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Recap: Inflation (Single field slow-roll)
Simplest realization:  single scalar field in slow-roll motion! 
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Single field slow-roll @ CMB 

Scalar power spectra:  
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Single field slow-roll agrees well with CMB observations !

Agreement beyond 2-pt statistics,  
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Beyond Single field slow-roll
To re-evaluate the implications of GW observations
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(Namba et. al, ’15). (Dimastrogiovanni et.al, ’16)

(Biagetti et. al. ’13) (Fujita et.al, ’17)

Additional field content is likely outcome from top-down perspective.

String Theory 

4D EFT with many moduli 
fields, axions & gauge fields 

Extra d.o.f’s have testable predictions

Chiral, scale dependent, non-Gaussian GWs of non-vacuum origin.

Mixed tensor - scalar non-Gaussianities, …
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Axion-GF dynamics as a source of GWs
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They are light and can roll a significant amount of time during inflation:   

Natural couplings to matter sector where they can dump their energy into:

  (A resourceful Dinamo/reservoir!)
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<latexit sha1_base64="DEdsaPCQcaSZ6s5G7VGP2u5R/3M=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oUw2m3bpbhJ2J0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCcBwKWLeRIGSd1LNQQWSt4PR7cxvP3FtRBI/4DjlvoJBLCLBAK302Au5RKBA++WKW3XnoKvEy0mF5Gj0y1+9MGGZ4jEyCcZ0PTdFfwIaBZN8WuplhqfARjDgXUtjUNz4k/nBU3pmlZBGibYVI52rvycmoIwZq8B2KsChWfZm4n9eN8Po2p+IOM2Qx2yxKMokxYTOvqeh0JyhHFsCTAt7K2VD0MDQZlSyIXjLL6+S1kXVu6zW7muV+k0eR5GckFNyTjxyRerkjjRIkzCiyDN5JW+Odl6cd+dj0Vpw8plj8gfO5w//MI/k</latexit>

�a
<latexit sha1_base64="HLRLz/54KpgrPb2hulxPSa7LXkk=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIKnsCuinkRUxIMHBROFbAi9s51kcPbBTK8Ylv0bL/6KF0FF9OifOHkcfBUMFFXdTFcFqZKGXPfDGRufmJyanpktzc0vLC6Vl1fqJsm0wJpIVKKvAzCoZIw1kqTwOtUIUaDwKrg56vtXt6iNTOJL6qXYjKATy7YUQFZqlff9Y1QE3I+AugJUfla0cp/wjnguY+JFwf1UJykl3A8Hk8BPuE9ShZifFK1yxa26A/C/xBuRChvhvFV+9sNEZBHGJBQY0/DclJo5aJJCYVHyM4MpiBvoYMPSGCI0zXyQs+AbVgl5O9H22dsG6veNHCJjelFgJ/txzG+vL/7nNTJq7zVt3jQjjMXwo3amuE3dL42HUqMg1bMEhJb2Vi66oEGQrbZkS/B+R/5L6ltVb6e6fbFdOTgc1THD1tg622Qe22UH7JSdsxoT7J49shf26jw4T86b8z4cHXNGO6vsB5zPL4QqplQ=</latexit>

�Lint / �aF F̃

<latexit sha1_base64="/MeooI+RaCWN41BtA3lyP4A8Niw=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWZE1GVRKS5cVLAP6JSSSTNtaCYJSUYoQ7du/BU3LhRx6x+482/MtLPQ1gOBwzn3kntOKBnVxvO+ncLS8srqWnG9tLG5tb3j7u41tUgUJg0smFDtEGnCKCcNQw0jbakIikNGWuHoKvNbD0RpKvi9GUvSjdGA04hiZKzUc2FwTZhBMIiRGWLE0tsJDKQS0gg4hDVY67llr+JNAReJn5MyyFHvuV9BX+AkJtxghrTu+J403RQpQzEjk1KQaCIRHqEB6VjKUUx0N50mmcAjq/RhJJR93MCp+nsjRbHW4zi0k9nBet7LxP+8TmKii25KuUwM4Xj2UZQwaGNmtcA+VQQbNrYEYUXtrRAPkULY2PJKtgR/PvIiaZ5U/LPK6d1puXqZ11EEB+AQHAMfnIMquAF10AAYPIJn8ArenCfnxXl3PmajBSff2Qd/4Hz+AAzomUg=</latexit>

�L / hFF

Too much NG’s restricting 

(N. Barnaby & M. Peloso, '10)                                                                                                                

(OÖ, K. Sinha & S.Watson ’14)

<latexit sha1_base64="GpFrYC5EdXrjP/7jSvsWhzTQNXs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1KbkmnSToeiVK27VnYEsEy8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342u3dCTqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEyaZ1Xvonp+f16p3eRxFOEIjuEUPLiEGtxBHRrAQMIzvMKb8+i8OO/Ox7y14OQzh/AHzucP/8mPTg==</latexit>

a = � case is problematic,

<latexit sha1_base64="TtOSJDKuq5AAVEAdNsfSZ09x93U=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6rLoxmUF+4AmhMlk0g6dScI8CiVk78ZfceNCEbf+gDv/xmmbhbYeuHA4596Ze0+YMSqV43xblbX1jc2t6nZtZ3dv/8A+POrKVAtMOjhlqeiHSBJGE9JRVDHSzwRBPGSkF45vZ35vQoSkafKgphnxORomNKYYKSMFdn0U5J7gcPFgVECPMVhqE4S15kVgN5ymMwdcJW5JGqBEO7C/vCjFmpNEYYakHLhOpvwcCUUxI0XN05JkCI/RkAwMTRAn0s/ntxTw1CgRjFNhKlFwrv6eyBGXcspD08mRGsllbyb+5w20iq/9nCaZViTBi49izaBK4SwYGFFBsGJTQxAW1OwK8QgJhJWJr2ZCcJdPXiXd86Z72by4v2i0bso4quAE1MEZcMEVaIE70AYdgMEjeAav4M16sl6sd+tj0Vqxyplj8AfW5w9F1Zs2</latexit>

hsourced ⌧ hvacuum



Extended model with a spectator axion
Spectator axion       !To decouple the GW source (GFs) as much as possible: 
 �

<latexit sha1_base64="yEI9CNkiA+u8nrMwt4FZ6Q4Q2rM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXr+1qlfpPHUYQTOIVzCOAS6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oD+PLw==</latexit>

 Barnaby et.al ’12

<latexit sha1_base64="gQcj3scuh+o0N+79OcVROJ0iuU4="></latexit>
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<latexit sha1_base64="fd8pUUBwLyGFHBSZHWW5jvY4RJE="></latexit>

A00
± + k2

✓
1± 2⇠

x

◆
A± = 0

<latexit sha1_base64="8MNgdpIvWCNfh+gG6ZASZDxYids=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZabUx7LopssK9gGdUu6kmTY0mRmTTLFM50vc+CtuXCgiuNK/MX0stPXAhcM59yb3Hi/iTGnb/rZWVtfWNzYzW9ntnd29/dzBYV2FsSS0RkIeyqYHinIW0JpmmtNmJCkIj9OGN7iZ+I0hlYqFwZ0eRbQtoBcwnxHQRurkzt0Hhl16H7Mhdn0JJHGBR33oJK4UmKRjtxvqxFWsJyAdp0kRV7CfdnJ5u2BPgZeJMyd5NEe1k/s075BY0EATDkq1HDvS7QSkZoTTNOvGikZABtCjLUMDEFS1k+l5KT41Shf7oTQVaDxVf08kIJQaCc90CtB9tehNxP+8Vqz9q3bCgijWNCCzj/yYYx3iSVa4yyQlmo8MASKZ2RWTPpiQtEk0a0JwFk9eJvViwbkolG5L+fL1PI4MOkYn6Aw56BKVUQVVUQ0R9Iie0St6s56sF+vd+pi1rljzmSP0B9bXD2axo0g=</latexit>

⇠ ⌘ ↵c|�̇|
2Hf

����� ����� ����� � �� ���

���

���

���

Parity breaking!

         is diluted at late times⇢A

<latexit sha1_base64="GJ74VKL+tFkPPd5Q/xmYeT06t1U=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnqrevFYwX5Au5Rsmm1Ds0lIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3ImwoZ4I2LbOcdpSmOIk4bUfju5nffqLaMCke7UTRMMFDwWJGsHVSu6dHsn+D+uWKX/XnQKskyEkFcjT65a/eQJI0ocISjo3pBr6yYYa1ZYTTaamXGqowGeMh7ToqcEJNmM3PnaIzpwxQLLUrYdFc/T2R4cSYSRK5zgTbkVn2ZuJ/Xje18VWYMaFSSwVZLIpTjqxEs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmldVINa9fqhVqnf5nEU4QRO4RwCuIQ63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8we7TY8x</latexit>

 Exponential sensitivity to 
<latexit sha1_base64="HWu1uYm1xXB1USotSbPT1PlWuBg="></latexit>

A� / exp


⇡↵c|�̇|
Hf

�
<latexit sha1_base64="fepXRlLiNDzPr1MAFqYPA5kO+BU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinqsevFYwX5Au5Rsmm1js8mSZIWy7H/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvp367SeqNJPiwUxi6kd4KFjICDZWal3307MM9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGupwBHVfjq7NkMnVhmgUCpbwqCZ+nsixZHWkyiwnRE2I73oTcX/vG5iwis/ZSJODBVkvihMODISTV9HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvUuqrX7WqV+k8dRhCM4hlPw4BLqcAcNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz/QGY6k</latexit>

A�

<latexit sha1_base64="qOjMiDv5JvX34TuzPEUh+Vvoun4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSIIwpCpbW13VTcuK9haaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feE8ScaYPQh5NZWl5ZXcuu5zY2t7Z38rt7LS0TRWiTSC5VO8CaciZo0zDDaTtWFEcBp7fB6HLq395TpZkUN2YcUz/CA8FCRrCxUuu8l55MYC9fQG6thkpeDSK3jFCxWrEEnRar5TL0XDRDASzQ6OXfu31JkogKQzjWuuOh2PgpVoYRTie5bqJpjMkID2jHUoEjqv10du0EHlmlD0OpbAkDZ+r3iRRHWo+jwHZG2Az1b28q/uV1EhNW/ZSJODFUkPmiMOHQSDh9HfaZosTwsSWYKGZvhWSIFSbGBpSzIXx9Cv8nraLrVdzSdalQv1jEkQUH4BAcAw+cgTq4Ag3QBATcgQfwBJ4d6Tw6L87rvDXjLGb2wQ84b587U47u</latexit>

A+

<latexit sha1_base64="EtwmIJ93aaexRn++Uk20Axr0MDc=">AAAB7nicdVDLSsNAFJ3UV62vqktFBovgKqRpbetCKLpx2YJ9QBvKZDpph04mYWYiltClH+DGhSJu/YR+hzu/wZ9w0iqo6IELh3Pu5d573JBRqSzrzUgtLC4tr6RXM2vrG5tb2e2dpgwigUkDBywQbRdJwignDUUVI+1QEOS7jLTc0UXit66JkDTgV2ocEsdHA049ipHSUqt7Q+EZLPayOcs8rZTsExtapmWV7UIpIXa5aBdgXisJctX9af399mBa62Vfu/0ARz7hCjMkZSdvhcqJkVAUMzLJdCNJQoRHaEA6mnLkE+nEs3Mn8EgrfegFQhdXcKZ+n4iRL+XYd3Wnj9RQ/vYS8S+vEymv4sSUh5EiHM8XeRGDKoDJ77BPBcGKjTVBWFB9K8RDJBBWOqGMDuHrU/g/adpmvmQW6zqNczBHGuyBQ3AM8qAMquAS1EADYDACd+ABPBqhcW88Gc/z1pTxObMLfsB4+QBUt5Ki</latexit>

⇠ = 4



Extended model with a spectator axion
Spectator axion       !To decouple the GW source (GFs) as much as possible: �

<latexit sha1_base64="yEI9CNkiA+u8nrMwt4FZ6Q4Q2rM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXr+1qlfpPHUYQTOIVzCOAS6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oD+PLw==</latexit>

 Barnaby et.al ’12

<latexit sha1_base64="gQcj3scuh+o0N+79OcVROJ0iuU4="></latexit>
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<latexit sha1_base64="JI3x6i29QzZR854t4FbMiT6vUK4=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQEcuuiHqsevFYwf5Au5Zsmm1Ds8mSZJWy7AN48VW8eFDEqw/gzbcxu92DVgdChpn5SL7xQkaVtu0vqzA3v7C4VFwurayurW+UN7daSkQSkyYWTMiOhxRhlJOmppqRTigJCjxG2t74MvXbd0QqKviNnoTEDdCQU59ipI3UL1fO+/FhcgCzqyfpcKSRlOIejm7jqtpPUtmk7JqdAf4lTk4qIEejX/7sDQSOAsI1ZkiprmOH2o2R1BQzkpR6kSIhwmM0JF1DOQqIcuNsmQTuGWUAfSHN4Rpm6s+JGAVKTQLPJAOkR2rWS8X/vG6k/TM3pjyMNOF4+pAfMagFTJuBAyoJ1mxiCMKSmr9CPEISYW36K5kSnNmV/5LWUc05qdnXx5X6RV5HEeyAXVAFDjgFdXAFGqAJMHgAT+AFvFqP1rP1Zr1PowUrn9kGv2B9fAOLIpqu</latexit>

A� +A� ! h(s)
�

<latexit sha1_base64="ruJ1UNzHM01yr8S0eZ/E3cg8ULE="></latexit>

�Lint / hijFF

<latexit sha1_base64="0JvhWXFCBsIs4d8SbZpPXPVq1IQ="></latexit>

�Lint / �FF̃
<latexit sha1_base64="MwJ1nOona5IuyUJz1o9gBJlCJpM="></latexit>

A� +A� ! ��(s) ! ��(s) / R(s)

GW emission!

Ferreira&Sloth, ’14

Tensor to scalar ratio reduces due to NG constraints, the key difficulty here: 
Generating observable GWs without overproducing NG density perturbations

*To keep channel (2) under control, we need to switch of gauge field

production, e.g through a localized roll of     !�

<latexit sha1_base64="yEI9CNkiA+u8nrMwt4FZ6Q4Q2rM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXr+1qlfpPHUYQTOIVzCOAS6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oD+PLw==</latexit>

*R. Namba, M. Peloso, M. Shiraishi, L. Sorbo, C. Ünal arXiv:1509.07521

|�̇| 6= 0

<latexit sha1_base64="3/WtO2qS/QmIB2lmL1/m9l6HBK8=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBXVXdOOygn1AE8pkOmmHTiZxZiKUtOCvuHGhiFu/w51/47TNQlsPXDicc+/MvSdIOFPacb6twsrq2vpGcbO0tb2zu2fvHzRVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQxvpn7rkUrFYnGvRwn1I9wXLGQEayN17aOx14t15inWj/BkjDxBH5DTtctOxZkBLRM3J2XIUe/aX+YZkkZUaMKxUh3XSbSfYakZ4XRS8lJFE0yGuE87hgocUeVns/Un6NQoPRTG0pTQaKb+nshwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZl/FKYc6RhNs0A9JinRfGQIJpKZXREZYImJNomVTAju4snLpHlecauVq7tquXadx1GEYziBM3DhAmpwC3VoAIEMnuEV3qwn68V6tz7mrQUrnzmEP7A+fwAgKJWZ</latexit>

2)

1)

Ferreira&Sloth, ’14, O.Ö, ‘17



Localized signal (spectator axion-GF dynamics)

A� / e|�̇|

<latexit sha1_base64="o6Y5/hzUnWGi6Df1kUGVOmjIBXc=">AAACCXicbVA7T8MwGHTKq5RXgJHFokJioUpQJWArsDAWiT6kJkSO67RWndiyHaQqzcrCX2FhACFW/gEb/wb3MUDLSZZOd99n+y4UjCrtON9WYWl5ZXWtuF7a2Nza3rF395qKpxKTBuaMy3aIFGE0IQ1NNSNtIQmKQ0Za4eB67LceiFSUJ3d6KIgfo15CI4qRNlJgw8sgO8mhJyQXmkNyn428LteZp2gvRvkoD+yyU3EmgIvEnZEymKEe2F/mApzGJNGYIaU6riO0nyGpKWYkL3mpIgLhAeqRjqEJionys0mSHB4ZpQsjLs1JNJyovzcyFCs1jEMzGSPdV/PeWPzP66Q6OvczmohUkwRPH4pSBk3mcS2wSyXBmg0NQVhS81eI+0girE15JVOCOx95kTRPK261cnFbLdeuZnUUwQE4BMfABWegBm5AHTQABo/gGbyCN+vJerHerY/paMGa7eyDP7A+fwA4V5q3</latexit>

Signal is sensitive to V�(�)

<latexit sha1_base64="jYzY1UXI1yHw2chEAi6MBaz9THA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmkoO6KblxWsA9oQ5hMJ+3QmSTMTMQS8ituXCji1h9x5984bbPQ1gOXezjnXubOCRLOlHacb2ttfWNza7u0U97d2z84tI8qHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk9uZ332kUrE4etDThHoCjyIWMoK1kXy70vGzgWIjgfPaop/7dtWpO3OgVeIWpAoFWr79NRjGJBU00oRjpfquk2gvw1IzwmleHqSKJphM8Ij2DY2woMrL5rfn6MwoQxTG0lSk0Vz9vZFhodRUBGZSYD1Wy95M/M/rpzq88jIWJammEVk8FKYc6RjNgkBDJinRfGoIJpKZWxEZY4mJNnGVTQju8pdXSeei7jbq1/eNavOmiKMEJ3AKNXDhEppwBy1oA4EneIZXeLNy68V6tz4Wo2tWsXMMf2B9/gC825RD</latexit>

Axion Monodromy! 
(Silverstein & Westphal, ’08)
(McAllister et.al, ’08)

<latexit sha1_base64="olsy9ErU72ewM0mI6UGi8q52X4Y="></latexit>

V�(�) = µ3� + ⇤4


1� cos

✓
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arXiv: 2005.10280-O.Ö

<latexit sha1_base64="gQcj3scuh+o0N+79OcVROJ0iuU4="></latexit>
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Localized emission of GWs 
and Scalar perturbations

<latexit sha1_base64="wRoFGB9UpgLT5ugK2hywgArP43c="></latexit>

& � =
⇤4

µ3f
. 1

<latexit sha1_base64="JI3x6i29QzZR854t4FbMiT6vUK4=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQEcuuiHqsevFYwf5Au5Zsmm1Ds8mSZJWy7AN48VW8eFDEqw/gzbcxu92DVgdChpn5SL7xQkaVtu0vqzA3v7C4VFwurayurW+UN7daSkQSkyYWTMiOhxRhlJOmppqRTigJCjxG2t74MvXbd0QqKviNnoTEDdCQU59ipI3UL1fO+/FhcgCzqyfpcKSRlOIejm7jqtpPUtmk7JqdAf4lTk4qIEejX/7sDQSOAsI1ZkiprmOH2o2R1BQzkpR6kSIhwmM0JF1DOQqIcuNsmQTuGWUAfSHN4Rpm6s+JGAVKTQLPJAOkR2rWS8X/vG6k/TM3pjyMNOF4+pAfMagFTJuBAyoJ1mxiCMKSmr9CPEISYW36K5kSnNmV/5LWUc05qdnXx5X6RV5HEeyAXVAFDjgFdXAFGqAJMHgAT+AFvFqP1rP1Zr1PowUrn9kGv2B9fAOLIpqu</latexit>

A� +A� ! h(s)
�

<latexit sha1_base64="MwJ1nOona5IuyUJz1o9gBJlCJpM="></latexit>

A� +A� ! ��(s) ! ��(s) / R(s)

<latexit sha1_base64="YI9E8JbrwrlcyfOLfmBSJp92ICU=">AAAB/HicdVDLTgIxFO3gC1FxlKUuGomJK1IGBNwR3LjERB4JENIpBRo6nbHtmJAJ/oobFxrj1vgd7vwTFy7sgCZq9CQ3OTnn3vbe4wacKY3Qq5VYWl5ZXUuupzY2t9Lb9s5uU/mhJLRBfO7LtosV5UzQhmaa03YgKfZcTlvu5DT2W1dUKuaLCz0NaM/DI8GGjGBtpL6d6Q58HXUVG3l4BruCXkLUt7Mod1IpOccORDmEyk6hFBOnXHQKMG+UGNnq/nMNvb+l6337xbxCQo8KTThWqpNHge5FWGpGOJ2luqGiASYTPKIdQwX2qOpF8+Vn8NAoAzj0pSmh4Vz9PhFhT6mp55pOD+ux+u3F4l9eJ9TDSi9iIgg1FWTx0TDkUPswTgIOmKRE86khmEhmdoVkjCUm2uSVMiF8XQr/J00nly/liucmjRpYIAn2wAE4AnlQBlVwBuqgAQiYghtwB+6ta+vWerAeF60J63MmA37AevoAa3CYUg==</latexit>

�̇ 6= 0 for a finite amount of time

Scale dependent bumps in the 
scalar and tensor spectra!



