXSHHtATejbujUfjxXgdtSaM8cw6moDx8Qk6GKMJ</latexit>

fNEDE = ⇢̄⇤NEDE/⇢̄
⇤

<latexit sha1_base64="TX+90eztOv9RiIcOFP0ahId2+qM=">AAACIHicdVDJSgNBEO2JW4xb1KOXxiCIhzgTxZiDENSAJ4lgYiATQ0+nJ2nSs9BdI4Yhn+LFX/HiQRG96dfYWQTj8qDg8V4VVfWcUHAFpvluJKamZ2bnkvOphcWl5ZX06lpVBZGkrEIDEciaQxQT3GcV4CBYLZSMeI5gV073ZOBf3TCpeOBfQi9kDY+0fe5ySkBLzXTebdrAbiE+L52W+vgI2w6RsS07Qf96Z8LanbTSGTNbMK3CgYV/EytrDpFBY5Sb6Te7FdDIYz5QQZSqW2YIjZhI4FSwfsqOFAsJ7ZI2q2vqE4+pRjx8sI+3tNLCbiB1+YCH6veJmHhK9TxHd3oEOuqnNxD/8uoRuIeNmPthBMyno0VuJDAEeJAWbnHJKIieJoRKrm/FtEMkoaAzTekQvj7F/5NqLmvtZXMX+5ni8TiOJNpAm2gbWSiPiugMlVEFUXSHHtATejbujUfjxXgdtSaM8cw6moDx8Qk6GKMJ</latexit>

<latexit sha1_base64="QTxm5EuN+a2r4Tw0+p1Jmr+2JTM=">AAAB+nicdVDJSgNBEK1xjXGb6NFLYxA8DTPBJbkFvXiMYBZIhtDT6UmadM+M3T1KGPMpXjwo4tUv8ebf2FkE1wcFj/eqqKoXJJwp7brv1sLi0vLKam4tv76xubVtF3YaKk4loXUS81i2AqwoZxGta6Y5bSWSYhFw2gyG5xO/eUOlYnF0pUcJ9QXuRyxkBGsjde1CRzFBr1HJKSND+wJ37aLrVFyvcuKh38Rz3CmKMEeta791ejFJBY004Viptucm2s+w1IxwOs53UkUTTIa4T9uGRlhQ5WfT08fowCg9FMbSVKTRVP06kWGh1EgEplNgPVA/vYn4l9dOdVj2MxYlqaYRmS0KU450jCY5oB6TlGg+MgQTycytiAywxESbtPImhM9P0f+kUXK8Y8e9PCpWz+Zx5GAP9uEQPDiFKlxADepA4Bbu4RGerDvrwXq2XmatC9Z8Zhe+wXr9AE+dk2c=</latexit>' 2.8�
<latexit sha1_base64="dgJqk92GK9hyoskquxFlm9w5wsI=">AAAB+nicdVDLSsNAFL3xWesr1aWbwSK4CklRa3dFNy4r2Ae0oUymk3boTBJnJkqJ/RQ3LhRx65e482+cPgSfBy4czrmXe+8JEs6Udt13a2FxaXllNbeWX9/Y3Nq2CzsNFaeS0DqJeSxbAVaUs4jWNdOcthJJsQg4bQbD84nfvKFSsTi60qOE+gL3IxYygrWRunaho5ig16jklJGhfYG7dtF1Kq5XOfHQb+I57hRFmKPWtd86vZikgkaacKxU23MT7WdYakY4Hec7qaIJJkPcp21DIyyo8rPp6WN0YJQeCmNpKtJoqn6dyLBQaiQC0ymwHqif3kT8y2unOjz1MxYlqaYRmS0KU450jCY5oB6TlGg+MgQTycytiAywxESbtPImhM9P0f+kUXK8Y8e9PCpWz+Zx5GAP9uEQPChDFS6gBnUgcAv38AhP1p31YD1bL7PWBWs+swvfYL1+AE4Sk2Y=</latexit>' 2.7�

��2
<latexit sha1_base64="8ihCD4x3qj5JRtu/KI/KPSQhS1s=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZIqandFXbisYB/QxDKZ3rRDJ5M4MymU0O9w40IRt36MO//G6UPweeDC4Zx7ufeeIOFMacd5t3ILi0vLK/nVwtr6xuZWcXunoeJUUqjTmMeyFRAFnAmoa6Y5tBIJJAo4NIPBxcRvDkEqFosbPUrAj0hPsJBRoo3ke5fANcEe7bPbcqdYcuyK41ZOXPybuLYzRQnNUesU37xuTNMIhKacKNV2nUT7GZGaUQ7jgpcqSAgdkB60DRUkAuVn06PH+MAoXRzG0pTQeKp+nchIpNQoCkxnRHRf/fQm4l9eO9XhmZ8xkaQaBJ0tClOOdYwnCeAuk0A1HxlCqGTmVkz7RBKqTU4FE8Lnp/h/0ijb7pFdvj4uVc/nceTRHtpHh8hFp6iKrlAN1RFFd+gePaIna2g9WM/Wy6w1Z81ndtE3WK8fVTOR1A==</latexit>