Localized signal (spectator axion-GF dynamics)

<latexit sha1_base64="hy6VBJ3kAqAAjRTfXmz5U/uLjjY="></latexit>⇣
r⇤

0.056

⌘1/2
'

✓
Hinf/Mpl

2.4⇥ 10�5

◆2

e
1.58⇡(⇠⇤�4.05)

arXiv: 2203.03401-P. Campeti O.Ö, I. Obata, M. Shiraishi

Distinguishable via tensor 
running, or TB and BBB*

*M. Shirashi et. al. 1606.06082

<latexit sha1_base64="6UOd7Npp5nmI2lnbeGVO0XSuW94=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgxpIppbYLoejGZQX7gHYcMmmmDU1mhiRTKEPBX3HjQhG3foc7/8ZMW0FFD1w4nHMv997jx5wpjdCHtbS8srq2ntvIb25t7+zae/stFSWS0CaJeCQ7PlaUs5A2NdOcdmJJsfA5bfujq8xvj6lULApv9SSmrsCDkAWMYG0kzz6UXtqTAo4xmcIL6KC79Kw89ewCKiKDSgVmxKkix5BarVoq1aAzsxAqgAUanv3e60ckETTUhGOlug6KtZtiqRnhdJrvJYrGmIzwgHYNDbGgyk1n50/hiVH6MIikqVDDmfp9IsVCqYnwTafAeqh+e5n4l9dNdFB1UxbGiaYhmS8KEg51BLMsYJ9JSjSfGIKJZOZWSIZYYqJNYnkTwten8H/SKhWdSrF8Uy7ULxdx5MAROAanwAHnoA6uQQM0AQEpeABP4Nm6tx6tF+t13rpkLWYOwA9Yb5+6gZS2</latexit>

rvac = 10�4

<latexit sha1_base64="+bBp5bQV3h1KuXNDk71zfhaODYY="></latexit>

PR = P(vac)
R + P(s)

R

✓
m�,

k

k⇤
, �̇⇤

◆

<latexit sha1_base64="qCDlMJzDv7A/G8PX9CaXR5IG9/k="></latexit>

Ph = P(vac)
h + P(s)

h

✓
m�,

k

k⇤
, �̇⇤

◆

<latexit sha1_base64="oxLQ8rcqvlOCTaGxeh5C4VmEvcc="></latexit>

m
2
� = 0.6H2

<latexit sha1_base64="m83LOvzP1578jrduSChyR0G4+Hw="></latexit>

k⇤ = {7⇥ 10�5, 5⇥ 10�4, 5⇥ 10�3} [Mpc�1]



Spectator axion-GF dynamics
Other signals for distinguishability: 

<latexit sha1_base64="HR86O+R+tXHU55yHweMg2+8NUjQ=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahF0siRT0WvXisYmuhCWGznbZLN5uwuxFK6F/w4l/x4kERr968+W/ctBW09cEuj/dmmJkXJpwp7ThfVmFpeWV1rbhe2tjc2t6xd/daKk4lhSaNeSzbIVHAmYCmZppDO5FAopDDXTi8zP27e5CKxeJWjxLwI9IXrMco0UYK7IrHiehzwF5E9IASnt2M8SDIjn9+T079wC47VWcCvEjcGSmjGRqB/el1Y5pGIDTlRKmO6yTaz4jUjHIYl7xUQULokPShY6ggESg/m1w0xkdG6eJeLM0TGk/U3x0ZiZQaRaGpzPdW814u/ud1Ut079zMmklSDoNNBvZRjHeM8HtxlEqjmI0MIlczsiumASEK1CbFkQnDnT14krZOqe1qtXdfK9YtZHEV0gA5RBbnoDNXRFWqgJqLoAT2hF/RqPVrP1pv1Pi0tWLOeffQH1sc3nJac4A==</latexit>

hRh�h�i
<latexit sha1_base64="hb+JRsoLvYtkROkPzqEzaRD87jw=">AAACF3icbVDLSsNAFJ34rPVVdelmsAhuDIkUdVl047KKfUATws100g6dTMLMRCihf+HGX3HjQhG3uvNvnLZZaOuBgcM55zL3njDlTGnH+baWlldW19ZLG+XNre2d3crefkslmSS0SRKeyE4IinImaFMzzWknlRTikNN2OLye+O0HKhVLxL0epdSPoS9YxAhoIwUV2+Mg+pziQZCfjrEXgx4Q4PndHJezVFCpOrYzBV4kbkGqqEAjqHx5vYRkMRWacFCq6zqp9nOQmhFOx2UvUzQFMoQ+7RoqIKbKz6d3jfGxUXo4SqR5QuOp+nsih1ipURya5GRXNe9NxP+8bqajSz9nIs00FWT2UZRxrBM8KQn3mKRE85EhQCQzu2IyAAlEmyrLpgR3/uRF0jqz3XO7dlur1q+KOkroEB2hE+SiC1RHN6iBmoigR/SMXtGb9WS9WO/Wxyy6ZBUzB+gPrM8fxQufsA==</latexit>

hh�RRi

arXiv:2106.14895-O.Ö 

<latexit sha1_base64="jVzTkH7MKGlAGlFFkcBs+/SSsxc="></latexit>

fNL ⇠ O(1� 10)
⇣ r⇤
0.01

⌘3/2

Parity violating mixed non-Gaussianity!

<latexit sha1_base64="Dh91BQxgCoUCdtC3kf6CH2/PiVY=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQCiWRoi6LblxWsQ9oQphMJ+3QySTMTIQS8hFu/BU3LhRx68Kdf+MkzUJbDwwczjmXuff4MaNSWda3UVlZXVvfqG7WtrZ3dvfM/YOejBKBSRdHLBIDH0nCKCddRRUjg1gQFPqM9P3pde73H4iQNOL3ahYTN0RjTgOKkdKSZzYchviYETjx0kYGnRCpCUYsvct+U1FkPLNuNa0CcJnYJamDEh3P/HJGEU5CwhVmSMqhbcXKTZFQFDOS1ZxEkhjhKRqToaYchUS6aXFUBk+0MoJBJPTjChbq74kUhVLOQl8n803lopeL/3nDRAWXbkp5nCjC8fyjIGFQRTBvCI6oIFixmSYIC6p3hXiCBMJK91jTJdiLJy+T3lnTPm+2blv19lVZRxUcgWNwCmxwAdrgBnRAF2DwCJ7BK3gznowX4934mEcrRjlzCP7A+PwBlGWfMA==</latexit>

hh+RRi
<latexit sha1_base64="C1J9ZNHoRzHn0EZS8nE4/9LXtXA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6UgCCWRoi6LblxWsQ9oQphMJ+3QySTMTIQS8gVu/BU3LhRx69qdf+MkzUJbD8xwOOde7r3HjxmVyrK+jcrK6tr6RnWztrW9s7tn7h/0ZJQITLo4YpEY+EgSRjnpKqoYGcSCoNBnpO9Pr3O//0CEpBG/V7OYuCEacxpQjJSWPLPhMMTHjEAnRGqCEUvvMjjx0tOs+BxRuJ5Zt5pWAbhM7JLUQYmOZ345owgnIeEKMyTl0LZi5aZIKIoZyWpOIkmM8BSNyVBTjkIi3bQ4J4MNrYxgEAn9uIKF+rsjRaGUs9DXlfnSctHLxf+8YaKCSzelPE4U4Xg+KEgYVBHMs4EjKghWbKYJwoLqXSGeIIGw0gnWdAj24snLpHfWtM+brdtWvX1VxlEFR+AYnAAbXIA2uAEd0AUYPIJn8ArejCfjxXg3PualFaPsOQR/YHz+AG8InF4=</latexit>

hRh+h+i
<latexit sha1_base64="4D+XascxJjOXYZ0rAgeFvKD/S1U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQy+K+uWKW3XnIKvEy0kFcjT65a/eIGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqIR71qqaMyNP5mfOiVnVhmQMNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G4bU/ESrNkCu2WBRmkmBCZn+TgdCcoRxbQpkW9lbChlRThjadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnRfn3flYtBacfOYY/sD5/AFB9o3L</latexit>� <latexit sha1_base64="4D+XascxJjOXYZ0rAgeFvKD/S1U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQy+K+uWKW3XnIKvEy0kFcjT65a/eIGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqIR71qqaMyNP5mfOiVnVhmQMNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G4bU/ESrNkCu2WBRmkmBCZn+TgdCcoRxbQpkW9lbChlRThjadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnRfn3flYtBacfOYY/sD5/AFB9o3L</latexit>�



Conclusions (Part 1) 

✓ B-modes and their properties are expected to be measured by forthcoming experiments: CMB-S4 and 
LiteBIRD. Accessing the whole range of multipoles is important to establish vacuum vs non-vacuum 
origin of GWs: CMB-S4 + LiteBIRD

Observable synthetic GWs with low scale of inflation and sub-planckian field excursion is possible 
but one needs to try hard to shake the standard view on inflation: i.e r vs H 

✓ Any departure from the standard predictions on tensor fluctuations: scale free, parity conserving 
and high degree Gaussianity, have the potential to inform us about the inflationary field content. 

Nevertheless, additional field content have interesting implications: chiral, scale dependent, non-
Gaussian GWs.



(aH)�1
<latexit sha1_base64="KgT4OYCZzc2BsupzrzjGUA7TfDc=">AAAB8HicbZDLSgMxFIbP1Futt6obwU2wCHVhmenGLgtuuqxgL9KOJZNm2tAkMyQZoQ59CjcuFHHr47gTfBjTy0Jbfwh8/Occcs4fxJxp47pfTmZtfWNzK7ud29nd2z/IHx41dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG19N664EqzSJ5a8Yx9QUeSBYygo217oq4dnGfXnqTXr7gltyZ0Cp4CyhUTx6/warey392+xFJBJWGcKx1x3Nj46dYGUY4neS6iaYxJiM8oB2LEguq/XS28ASdW6ePwkjZJw2aub8nUiy0HovAdgpshnq5NjX/q3USE1b8lMk4MVSS+UdhwpGJ0PR61GeKEsPHFjBRzO6KyBArTIzNKGdD8JZPXoVmueRZvrFpVGCuLJzCGRTBgyuoQg3q0AACAp7gBV4d5Tw7b877vDXjLGaO4Y+cjx+yUpEi</latexit><latexit sha1_base64="TOyJvSS0wtRL75EviUUeGKs7ztw=">AAAB8HicbZDLSgMxFIbP1Ftbb1U3gptgEerCMuPGLotuuqxgL9KOJZOmbWiSGZKMUIeC7+DGhSJuXfoo7gQfxvSy0OoPgY//nEPO+YOIM21c99NJLS2vrK6lM9n1jc2t7dzObl2HsSK0RkIeqmaANeVM0pphhtNmpCgWAaeNYHgxqTduqdIslFdmFFFf4L5kPUawsdZ1AVeOb5ITb9zJ5d2iOxX6C94c8uX9u6/M/ft5tZP7aHdDEgsqDeFY65bnRsZPsDKMcDrOtmNNI0yGuE9bFiUWVPvJdOExOrJOF/VCZZ80aOr+nEiw0HokAtspsBnoxdrE/K/Wik2v5CdMRrGhksw+6sUcmRBNrkddpigxfGQBE8XsrogMsMLE2IyyNgRv8eS/UD8tepYvbRolmCkNB3AIBfDgDMpQgSrUgICAB3iCZ0c5j86L8zprTTnzmT34JeftG6++kp8=</latexit><latexit sha1_base64="TOyJvSS0wtRL75EviUUeGKs7ztw=">AAAB8HicbZDLSgMxFIbP1Ftbb1U3gptgEerCMuPGLotuuqxgL9KOJZOmbWiSGZKMUIeC7+DGhSJuXfoo7gQfxvSy0OoPgY//nEPO+YOIM21c99NJLS2vrK6lM9n1jc2t7dzObl2HsSK0RkIeqmaANeVM0pphhtNmpCgWAaeNYHgxqTduqdIslFdmFFFf4L5kPUawsdZ1AVeOb5ITb9zJ5d2iOxX6C94c8uX9u6/M/ft5tZP7aHdDEgsqDeFY65bnRsZPsDKMcDrOtmNNI0yGuE9bFiUWVPvJdOExOrJOF/VCZZ80aOr+nEiw0HokAtspsBnoxdrE/K/Wik2v5CdMRrGhksw+6sUcmRBNrkddpigxfGQBE8XsrogMsMLE2IyyNgRv8eS/UD8tepYvbRolmCkNB3AIBfDgDMpQgSrUgICAB3iCZ0c5j86L8zprTTnzmT34JeftG6++kp8=</latexit><latexit sha1_base64="LRYl7AZQfQmjO3O2E8IEIVFG5L0=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1IVlxo1dFtx0WcFepB1LJs20oUlmSDJCGfoUblwo4tbHcefbmGlnoa0/BD7+cw455w9izrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ShShbRLxSPUCrClnkrYNM5z2YkWxCDjtBtPbrN59okqzSN6bWUx9gceShYxgY62HKm5ePqZX3nxYrrg1dyG0Dl4OFcjVGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+RYkF1X66WHiOLqwzQmGk7JMGLdzfEykWWs9EYDsFNhO9WsvM/2r9xIR1P2UyTgyVZPlRmHBkIpRdj0ZMUWL4zAImitldEZlghYmxGZVsCN7qyevQua55lu/cSqOex1GEMziHKnhwAw1oQgvaQEDAM7zCm6OcF+fd+Vi2Fpx85hT+yPn8AW1Mj3Q=</latexit>

comoving scales
<latexit sha1_base64="BSUujDs0UZO6TebyVIN0FFOgcMQ=">AAAB/nicbZC7SgNBFIbPxluMt9VgZTMYAlZh18aUARvLCOYCSQizk0kyZC7LzGwgLBELX8TGQhFbn8POzkdxcik08YeBj/+cwznzRzFnxgbBl5fZ2Nza3snu5vb2Dw6P/OOTulGJJrRGFFe6GWFDOZO0ZpnltBlrikXEaSMaXc/qjTHVhil5Zycx7Qg8kKzPCLbO6vqnaVsLRJRQYyYH94ZgTs206xeCUjAXWodwCYVKvvj4DQDVrv/Z7imSCCot4diYVhjEtpNibRnhdJprJ4bGmIzwgLYcSiyo6aTz86eo6Jwe6ivtnrRo7v6eSLEwZiIi1ymwHZrV2sz8r9ZKbL/cSZmME0slWSzqJxxZhWZZoB7TlFg+cYCJZu5WRIZYY2JdYjkXQrj65XWoX5ZCx7cujTIslIUzOIcLCOEKKnADVagBgRSe4AVevQfv2Xvz3hetGW85k4c/8j5+AIb3l/k=</latexit><latexit sha1_base64="UJYhumjC7DUp/aKWNOsltnMi8As=">AAAB/nicbZC7SgNBFIZnvcZ4iwYrm8EQsAq7NqYM2FhGMBdIQpidnCRD5rLMzAbCErHwRWwsFLH1CXwAO30An8AHcHIpNPGHgY//nMM584cRZ8b6/oe3srq2vrGZ2kpv7+zu7WcODqtGxZpChSqudD0kBjiTULHMcqhHGogIOdTCwcWkXhuCNkzJazuKoCVIT7Iuo8Q6q505SppaYKqEGjLZuzGUcDDjdibnF/yp8DIEc8iVsvm777evz3I7897sKBoLkJZyYkwj8CPbSoi2jHIYp5uxgYjQAelBw6EkAkwrmZ4/xnnndHBXafekxVP390RChDEjEbpOQWzfLNYm5n+1Rmy7xVbCZBRbkHS2qBtzbBWeZIE7TAO1fOSAUM3crZj2iSbUusTSLoRg8cvLUD0rBI6vXBpFNFMKHaMTdIoCdI5K6BKVUQVRlKB79IievFvvwXv2XmatK958Jov+yHv9AQEDmpM=</latexit><latexit sha1_base64="UJYhumjC7DUp/aKWNOsltnMi8As=">AAAB/nicbZC7SgNBFIZnvcZ4iwYrm8EQsAq7NqYM2FhGMBdIQpidnCRD5rLMzAbCErHwRWwsFLH1CXwAO30An8AHcHIpNPGHgY//nMM584cRZ8b6/oe3srq2vrGZ2kpv7+zu7WcODqtGxZpChSqudD0kBjiTULHMcqhHGogIOdTCwcWkXhuCNkzJazuKoCVIT7Iuo8Q6q505SppaYKqEGjLZuzGUcDDjdibnF/yp8DIEc8iVsvm777evz3I7897sKBoLkJZyYkwj8CPbSoi2jHIYp5uxgYjQAelBw6EkAkwrmZ4/xnnndHBXafekxVP390RChDEjEbpOQWzfLNYm5n+1Rmy7xVbCZBRbkHS2qBtzbBWeZIE7TAO1fOSAUM3crZj2iSbUusTSLoRg8cvLUD0rBI6vXBpFNFMKHaMTdIoCdI5K6BKVUQVRlKB79IievFvvwXv2XmatK958Jov+yHv9AQEDmpM=</latexit><latexit sha1_base64="gD0CmM2CWpPkIGcsRiPMY7zKi7Y=">AAAB/nicbZC7SgNBFIbPxluMt6hY2QwGwSrs2pgyYGMZwVwgWcLsZDYZMpdlZjYQloivYmOhiK3PYefbOEm20MQfBj7+cw7nzB8lnBnr+99eYWNza3unuFva2z84PCofn7SMSjWhTaK40p0IG8qZpE3LLKedRFMsIk7b0fh2Xm9PqDZMyQc7TWgo8FCymBFsndUvn2U9LRBRQk2YHD4agjk1s3654lf9hdA6BDlUIFejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZV6qaEJJmM8pF2HEgtqwmxx/gxdOmeAYqXdkxYt3N8TGRbGTEXkOgW2I7Nam5v/1bqpjWthxmSSWirJclGccmQVmmeBBkxTYvnUASaauVsRGWGNiXWJlVwIweqX16F1XQ0c3/uVei2PowjncAFXEMAN1OEOGtAEAhk8wyu8eU/ei/fufSxbC14+cwp/5H3+AAUylh0=</latexit>

time
<latexit sha1_base64="HD6XN+KHhWWZ0T+4Xu+OiGw5uZ4=">AAAB8XicbZC7SgNBFIbPeo3xFrW0GQyCVdi1MZ0BG8so5oLJEmYnJ8mQmdllZlYIS97CxkIRW1/Ayoew822cXApN/GHg4//PYc45USK4sb7/7a2srq1vbOa28ts7u3v7hYPDuolTzbDGYhHrZkQNCq6wZrkV2Ew0UhkJbETDq0neeEBteKzu7CjBUNK+4j3OqHXWfdbWklgucdwpFP2SPxVZhmAOxcvPj1twqnYKX+1uzFKJyjJBjWkFfmLDjGrLmcBxvp0aTCgb0j62HCoq0YTZdOIxOXVOl/Ri7Z6yZOr+7sioNGYkI1cpqR2YxWxi/pe1UtsrhxlXSWpRsdlHvVQQG5PJ+qTLNTIrRg4o09zNStiAasqsO1LeHSFYXHkZ6uelwPGNX6yUYaYcHMMJnEEAF1CBa6hCDRgoeIRnePGM9+S9em+z0hVv3nMEf+S9/wBcLJLZ</latexit><latexit sha1_base64="g/3adt2G48lMHDDY1JsMJWtl43M=">AAAB8XicbZC7SgNBFIZnvcZ4i1oKMhgEK9m1MZ0BG8sEzAWTEGYnJ8ngzOwyc1YIS0rfwMZCEVtfIJUPYecz+BJOLoUm/jDw8f/nMOecMJbCou9/eUvLK6tr65mN7ObW9s5ubm+/aqPEcKjwSEamHjILUmiooEAJ9dgAU6GEWnh3Nc5r92CsiPQNDmJoKdbTois4Q2fdpk2jKAoFw3Yu75/5E9FFCGaQv/wYlb8fjkaldu6z2Yl4okAjl8zaRuDH2EqZQcElDLPNxELM+B3rQcOhZgpsK51MPKQnzunQbmTc00gn7u+OlClrByp0lYph385nY/O/rJFgt9BKhY4TBM2nH3UTSTGi4/VpRxjgKAcOGDfCzUp5nxnG0R0p644QzK+8CNXzs8Bx2c8XC2SqDDkkx+SUBOSCFMk1KZEK4USTR/JMXjzrPXmv3tu0dMmb9RyQP/LefwBmJ5Ue</latexit><latexit sha1_base64="g/3adt2G48lMHDDY1JsMJWtl43M=">AAAB8XicbZC7SgNBFIZnvcZ4i1oKMhgEK9m1MZ0BG8sEzAWTEGYnJ8ngzOwyc1YIS0rfwMZCEVtfIJUPYecz+BJOLoUm/jDw8f/nMOecMJbCou9/eUvLK6tr65mN7ObW9s5ubm+/aqPEcKjwSEamHjILUmiooEAJ9dgAU6GEWnh3Nc5r92CsiPQNDmJoKdbTois4Q2fdpk2jKAoFw3Yu75/5E9FFCGaQv/wYlb8fjkaldu6z2Yl4okAjl8zaRuDH2EqZQcElDLPNxELM+B3rQcOhZgpsK51MPKQnzunQbmTc00gn7u+OlClrByp0lYph385nY/O/rJFgt9BKhY4TBM2nH3UTSTGi4/VpRxjgKAcOGDfCzUp5nxnG0R0p644QzK+8CNXzs8Bx2c8XC2SqDDkkx+SUBOSCFMk1KZEK4USTR/JMXjzrPXmv3tu0dMmb9RyQP/LefwBmJ5Ue</latexit><latexit sha1_base64="eQnKat9rzLPdu1bc+fdcXuI1vlU=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInsquF3ssePFYwX5gu5Rsmm1Dk+ySzApl6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqkUFn3/29vY3Nre2S3tlfcPDo+OKyenbZtkhvEWS2RiuhG1XArNWyhQ8m5qOFWR5J1ocjuvd564sSLRDzhNeajoSItYMIrOesz7RhEUis8Glapf8xci6xAUUIVCzUHlqz9MWKa4Riaptb3ATzHMqUHBJJ+V+5nlKWUTOuI9h5oqbsN8sfGMXDpnSOLEuKeRLNzfEzlV1k5V5DoVxbFdrc3N/2q9DON6mAudZsg1W34UZ5JgQubnk6EwnKGcOqDMCLcrYWNqKEMXUtmFEKyevA7t61rg+N6vNupFHCU4hwu4ggBuoAF30IQWMNDwDK/w5lnvxXv3PpatG14xcwZ/5H3+AJ2fkNI=</latexit>

reheating
<latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit>

CMB
<latexit sha1_base64="hS2Qy0IN+wABVd8rBwPxFvBNN24=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSdxW7cCBXsRdqhZNJMG5pkhiQjlKFP4caCom59A1/DnW9jello6w+Bj/8/h5xzgpgzbVz328msrK6tb2Q3c1vbO7t7+f2Duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvBoDLJGw9UaRbJOzOMqS9wT7KQEWysdZ+2lUCVm6tRJ19wi+5UaBm8ORQuP8fjNwCodvJf7W5EEkGlIRxr3fLc2PgpVoYRTke5dqJpjMkA92jLosSCaj+dDjxCJ9bpojBS9kmDpu7vjhQLrYcisJUCm75ezCbmf1krMeGFnzIZJ4ZKMvsoTDgyEZpsj7pMUWL40AImitlZEeljhYmxN8rZI3iLKy9D/azoWb51C+VzmCkLR3AMp+BBCcpwDVWoAQEBj/AML45ynpxX531WmnHmPYfwR87HD+iIkrE=</latexit><latexit sha1_base64="dvsZmYRJWGWN/FttAsEaSsVyMBQ=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIujOYjduhAr2Iu1QMmmmDU0yQ5IRytCncKOiiFvfwNdw59uYabvQ1h8CH/9/DjnnBDFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYTXLm/dUaRbJWzOKqS9wX7KQEWysdZd2lEDV68txt1hyy+5EaBG8GZQuPp8yPde6xa9OLyKJoNIQjrVue25s/BQrwwin40In0TTGZIj7tG1RYkG1n04GHqMj6/RQGCn7pEET93dHioXWIxHYSoHNQM9nmflf1k5MeO6nTMaJoZJMPwoTjkyEsu1RjylKDB9ZwEQxOysiA6wwMfZGBXsEb37lRWiclD3LN26pcgpT5eEADuEYPDiDClxBDepAQMADvMCro5xH5815n5bmnFnPPvyR8/EDRdSUdg==</latexit><latexit sha1_base64="dvsZmYRJWGWN/FttAsEaSsVyMBQ=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIujOYjduhAr2Iu1QMmmmDU0yQ5IRytCncKOiiFvfwNdw59uYabvQ1h8CH/9/DjnnBDFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYTXLm/dUaRbJWzOKqS9wX7KQEWysdZd2lEDV68txt1hyy+5EaBG8GZQuPp8yPde6xa9OLyKJoNIQjrVue25s/BQrwwin40In0TTGZIj7tG1RYkG1n04GHqMj6/RQGCn7pEET93dHioXWIxHYSoHNQM9nmflf1k5MeO6nTMaJoZJMPwoTjkyEsu1RjylKDB9ZwEQxOysiA6wwMfZGBXsEb37lRWiclD3LN26pcgpT5eEADuEYPDiDClxBDepAQMADvMCro5xH5815n5bmnFnPPvyR8/EDRdSUdg==</latexit><latexit sha1_base64="UZAx08qOSlDBno09qLtLzNbPU5M=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy2I0boYK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjeuzevuJasOUfLCThIYCDyWLGcHWWY9ZTwtUv7uZ9ssVv+rPhVYhyKECuRr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7TqUWFATZvOFp+jMOQMUK+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTCappZIsPopTjqxCs+vRgGlKLJ84wEQztysiI6wxsS6jkgshWD55FVoX1cDxvV+pXeZxFOEETuEcAriCGtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7I+/wBI/mP5w==</latexit>

today
<latexit sha1_base64="FlgfRpy8INxH3/5BZXoquYOIri8=">AAAB8nicbVDLSgMxFL3js9ZHqy7dBIvgqsyIoDsLblxWsA9oh5LJZNrQPIYkIwxDP8ONC0Xc+jXu/AT/wvSx0NYDgcM595J7TpRyZqzvf3lr6xubW9ulnfLu3v5BpXp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E49up33mk2jAlH2ye0lDgoWQJI9g6qVf0tUBWxTifDKo1v+7PgFZJsCC1RuX7BgFAc1D97MeKZIJKSzg2phf4qQ0LrC0jnE7K/czQFJMxHtKeoxILasJidvIEnTklRonS7kmLZurvjQILY3IRuUmB7cgse1PxP6+X2eQ6LJhMM0slmX+UZNyFRNP8KGaaEstzRzDRzN2KyAhrTKxrqexKCJYjr5L2RT1w/N61cQlzlOAETuEcAriCBtxBE1pAQMETvMCrZ71n7817n4+ueYudY/gD7+MHmG+S4Q==</latexit><latexit sha1_base64="rnp3CMDbgNhTgJYMyzZ8cUHmMIA=">AAAB8nicbVDLSgMxFM3UVx0frbp0EyyCbsqMCLqzIILLCvYB06FkMpk2NI8hyQjD0M9w40IRt/6Bf+HOT/AvTB8LbT0QOJxzL7nnRCmj2njel1NaWV1b3yhvulvbO7uV6t5+W8tMYdLCkknVjZAmjArSMtQw0k0VQTxipBONrid+54EoTaW4N3lKQo4GgiYUI2OloOgpDo2MUT7uV2te3ZsCLhN/TmqNyvfVqftx0+xXP3uxxBknwmCGtA58LzVhgZShmJGx28s0SREeoQEJLBWIEx0W05PH8NgqMUyksk8YOFV/bxSIa53zyE5yZIZ60ZuI/3lBZpLLsKAizQwRePZRkjEbEk7yw5gqgg3LLUFYUXsrxEOkEDa2JdeW4C9GXibts7pv+Z1t4xzMUAaH4AicAB9cgAa4BU3QAhhI8AiewYtjnCfn1XmbjZac+c4B+APn/QcHxpP0</latexit><latexit sha1_base64="rnp3CMDbgNhTgJYMyzZ8cUHmMIA=">AAAB8nicbVDLSgMxFM3UVx0frbp0EyyCbsqMCLqzIILLCvYB06FkMpk2NI8hyQjD0M9w40IRt/6Bf+HOT/AvTB8LbT0QOJxzL7nnRCmj2njel1NaWV1b3yhvulvbO7uV6t5+W8tMYdLCkknVjZAmjArSMtQw0k0VQTxipBONrid+54EoTaW4N3lKQo4GgiYUI2OloOgpDo2MUT7uV2te3ZsCLhN/TmqNyvfVqftx0+xXP3uxxBknwmCGtA58LzVhgZShmJGx28s0SREeoQEJLBWIEx0W05PH8NgqMUyksk8YOFV/bxSIa53zyE5yZIZ60ZuI/3lBZpLLsKAizQwRePZRkjEbEk7yw5gqgg3LLUFYUXsrxEOkEDa2JdeW4C9GXibts7pv+Z1t4xzMUAaH4AicAB9cgAa4BU3QAhhI8AiewYtjnCfn1XmbjZac+c4B+APn/QcHxpP0</latexit><latexit sha1_base64="UtR0F7ZMPVg0RiVL0pKiKN9DGDo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7APaoWQymTY0jyHJCMPQz3DjQhG3fo07/8a0nYW2HggczrmX3HOilDNjff/bq2xsbm3vVHdre/sHh0f145OuUZkmtEMUV7ofYUM5k7RjmeW0n2qKRcRpL5rezf3eE9WGKflo85SGAo8lSxjB1kmDYqgFsirG+WxUb/hNfwG0ToKSNKBEe1T/GsaKZIJKSzg2ZhD4qQ0LrC0jnM5qw8zQFJMpHtOBoxILasJicfIMXTglRonS7kmLFurvjQILY3IRuUmB7cSsenPxP2+Q2eQ2LJhMM0slWX6UZNyFRPP8KGaaEstzRzDRzN2KyARrTKxrqeZKCFYjr5PuVTNw/MFvtK7LOqpwBudwCQHcQAvuoQ0dIKDgGV7hzbPei/fufSxHK165cwp/4H3+AHIrkUo=</latexit>

k�1
CMB

<latexit sha1_base64="+JVNKUMBVIIzAbvIcfqC3I6/ZzQ=">AAAB+XicbZDLSsNAFIZP6q3WW9SFCxcOFsGNJRFBl8Vu3AgV7AXaGCbTaTt0Mgkzk0IJeRMXulDErW/izkfwLZxeFtr6w8DHf87hnPmDmDOlHefLyi0tr6yu5dcLG5tb2zv27l5dRYkktEYiHslmgBXlTNCaZprTZiwpDgNOG8GgMq43hlQqFol7PYqpF+KeYF1GsDaWb9sDP23LEFVur7OH9MzNfLvolJyJ0CK4MyiWD76PngCg6tuf7U5EkpAKTThWquU6sfZSLDUjnGaFdqJojMkA92jLoMAhVV46uTxDJ8bpoG4kzRMaTdzfEykOlRqFgekMse6r+drY/K/WSnT3ykuZiBNNBZku6iYc6QiNY0AdJinRfGQAE8nMrYj0scREm7AKJgR3/suLUD8vuYbvTBoXMFUeDuEYTsGFSyjDDVShBgSG8Agv8Gql1rP1Zr1PW3PWbGYf/sj6+AE2lZTb</latexit><latexit sha1_base64="EBTrd7UpbMm8IxL5l12DKvTpOUA=">AAAB+XicbZC7SgNBFIZn4y3G26qFhYWDQbAx7IqgZTCNjRDBXCBZl9nJbDJkZnaZmQ2EZd/ExkIR27yJnY9gZ23l5FJo4g8DH/85h3PmD2JGlXacDyu3tLyyupZfL2xsbm3v2Lt7dRUlEpMajlgkmwFShFFBappqRpqxJIgHjDSCfmVcbwyIVDQS93oYE4+jrqAhxUgby7ftvp+2JYeV2+vsIT1zM98uOiVnIrgI7gyK5YPPo9E3/6r69nu7E+GEE6ExQ0q1XCfWXoqkppiRrNBOFIkR7qMuaRkUiBPlpZPLM3hinA4MI2me0HDi/p5IEVdqyAPTyZHuqfna2Pyv1kp0eOWlVMSJJgJPF4UJgzqC4xhgh0qCNRsaQFhScyvEPSQR1iasggnBnf/yItTPS67hO5PGBZgqDw7BMTgFLrgEZXADqqAGMBiAR/AMXqzUerJerbdpa86azeyDP7JGP3COl0U=</latexit><latexit sha1_base64="EBTrd7UpbMm8IxL5l12DKvTpOUA=">AAAB+XicbZC7SgNBFIZn4y3G26qFhYWDQbAx7IqgZTCNjRDBXCBZl9nJbDJkZnaZmQ2EZd/ExkIR27yJnY9gZ23l5FJo4g8DH/85h3PmD2JGlXacDyu3tLyyupZfL2xsbm3v2Lt7dRUlEpMajlgkmwFShFFBappqRpqxJIgHjDSCfmVcbwyIVDQS93oYE4+jrqAhxUgby7ftvp+2JYeV2+vsIT1zM98uOiVnIrgI7gyK5YPPo9E3/6r69nu7E+GEE6ExQ0q1XCfWXoqkppiRrNBOFIkR7qMuaRkUiBPlpZPLM3hinA4MI2me0HDi/p5IEVdqyAPTyZHuqfna2Pyv1kp0eOWlVMSJJgJPF4UJgzqC4xhgh0qCNRsaQFhScyvEPSQR1iasggnBnf/yItTPS67hO5PGBZgqDw7BMTgFLrgEZXADqqAGMBiAR/AMXqzUerJerbdpa86azeyDP7JGP3COl0U=</latexit><latexit sha1_base64="2VoMiALk+tLW+4WqJfTnlqu1DcM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuLEkIuiy2I0boYK9QBvDZDpph04mYWZSKCFv4saFIm59E3e+jdM2C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWDcmNU7EyoVi8WjnibUi/BQsJARrI3l2/bYz/oyQo372/wpu3Bz3646NWcutApuAVUo1PTtr/4gJmlEhSYcK9VznUR7GZaaEU7zSj9VNMFkjIe0Z1DgiCovm1+eozPjDFAYS/OERnP390SGI6WmUWA6I6xHark2M/+r9VId3ngZE0mqqSCLRWHKkY7RLAY0YJISzacGMJHM3IrICEtMtAmrYkJwl7+8Cu3Lmmv4wanWr4o4ynACp3AOLlxDHe6gCS0gMIFneIU3K7NerHfrY9FasoqZY/gj6/MHhIqS3A==</latexit>