�2.6
<latexit sha1_base64="wk9lyILqHBCH8Hh0ooL9+6PWVUk=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgxWU3SjS3oBePEcwDkiXMTibJkJnZZWZWCEt+wYsHRbz6Q978G2eTCD4LGoqqbrq7wpgzbTzv3cktLa+sruXXCxubW9s7xd29po4SRWiDRDxS7RBrypmkDcMMp+1YUSxCTlvh+CrzW3dUaRbJWzOJaSDwULIBI9hk0knZrfSKJc+ten614qPfxHe9GUqwQL1XfOv2I5IIKg3hWOuO78UmSLEyjHA6LXQTTWNMxnhIO5ZKLKgO0tmtU3RklT4aRMqWNGimfp1IsdB6IkLbKbAZ6Z9eJv7ldRIzuAhSJuPEUEnmiwYJRyZC2eOozxQlhk8swUQxeysiI6wwMTaegg3h81P0P2mWXf/ULd+clWqXizjycACHcAw+nEMNrqEODSAwgnt4hCdHOA/Os/Myb805i5l9+Abn9QM6FI23</latexit>

�15.6
<latexit sha1_base64="sz5p1/hnN6tu8UvCLMOLqp+FpBw=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgxpC0Wu2u6MZlBdMW2lAm00k7dDIJMxOhhH6DGxeKuPWD3Pk3Th+CzwMXDufcy733BAlnSjvOu5VbWl5ZXcuvFzY2t7Z3irt7TRWnklCPxDyW7QArypmgnmaa03YiKY4CTlvB6Grqt+6oVCwWt3qcUD/CA8FCRrA2knfintnVXrHk2DXHrVVd9Ju4tjNDCRZo9Ipv3X5M0ogKTThWquM6ifYzLDUjnE4K3VTRBJMRHtCOoQJHVPnZ7NgJOjJKH4WxNCU0mqlfJzIcKTWOAtMZYT1UP72p+JfXSXV44WdMJKmmgswXhSlHOkbTz1GfSUo0HxuCiWTmVkSGWGKiTT4FE8Lnp+h/0izbbsUu35yW6peLOPJwAIdwDC6cQx2uoQEeEGBwD4/wZAnrwXq2XuatOWsxsw/fYL1+AK6UjfU=</latexit>

m
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• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.

Model �Nparam MB
Gaussian
Tension

QDMAP

Tension
��

2 �AIC Finalist

⇤CDM 0 �19.416± 0.012 4.4� 4.5� X 0.00 0.00 X X

�Nur 1 �19.395± 0.019 3.6� 3.9� X �4.60 �2.60 X X

SIDR 1 �19.385± 0.024 3.2� 3.6� X �3.77 �1.77 X X

DR-DM 2 �19.413± 0.036 3.3� 3.4� X �7.82 �3.82 X X

mixed DR 2 �19.388± 0.026 3.2� 3.7� X �6.40 �2.40 X X

SI⌫+DR 3 �19.440± 0.038 3.7� 3.9� X �3.56 2.44 X X

Majoron 3 �19.380± 0.027 3.0� 2.9� X �13.74 �7.74 X X
primordial B 1 �19.390± 0.018 3.5� 3.5� X �10.83 �8.83 X X
varying me 1 �19.391± 0.034 2.9� 3.2� X �9.87 �7.87 X X
varying me+⌦k 2 �19.368± 0.048 2.0� 1.7� X �16.11 �12.11 X X
EDE 3 �19.390± 0.016 3.6� 1.6� X �20.80 �14.80 X X
NEDE 3 �19.380± 0.021 3.2� 2.0� X �17.70 �11.70 X X
CPL 2 �19.400± 0.016 3.9� 4.1� X �4.23 �0.23 X X

PEDE 0 �19.349± 0.013 2.7� 2.0� X 4.76 4.76 X X

MPEDE 1 �19.400± 0.022 3.6� 4.0� X �2.21 �0.21 X X

DM ! DR+WDM 2 �19.410± 0.013 4.2� 4.4� X �4.18 �0.18 X X

DM ! DR 2 �19.410± 0.011 4.3� 4.2� X 0.11 4.11 X X

Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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Abstract. Despite the remarkable success of the ⇤ Cold Dark Matter (⇤CDM) cosmological
model, a growing discrepancy has emerged (currently measured at the level of ⇠ 4 � 6�)
between the value of the Hubble constant H0 measured using the local distance ladder and
the value inferred using the cosmic microwave background and galaxy surveys. While a vast
array of ⇤CDM extensions have been proposed to explain these discordant observations, un-
derstanding the (relative) success of these models in resolving the tension has proven di�cult
– this is a direct consequence of the fact that each model has been subjected to di↵ering, and
typically incomplete, compilations of cosmological data. In this review, we attempt to make
a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.
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• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.

Model �Nparam MB
Gaussian
Tension

QDMAP

Tension
��

2 �AIC Finalist

⇤CDM 0 �19.416± 0.012 4.4� 4.5� X 0.00 0.00 X X

�Nur 1 �19.395± 0.019 3.6� 3.9� X �4.60 �2.60 X X

SIDR 1 �19.385± 0.024 3.2� 3.6� X �3.77 �1.77 X X

DR-DM 2 �19.413± 0.036 3.3� 3.4� X �7.82 �3.82 X X

mixed DR 2 �19.388± 0.026 3.2� 3.7� X �6.40 �2.40 X X

SI⌫+DR 3 �19.440± 0.038 3.7� 3.9� X �3.56 2.44 X X

Majoron 3 �19.380± 0.027 3.0� 2.9� X �13.74 �7.74 X X
primordial B 1 �19.390± 0.018 3.5� 3.5� X �10.83 �8.83 X X
varying me 1 �19.391± 0.034 2.9� 3.2� X �9.87 �7.87 X X
varying me+⌦k 2 �19.368± 0.048 2.0� 1.7� X �16.11 �12.11 X X
EDE 3 �19.390± 0.016 3.6� 1.6� X �20.80 �14.80 X X
NEDE 3 �19.380± 0.021 3.2� 2.0� X �17.70 �11.70 X X
CPL 2 �19.400± 0.016 3.9� 4.1� X �4.23 �0.23 X X

PEDE 0 �19.349± 0.013 2.7� 2.0� X 4.76 4.76 X X

MPEDE 1 �19.400± 0.022 3.6� 4.0� X �2.21 �0.21 X X

DM ! DR+WDM 2 �19.410± 0.013 4.2� 4.4� X �4.18 �0.18 X X

DM ! DR 2 �19.410± 0.011 4.3� 4.2� X 0.11 4.11 X X

Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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Sánchez,
a
Samuel J. Witte,

c
Vivian Poulin,

b
and Julien

Lesgourgues
a

aInstitute for Theoretical Particle Physics and Cosmology (TTK), RWTH Aachen University,
D-52056 Aachen, Germany.

bLaboratoire Univers & Particules de Montpellier (LUPM), CNRS & Université de Mont-
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Abstract. Despite the remarkable success of the ⇤ Cold Dark Matter (⇤CDM) cosmological
model, a growing discrepancy has emerged (currently measured at the level of ⇠ 4 � 6�)
between the value of the Hubble constant H0 measured using the local distance ladder and
the value inferred using the cosmic microwave background and galaxy surveys. While a vast
array of ⇤CDM extensions have been proposed to explain these discordant observations, un-
derstanding the (relative) success of these models in resolving the tension has proven di�cult
– this is a direct consequence of the fact that each model has been subjected to di↵ering, and
typically incomplete, compilations of cosmological data. In this review, we attempt to make
a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.

ar
X

iv
:2

10
7.

10
29

1v
1 

 [a
str

o-
ph

.C
O

]  
21

 Ju
l 2

02
1

 Comparison EDE and NEDE:

NEDE gives less power 
EDE gives more power 

69

�0.4

�0.2

0.0

0.2

0.4

�
C

T
T

`
/C

T
T

`

�0.02

�0.01

0.00

0.01

0.02

�CDM NEDE DR cADE EDE

�2

0

2

�
C

E
E

`
/C

E
E

`

�0.050

�0.025

0.000

0.025

0.050

5 10 15 20 25 30

�0.4

�0.2

0.0

0.2

0.4

�
C

T
E

`
/q

C
T

T

`
C

E
E

`
+

(C
T

E

`
)2

500 1000 1500 2000 2500

�

�0.02

0.00

0.02

FIG. 17. Planck data residuals (gray dots) of NEDE (red solid), DR (blue dotted), and cADE (orange

dashed) and EDE (purple dash-dotted) with respect to ⇤CDM. Best-fit values are taken from combined

analysis with SH0ES (Tab. I). The plots use a di↵erent scaling for low ` (< 30) and high ` (> 30). The

red dashed and dotted vertical lines highlight the modes that respectively entered the sound and particle

horizon at the time of the NEDE phase transition.

H2
⇤ ' d2V/d'2, ' starts to oscillate in a near power law potential, '2n, which leads to a quick

decay of EDE. By averaging over oscillation cycles, the decay can be described by an ideal fluid

with equation of state parameter w⇤
EDE

' (n�1)/(n+1), where n = 1 corresponds to a decay like

matter, n = 2 to one like radiation and n � 3 to an even quicker decay. In fact, the first two cases

were shown to be disfavored by data, whereas the model with n = 3, where kinetic dominates over

potential energy, is most e�cient in addressing the Hubble tension, implying w⇤
EDE

= 1/2. Such

a shallow potential term, scaling like �6, has been argued to arise in axion scenarios when taking

into account higher-order instanton corrections [32, 121, 122]. The problem with this argument,
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• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.