�T �! h�T1 . . . �Tni
<latexit sha1_base64="3SWOfZd+Ggt8HN9IWCnUKqm6wU8=">AAACKXicbVBNSxxBEK3xI5qNSVbNzUsTETzJTAjE44IXjwquCjvLWtNbM9vY0z1010SWxb/jxb/iRUFRr/kj6d3VED8eNLx6r6q762WVVp7j+CGamZ2b/7Cw+LHxaenzl6/N5ZVDb2snqS2ttu44Q09aGWqzYk3HlSMsM01H2enO2D/6Tc4raw54WFG3xMKoXEnkIPWarbRPmlEciFRbUzhVDBids2ehRlNoevZ7Sdq37P+VJnUTv9dcj7fiCcRbkjyR9da3PD8BgL1e8yZcJOuSDEuN3neSuOLuCB0rqem8kdaeKpSnWFAnUIMl+e5osum52AhKX+TWhWNYTNT/J0ZYej8ss9BZIg/8a28svud1as63uyNlqprJyOlDea0FWzGOTfSVI8l6GAhKp8JfhRygQ8kh3EYIIXm98lty+GMrCXw/pPETpliENfgOm5DAL2jBLuxBGyRcwBXcwl10GV1H99HjtHUmeppZhReI/vwFhHyo0w==</latexit><latexit sha1_base64="VjzfLMw4IHbbvg2xULqCh9zEh0E=">AAACKXicbVBNSyNBEO1x/YxfWfXmpVEETzIjgh4DXvaokEQhE0JNp2bS2NM9dNfsEkL+jhf/iheFXVav/hE7ExW/HjS8eq+qu+slhZKOwvAhmPkxOze/sLhUW15ZXVuv/9xoO1NagS1hlLGXCThUUmOLJCm8LCxCnii8SK5OJ/7Fb7ROGt2kYYHdHDItUymAvNSrN+I+KgLe5LEyOrMyGxBYa/74GnSm8NXvRXHfkHsrdWwrv1ffDQ/CCvwriV7IbmMrrXDWq9/7i0SZoyahwLlOFBbUHYElKRSOa3HpsABxBRl2PNWQo+uOqk3HfM8rfZ4a648mXqnvJ0aQOzfME9+ZAw3cZ28ifud1SkpPuiOpi5JQi+lDaak4GT6JjfelRUFq6AkIK/1fuRiABUE+3JoPIfq88lfSPjyIPD/3aRyxKRbZNtth+yxix6zBfrEz1mKCXbNb9pf9C26Cu+B/8DhtnQleZjbZBwRPzyV2qgs=</latexit><latexit sha1_base64="VjzfLMw4IHbbvg2xULqCh9zEh0E=">AAACKXicbVBNSyNBEO1x/YxfWfXmpVEETzIjgh4DXvaokEQhE0JNp2bS2NM9dNfsEkL+jhf/iheFXVav/hE7ExW/HjS8eq+qu+slhZKOwvAhmPkxOze/sLhUW15ZXVuv/9xoO1NagS1hlLGXCThUUmOLJCm8LCxCnii8SK5OJ/7Fb7ROGt2kYYHdHDItUymAvNSrN+I+KgLe5LEyOrMyGxBYa/74GnSm8NXvRXHfkHsrdWwrv1ffDQ/CCvwriV7IbmMrrXDWq9/7i0SZoyahwLlOFBbUHYElKRSOa3HpsABxBRl2PNWQo+uOqk3HfM8rfZ4a648mXqnvJ0aQOzfME9+ZAw3cZ28ifud1SkpPuiOpi5JQi+lDaak4GT6JjfelRUFq6AkIK/1fuRiABUE+3JoPIfq88lfSPjyIPD/3aRyxKRbZNtth+yxix6zBfrEz1mKCXbNb9pf9C26Cu+B/8DhtnQleZjbZBwRPzyV2qgs=</latexit><latexit sha1_base64="bTE0xuh4lLgaeLQGDDDQKmfdKDY=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+BKZkTQZcGNSwVrhU4pd9LbaTCTDMkdpZT+jht/xY2Com79EdOH4utA4Nxz7k1yT5Ir6SgMX4Op6ZnZufmFxdLS8srqWnl948KZwgqsCaOMvUzAoZIaayRJ4WVuEbJEYT25Oh769Wu0Thp9Tr0cmxmkWnakAPJSq1yN26gI+DmPldGplWmXwFpz42vQqcJPvxXFbUPuq9SxHfmtciXcC0fgf0k0IRU2wWmr/OgvEkWGmoQC5xpRmFOzD5akUDgoxYXDHMQVpNjwVEOGrtkfbTrgO15p846x/mjiI/X7RB8y53pZ4jszoK777Q3F/7xGQZ2jZl/qvCDUYvxQp1CcDB/GxtvSoiDV8wSElf6vXHTBgiAfbsmHEP1e+S+52N+LPD8LK9WDSRwLbItts10WsUNWZSfslNWYYLfsnj2x5+AueAhegrdx61QwmdlkPxC8fwB98KdT</latexit>

superhorizon
<latexit sha1_base64="h/UzmtBmB3ByYHcCFqvDPcPN3n0=">AAAB+3icbZDLSgMxFIbP1Futl4516SZYBFdlRgTdWXDjsoK9QDuUTJppQzPJkGTEOsyruHGhiFtfxJ2P4FuYXhba+kPg4z/ncE7+MOFMG8/7cgpr6xubW8Xt0s7u3n7ZPai0tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPx9bTevqdKMynuzCShQYyHgkWMYGOtvlvJeipGOk2oGknFHqXI+27Vq3kzoVXwF1Ctl7+vEAA0+u5nbyBJGlNhCMdad30vMUGGlWGE07zUSzVNMBnjIe1aFDimOshmt+foxDoDFEllnzBo5v6eyHCs9SQObWeMzUgv16bmf7VuaqLLIGMiSQ0VZL4oSjkyEk2DQAOmKDF8YgETxeytiIywwsTYuEo2BH/5y6vQOqv5lm9tGucwVxGO4BhOwYcLqMMNNKAJBB7gCV7g1cmdZ+fNeZ+3FpzFzCH8kfPxA+sOlm8=</latexit><latexit sha1_base64="2Xjdzqq/ScBdlUaJZbIC25rzcIg=">AAAB+3icbZDLSgMxFIYzXut46ViXboJF0E2ZEUF3FkRwWcFeoB1KJs20obkMSUasw7yKGxeKuHXlW7jzEXwL08tCW38IfPznHM7JHyWMauP7X87S8srq2nphw93c2t4perulhpapwqSOJZOqFSFNGBWkbqhhpJUognjESDMaXo7rzTuiNJXi1owSEnLUFzSmGBlrdb1S1lEc6jQhaiAVfZAi73plv+JPBBchmEG5Wvy+OHY/rmpd77PTkzjlRBjMkNbtwE9MmCFlKGYkdzupJgnCQ9QnbYsCcaLDbHJ7Dg+t04OxVPYJAyfu74kMca1HPLKdHJmBnq+Nzf9q7dTE52FGRZIaIvB0UZwyaCQcBwF7VBFs2MgCworaWyEeIIWwsXG5NoRg/suL0DipBJZvbBqnYKoC2AcH4AgE4AxUwTWogTrA4B48gmfw4uTOk/PqvE1bl5zZzB74I+f9B1pll4I=</latexit><latexit sha1_base64="2Xjdzqq/ScBdlUaJZbIC25rzcIg=">AAAB+3icbZDLSgMxFIYzXut46ViXboJF0E2ZEUF3FkRwWcFeoB1KJs20obkMSUasw7yKGxeKuHXlW7jzEXwL08tCW38IfPznHM7JHyWMauP7X87S8srq2nphw93c2t4perulhpapwqSOJZOqFSFNGBWkbqhhpJUognjESDMaXo7rzTuiNJXi1owSEnLUFzSmGBlrdb1S1lEc6jQhaiAVfZAi73plv+JPBBchmEG5Wvy+OHY/rmpd77PTkzjlRBjMkNbtwE9MmCFlKGYkdzupJgnCQ9QnbYsCcaLDbHJ7Dg+t04OxVPYJAyfu74kMca1HPLKdHJmBnq+Nzf9q7dTE52FGRZIaIvB0UZwyaCQcBwF7VBFs2MgCworaWyEeIIWwsXG5NoRg/suL0DipBJZvbBqnYKoC2AcH4AgE4AxUwTWogTrA4B48gmfw4uTOk/PqvE1bl5zZzB74I+f9B1pll4I=</latexit><latexit sha1_base64="9yfRi31p7QiRdThtvwDlHxplX6M=">AAAB+3icbZDLSgMxFIbPeK31VuvSTbAIrsqMCLosuHFZwV6gHUomzbShuQxJRqzDvIobF4q49UXc+Tam7Sy09YfAx3/O4Zz8UcKZsb7/7a2tb2xubZd2yrt7+weHlaNq26hUE9oiiivdjbChnEnassxy2k00xSLitBNNbmb1zgPVhil5b6cJDQUeSRYzgq2zBpVq1tcCmTSheqw0e1IyH1Rqft2fC61CUEANCjUHla/+UJFUUGkJx8b0Aj+xYYa1ZYTTvNxPDU0wmeAR7TmUWFATZvPbc3TmnCGKlXZPWjR3f09kWBgzFZHrFNiOzXJtZv5X66U2vg4zJpPUUkkWi+KUI6vQLAg0ZJoSy6cOMNHM3YrIGGtMrIur7EIIlr+8Cu2LeuD4zq81Los4SnACp3AOAVxBA26hCS0g8AjP8ApvXu69eO/ex6J1zStmjuGPvM8fxMqU2A==</latexit>

<latexit sha1_base64="EoHtCWMym7L5Uu1M84NCPvzi6fg=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEgdqihBFTBWsDAWRB9SG0WO67SmjhNsB6mK8gss/AoLAwixsrHxNzhtBmg5lqWjc+7Vvff4MaNS2fa3sbS8srq2Xtoob25t7+yae/ttGSUCkxaOWCS6PpKEUU5aiipGurEgKPQZ6fjjy9zvPBAhacRv1SQmboiGnAYUI6Ulz6z2Q6RGGLH0JqvBkZfSu6xf00/SkNznDOKIS2V5ZsW27CngInEKUgEFmp751R9EOAkJV5ghKXuOHSs3RUJRzEhW7ieSxAiP0ZD0NOUoJNJNpxdl8FgrAxhEQn+u4FT93ZGiUMpJ6OvKfH857+Xif14vUcG5m1IeJ4pwPBsUJAyqCObxwAEVBCs20QRhQfWuEI+QQFjpEMs6BGf+5EXSPrGcU6t+Xa80Loo4SuAQHIEqcMAZaIAr0AQtgMEjeAav4M14Ml6Md+NjVrpkFD0H4A+Mzx9VWZyy</latexit>

R, hij ' const.

<latexit sha1_base64="Tz4FD/2xiuYXTn5w0av33MHA6P8=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFN7qrYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YTmehrQcunJxzL7n3BDFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8e3cb0+o0iySj2YaU1/goWQhI9hYye8pge5lyLNXv1xxq24GtEq8nFQgR6Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6K/USTWNMxnhIu5ZKLKj202zpGTqzygCFkbIlDcrU3xMpFlpPRWA7BTYjvezNxf+8bmLCaz9lMk4MlWTxUZhwZCI0TwANmKLE8KklmChmd0VkhBUmxuZUsiF4yyevktZF1bus1h5qlfpNHkcRTuAUzsGDK6jDHTSgCQSe4Ble4c2ZOC/Ou/OxaC04+cwx/IHz+QOeAZIE</latexit>

Inflation <latexit sha1_base64="/tz5klZseyMxrxs3csxb8/VzVXU=">AAAB/HicbVBPS8MwHE39O+e/6o5egkPwIKOVoR6HevAiTLHbYCsjzdItLElLkgqlzK/ixYMiXv0g3vw2plsPuvkg4fHe75FfXhAzqrTjfFtLyyura+uljfLm1vbOrr2331JRIjHxcMQi2QmQIowK4mmqGenEkiAeMNIOxle5334kUtFIPOg0Jj5HQ0FDipE2Ut+u9CSH99feCbzNr94g0qpvV52aMwVcJG5BqqBAs29/mRxOOBEaM6RU13Vi7WdIaooZmZR7iSIxwmM0JF1DBeJE+dl0+Qk8MsoAhpE0R2g4VX8nMsSVSnlgJjnSIzXv5eJ/XjfR4YWfUREnmgg8eyhMGNQRzJuAAyoJ1iw1BGFJza4Qj5BEWJu+yqYEd/7Li6R1WnPPavW7erVxWdRRAgfgEBwDF5yDBrgBTeABDFLwDF7Bm/VkvVjv1sdsdMkqMhXwB9bnD1ZWk0w=</latexit>

RDU,MDU, . . .

<latexit sha1_base64="U03zkkzqJt3QMkzPY+nIZZpucLc=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARBKHMSFGXpW5cVrAX6AxDJk3b0ExmSM4oZehDuPFV3LhQxK0Ld76NaTsLbf0h8PGfc5KcP0wE1+A431ZhZXVtfaO4Wdra3tnds/cPWjpOFWVNGotYdUKimeCSNYGDYJ1EMRKFgrXD0fW03r5nSvNY3sE4YX5EBpL3OSVgrMA+q2NP8cEQiFLxA/YEkQPBcD1wsdeLQRuSnpqbgV12Ks5MeBncHMooVyOwv8wdNI2YBCqI1l3XScDPiAJOBZuUvFSzhNARGbCuQUkipv1sttQEnxinh/uxMkcCnrm/JzISaT2OQtMZERjqxdrU/K/WTaF/5WdcJikwSecP9VOBIcbThHCPK0ZBjA0Qqrj5K6ZDoggFk2PJhOAurrwMrfOKe1Gp3lbLtXoeRxEdoWN0ilx0iWroBjVQE1H0iJ7RK3qznqwX6936mLcWrHzmEP2R9fkDJ0adpA==</latexit>

B ! hB1 . . . Bni

Small scale probes of inflation (Motivations)

k�1
<latexit sha1_base64="csk0HpftFIGEF3UYZqKC1+sjgi4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QxjKZnLRDJ5MwMxFKiK/ixoUibn0Qd76N0zQLbT0w8PH/58yZ+f2EM6Ud59taWV1b39isbFW3d3b39u2Dw46KU0mhTWMey55PFHAmoK2Z5tBLJJDI59D1Jzczv/sIUrFY3OtpAl5ERoKFjBJtpKFdGxR3ZBKCPJs8ZGdung/tutNwisLL4JZQR2W1hvbXIIhpGoHQlBOl+q6TaC8jUjPKIa8OUgUJoRMygr5BQSJQXlYszvGJUQIcxtIcoXGh/p7ISKTUNPJNZ0T0WC16M/E/r5/q8MrLmEhSDYLOF4UpxzrGsyRwwCRQzacGCJXMvBXTMZGEapNX1YTgLn55GTrnDdfw3UW9eV3GUUFH6BidIhddoia6RS3URhRN0TN6RW/Wk/VivVsf89YVq5ypoT9lff4AUHWVLg==</latexit><latexit sha1_base64="csk0HpftFIGEF3UYZqKC1+sjgi4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QxjKZnLRDJ5MwMxFKiK/ixoUibn0Qd76N0zQLbT0w8PH/58yZ+f2EM6Ud59taWV1b39isbFW3d3b39u2Dw46KU0mhTWMey55PFHAmoK2Z5tBLJJDI59D1Jzczv/sIUrFY3OtpAl5ERoKFjBJtpKFdGxR3ZBKCPJs8ZGdung/tutNwisLL4JZQR2W1hvbXIIhpGoHQlBOl+q6TaC8jUjPKIa8OUgUJoRMygr5BQSJQXlYszvGJUQIcxtIcoXGh/p7ISKTUNPJNZ0T0WC16M/E/r5/q8MrLmEhSDYLOF4UpxzrGsyRwwCRQzacGCJXMvBXTMZGEapNX1YTgLn55GTrnDdfw3UW9eV3GUUFH6BidIhddoia6RS3URhRN0TN6RW/Wk/VivVsf89YVq5ypoT9lff4AUHWVLg==</latexit><latexit sha1_base64="csk0HpftFIGEF3UYZqKC1+sjgi4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QxjKZnLRDJ5MwMxFKiK/ixoUibn0Qd76N0zQLbT0w8PH/58yZ+f2EM6Ud59taWV1b39isbFW3d3b39u2Dw46KU0mhTWMey55PFHAmoK2Z5tBLJJDI59D1Jzczv/sIUrFY3OtpAl5ERoKFjBJtpKFdGxR3ZBKCPJs8ZGdung/tutNwisLL4JZQR2W1hvbXIIhpGoHQlBOl+q6TaC8jUjPKIa8OUgUJoRMygr5BQSJQXlYszvGJUQIcxtIcoXGh/p7ISKTUNPJNZ0T0WC16M/E/r5/q8MrLmEhSDYLOF4UpxzrGsyRwwCRQzacGCJXMvBXTMZGEapNX1YTgLn55GTrnDdfw3UW9eV3GUUFH6BidIhddoia6RS3URhRN0TN6RW/Wk/VivVsf89YVq5ypoT9lff4AUHWVLg==</latexit><latexit sha1_base64="csk0HpftFIGEF3UYZqKC1+sjgi4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QxjKZnLRDJ5MwMxFKiK/ixoUibn0Qd76N0zQLbT0w8PH/58yZ+f2EM6Ud59taWV1b39isbFW3d3b39u2Dw46KU0mhTWMey55PFHAmoK2Z5tBLJJDI59D1Jzczv/sIUrFY3OtpAl5ERoKFjBJtpKFdGxR3ZBKCPJs8ZGdung/tutNwisLL4JZQR2W1hvbXIIhpGoHQlBOl+q6TaC8jUjPKIa8OUgUJoRMygr5BQSJQXlYszvGJUQIcxtIcoXGh/p7ISKTUNPJNZ0T0WC16M/E/r5/q8MrLmEhSDYLOF4UpxzrGsyRwwCRQzacGCJXMvBXTMZGEapNX1YTgLn55GTrnDdfw3UW9eV3GUUFH6BidIhddoia6RS3URhRN0TN6RW/Wk/VivVsf89YVq5ypoT9lff4AUHWVLg==</latexit>