Model �Nparam MB
Gaussian
Tension

QDMAP

Tension
��

2 �AIC Finalist

⇤CDM 0 �19.416± 0.012 4.4� 4.5� X 0.00 0.00 X X

�Nur 1 �19.395± 0.019 3.6� 3.9� X �4.60 �2.60 X X

SIDR 1 �19.385± 0.024 3.2� 3.6� X �3.77 �1.77 X X

DR-DM 2 �19.413± 0.036 3.3� 3.4� X �7.82 �3.82 X X

mixed DR 2 �19.388± 0.026 3.2� 3.7� X �6.40 �2.40 X X

SI⌫+DR 3 �19.440± 0.038 3.7� 3.9� X �3.56 2.44 X X

Majoron 3 �19.380± 0.027 3.0� 2.9� X �13.74 �7.74 X X
primordial B 1 �19.390± 0.018 3.5� 3.5� X �10.83 �8.83 X X
varying me 1 �19.391± 0.034 2.9� 3.2� X �9.87 �7.87 X X
varying me+⌦k 2 �19.368± 0.048 2.0� 1.7� X �16.11 �12.11 X X
EDE 3 �19.390± 0.016 3.6� 1.6� X �20.80 �14.80 X X
NEDE 3 �19.380± 0.021 3.2� 2.0� X �17.70 �11.70 X X
CPL 2 �19.400± 0.016 3.9� 4.1� X �4.23 �0.23 X X

PEDE 0 �19.349± 0.013 2.7� 2.0� X 4.76 4.76 X X

MPEDE 1 �19.400± 0.022 3.6� 4.0� X �2.21 �0.21 X X

DM ! DR+WDM 2 �19.410± 0.013 4.2� 4.4� X �4.18 �0.18 X X

DM ! DR 2 �19.410± 0.011 4.3� 4.2� X 0.11 4.11 X X

Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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Abstract. Despite the remarkable success of the ⇤ Cold Dark Matter (⇤CDM) cosmological
model, a growing discrepancy has emerged (currently measured at the level of ⇠ 4 � 6�)
between the value of the Hubble constant H0 measured using the local distance ladder and
the value inferred using the cosmic microwave background and galaxy surveys. While a vast
array of ⇤CDM extensions have been proposed to explain these discordant observations, un-
derstanding the (relative) success of these models in resolving the tension has proven di�cult
– this is a direct consequence of the fact that each model has been subjected to di↵ering, and
typically incomplete, compilations of cosmological data. In this review, we attempt to make
a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.

ar
X

iv
:2

10
7.

10
29

1v
1 

 [a
str

o-
ph

.C
O

]  
21

 Ju
l 2

02
1

 More precise high-l TT (and EE) data can help distinguish EDE and NEDE.
 A special role will be played by LSS data.
 Key message: perturbation sector matters 

 Comparison EDE and NEDE:

NEDE gives less power 
EDE gives more power 

69

�0.4

�0.2

0.0

0.2

0.4

�
C

T
T

`
/C

T
T

`

�0.02

�0.01

0.00

0.01

0.02

�CDM NEDE DR cADE EDE

�2

0

2

�
C

E
E

`
/C

E
E

`

�0.050

�0.025

0.000

0.025

0.050

5 10 15 20 25 30

�0.4

�0.2

0.0

0.2

0.4

�
C

T
E

`
/q

C
T

T

`
C

E
E

`
+

(C
T

E

`
)2

500 1000 1500 2000 2500

�

�0.02

0.00

0.02

FIG. 17. Planck data residuals (gray dots) of NEDE (red solid), DR (blue dotted), and cADE (orange

dashed) and EDE (purple dash-dotted) with respect to ⇤CDM. Best-fit values are taken from combined

analysis with SH0ES (Tab. I). The plots use a di↵erent scaling for low ` (< 30) and high ` (> 30). The

red dashed and dotted vertical lines highlight the modes that respectively entered the sound and particle

horizon at the time of the NEDE phase transition.

H2
⇤ ' d2V/d'2, ' starts to oscillate in a near power law potential, '2n, which leads to a quick

decay of EDE. By averaging over oscillation cycles, the decay can be described by an ideal fluid

with equation of state parameter w⇤
EDE

' (n�1)/(n+1), where n = 1 corresponds to a decay like

matter, n = 2 to one like radiation and n � 3 to an even quicker decay. In fact, the first two cases

were shown to be disfavored by data, whereas the model with n = 3, where kinetic dominates over

potential energy, is most e�cient in addressing the Hubble tension, implying w⇤
EDE

= 1/2. Such

a shallow potential term, scaling like �6, has been argued to arise in axion scenarios when taking

into account higher-order instanton corrections [32, 121, 122]. The problem with this argument,
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Gravitational Waves