?

| {z }
“uncharted territory”

<latexit sha1_base64="3fUMegHh8GSc7J3rroT8SoizXMc="></latexit><latexit sha1_base64="3fUMegHh8GSc7J3rroT8SoizXMc="></latexit><latexit sha1_base64="3fUMegHh8GSc7J3rroT8SoizXMc="></latexit><latexit sha1_base64="3fUMegHh8GSc7J3rroT8SoizXMc="></latexit>

<latexit sha1_base64="T14RU6GropiqCYjaq4rQhf9IgP4="></latexit>

CMB and LSS (& Spectral Dist.) ! limited access to Early Universe Phyiscs
<latexit sha1_base64="QJ1EuC4/VDd/pJiS7WPI/mzDozo="></latexit>

10�4 . k[Mpc�1] . 104 ! 60-42 e-folds before the end of inflation



Primordial Black Holes (PBHs)

๏ Indirect access to a large range scales

๏ (Depending on their mass) PBHs can (maybe !) account for all or a fraction of DM 
abundance

Small Scale Probes of Inflation - PBHs

10�18M� < MPBH < 102M�
<latexit sha1_base64="XNbfBTgGYMexaP53pnZagYXdhxM=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIbiyTIljERdFNN0IFe4F2LJk004ZmJkOSEcowz+HGV3HjQhF34sa3MTMtqK0HAl/+/xyS87shZ0rb9peVW1peWV3Lrxc2Nre2d4q7ey0lIklokwguZMfFinIW0KZmmtNOKCn2XU7b7vgq9dv3VComgls9Canj42HAPEawNlK/iJB9F5+gagKv+3FPDIRO4EXG0oeNy3p6My2VH7tfLNllOyu4CGgGJTCrRr/40RsIEvk00IRjpbrIDrUTY6kZ4TQp9CJFQ0zGeEi7BgPsU+XE2WoJPDLKAHpCmhNomKm/J2LsKzXxXdPpYz1S814q/ud1I+1VnZgFYaRpQKYPeRGHWsA0JzhgkhLNJwYwkcz8FZIRlphok2bBhIDmV16EVqWMDN+clmrnszjy4AAcgmOAwBmogTpogCYg4AE8gRfwaj1az9ab9T5tzVmzmX3wp6zPb+Z/nkg=</latexit><latexit sha1_base64="XNbfBTgGYMexaP53pnZagYXdhxM=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIbiyTIljERdFNN0IFe4F2LJk004ZmJkOSEcowz+HGV3HjQhF34sa3MTMtqK0HAl/+/xyS87shZ0rb9peVW1peWV3Lrxc2Nre2d4q7ey0lIklokwguZMfFinIW0KZmmtNOKCn2XU7b7vgq9dv3VComgls9Canj42HAPEawNlK/iJB9F5+gagKv+3FPDIRO4EXG0oeNy3p6My2VH7tfLNllOyu4CGgGJTCrRr/40RsIEvk00IRjpbrIDrUTY6kZ4TQp9CJFQ0zGeEi7BgPsU+XE2WoJPDLKAHpCmhNomKm/J2LsKzXxXdPpYz1S814q/ud1I+1VnZgFYaRpQKYPeRGHWsA0JzhgkhLNJwYwkcz8FZIRlphok2bBhIDmV16EVqWMDN+clmrnszjy4AAcgmOAwBmogTpogCYg4AE8gRfwaj1az9ab9T5tzVmzmX3wp6zPb+Z/nkg=</latexit><latexit sha1_base64="XNbfBTgGYMexaP53pnZagYXdhxM=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIbiyTIljERdFNN0IFe4F2LJk004ZmJkOSEcowz+HGV3HjQhF34sa3MTMtqK0HAl/+/xyS87shZ0rb9peVW1peWV3Lrxc2Nre2d4q7ey0lIklokwguZMfFinIW0KZmmtNOKCn2XU7b7vgq9dv3VComgls9Canj42HAPEawNlK/iJB9F5+gagKv+3FPDIRO4EXG0oeNy3p6My2VH7tfLNllOyu4CGgGJTCrRr/40RsIEvk00IRjpbrIDrUTY6kZ4TQp9CJFQ0zGeEi7BgPsU+XE2WoJPDLKAHpCmhNomKm/J2LsKzXxXdPpYz1S814q/ud1I+1VnZgFYaRpQKYPeRGHWsA0JzhgkhLNJwYwkcz8FZIRlphok2bBhIDmV16EVqWMDN+clmrnszjy4AAcgmOAwBmogTpogCYg4AE8gRfwaj1az9ab9T5tzVmzmX3wp6zPb+Z/nkg=</latexit><latexit sha1_base64="XNbfBTgGYMexaP53pnZagYXdhxM=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIbiyTIljERdFNN0IFe4F2LJk004ZmJkOSEcowz+HGV3HjQhF34sa3MTMtqK0HAl/+/xyS87shZ0rb9peVW1peWV3Lrxc2Nre2d4q7ey0lIklokwguZMfFinIW0KZmmtNOKCn2XU7b7vgq9dv3VComgls9Canj42HAPEawNlK/iJB9F5+gagKv+3FPDIRO4EXG0oeNy3p6My2VH7tfLNllOyu4CGgGJTCrRr/40RsIEvk00IRjpbrIDrUTY6kZ4TQp9CJFQ0zGeEi7BgPsU+XE2WoJPDLKAHpCmhNomKm/J2LsKzXxXdPpYz1S814q/ud1I+1VnZgFYaRpQKYPeRGHWsA0JzhgkhLNJwYwkcz8FZIRlphok2bBhIDmV16EVqWMDN+clmrnszjy4AAcgmOAwBmogTpogCYg4AE8gRfwaj1az9ab9T5tzVmzmX3wp6zPb+Z/nkg=</latexit>

S. Bird et.al, “Did LIGO detect dark matter ?”, arXiv: 1603.00464

*A. Green, B. Kavanagh , arXiv: 2007.10722,

<latexit sha1_base64="mdr7zXgYv/6GwUgffHMH++DpTwI=">AAACO3ichVDLSsNAFJ34rPUVdelmsAh1UxIp6rK0m26EWOwDmlIm00k6dPJgZiKUkP9y40+4c+PGhSJu3Ttpg2greGDg3HPPZe49TsSokIbxpK2srq1vbBa2its7u3v7+sFhR4Qxx6SNQxbynoMEYTQgbUklI72IE+Q7jHSdSSPrd+8IFzQMbuU0IgMfeQF1KUZSSUO9ZftIjjFiiZUOk++ilabliaq5D616Mz2DtufBf62N67qyDvWSUTFmgMvEzEkJ5LCG+qM9CnHsk0BihoTom0YkBwnikmJG0qIdCxIhPEEe6SsaIJ+IQTK7PYWnShlBN+TqBRLO1J8TCfKFmPqOcmYbi8VeJv7V68fSvRokNIhiSQI8/8iNGZQhzIKEI8oJlmyqCMKcql0hHiOOsFRxF1UI5uLJy6RzXjEvKtWbaqlWz+MogGNwAsrABJegBprAAm2AwT14Bq/gTXvQXrR37WNuXdHymSPwC9rnFxL0rqQ=</latexit>

PR(kPBH) � PR(kCMB)



Small Scale Probes of Inflation-SGWB
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<latexit sha1_base64="k68ImGvT77RZDZJ9MW8qJ38UHOM="></latexit>

h00
ij + 2

a0(⌧)

a(⌧)
h0
ij + k2hij

| {z }
⌘0 for vacuum

=
2

M2
pl

TTT
ij

GWs at interferometer scales 

<latexit sha1_base64="C4P1is0EBKvrz0Td1/pvP5BnmqI=">AAACG3icbVDLSsNAFJ3UV62vqEs3g61QNyUJUl0W3biMYh/QljKZTtqhk0yYmQgl5D/c+CtuXCjiSnDh3zhpg4/qgYEz59zLvfd4EaNSWdaHUVhaXlldK66XNja3tnfM3b2W5LHApIk546LjIUkYDUlTUcVIJxIEBR4jbW9ykfntWyIk5eGNmkakH6BRSH2KkdLSwHRcrkioKGIwEtwjkPuw0guQGmPEEjcdJF+f6zStTo4rcGCWrVrdOXEsB1o1a4ZvYuekDHK4A/OtN+Q4DvQczJCUXduKVD9BQlHMSFrqxZJECE/QiHQ1DVFAZD+Z3ZbCI60Moc+FfqGCM/VnR4ICKaeBpyuzReWil4n/ed1Y+Wf9hIZRrAPA80F+zKDiMAsKDqkgWLGpJggLqneFeIwEwkrHWdIh2Isn/yUtp2bXa9aVU26c53EUwQE4BFVgg1PQAJfABU2AwR14AE/g2bg3Ho0X43VeWjDynn3wC8b7J6q9oSg=</latexit>

Potential probe of PR(k)
<latexit sha1_base64="bEcpipSQqT14H+4ISN//lqcKrxk="></latexit>

⌦GW(k) ⇠
R
dpPR(|~k � ~p|)PR(p)

๏ Induced GWs: inevitable part of SGWB due to non-linear nature of gravity!

๏ Direct enhancement of tensor perturbations during inflation: 

(J. Cook & L. Sorbo, ’11)
(N. Barnaby, E.Pajer&M.Peloso ’11)

(V. Domcke, M. Pieroni & Binetruy, ’16)
(Iacconi et.al ’19)

Blue tilted spectrum is required at 
interferometers!



Axion-Gauge field Inflation @ sub-CMB scales
<latexit sha1_base64="P7cGBegxQjJ+ex08jvJk/ZQ711E="></latexit>

Lmp
�g

= �1

2
(@�)2 � V (�)� 1

4
Fµ⌫F

µ⌫ � ↵c

4f
�Fµ⌫ F̃

µ⌫

<latexit sha1_base64="lB7YNiVyjxsA3QvJxGV9hHpfXZk=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7AM6Q8mkaRuayQzJHaFM+xtuXCji1p9x59+YtrPQ1gOBwzn3cG9OmEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/9cS1EbF6xHHCg4gOlOgLRtFK/sTvxZj5yVBMJ91yxa26c5BV4uWkAjnq3fKXTbM04gqZpMZ0PDfBIKMaBZN8WvJTwxPKRnTAO5YqGnETZPObp+TMKj3Sj7V9Cslc/Z3IaGTMOArtZERxaJa9mfif10mxfxNkQiUpcsUWi/qpJBiTWQGkJzRnKMeWUKaFvZWwIdWUoa2pZEvwlr+8SpoXVe+qevlwWand5nUU4QRO4Rw8uIYa3EMdGsAggWd4hTcndV6cd+djMVpw8swx/IHz+QPC0ZIr</latexit>

|�̇| is increasing: possibility to probe late stages of inflation

<latexit sha1_base64="qGs9AROrGBckoeqzZTq6WnQSwgc="></latexit>

A� +A� ! ��(s) / R(s)
<latexit sha1_base64="mbQGAnMaebhDn414ck/dsjoXgUI=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIUAVWCEDAWWBiLRB9SGyLHdRqrjhPZDqiK+gks/AoLAwixMrLxNzhtBqAc6eoenXOv7Hu8mFGpLOvLKMzMzs0vFBdLS8srq2vm+kZTRonApIEjFom2hyRhlJOGooqRdiwICj1GWt7gMvNbd0RIGvEbNYyJE6I+pz7FSGnJNXfhuZsejvYnDXYF7QcKCRHdw+A2rciDeG+UOa5ZtqrWGHCa2Dkpgxx11/zs9iKchIQrzJCUHduKlZMioShmZFTqJpLECA9Qn3Q05Sgk0knHB43gjlZ60I+ELq7gWP25kaJQymHo6ckQqUD+9TLxP6+TKP/MSSmPE0U4njzkJwyqCGbpwB4VBCs21ARhQfVfIQ6QQFjpDEs6BPvvydOkeVS1T6rW9XG5dpHHUQRbYBtUgA1OQQ1cgTpoAAwewBN4Aa/Go/FsvBnvk9GCke9sgl8wPr4Bkk2bsg==</latexit>

A� +A� ! h(s,p)
�

<latexit sha1_base64="rc0GLsElc4+o+DVX4PcblFnN3O0="></latexit>

PR(�2) '
2

R2
c

P2
R(G)PBH limits are stricter since scalar fluctuations are strongly non-Gaussian*:

<latexit sha1_base64="E4vGjclIZGjx6XjqNYqHbK3a0R8=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2tZb0YvHKrYW2lA22027dLMJuxuhlP4DLx4U8eo/8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZuZXVtfSO/Wdja3tndK+4ftFWcSkJbJOax7ARYUc4EbWmmOe0kkuIo4PQuGF9m/t09lYrF4lZPEupHeChYyAjWRrpxnX6x5Njn9ap35iHHdpyaV65mxKtVvDJyjZKhBEs0+8X33iAmaUSFJhwr1XWdRPtTLDUjnM4KvVTRBJMxHtKuoQJHVPnT+aUzdGKUAQpjaUpoNFe/T0xxpNQkCkxnhPVI/fYy8S+vm+qw7k+ZSFJNBVksClOOdIyyt9GASUo0nxiCiWTmVkRGWGKiTTgFE8LXp+h/0vZst2pXriulxsUyjjwcwTGcggs1aMAVNKEFBEJ4gCd4tsbWo/VivS5ac9Zy5hB+wHr7BE5YjTw=</latexit>

10

(M. Peloso, C. Unal & G. Bellido, ’16, A. Linde, S. Mooij, E.Pajer arXiv:1212.1693) *See However, arXiv: 2204.12874, Caravano et. Al.



Axion-Gauge field Inflation

S-L. Cheng, W. Lee, K-W. Ng, arXiv: 1801.09050

<latexit sha1_base64="yxXoeI00FnbxUym0HXLcNgmJwIk="></latexit>

V (�) =
1

2
m2�2 + ⇤4�

f
sin

✓
�

f

◆
*Kobayashi et. al. arXiv: 1510.08768, Kallosh et.al. 
arXiv: 1404.6244, McAllister et. al. 0808.0706, 
Flauger et. al. arXiv: 1412.1814. 

*

<latexit sha1_base64="yHj8TeOMPDrYfiEXpGk+jc+vvp8="></latexit>

� =
⇤4

m2f2
. 1Interested in “Bumpy” Regime

O.Ö, Z. Lalak, arXiv: 2008.07549

<latexit sha1_base64="P7cGBegxQjJ+ex08jvJk/ZQ711E="></latexit>

Lmp
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2
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4
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�Fµ⌫ F̃
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Axion Inflation in the Bumpy Regime

• Hubble drag in the plateau regions of           is pretty efficient to sustain enough inflation 

for an intermediate field range and energy scale!  (                  )

CMB Plateau 

<latexit sha1_base64="9m/X2Q9VqNZgA4rXoPmOUoA/bkQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh4FWSyCp5J4UI+lBfFYwX5AE8pmu0mXbjZhdyOU0B/hxYIiXv093rz6S9w2PWjrg4HHezPMzPMTzpS27S+rsLa+sblV3C7t7O7tH5QPj9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UeNmd95pFKxWDzocUK9CIeCBYxgbaSOW2dh6Gb9csWu2nOgVeIsSKV2Oz39brSnzX750x3EJI2o0IRjpXqOnWgvw1Izwumk5KaKJpiMcEh7hgocUeVl83Mn6NwoAxTE0pTQaK7+nshwpNQ48k1nhPVQLXsz8T+vl+rgxsuYSFJNBckXBSlHOkaz39GASUo0HxuCiWTmVkSGWGKiTUIlE4Kz/PIqaV9WnauqfW/SqEOOIpzAGVyAA9dQgztoQgsIjOAJXuDVSqxn6816z1sL1mLmGP7A+vgBksOSug==</latexit>(

• Temporary speed up of inflaton at the cliff like regions of           and slow-roll violation  

<latexit sha1_base64="O/wnHKLdize2cTsND/AEQma+Ii8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLkCBEhLDrQT0GvXiMYB6QXcLsZDYZMjs7zMwKy5KPEMSDIl79Hm/5GyePgyYWNBRV3XR3hZIzbVx34qytb2xubRd2irt7+weHpaPjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh6G7qt5+o0iwRjyaTNIjxQLCIEWys1G5VfTlk571Sxa25M6BV4i1IpV72L14m9azRK337/YSkMRWGcKx113OlCXKsDCOcjot+qqnEZIQHtGupwDHVQT47d4zOrNJHUaJsCYNm6u+JHMdaZ3FoO2NshnrZm4r/ed3URDdBzoRMDRVkvihKOTIJmv6O+kxRYnhmCSaK2VsRGWKFibEJFW0I3vLLq6R1WfOuau6DTeMW5ijAKZShCh5cQx3uoQFNIDCCZ3iDd0c6r86H8zlvXXMWMyfwB87XD6AvkhQ=</latexit>

V (�)

<latexit sha1_base64="DNtVSBdn4RnVz0EdFsy9x+Tu+qY=">AAACDXicbVC7SgNBFJ31GRMfq5Y2g4lgFXYV1DKohY0QwTwgG8Ls5CYZMrO7zswGwpIfsPFXbBQUsbGwt/NDtHbyKDTxwIXDOfdy7z1+xJnSjvNpzc0vLC4tp1bSmdW19Q17c6uswlhSKNGQh7LqEwWcBVDSTHOoRhKI8DlU/O7Z0K/0QCoWBte6H0FdkHbAWowSbaSGnfPOgWuCvajDsKeYgBt8iC8biSeI7kiRRHwwaNhZJ++MgGeJOyHZQu7r8a2X+S427A+vGdJYQKApJ0rVXCfS9YRIzSiHQdqLFUSEdkkbaoYGRICqJ6NvBnjPKE3cCqWpQOOR+nsiIUKpvvBN5/BGNe0Nxf+8WqxbJ/WEBVGsIaDjRa2YYx3iYTS4ySRQzfuGECqZuRXTDpGEahNg2oTgTr88S8oHefco71yZNE7RGCm0g3bRPnLRMSqgC1REJUTRLbpHT+jZurMerBfrddw6Z01mttEfWO8/uSWfyw==</latexit>