 First order phase transitions (PT) act as source of gravitational waves.
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<latexit sha1_base64="wfi9MGQemRqwaA/8IMiapB3l4wk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqUbdY8tyy55fPfPKb+K43QwkWqHaLb51ewrIYpWGCat32vdQEY6oMZwInhU6mMaVsSPvYtlTSGHUwnh06IUdW6ZEoUbakITP168SYxlqP4tB2xtQM9E9vKv7ltTMTXQRjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivHzv4jTg=</latexit><latexit sha1_base64="wfi9MGQemRqwaA/8IMiapB3l4wk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqUbdY8tyy55fPfPKb+K43QwkWqHaLb51ewrIYpWGCat32vdQEY6oMZwInhU6mMaVsSPvYtlTSGHUwnh06IUdW6ZEoUbakITP168SYxlqP4tB2xtQM9E9vKv7ltTMTXQRjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivHzv4jTg=</latexit><latexit sha1_base64="wfi9MGQemRqwaA/8IMiapB3l4wk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqUbdY8tyy55fPfPKb+K43QwkWqHaLb51ewrIYpWGCat32vdQEY6oMZwInhU6mMaVsSPvYtlTSGHUwnh06IUdW6ZEoUbakITP168SYxlqP4tB2xtQM9E9vKv7ltTMTXQRjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivHzv4jTg=</latexit><latexit sha1_base64="wfi9MGQemRqwaA/8IMiapB3l4wk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqUbdY8tyy55fPfPKb+K43QwkWqHaLb51ewrIYpWGCat32vdQEY6oMZwInhU6mMaVsSPvYtlTSGHUwnh06IUdW6ZEoUbakITP168SYxlqP4tB2xtQM9E9vKv7ltTMTXQRjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2mYEP4/JT8Txonru+5fu20VLlcxJGHAziEY/DhHCpwDVWoAwOEe3iEJ+fWeXCenZd5a85ZzOzDNzivHzv4jTg=</latexit>f⇤

<latexit sha1_base64="OHbVuc7ycEpTl4hpT0GQLZw4sK0=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIhzAjouYW9OIxolkgGUJPpyZp0tMzdPcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpekAiujeu+O7mFxaXllfxqYW19Y3OruL3T0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwcuI371BpHstbM0rQj2hf8pAzaqx0E3aPusWSW664XuXUI7+JV3anKMEctW7xrdOLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObBKj4SxsiUNmapfJzIaaT2KAtsZUTPQP72J+JfXTk147mdcJqlByWaLwlQQE5PJ36THFTIjRpZQpri9lbABVZQZm07BhvD5KfmfNI7Lnlv2rk9K1Yt5HHnYg304BA/OoApXUIM6MOjDPTzCkyOcB+fZeZm15pz5zC58g/P6AVagjdU=</latexit><latexit sha1_base64="OHbVuc7ycEpTl4hpT0GQLZw4sK0=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIhzAjouYW9OIxolkgGUJPpyZp0tMzdPcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpekAiujeu+O7mFxaXllfxqYW19Y3OruL3T0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwcuI371BpHstbM0rQj2hf8pAzaqx0E3aPusWSW664XuXUI7+JV3anKMEctW7xrdOLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObBKj4SxsiUNmapfJzIaaT2KAtsZUTPQP72J+JfXTk147mdcJqlByWaLwlQQE5PJ36THFTIjRpZQpri9lbABVZQZm07BhvD5KfmfNI7Lnlv2rk9K1Yt5HHnYg304BA/OoApXUIM6MOjDPTzCkyOcB+fZeZm15pz5zC58g/P6AVagjdU=</latexit><latexit sha1_base64="OHbVuc7ycEpTl4hpT0GQLZw4sK0=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIhzAjouYW9OIxolkgGUJPpyZp0tMzdPcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpekAiujeu+O7mFxaXllfxqYW19Y3OruL3T0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwcuI371BpHstbM0rQj2hf8pAzaqx0E3aPusWSW664XuXUI7+JV3anKMEctW7xrdOLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObBKj4SxsiUNmapfJzIaaT2KAtsZUTPQP72J+JfXTk147mdcJqlByWaLwlQQE5PJ36THFTIjRpZQpri9lbABVZQZm07BhvD5KfmfNI7Lnlv2rk9K1Yt5HHnYg304BA/OoApXUIM6MOjDPTzCkyOcB+fZeZm15pz5zC58g/P6AVagjdU=</latexit><latexit sha1_base64="OHbVuc7ycEpTl4hpT0GQLZw4sK0=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIhzAjouYW9OIxolkgGUJPpyZp0tMzdPcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpekAiujeu+O7mFxaXllfxqYW19Y3OruL3T0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwcuI371BpHstbM0rQj2hf8pAzaqx0E3aPusWSW664XuXUI7+JV3anKMEctW7xrdOLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObBKj4SxsiUNmapfJzIaaT2KAtsZUTPQP72J+JfXTk147mdcJqlByWaLwlQQE5PJ36THFTIjRpZQpri9lbABVZQZm07BhvD5KfmfNI7Lnlv2rk9K1Yt5HHnYg304BA/OoApXUIM6MOjDPTzCkyOcB+fZeZm15pz5zC58g/P6AVagjdU=</latexit>
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<latexit sha1_base64="a8xZw2AOZFDbWr3uU4iLC7J9kUQ="></latexit>

single dial



Gravitational Waves

 First order phase transitions (PT) act as source of gravitational waves.

/ f3
<latexit sha1_base64="oHO8H1uYP6aq13GlcdR1hHxVKik=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLtYDu7ohuXFewDpmPJpJk2NDMZkoxQhn6GGxeKuPVr3Pk3pg9BRQ8EDufcS+45YcqZ0gh9WIW19Y3NreJ2aWd3b/+gfHjUUSKThLaJ4EL2QqwoZwlta6Y57aWS4jjktBtOruZ+955KxURyq6cpDWI8SljECNZG8vupFKkWMLqrDcoVZHuNhodciGwXIbdeNaTmed4Fgo6NFqiAFVqD8nt/KEgW00QTjpXyHZTqIMdSM8LprNTPFE0xmeAR9Q1NcExVkC9OnsEzowxhJKR5iYYL9ftGjmOlpnFoJmOsx+q3Nxf/8vxMR40gZ0maaZqQ5UdRxqEJOc8Ph0xSovnUEEwkM7dCMsYSE21aKpkSvpLC/0mnajvIdm7cSvNyVUcRnIBTcA4cUAdNcA1aoA0IEOABPIFnS1uP1ov1uhwtWKudY/AD1tsnbxyRWg==</latexit><latexit sha1_base64="oHO8H1uYP6aq13GlcdR1hHxVKik=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLtYDu7ohuXFewDpmPJpJk2NDMZkoxQhn6GGxeKuPVr3Pk3pg9BRQ8EDufcS+45YcqZ0gh9WIW19Y3NreJ2aWd3b/+gfHjUUSKThLaJ4EL2QqwoZwlta6Y57aWS4jjktBtOruZ+955KxURyq6cpDWI8SljECNZG8vupFKkWMLqrDcoVZHuNhodciGwXIbdeNaTmed4Fgo6NFqiAFVqD8nt/KEgW00QTjpXyHZTqIMdSM8LprNTPFE0xmeAR9Q1NcExVkC9OnsEzowxhJKR5iYYL9ftGjmOlpnFoJmOsx+q3Nxf/8vxMR40gZ0maaZqQ5UdRxqEJOc8Ph0xSovnUEEwkM7dCMsYSE21aKpkSvpLC/0mnajvIdm7cSvNyVUcRnIBTcA4cUAdNcA1aoA0IEOABPIFnS1uP1ov1uhwtWKudY/AD1tsnbxyRWg==</latexit><latexit sha1_base64="oHO8H1uYP6aq13GlcdR1hHxVKik=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLtYDu7ohuXFewDpmPJpJk2NDMZkoxQhn6GGxeKuPVr3Pk3pg9BRQ8EDufcS+45YcqZ0gh9WIW19Y3NreJ2aWd3b/+gfHjUUSKThLaJ4EL2QqwoZwlta6Y57aWS4jjktBtOruZ+955KxURyq6cpDWI8SljECNZG8vupFKkWMLqrDcoVZHuNhodciGwXIbdeNaTmed4Fgo6NFqiAFVqD8nt/KEgW00QTjpXyHZTqIMdSM8LprNTPFE0xmeAR9Q1NcExVkC9OnsEzowxhJKR5iYYL9ftGjmOlpnFoJmOsx+q3Nxf/8vxMR40gZ0maaZqQ5UdRxqEJOc8Ph0xSovnUEEwkM7dCMsYSE21aKpkSvpLC/0mnajvIdm7cSvNyVUcRnIBTcA4cUAdNcA1aoA0IEOABPIFnS1uP1ov1uhwtWKudY/AD1tsnbxyRWg==</latexit><latexit sha1_base64="oHO8H1uYP6aq13GlcdR1hHxVKik=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GjLtYDu7ohuXFewDpmPJpJk2NDMZkoxQhn6GGxeKuPVr3Pk3pg9BRQ8EDufcS+45YcqZ0gh9WIW19Y3NreJ2aWd3b/+gfHjUUSKThLaJ4EL2QqwoZwlta6Y57aWS4jjktBtOruZ+955KxURyq6cpDWI8SljECNZG8vupFKkWMLqrDcoVZHuNhodciGwXIbdeNaTmed4Fgo6NFqiAFVqD8nt/KEgW00QTjpXyHZTqIMdSM8LprNTPFE0xmeAR9Q1NcExVkC9OnsEzowxhJKR5iYYL9ftGjmOlpnFoJmOsx+q3Nxf/8vxMR40gZ0maaZqQ5UdRxqEJOc8Ph0xSovnUEEwkM7dCMsYSE21aKpkSvpLC/0mnajvIdm7cSvNyVUcRnIBTcA4cUAdNcA1aoA0IEOABPIFnS1uP1ov1uhwtWKudY/AD1tsnbxyRWg==</latexit> / f�1