�� ' 3Mpl

<latexit sha1_base64="O/wnHKLdize2cTsND/AEQma+Ii8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLkCBEhLDrQT0GvXiMYB6QXcLsZDYZMjs7zMwKy5KPEMSDIl79Hm/5GyePgyYWNBRV3XR3hZIzbVx34qytb2xubRd2irt7+weHpaPjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh6G7qt5+o0iwRjyaTNIjxQLCIEWys1G5VfTlk571Sxa25M6BV4i1IpV72L14m9azRK337/YSkMRWGcKx113OlCXKsDCOcjot+qqnEZIQHtGupwDHVQT47d4zOrNJHUaJsCYNm6u+JHMdaZ3FoO2NshnrZm4r/ed3URDdBzoRMDRVkvihKOTIJmv6O+kxRYnhmCSaK2VsRGWKFibEJFW0I3vLLq6R1WfOuau6DTeMW5ijAKZShCh5cQx3uoQFNIDCCZ3iDd0c6r86H8zlvXXMWMyfwB87XD6AvkhQ=</latexit>

V (�)

<latexit sha1_base64="pC5M8BCNHpLcuLxCi3aHZnnW2K8="></latexit>

|⌘| =
����
✏̇

✏H

���� > 1

is maximal @ Cliff(s) 
<latexit sha1_base64="pUIQ/BnNogIVOOBiMX05+i+qpE0=">AAAB83icbVDLSgMxFM34rPVVdekmtAiCUGZcqMuiG5cV7AM6Q8mkmTY0kwnJHWGY9i/EjQtF3Poz7vo3po+Fth4IHM65h3tzQiW4AdedOGvrG5tb24Wd4u7e/sFh6ei4aZJUU9agiUh0OySGCS5ZAzgI1laakTgUrBUO76Z+64lpwxP5CJliQUz6kkecErCSP/J7CeS+GvDxqFuquFV3BrxKvAWp1Mr+xfOkltW7pW+bpmnMJFBBjOl4roIgJxo4FWxc9FPDFKFD0mcdSyWJmQny2c1jfGaVHo4SbZ8EPFN/J3ISG5PFoZ2MCQzMsjcV//M6KUQ3Qc6lSoFJOl8UpQJDgqcF4B7XjILILCFUc3srpgOiCQVbU9GW4C1/eZU0L6veVdV9sG3cojkK6BSV0Tny0DWqoXtURw1EkUIv6A29O6nz6nw4n/PRNWeROUF/4Hz9ANwylTI=</latexit>

|�̇|

<latexit sha1_base64="KceaOi8DVIxRizYxPHhdIPzCRsc=">AAAB+3icbVDLTsJAFL3FF+Kr4tLNRDBxI2lJfCyJblxiIo8EKpkOA0yYTuvM1Eia/oobFxrj1h9x5984QBcKnuQmJ+fcm3vv8SPOlHacbyu3srq2vpHfLGxt7+zu2fvFpgpjSWiDhDyUbR8rypmgDc00p+1IUhz4nLb88fXUbz1SqVgo7vQkol6Ah4INGMHaSD27WJaoq1hAH5Dr3CenZ2m5Z5ecijMDWiZuRkqQod6zv7r9kMQBFZpwrFTHdSLtJVhqRjhNC91Y0QiTMR7SjqECB1R5yez2FB0bpY8GoTQlNJqpvycSHCg1CXzTGWA9UoveVPzP68R6cOklTESxpoLMFw1ijnSIpkGgPpOUaD4xBBPJzK2IjLDERJu4CiYEd/HlZdKsVtzzinNbLdWusjjycAhHcAIuXEANbqAODSDwBM/wCm9War1Y79bHvDVnZTMH8AfW5w+58pLw</latexit>

r ' 10�5

*S. Parameswaran, G.Tasinato, I. Zavala, arXiv:1602.02812.

  O.Ö et.al arXiv: 1803.07626 O.Ö, Z. Lalak, arXiv: 2008.07549



Axion Inflation in the Bumpy Regime (without GFs)

|{z}
Damping term becomes a driving term

<latexit sha1_base64="1RgtGViRLiKJor8qmqMnEJyeACs=">AAACJnicbZBNSwMxEIazftb6VfXoJVgET7Irgl6Ugh48VrBWaEvJZqc1mGSXZLZYlu2f8eJf8eKhIuLNn2JaK2j1hcDDOzNM5g0TKSz6/rs3Mzs3v7BYWCour6yurZc2Nq9tnBoONR7L2NyEzIIUGmooUMJNYoCpUEI9vDsb1es9MFbE+gr7CbQU62rREZyhs9qlk2aqIzChYRyywWCQt7Mmwj1m50wlQncpglE0BB4rsJTRyIjet53n7VLZ3/fHon8hmECZTFRtl4bNKOapAo1cMmsbgZ9gK2MGBZeQF5uphYTxO9aFhkPN3NZWNj4zp7vOiWgnNu5ppGP350TGlLV9FbpOxfDWTtdG5n+1Roqd41YmdJIiaP61qJNKijEdZUYjYYCj7Dtg3Aj3V8pvmYvMpWCLLoRg+uS/cH2wHzi+PCxXTidxFMg22SF7JCBHpEIuSJXUCCcP5IkMyYv36D17r97bV+uMN5nZIr/kfXwCNpanZA==</latexit><latexit sha1_base64="1RgtGViRLiKJor8qmqMnEJyeACs=">AAACJnicbZBNSwMxEIazftb6VfXoJVgET7Irgl6Ugh48VrBWaEvJZqc1mGSXZLZYlu2f8eJf8eKhIuLNn2JaK2j1hcDDOzNM5g0TKSz6/rs3Mzs3v7BYWCour6yurZc2Nq9tnBoONR7L2NyEzIIUGmooUMJNYoCpUEI9vDsb1es9MFbE+gr7CbQU62rREZyhs9qlk2aqIzChYRyywWCQt7Mmwj1m50wlQncpglE0BB4rsJTRyIjet53n7VLZ3/fHon8hmECZTFRtl4bNKOapAo1cMmsbgZ9gK2MGBZeQF5uphYTxO9aFhkPN3NZWNj4zp7vOiWgnNu5ppGP350TGlLV9FbpOxfDWTtdG5n+1Roqd41YmdJIiaP61qJNKijEdZUYjYYCj7Dtg3Aj3V8pvmYvMpWCLLoRg+uS/cH2wHzi+PCxXTidxFMg22SF7JCBHpEIuSJXUCCcP5IkMyYv36D17r97bV+uMN5nZIr/kfXwCNpanZA==</latexit><latexit sha1_base64="1RgtGViRLiKJor8qmqMnEJyeACs=">AAACJnicbZBNSwMxEIazftb6VfXoJVgET7Irgl6Ugh48VrBWaEvJZqc1mGSXZLZYlu2f8eJf8eKhIuLNn2JaK2j1hcDDOzNM5g0TKSz6/rs3Mzs3v7BYWCour6yurZc2Nq9tnBoONR7L2NyEzIIUGmooUMJNYoCpUEI9vDsb1es9MFbE+gr7CbQU62rREZyhs9qlk2aqIzChYRyywWCQt7Mmwj1m50wlQncpglE0BB4rsJTRyIjet53n7VLZ3/fHon8hmECZTFRtl4bNKOapAo1cMmsbgZ9gK2MGBZeQF5uphYTxO9aFhkPN3NZWNj4zp7vOiWgnNu5ppGP350TGlLV9FbpOxfDWTtdG5n+1Roqd41YmdJIiaP61qJNKijEdZUYjYYCj7Dtg3Aj3V8pvmYvMpWCLLoRg+uS/cH2wHzi+PCxXTidxFMg22SF7JCBHpEIuSJXUCCcP5IkMyYv36D17r97bV+uMN5nZIr/kfXwCNpanZA==</latexit><latexit sha1_base64="1RgtGViRLiKJor8qmqMnEJyeACs=">AAACJnicbZBNSwMxEIazftb6VfXoJVgET7Irgl6Ugh48VrBWaEvJZqc1mGSXZLZYlu2f8eJf8eKhIuLNn2JaK2j1hcDDOzNM5g0TKSz6/rs3Mzs3v7BYWCour6yurZc2Nq9tnBoONR7L2NyEzIIUGmooUMJNYoCpUEI9vDsb1es9MFbE+gr7CbQU62rREZyhs9qlk2aqIzChYRyywWCQt7Mmwj1m50wlQncpglE0BB4rsJTRyIjet53n7VLZ3/fHon8hmECZTFRtl4bNKOapAo1cMmsbgZ9gK2MGBZeQF5uphYTxO9aFhkPN3NZWNj4zp7vOiWgnNu5ppGP350TGlLV9FbpOxfDWTtdG5n+1Roqd41YmdJIiaP61qJNKijEdZUYjYYCj7Dtg3Aj3V8pvmYvMpWCLLoRg+uS/cH2wHzi+PCxXTidxFMg22SF7JCBHpEIuSJXUCCcP5IkMyYv36D17r97bV+uMN5nZIr/kfXwCNpanZA==</latexit>

<latexit sha1_base64="2Y4k0JODcg+fDvXjt5JKY196fI0="></latexit>

R00
k + 2aH

h
1 +

⌘

2

i
R0

k + k
2Rk ' 0

• Duration of negative     phase determines the enhancement in the power spectrum*
<latexit sha1_base64="DsaJ+hx41yE5VKwZcPenl4e1RJU=">AAAB63icbVC7SgNBFL0bXzG+opaKDAbBKuxaqGXQxjIB84BkCbOT2WTIzOwyMyuEJaWtjYUitv5DvsPOb/AnnE1SaOKBC4dz7uXee4KYM21c98vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfA285sPVGkWyXsziqkvcF+ykBFsMqlDDe4WS27ZnQItE29OSpXjSe378WRS7RY/O72IJIJKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pRILqv10eusYnVmlh8JI2ZIGTdXfEykWWo9EYDsFNgO96GXif147MeG1nzIZJ4ZKMlsUJhyZCGWPox5TlBg+sgQTxeytiAywwsTYeAo2BG/x5WXSuCh7l2W3ZtO4gRnycASncA4eXEEF7qAKdSAwgCd4gVdHOM/Om/M+a80585lD+APn4wf3eJHk</latexit>⌘

O.Ö, Z. Lalak, arXiv: 2008.07549*O.Ö, G. Tasinato, arXiv: 1912.01061



Gauge field production at the cliff(s)

-� -� � � �
�

�

��

��

��

�� �
�

� �

� = 2

� = 1

<latexit sha1_base64="PqpVkrrTkxPO278RhQ+nMI/+zXY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInmoioh6LXnqsYD+gCWWz2bRLd5OwOxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzglRwDY7zbZXW1jc2t8rblZ3dvf2qfXDY0UmmKGvTRCSqFxDNBI9ZGzgI1ksVIzIQrBuM72Z+95EpzZP4ASYp8yUZxjzilICRBnbVC5kAgj3NJZbnzYFdc+rOHHiVuAWpoQKtgf3lhQnNJIuBCqJ133VS8HOigFPBphUv0ywldEyGrG9oTCTTfj4/fIpPjRLiKFGmYsBz9fdETqTWExmYTklgpJe9mfif188guvFzHqcZsJguFkWZwJDgWQo45IpREBNDCFXc3IrpiChCwWRVMSG4yy+vks5F3b2qO/eXtcZtEUcZHaMTdIZcdI0aqIlaqI0oytAzekVv1pP1Yr1bH4vWklXMHKE/sD5/ALGBknU=</latexit>

� ⇠ m/H

Faster roll through the cliffs

for heavier inflaton! ( larger    )�

<latexit sha1_base64="JdWpiSkinIJA41ABS+gQluHyrpo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2A9oQ9lsNu3azW7YnQil9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1YuYQNIvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBRMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te39cq9Zs8jiKcwCmcgw+XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AZVsjyg=</latexit>

<latexit sha1_base64="ug0YexJTw6OYOtthKI2yYpTJr30="></latexit>

A
00
�(⌧, k) + k

2

 
1� aH

k

↵c|�̇|
Hf

!
A�(⌧, k) = 0

k

aH

����
t=t⇤

⌘ k

k⇤

<latexit sha1_base64="vXZjWBdDYUETOD+zsPfYejM7scI=">AAACInicbVDLSgNBEJz1GeMr6tHLYBDEQ9iVgHoQgl48KpgoZMMyO+lNhsw+nOkVwrrf4sVf8eJBUU+CH+PkgWhiwUBRVU1Pl59IodG2P62Z2bn5hcXCUnF5ZXVtvbSx2dBxqjjUeSxjdeMzDVJEUEeBEm4SBSz0JVz7vbOBf30HSos4usJ+Aq2QdSIRCM7QSF7p2JUQYMUNFONZL88YPc9dJTpdvPcyPEEv289z6sJtKu7oT6rn7edeqWxX7CHoNHHGpEzGuPBK72475mkIEXLJtG46doKtjCkUXEJedFMNCeM91oGmoRELQbey4Yk53TVKmwaxMi9COlR/T2Qs1Lof+iYZMuzqSW8g/uc1UwyOWpmIkhQh4qNFQSopxnTQF20LBRxl3xDGlTB/pbzLTA9oWi2aEpzJk6dJ46DiVCvHl9Vy7XRcR4Fskx2yRxxySGrknFyQOuHkgTyRF/JqPVrP1pv1MYrOWOOZLfIH1tc3E96lQg==</latexit>

<latexit sha1_base64="av1iQUdOFpptGO2lL2Wg2M3xvyA="></latexit>

↵c|�̇|
Hf

�����
t=t⇤

= 2⇠⇤

Gauge field production is localized and scale dependent. 

O.Ö, Z. Lalak, arXiv: 2008.07549



Echoes of GF production (PBH as DM)

<latexit sha1_base64="OMMZ75bAVFnjXPtl8KQ7q7NDgPM="></latexit>

�(N) = Erfc

 s
1

2
+

Rcp
2PR(N)

!
Fraction of regions collapsing to PBHs at their 
formation is modified due to non-Gaussianity:      

*A. Linde, S. Mooij, E.Pajer arXiv:1212.1693 O.Ö, Z. Lalak, arXiv: 2008.07549

<latexit sha1_base64="qGs9AROrGBckoeqzZTq6WnQSwgc="></latexit>

A� +A� ! ��(s) / R(s)

<latexit sha1_base64="lOSZs2h0m6baovOQaki3C8COcRw="></latexit>
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◆#
Scalar Power spectrum:   

<latexit sha1_base64="r9GsECaEKhL1CGWKjtraxk2LOQ4=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4A2lsl00g6dTMLMpFBCPsCNv+LGhSJu/QB3/o2TNoi2Hhg4nHMuc+/xIs6Utu0vq7C0vLK6VlwvbWxube+Ud/eaKowloQ0S8lC2PawoZ4I2NNOctiNJceBx2vJGV5nfGlOpWCju9CSiboAHgvmMYG2kXrnSDbAeEsyTenqfdGWAxpikveRHvk1Tk7Kr9hRokTg5qUCOeq/82e2HJA6o0IRjpTqOHWk3wVIzwmla6saKRpiM8IB2DBU4oMpNpsek6MgofeSH0jyh0VT9PZHgQKlJ4JlktqOa9zLxP68Ta//CTZiIYk0FmX3kxxzpEGXNoD6TlGg+MQQTycyuiAyxxESb/kqmBGf+5EXSPKk6Z9XTm9NK7TKvowgHcAjH4MA51OAa6tAAAg/wBC/waj1az9ab9T6LFqx8Zh/+wPr4BiITnFI=</latexit>

Pvac
R



Für LISA

*J. Garcia-Bellido, M. Peloso, C. Ünal  arXiv: 1707.02441

<latexit sha1_base64="02xWzUmsXSqWz54GcxmRB8/4mlY=">AAADYXicbVLfb9MwEHaTAVthWzce92JRIXVaqZJqAh4neNkbRaLbpLqLXNdprdpJsJ1NleV/kjdeeOEfwfkFbcdJUS5333333eVmGWdKB8HPlufvPXv+Yv+g/fLV4dFx5+T0RqW5JHRMUp7KuxlWlLOEjjXTnN5lkmIx4/R2tvpc5G8fqFQsTb7pdUanAi8SFjOCtQ tFJ61H9EXQBY4MElgvpTCLR2vvTa/51Km25xZxGuse0jiPTGD7cIUkWyz1OVzem6GFSDFBv0MUS0xMQyj7MLAVwJrhZcWBDFK5cN240zjHtmxDMDejoulD3yApYOY6/oNcbGAi867AqT5s9GU76tiGuoudXhWsFLmy5i/t9RZBbOvq5l1NmLotFks2W2oa6o2FsWS+IynekFSTIht1usEgKA0+dcLa6YLaRlHnB5qnJBc00YRjpSZhkOmpwVIzwqlto1zRDJMVXtCJcxMsqJqa8kIsfOsicxin0j2JhmV0s8JgodRazByyGEPt5org/3KTXMcfp27mLNc0IVWjOOdQp7A4NzhnkhLN187BRDKnFZIldn9Au6NsuyWEuyM/dW6Gg/D9IPh62b36VK9jH5yBN6AHQvABXIFrMAJjQFq/vD3v0DvyfvsHfsc/raBeq655DbbMP/sDzREb2w==</latexit>
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O.Ö, Z. Lalak, arXiv: 2008.07549

Total SGWB: 

During inflation    
(Chiral!)  

<latexit sha1_base64="49HH1+DfDe4nTmiUroOY3+Q8zek=">AAACBnicdVDLSgMxFM34rPVVdSlCsAiCOGRqW9td1Y3LCvYB7TBk0rQNzTxIMkoZunLjr7hxoYhbv8Gdf2NmWkFFD9zL4Zx7Se5xQ86kQujDmJtfWFxazqxkV9fWNzZzW9tNGUSC0AYJeCDaLpaUM582FFOctkNBsedy2nJHF4nfuqFCssC/VuOQ2h4e+KzPCFZacnJ7Z058PDlKO+wKNhgqLERwC4eJ4uTyyKxWUdGqQmSWECpUypqgk0KlVIKWiVLkwQx1J/fe7QUk8qivCMdSdiwUKjvGQjHC6STbjSQNMRnhAe1o6mOPSjtOz5jAA630YD8QunwFU/X7Row9Kceeqyc9rIbyt5eIf3mdSPUrdsz8MFLUJ9OH+hGHKoBJJrDHBCWKjzXBRDD9V0iGWGCidHJZHcLXpfB/0iyYVtksXhXztfNZHBmwC/bBIbDAKaiBS1AHDUDAHXgAT+DZuDcejRfjdTo6Z8x2dsAPGG+fqOWYqA==</latexit>

A� +A� ! h�

During RDU:   
<latexit sha1_base64="eSfwCE+fnclSVXXN7e4AtWUg4mo="></latexit>

2A� + 2A� ! R+R ! h(ind )
±



Conclusions (Part 2)

i) realization of inflation with an intermediate  field range                              and energy scale with 
  @ CMB scales.