<latexit sha1_base64="Pgq/BlX5j+NUu1I+dXbaXt6aDcg=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxIukSELgRvXjERIQEFtItXWjotpu2qyEb/ocXDxrj1f/izX9jFzBRoy+Z5OW9mczM8yPOtEHow8msrK6tb2Q3c1vbO7t7+f2DWy1jRWiLSC5Vx8eaciZoyzDDaSdSFIc+p21/cpn67TuqNJPixkwj6oV4JFjACDZW6vciJSMjYdBPztzZIF9AxVIF1as1iIoV5NbLJUsQqtXPEXQtSVEASzQH+ffeUJI4pMIQjrXuuigyXoKVYYTTWa4XaxphMsEj2rVU4JBqL5lfPYMnVhnCQCpbwsC5+n0iwaHW09C3nSE2Y/3bS8W/vG5sgpqXMBHFhgqyWBTEHNo/0wjgkClKDJ9agoli9lZIxlhhYmxQORvC16fwf3JbKrqo6F6XC42LZRxZcASOwSlwQRU0wBVoghYgQIEH8ASenXvn0XlxXhetGWc5cwh+wHn7BI2rkos=</latexit><latexit sha1_base64="Pgq/BlX5j+NUu1I+dXbaXt6aDcg=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxIukSELgRvXjERIQEFtItXWjotpu2qyEb/ocXDxrj1f/izX9jFzBRoy+Z5OW9mczM8yPOtEHow8msrK6tb2Q3c1vbO7t7+f2DWy1jRWiLSC5Vx8eaciZoyzDDaSdSFIc+p21/cpn67TuqNJPixkwj6oV4JFjACDZW6vciJSMjYdBPztzZIF9AxVIF1as1iIoV5NbLJUsQqtXPEXQtSVEASzQH+ffeUJI4pMIQjrXuuigyXoKVYYTTWa4XaxphMsEj2rVU4JBqL5lfPYMnVhnCQCpbwsC5+n0iwaHW09C3nSE2Y/3bS8W/vG5sgpqXMBHFhgqyWBTEHNo/0wjgkClKDJ9agoli9lZIxlhhYmxQORvC16fwf3JbKrqo6F6XC42LZRxZcASOwSlwQRU0wBVoghYgQIEH8ASenXvn0XlxXhetGWc5cwh+wHn7BI2rkos=</latexit><latexit sha1_base64="Pgq/BlX5j+NUu1I+dXbaXt6aDcg=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxIukSELgRvXjERIQEFtItXWjotpu2qyEb/ocXDxrj1f/izX9jFzBRoy+Z5OW9mczM8yPOtEHow8msrK6tb2Q3c1vbO7t7+f2DWy1jRWiLSC5Vx8eaciZoyzDDaSdSFIc+p21/cpn67TuqNJPixkwj6oV4JFjACDZW6vciJSMjYdBPztzZIF9AxVIF1as1iIoV5NbLJUsQqtXPEXQtSVEASzQH+ffeUJI4pMIQjrXuuigyXoKVYYTTWa4XaxphMsEj2rVU4JBqL5lfPYMnVhnCQCpbwsC5+n0iwaHW09C3nSE2Y/3bS8W/vG5sgpqXMBHFhgqyWBTEHNo/0wjgkClKDJ9agoli9lZIxlhhYmxQORvC16fwf3JbKrqo6F6XC42LZRxZcASOwSlwQRU0wBVoghYgQIEH8ASenXvn0XlxXhetGWc5cwh+wHn7BI2rkos=</latexit><latexit sha1_base64="Pgq/BlX5j+NUu1I+dXbaXt6aDcg=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxIukSELgRvXjERIQEFtItXWjotpu2qyEb/ocXDxrj1f/izX9jFzBRoy+Z5OW9mczM8yPOtEHow8msrK6tb2Q3c1vbO7t7+f2DWy1jRWiLSC5Vx8eaciZoyzDDaSdSFIc+p21/cpn67TuqNJPixkwj6oV4JFjACDZW6vciJSMjYdBPztzZIF9AxVIF1as1iIoV5NbLJUsQqtXPEXQtSVEASzQH+ffeUJI4pMIQjrXuuigyXoKVYYTTWa4XaxphMsEj2rVU4JBqL5lfPYMnVhnCQCpbwsC5+n0iwaHW09C3nSE2Y/3bS8W/vG5sgpqXMBHFhgqyWBTEHNo/0wjgkClKDJ9agoli9lZIxlhhYmxQORvC16fwf3JbKrqo6F6XC42LZRxZcASOwSlwQRU0wBVoghYgQIEH8ASenXvn0XlxXhetGWc5cwh+wHn7BI2rkos=</latexit>