<latexit sha1_base64="KceaOi8DVIxRizYxPHhdIPzCRsc=">AAAB+3icbVDLTsJAFL3FF+Kr4tLNRDBxI2lJfCyJblxiIo8EKpkOA0yYTuvM1Eia/oobFxrj1h9x5984QBcKnuQmJ+fcm3vv8SPOlHacbyu3srq2vpHfLGxt7+zu2fvFpgpjSWiDhDyUbR8rypmgDc00p+1IUhz4nLb88fXUbz1SqVgo7vQkol6Ah4INGMHaSD27WJaoq1hAH5Dr3CenZ2m5Z5ecijMDWiZuRkqQod6zv7r9kMQBFZpwrFTHdSLtJVhqRjhNC91Y0QiTMR7SjqECB1R5yez2FB0bpY8GoTQlNJqpvycSHCg1CXzTGWA9UoveVPzP68R6cOklTESxpoLMFw1ijnSIpkGgPpOUaD4xBBPJzK2IjLDERJu4CiYEd/HlZdKsVtzzinNbLdWusjjycAhHcAIuXEANbqAODSDwBM/wCm9War1Y79bHvDVnZTMH8AfW5w+58pLw</latexit>

r ' 10�5

<latexit sha1_base64="Fh25LlNW6G+MD/VAjHinN8k/imc=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgVpCQi6rKoCzdiBfuAJpTJ9KYdOpPEmYlQQn7Cjb/ixoUibgV3/o3Tx0JbD1w4nHMv997jx5wpbdvf1tz8wuLScm4lv7q2vrFZ2NquqyiRFGo04pFs+kQBZyHUNNMcmrEEInwODb9/MfQbDyAVi8I7PYjBE6QbsoBRoo3ULhy6l8A1wW7cY9hVTMA9dgXRPUp4epOVnAN83U5dKXDMs3ahaJftEfAscSakiCaotgtfbieiiYBQU06Uajl2rL2USM0ohyzvJgpiQvukCy1DQyJAeenoqwzvG6WDg0iaCjUeqb8nUiKUGgjfdA4PVtPeUPzPayU6OPNSFsaJhpCOFwUJxzrCw4hwh0mgmg8MIVQycyumPSIJ1SbIvAnBmX55ltSPys5J2b49LlbOJ3Hk0C7aQyXkoFNUQVeoimqIokf0jF7Rm/VkvVjv1se4dc6azOygP7A+fwAN+54g</latexit>

�� ' O(1)Mpl

“Roller-Coaster” Axion Gauge-Field dynamics: 

ii) presence of feature(s) in the potential leads to a pronounced peak (non-Gaussian) in the curvature 
perturbation that can lead to a significant population of PBHs. 

iii) This in turn generates an induced observable SGWB (@ LISA) that inherits the properties of the 
curvature perturbation such as its shape and non-Gaussianity. 

*Caprini et. al., arXiv:1906.09244, Flaguer et. al., arXiv: 2009.11845 (LISA Working Group)

 *Signal reconstruction methods developed for LISA can be used to distinguish GW  signal compared 
to other early universe mechanisms and astrophysical backgrounds.

 *Chirality of the SGWB at interferometers: a non-planar network of interferometers  *Smith & Caldwell, ‘17



Thank you !

European Structural and Investment Funds and the Czech Ministry of Education, Youth 
and Sports (Project CoGraDS-CZ.02.1.01/0.0/0.0/15003/0000437)



Single field slow-roll @ CMB 

<latexit sha1_base64="bYHE6K2cS0rEemB7Zt4oKkWKeLU=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmRoi6LblxWsA9oh5JJM21okhmSTKEM/RM3LhRx65+482/MtLPQ1gOXezjnXnJzwoQzbTzv2yltbG5t75R3K3v7B4dH7vFJW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp/7nSlVmsXyycwSGgg8kixiBBsrDVxXoT6nWmsmkFfzPH/gVvOeA60TvyBVKNAcuF/9YUxSQaUhHGvd873EBBlWhhFO55V+qmmCyQSPaM9SiQXVQba4fI4urDJEUaxsSYMW6u+NDAutZyK0kwKbsV71cvE/r5ea6DbImExSQyVZPhSlHJkY5TGgIVOUGD6zBBPF7K2IjLHCxNiwKjYEf/XL66R9VfOva/XHerVxV8RRhjM4h0vw4QYa8ABNaAGBKTzDK7w5mfPivDsfy9GSU+ycwh84nz+P3JJR</latexit>

r . 0.001 CMB S-4

LiteBIRDFuture bounds



(aH)�1
<latexit sha1_base64="KgT4OYCZzc2BsupzrzjGUA7TfDc=">AAAB8HicbZDLSgMxFIbP1Futt6obwU2wCHVhmenGLgtuuqxgL9KOJZNm2tAkMyQZoQ59CjcuFHHr47gTfBjTy0Jbfwh8/Occcs4fxJxp47pfTmZtfWNzK7ud29nd2z/IHx41dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG19N664EqzSJ5a8Yx9QUeSBYygo217oq4dnGfXnqTXr7gltyZ0Cp4CyhUTx6/warey392+xFJBJWGcKx1x3Nj46dYGUY4neS6iaYxJiM8oB2LEguq/XS28ASdW6ePwkjZJw2aub8nUiy0HovAdgpshnq5NjX/q3USE1b8lMk4MVSS+UdhwpGJ0PR61GeKEsPHFjBRzO6KyBArTIzNKGdD8JZPXoVmueRZvrFpVGCuLJzCGRTBgyuoQg3q0AACAp7gBV4d5Tw7b877vDXjLGaO4Y+cjx+yUpEi</latexit><latexit sha1_base64="TOyJvSS0wtRL75EviUUeGKs7ztw=">AAAB8HicbZDLSgMxFIbP1Ftbb1U3gptgEerCMuPGLotuuqxgL9KOJZOmbWiSGZKMUIeC7+DGhSJuXfoo7gQfxvSy0OoPgY//nEPO+YOIM21c99NJLS2vrK6lM9n1jc2t7dzObl2HsSK0RkIeqmaANeVM0pphhtNmpCgWAaeNYHgxqTduqdIslFdmFFFf4L5kPUawsdZ1AVeOb5ITb9zJ5d2iOxX6C94c8uX9u6/M/ft5tZP7aHdDEgsqDeFY65bnRsZPsDKMcDrOtmNNI0yGuE9bFiUWVPvJdOExOrJOF/VCZZ80aOr+nEiw0HokAtspsBnoxdrE/K/Wik2v5CdMRrGhksw+6sUcmRBNrkddpigxfGQBE8XsrogMsMLE2IyyNgRv8eS/UD8tepYvbRolmCkNB3AIBfDgDMpQgSrUgICAB3iCZ0c5j86L8zprTTnzmT34JeftG6++kp8=</latexit><latexit sha1_base64="TOyJvSS0wtRL75EviUUeGKs7ztw=">AAAB8HicbZDLSgMxFIbP1Ftbb1U3gptgEerCMuPGLotuuqxgL9KOJZOmbWiSGZKMUIeC7+DGhSJuXfoo7gQfxvSy0OoPgY//nEPO+YOIM21c99NJLS2vrK6lM9n1jc2t7dzObl2HsSK0RkIeqmaANeVM0pphhtNmpCgWAaeNYHgxqTduqdIslFdmFFFf4L5kPUawsdZ1AVeOb5ITb9zJ5d2iOxX6C94c8uX9u6/M/ft5tZP7aHdDEgsqDeFY65bnRsZPsDKMcDrOtmNNI0yGuE9bFiUWVPvJdOExOrJOF/VCZZ80aOr+nEiw0HokAtspsBnoxdrE/K/Wik2v5CdMRrGhksw+6sUcmRBNrkddpigxfGQBE8XsrogMsMLE2IyyNgRv8eS/UD8tepYvbRolmCkNB3AIBfDgDMpQgSrUgICAB3iCZ0c5j86L8zprTTnzmT34JeftG6++kp8=</latexit><latexit sha1_base64="LRYl7AZQfQmjO3O2E8IEIVFG5L0=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1IVlxo1dFtx0WcFepB1LJs20oUlmSDJCGfoUblwo4tbHcefbmGlnoa0/BD7+cw455w9izrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ShShbRLxSPUCrClnkrYNM5z2YkWxCDjtBtPbrN59okqzSN6bWUx9gceShYxgY62HKm5ePqZX3nxYrrg1dyG0Dl4OFcjVGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+RYkF1X66WHiOLqwzQmGk7JMGLdzfEykWWs9EYDsFNhO9WsvM/2r9xIR1P2UyTgyVZPlRmHBkIpRdj0ZMUWL4zAImitldEZlghYmxGZVsCN7qyevQua55lu/cSqOex1GEMziHKnhwAw1oQgvaQEDAM7zCm6OcF+fd+Vi2Fpx85hT+yPn8AW1Mj3Q=</latexit>

comoving scales
<latexit sha1_base64="BSUujDs0UZO6TebyVIN0FFOgcMQ=">AAAB/nicbZC7SgNBFIbPxluMt9VgZTMYAlZh18aUARvLCOYCSQizk0kyZC7LzGwgLBELX8TGQhFbn8POzkdxcik08YeBj/+cwznzRzFnxgbBl5fZ2Nza3snu5vb2Dw6P/OOTulGJJrRGFFe6GWFDOZO0ZpnltBlrikXEaSMaXc/qjTHVhil5Zycx7Qg8kKzPCLbO6vqnaVsLRJRQYyYH94ZgTs206xeCUjAXWodwCYVKvvj4DQDVrv/Z7imSCCot4diYVhjEtpNibRnhdJprJ4bGmIzwgLYcSiyo6aTz86eo6Jwe6ivtnrRo7v6eSLEwZiIi1ymwHZrV2sz8r9ZKbL/cSZmME0slWSzqJxxZhWZZoB7TlFg+cYCJZu5WRIZYY2JdYjkXQrj65XWoX5ZCx7cujTIslIUzOIcLCOEKKnADVagBgRSe4AVevQfv2Xvz3hetGW85k4c/8j5+AIb3l/k=</latexit><latexit sha1_base64="UJYhumjC7DUp/aKWNOsltnMi8As=">AAAB/nicbZC7SgNBFIZnvcZ4iwYrm8EQsAq7NqYM2FhGMBdIQpidnCRD5rLMzAbCErHwRWwsFLH1CXwAO30An8AHcHIpNPGHgY//nMM584cRZ8b6/oe3srq2vrGZ2kpv7+zu7WcODqtGxZpChSqudD0kBjiTULHMcqhHGogIOdTCwcWkXhuCNkzJazuKoCVIT7Iuo8Q6q505SppaYKqEGjLZuzGUcDDjdibnF/yp8DIEc8iVsvm777evz3I7897sKBoLkJZyYkwj8CPbSoi2jHIYp5uxgYjQAelBw6EkAkwrmZ4/xnnndHBXafekxVP390RChDEjEbpOQWzfLNYm5n+1Rmy7xVbCZBRbkHS2qBtzbBWeZIE7TAO1fOSAUM3crZj2iSbUusTSLoRg8cvLUD0rBI6vXBpFNFMKHaMTdIoCdI5K6BKVUQVRlKB79IievFvvwXv2XmatK958Jov+yHv9AQEDmpM=</latexit><latexit sha1_base64="UJYhumjC7DUp/aKWNOsltnMi8As=">AAAB/nicbZC7SgNBFIZnvcZ4iwYrm8EQsAq7NqYM2FhGMBdIQpidnCRD5rLMzAbCErHwRWwsFLH1CXwAO30An8AHcHIpNPGHgY//nMM584cRZ8b6/oe3srq2vrGZ2kpv7+zu7WcODqtGxZpChSqudD0kBjiTULHMcqhHGogIOdTCwcWkXhuCNkzJazuKoCVIT7Iuo8Q6q505SppaYKqEGjLZuzGUcDDjdibnF/yp8DIEc8iVsvm777evz3I7897sKBoLkJZyYkwj8CPbSoi2jHIYp5uxgYjQAelBw6EkAkwrmZ4/xnnndHBXafekxVP390RChDEjEbpOQWzfLNYm5n+1Rmy7xVbCZBRbkHS2qBtzbBWeZIE7TAO1fOSAUM3crZj2iSbUusTSLoRg8cvLUD0rBI6vXBpFNFMKHaMTdIoCdI5K6BKVUQVRlKB79IievFvvwXv2XmatK958Jov+yHv9AQEDmpM=</latexit><latexit sha1_base64="gD0CmM2CWpPkIGcsRiPMY7zKi7Y=">AAAB/nicbZC7SgNBFIbPxluMt6hY2QwGwSrs2pgyYGMZwVwgWcLsZDYZMpdlZjYQloivYmOhiK3PYefbOEm20MQfBj7+cw7nzB8lnBnr+99eYWNza3unuFva2z84PCofn7SMSjWhTaK40p0IG8qZpE3LLKedRFMsIk7b0fh2Xm9PqDZMyQc7TWgo8FCymBFsndUvn2U9LRBRQk2YHD4agjk1s3654lf9hdA6BDlUIFejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZV6qaEJJmM8pF2HEgtqwmxx/gxdOmeAYqXdkxYt3N8TGRbGTEXkOgW2I7Nam5v/1bqpjWthxmSSWirJclGccmQVmmeBBkxTYvnUASaauVsRGWGNiXWJlVwIweqX16F1XQ0c3/uVei2PowjncAFXEMAN1OEOGtAEAhk8wyu8eU/ei/fufSxbC14+cwp/5H3+AAUylh0=</latexit>

time
<latexit sha1_base64="HD6XN+KHhWWZ0T+4Xu+OiGw5uZ4=">AAAB8XicbZC7SgNBFIbPeo3xFrW0GQyCVdi1MZ0BG8so5oLJEmYnJ8mQmdllZlYIS97CxkIRW1/Ayoew822cXApN/GHg4//PYc45USK4sb7/7a2srq1vbOa28ts7u3v7hYPDuolTzbDGYhHrZkQNCq6wZrkV2Ew0UhkJbETDq0neeEBteKzu7CjBUNK+4j3OqHXWfdbWklgucdwpFP2SPxVZhmAOxcvPj1twqnYKX+1uzFKJyjJBjWkFfmLDjGrLmcBxvp0aTCgb0j62HCoq0YTZdOIxOXVOl/Ri7Z6yZOr+7sioNGYkI1cpqR2YxWxi/pe1UtsrhxlXSWpRsdlHvVQQG5PJ+qTLNTIrRg4o09zNStiAasqsO1LeHSFYXHkZ6uelwPGNX6yUYaYcHMMJnEEAF1CBa6hCDRgoeIRnePGM9+S9em+z0hVv3nMEf+S9/wBcLJLZ</latexit><latexit sha1_base64="g/3adt2G48lMHDDY1JsMJWtl43M=">AAAB8XicbZC7SgNBFIZnvcZ4i1oKMhgEK9m1MZ0BG8sEzAWTEGYnJ8ngzOwyc1YIS0rfwMZCEVtfIJUPYecz+BJOLoUm/jDw8f/nMOecMJbCou9/eUvLK6tr65mN7ObW9s5ubm+/aqPEcKjwSEamHjILUmiooEAJ9dgAU6GEWnh3Nc5r92CsiPQNDmJoKdbTois4Q2fdpk2jKAoFw3Yu75/5E9FFCGaQv/wYlb8fjkaldu6z2Yl4okAjl8zaRuDH2EqZQcElDLPNxELM+B3rQcOhZgpsK51MPKQnzunQbmTc00gn7u+OlClrByp0lYph385nY/O/rJFgt9BKhY4TBM2nH3UTSTGi4/VpRxjgKAcOGDfCzUp5nxnG0R0p644QzK+8CNXzs8Bx2c8XC2SqDDkkx+SUBOSCFMk1KZEK4USTR/JMXjzrPXmv3tu0dMmb9RyQP/LefwBmJ5Ue</latexit><latexit sha1_base64="g/3adt2G48lMHDDY1JsMJWtl43M=">AAAB8XicbZC7SgNBFIZnvcZ4i1oKMhgEK9m1MZ0BG8sEzAWTEGYnJ8ngzOwyc1YIS0rfwMZCEVtfIJUPYecz+BJOLoUm/jDw8f/nMOecMJbCou9/eUvLK6tr65mN7ObW9s5ubm+/aqPEcKjwSEamHjILUmiooEAJ9dgAU6GEWnh3Nc5r92CsiPQNDmJoKdbTois4Q2fdpk2jKAoFw3Yu75/5E9FFCGaQv/wYlb8fjkaldu6z2Yl4okAjl8zaRuDH2EqZQcElDLPNxELM+B3rQcOhZgpsK51MPKQnzunQbmTc00gn7u+OlClrByp0lYph385nY/O/rJFgt9BKhY4TBM2nH3UTSTGi4/VpRxjgKAcOGDfCzUp5nxnG0R0p644QzK+8CNXzs8Bx2c8XC2SqDDkkx+SUBOSCFMk1KZEK4USTR/JMXjzrPXmv3tu0dMmb9RyQP/LefwBmJ5Ue</latexit><latexit sha1_base64="eQnKat9rzLPdu1bc+fdcXuI1vlU=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInsquF3ssePFYwX5gu5Rsmm1Dk+ySzApl6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqkUFn3/29vY3Nre2S3tlfcPDo+OKyenbZtkhvEWS2RiuhG1XArNWyhQ8m5qOFWR5J1ocjuvd564sSLRDzhNeajoSItYMIrOesz7RhEUis8Glapf8xci6xAUUIVCzUHlqz9MWKa4Riaptb3ATzHMqUHBJJ+V+5nlKWUTOuI9h5oqbsN8sfGMXDpnSOLEuKeRLNzfEzlV1k5V5DoVxbFdrc3N/2q9DON6mAudZsg1W34UZ5JgQubnk6EwnKGcOqDMCLcrYWNqKEMXUtmFEKyevA7t61rg+N6vNupFHCU4hwu4ggBuoAF30IQWMNDwDK/w5lnvxXv3PpatG14xcwZ/5H3+AJ2fkNI=</latexit>