h2⌦GW
<latexit sha1_base64="D5o4ViYnYDHqdJ+V2i34c/lCSzo=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUUbsrutCdFewD2hgm09t26EwSZiZCDf0SNy4UceunuPNvnD4EnwcuHM65l3vvCRPOlHbddyu3sLi0vJJfLaytb2wW7a3thopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AyHZxO/eQtSsTi61qMEfEH6EesxSrSRArs4uCnjzqWAPgmy8+Y4sEuuU3G9ypGHfxPPcacooTlqgf3W6cY0FRBpyolSbc9NtJ8RqRnlMC50UgUJoUPSh7ahERGg/Gx6+BjvG6WLe7E0FWk8Vb9OZEQoNRKh6RRED9RPbyL+5bVT3TvxMxYlqYaIzhb1Uo51jCcp4C6TQDUfGUKoZOZWTAdEEqpNVgUTwuen+H/SKDue63hXh6Xq6TyOPNpFe+gAeegYVdEFqqE6oihF9+gRPVl31oP1bL3MWnPWfGYHfYP1+gFR+pLh</latexit><latexit sha1_base64="D5o4ViYnYDHqdJ+V2i34c/lCSzo=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUUbsrutCdFewD2hgm09t26EwSZiZCDf0SNy4UceunuPNvnD4EnwcuHM65l3vvCRPOlHbddyu3sLi0vJJfLaytb2wW7a3thopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AyHZxO/eQtSsTi61qMEfEH6EesxSrSRArs4uCnjzqWAPgmy8+Y4sEuuU3G9ypGHfxPPcacooTlqgf3W6cY0FRBpyolSbc9NtJ8RqRnlMC50UgUJoUPSh7ahERGg/Gx6+BjvG6WLe7E0FWk8Vb9OZEQoNRKh6RRED9RPbyL+5bVT3TvxMxYlqYaIzhb1Uo51jCcp4C6TQDUfGUKoZOZWTAdEEqpNVgUTwuen+H/SKDue63hXh6Xq6TyOPNpFe+gAeegYVdEFqqE6oihF9+gRPVl31oP1bL3MWnPWfGYHfYP1+gFR+pLh</latexit><latexit sha1_base64="D5o4ViYnYDHqdJ+V2i34c/lCSzo=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUUbsrutCdFewD2hgm09t26EwSZiZCDf0SNy4UceunuPNvnD4EnwcuHM65l3vvCRPOlHbddyu3sLi0vJJfLaytb2wW7a3thopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AyHZxO/eQtSsTi61qMEfEH6EesxSrSRArs4uCnjzqWAPgmy8+Y4sEuuU3G9ypGHfxPPcacooTlqgf3W6cY0FRBpyolSbc9NtJ8RqRnlMC50UgUJoUPSh7ahERGg/Gx6+BjvG6WLe7E0FWk8Vb9OZEQoNRKh6RRED9RPbyL+5bVT3TvxMxYlqYaIzhb1Uo51jCcp4C6TQDUfGUKoZOZWTAdEEqpNVgUTwuen+H/SKDue63hXh6Xq6TyOPNpFe+gAeegYVdEFqqE6oihF9+gRPVl31oP1bL3MWnPWfGYHfYP1+gFR+pLh</latexit><latexit sha1_base64="D5o4ViYnYDHqdJ+V2i34c/lCSzo=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUUbsrutCdFewD2hgm09t26EwSZiZCDf0SNy4UceunuPNvnD4EnwcuHM65l3vvCRPOlHbddyu3sLi0vJJfLaytb2wW7a3thopTSaFOYx7LVkgUcBZBXTPNoZVIICLk0AyHZxO/eQtSsTi61qMEfEH6EesxSrSRArs4uCnjzqWAPgmy8+Y4sEuuU3G9ypGHfxPPcacooTlqgf3W6cY0FRBpyolSbc9NtJ8RqRnlMC50UgUJoUPSh7ahERGg/Gx6+BjvG6WLe7E0FWk8Vb9OZEQoNRKh6RRED9RPbyL+5bVT3TvxMxYlqYaIzhb1Uo51jCcp4C6TQDUfGUKoZOZWTAdEEqpNVgUTwuen+H/SKDue63hXh6Xq6TyOPNpFe+gAeegYVdEFqqE6oihF9+gRPVl31oP1bL3MWnPWfGYHfYP1+gFR+pLh</latexit>

f
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single dial

 Moderate prospects of detection with pulsar timing arrays.

 Square Kilometer Array, sensitivity: h2⌦GW ⇠ 10�15
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CMB sensitivity

 First order phase transitions (PT) act as source of gravitational waves.

 Marginally compatible with Square Kilometre Array



 H0 and S8 tension exciting opportunity to probe the dark sector.
 EDE looks promising, although the potential appears fine-tuned  
+  no solution to S8 tension
 NEDE brings H0 tension down to 2.5 sigma.
 Unique signature: gravitational waves.
 Three phenomenological challenges remain:

• 1. S8 tension:                                                Dark sector interactions
• 2. New coincidence problem                        Martin’s talk
• 3. Unknown systematics                                 Stay open about new developments.

 Further theoretical work
• Find new microscopic scenarios for NEDE (see Martin’s talk).
• Relate NEDE fluid to microscopic parameters.
• Multi-axion system: small masses protected by approximately broken shift symmetry.

Summary

look for new particle physics models!