reheating
<latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit>

CMB
<latexit sha1_base64="hS2Qy0IN+wABVd8rBwPxFvBNN24=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSdxW7cCBXsRdqhZNJMG5pkhiQjlKFP4caCom59A1/DnW9jello6w+Bj/8/h5xzgpgzbVz328msrK6tb2Q3c1vbO7t7+f2Duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvBoDLJGw9UaRbJOzOMqS9wT7KQEWysdZ+2lUCVm6tRJ19wi+5UaBm8ORQuP8fjNwCodvJf7W5EEkGlIRxr3fLc2PgpVoYRTke5dqJpjMkA92jLosSCaj+dDjxCJ9bpojBS9kmDpu7vjhQLrYcisJUCm75ezCbmf1krMeGFnzIZJ4ZKMvsoTDgyEZpsj7pMUWL40AImitlZEeljhYmxN8rZI3iLKy9D/azoWb51C+VzmCkLR3AMp+BBCcpwDVWoAQEBj/AML45ynpxX531WmnHmPYfwR87HD+iIkrE=</latexit><latexit sha1_base64="dvsZmYRJWGWN/FttAsEaSsVyMBQ=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIujOYjduhAr2Iu1QMmmmDU0yQ5IRytCncKOiiFvfwNdw59uYabvQ1h8CH/9/DjnnBDFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYTXLm/dUaRbJWzOKqS9wX7KQEWysdZd2lEDV68txt1hyy+5EaBG8GZQuPp8yPde6xa9OLyKJoNIQjrVue25s/BQrwwin40In0TTGZIj7tG1RYkG1n04GHqMj6/RQGCn7pEET93dHioXWIxHYSoHNQM9nmflf1k5MeO6nTMaJoZJMPwoTjkyEsu1RjylKDB9ZwEQxOysiA6wwMfZGBXsEb37lRWiclD3LN26pcgpT5eEADuEYPDiDClxBDepAQMADvMCro5xH5815n5bmnFnPPvyR8/EDRdSUdg==</latexit><latexit sha1_base64="dvsZmYRJWGWN/FttAsEaSsVyMBQ=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIujOYjduhAr2Iu1QMmmmDU0yQ5IRytCncKOiiFvfwNdw59uYabvQ1h8CH/9/DjnnBDFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYTXLm/dUaRbJWzOKqS9wX7KQEWysdZd2lEDV68txt1hyy+5EaBG8GZQuPp8yPde6xa9OLyKJoNIQjrVue25s/BQrwwin40In0TTGZIj7tG1RYkG1n04GHqMj6/RQGCn7pEET93dHioXWIxHYSoHNQM9nmflf1k5MeO6nTMaJoZJMPwoTjkyEsu1RjylKDB9ZwEQxOysiA6wwMfZGBXsEb37lRWiclD3LN26pcgpT5eEADuEYPDiDClxBDepAQMADvMCro5xH5815n5bmnFnPPvyR8/EDRdSUdg==</latexit><latexit sha1_base64="UZAx08qOSlDBno09qLtLzNbPU5M=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy2I0boYK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjeuzevuJasOUfLCThIYCDyWLGcHWWY9ZTwtUv7uZ9ssVv+rPhVYhyKECuRr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7TqUWFATZvOFp+jMOQMUK+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTCappZIsPopTjqxCs+vRgGlKLJ84wEQztysiI6wxsS6jkgshWD55FVoX1cDxvV+pXeZxFOEETuEcAriCGtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7I+/wBI/mP5w==</latexit>

today
<latexit sha1_base64="FlgfRpy8INxH3/5BZXoquYOIri8=">AAAB8nicbVDLSgMxFL3js9ZHqy7dBIvgqsyIoDsLblxWsA9oh5LJZNrQPIYkIwxDP8ONC0Xc+jXu/AT/wvSx0NYDgcM595J7TpRyZqzvf3lr6xubW9ulnfLu3v5BpXp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E49up33mk2jAlH2ye0lDgoWQJI9g6qVf0tUBWxTifDKo1v+7PgFZJsCC1RuX7BgFAc1D97MeKZIJKSzg2phf4qQ0LrC0jnE7K/czQFJMxHtKeoxILasJidvIEnTklRonS7kmLZurvjQILY3IRuUmB7cgse1PxP6+X2eQ6LJhMM0slmX+UZNyFRNP8KGaaEstzRzDRzN2KyAhrTKxrqexKCJYjr5L2RT1w/N61cQlzlOAETuEcAriCBtxBE1pAQMETvMCrZ71n7817n4+ueYudY/gD7+MHmG+S4Q==</latexit><latexit sha1_base64="rnp3CMDbgNhTgJYMyzZ8cUHmMIA=">AAAB8nicbVDLSgMxFM3UVx0frbp0EyyCbsqMCLqzIILLCvYB06FkMpk2NI8hyQjD0M9w40IRt/6Bf+HOT/AvTB8LbT0QOJxzL7nnRCmj2njel1NaWV1b3yhvulvbO7uV6t5+W8tMYdLCkknVjZAmjArSMtQw0k0VQTxipBONrid+54EoTaW4N3lKQo4GgiYUI2OloOgpDo2MUT7uV2te3ZsCLhN/TmqNyvfVqftx0+xXP3uxxBknwmCGtA58LzVhgZShmJGx28s0SREeoQEJLBWIEx0W05PH8NgqMUyksk8YOFV/bxSIa53zyE5yZIZ60ZuI/3lBZpLLsKAizQwRePZRkjEbEk7yw5gqgg3LLUFYUXsrxEOkEDa2JdeW4C9GXibts7pv+Z1t4xzMUAaH4AicAB9cgAa4BU3QAhhI8AiewYtjnCfn1XmbjZac+c4B+APn/QcHxpP0</latexit><latexit sha1_base64="rnp3CMDbgNhTgJYMyzZ8cUHmMIA=">AAAB8nicbVDLSgMxFM3UVx0frbp0EyyCbsqMCLqzIILLCvYB06FkMpk2NI8hyQjD0M9w40IRt/6Bf+HOT/AvTB8LbT0QOJxzL7nnRCmj2njel1NaWV1b3yhvulvbO7uV6t5+W8tMYdLCkknVjZAmjArSMtQw0k0VQTxipBONrid+54EoTaW4N3lKQo4GgiYUI2OloOgpDo2MUT7uV2te3ZsCLhN/TmqNyvfVqftx0+xXP3uxxBknwmCGtA58LzVhgZShmJGx28s0SREeoQEJLBWIEx0W05PH8NgqMUyksk8YOFV/bxSIa53zyE5yZIZ60ZuI/3lBZpLLsKAizQwRePZRkjEbEk7yw5gqgg3LLUFYUXsrxEOkEDa2JdeW4C9GXibts7pv+Z1t4xzMUAaH4AicAB9cgAa4BU3QAhhI8AiewYtjnCfn1XmbjZac+c4B+APn/QcHxpP0</latexit><latexit sha1_base64="UtR0F7ZMPVg0RiVL0pKiKN9DGDo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7APaoWQymTY0jyHJCMPQz3DjQhG3fo07/8a0nYW2HggczrmX3HOilDNjff/bq2xsbm3vVHdre/sHh0f145OuUZkmtEMUV7ofYUM5k7RjmeW0n2qKRcRpL5rezf3eE9WGKflo85SGAo8lSxjB1kmDYqgFsirG+WxUb/hNfwG0ToKSNKBEe1T/GsaKZIJKSzg2ZhD4qQ0LrC0jnM5qw8zQFJMpHtOBoxILasJicfIMXTglRonS7kmLFurvjQILY3IRuUmB7cSsenPxP2+Q2eQ2LJhMM0slWX6UZNyFRPP8KGaaEstzRzDRzN2KyARrTKxrqeZKCFYjr5PuVTNw/MFvtK7LOqpwBudwCQHcQAvuoQ0dIKDgGV7hzbPei/fufSxHK165cwp/4H3+AHIrkUo=</latexit>

k�1
CMB

<latexit sha1_base64="+JVNKUMBVIIzAbvIcfqC3I6/ZzQ=">AAAB+XicbZDLSsNAFIZP6q3WW9SFCxcOFsGNJRFBl8Vu3AgV7AXaGCbTaTt0Mgkzk0IJeRMXulDErW/izkfwLZxeFtr6w8DHf87hnPmDmDOlHefLyi0tr6yu5dcLG5tb2zv27l5dRYkktEYiHslmgBXlTNCaZprTZiwpDgNOG8GgMq43hlQqFol7PYqpF+KeYF1GsDaWb9sDP23LEFVur7OH9MzNfLvolJyJ0CK4MyiWD76PngCg6tuf7U5EkpAKTThWquU6sfZSLDUjnGaFdqJojMkA92jLoMAhVV46uTxDJ8bpoG4kzRMaTdzfEykOlRqFgekMse6r+drY/K/WSnT3ykuZiBNNBZku6iYc6QiNY0AdJinRfGQAE8nMrYj0scREm7AKJgR3/suLUD8vuYbvTBoXMFUeDuEYTsGFSyjDDVShBgSG8Agv8Gql1rP1Zr1PW3PWbGYf/sj6+AE2lZTb</latexit><latexit sha1_base64="EBTrd7UpbMm8IxL5l12DKvTpOUA=">AAAB+XicbZC7SgNBFIZn4y3G26qFhYWDQbAx7IqgZTCNjRDBXCBZl9nJbDJkZnaZmQ2EZd/ExkIR27yJnY9gZ23l5FJo4g8DH/85h3PmD2JGlXacDyu3tLyyupZfL2xsbm3v2Lt7dRUlEpMajlgkmwFShFFBappqRpqxJIgHjDSCfmVcbwyIVDQS93oYE4+jrqAhxUgby7ftvp+2JYeV2+vsIT1zM98uOiVnIrgI7gyK5YPPo9E3/6r69nu7E+GEE6ExQ0q1XCfWXoqkppiRrNBOFIkR7qMuaRkUiBPlpZPLM3hinA4MI2me0HDi/p5IEVdqyAPTyZHuqfna2Pyv1kp0eOWlVMSJJgJPF4UJgzqC4xhgh0qCNRsaQFhScyvEPSQR1iasggnBnf/yItTPS67hO5PGBZgqDw7BMTgFLrgEZXADqqAGMBiAR/AMXqzUerJerbdpa86azeyDP7JGP3COl0U=</latexit><latexit sha1_base64="EBTrd7UpbMm8IxL5l12DKvTpOUA=">AAAB+XicbZC7SgNBFIZn4y3G26qFhYWDQbAx7IqgZTCNjRDBXCBZl9nJbDJkZnaZmQ2EZd/ExkIR27yJnY9gZ23l5FJo4g8DH/85h3PmD2JGlXacDyu3tLyyupZfL2xsbm3v2Lt7dRUlEpMajlgkmwFShFFBappqRpqxJIgHjDSCfmVcbwyIVDQS93oYE4+jrqAhxUgby7ftvp+2JYeV2+vsIT1zM98uOiVnIrgI7gyK5YPPo9E3/6r69nu7E+GEE6ExQ0q1XCfWXoqkppiRrNBOFIkR7qMuaRkUiBPlpZPLM3hinA4MI2me0HDi/p5IEVdqyAPTyZHuqfna2Pyv1kp0eOWlVMSJJgJPF4UJgzqC4xhgh0qCNRsaQFhScyvEPSQR1iasggnBnf/yItTPS67hO5PGBZgqDw7BMTgFLrgEZXADqqAGMBiAR/AMXqzUerJerbdpa86azeyDP7JGP3COl0U=</latexit><latexit sha1_base64="2VoMiALk+tLW+4WqJfTnlqu1DcM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuLEkIuiy2I0boYK9QBvDZDpph04mYWZSKCFv4saFIm59E3e+jdM2C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWDcmNU7EyoVi8WjnibUi/BQsJARrI3l2/bYz/oyQo372/wpu3Bz3646NWcutApuAVUo1PTtr/4gJmlEhSYcK9VznUR7GZaaEU7zSj9VNMFkjIe0Z1DgiCovm1+eozPjDFAYS/OERnP390SGI6WmUWA6I6xHark2M/+r9VId3ngZE0mqqSCLRWHKkY7RLAY0YJISzacGMJHM3IrICEtMtAmrYkJwl7+8Cu3Lmmv4wanWr4o4ynACp3AOLlxDHe6gCS0gMIFneIU3K7NerHfrY9FasoqZY/gj6/MHhIqS3A==</latexit>

�T �! h�T1 . . . �Tni
<latexit sha1_base64="3SWOfZd+Ggt8HN9IWCnUKqm6wU8=">AAACKXicbVBNSxxBEK3xI5qNSVbNzUsTETzJTAjE44IXjwquCjvLWtNbM9vY0z1010SWxb/jxb/iRUFRr/kj6d3VED8eNLx6r6q762WVVp7j+CGamZ2b/7Cw+LHxaenzl6/N5ZVDb2snqS2ttu44Q09aGWqzYk3HlSMsM01H2enO2D/6Tc4raw54WFG3xMKoXEnkIPWarbRPmlEciFRbUzhVDBids2ehRlNoevZ7Sdq37P+VJnUTv9dcj7fiCcRbkjyR9da3PD8BgL1e8yZcJOuSDEuN3neSuOLuCB0rqem8kdaeKpSnWFAnUIMl+e5osum52AhKX+TWhWNYTNT/J0ZYej8ss9BZIg/8a28svud1as63uyNlqprJyOlDea0FWzGOTfSVI8l6GAhKp8JfhRygQ8kh3EYIIXm98lty+GMrCXw/pPETpliENfgOm5DAL2jBLuxBGyRcwBXcwl10GV1H99HjtHUmeppZhReI/vwFhHyo0w==</latexit><latexit sha1_base64="VjzfLMw4IHbbvg2xULqCh9zEh0E=">AAACKXicbVBNSyNBEO1x/YxfWfXmpVEETzIjgh4DXvaokEQhE0JNp2bS2NM9dNfsEkL+jhf/iheFXVav/hE7ExW/HjS8eq+qu+slhZKOwvAhmPkxOze/sLhUW15ZXVuv/9xoO1NagS1hlLGXCThUUmOLJCm8LCxCnii8SK5OJ/7Fb7ROGt2kYYHdHDItUymAvNSrN+I+KgLe5LEyOrMyGxBYa/74GnSm8NXvRXHfkHsrdWwrv1ffDQ/CCvwriV7IbmMrrXDWq9/7i0SZoyahwLlOFBbUHYElKRSOa3HpsABxBRl2PNWQo+uOqk3HfM8rfZ4a648mXqnvJ0aQOzfME9+ZAw3cZ28ifud1SkpPuiOpi5JQi+lDaak4GT6JjfelRUFq6AkIK/1fuRiABUE+3JoPIfq88lfSPjyIPD/3aRyxKRbZNtth+yxix6zBfrEz1mKCXbNb9pf9C26Cu+B/8DhtnQleZjbZBwRPzyV2qgs=</latexit><latexit sha1_base64="VjzfLMw4IHbbvg2xULqCh9zEh0E=">AAACKXicbVBNSyNBEO1x/YxfWfXmpVEETzIjgh4DXvaokEQhE0JNp2bS2NM9dNfsEkL+jhf/iheFXVav/hE7ExW/HjS8eq+qu+slhZKOwvAhmPkxOze/sLhUW15ZXVuv/9xoO1NagS1hlLGXCThUUmOLJCm8LCxCnii8SK5OJ/7Fb7ROGt2kYYHdHDItUymAvNSrN+I+KgLe5LEyOrMyGxBYa/74GnSm8NXvRXHfkHsrdWwrv1ffDQ/CCvwriV7IbmMrrXDWq9/7i0SZoyahwLlOFBbUHYElKRSOa3HpsABxBRl2PNWQo+uOqk3HfM8rfZ4a648mXqnvJ0aQOzfME9+ZAw3cZ28ifud1SkpPuiOpi5JQi+lDaak4GT6JjfelRUFq6AkIK/1fuRiABUE+3JoPIfq88lfSPjyIPD/3aRyxKRbZNtth+yxix6zBfrEz1mKCXbNb9pf9C26Cu+B/8DhtnQleZjbZBwRPzyV2qgs=</latexit><latexit sha1_base64="bTE0xuh4lLgaeLQGDDDQKmfdKDY=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+BKZkTQZcGNSwVrhU4pd9LbaTCTDMkdpZT+jht/xY2Com79EdOH4utA4Nxz7k1yT5Ir6SgMX4Op6ZnZufmFxdLS8srqWnl948KZwgqsCaOMvUzAoZIaayRJ4WVuEbJEYT25Oh769Wu0Thp9Tr0cmxmkWnakAPJSq1yN26gI+DmPldGplWmXwFpz42vQqcJPvxXFbUPuq9SxHfmtciXcC0fgf0k0IRU2wWmr/OgvEkWGmoQC5xpRmFOzD5akUDgoxYXDHMQVpNjwVEOGrtkfbTrgO15p846x/mjiI/X7RB8y53pZ4jszoK777Q3F/7xGQZ2jZl/qvCDUYvxQp1CcDB/GxtvSoiDV8wSElf6vXHTBgiAfbsmHEP1e+S+52N+LPD8LK9WDSRwLbItts10WsUNWZSfslNWYYLfsnj2x5+AueAhegrdx61QwmdlkPxC8fwB98KdT</latexit>

superhorizon
<latexit sha1_base64="h/UzmtBmB3ByYHcCFqvDPcPN3n0=">AAAB+3icbZDLSgMxFIbP1Futl4516SZYBFdlRgTdWXDjsoK9QDuUTJppQzPJkGTEOsyruHGhiFtfxJ2P4FuYXhba+kPg4z/ncE7+MOFMG8/7cgpr6xubW8Xt0s7u3n7ZPai0tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPx9bTevqdKMynuzCShQYyHgkWMYGOtvlvJeipGOk2oGknFHqXI+27Vq3kzoVXwF1Ctl7+vEAA0+u5nbyBJGlNhCMdad30vMUGGlWGE07zUSzVNMBnjIe1aFDimOshmt+foxDoDFEllnzBo5v6eyHCs9SQObWeMzUgv16bmf7VuaqLLIGMiSQ0VZL4oSjkyEk2DQAOmKDF8YgETxeytiIywwsTYuEo2BH/5y6vQOqv5lm9tGucwVxGO4BhOwYcLqMMNNKAJBB7gCV7g1cmdZ+fNeZ+3FpzFzCH8kfPxA+sOlm8=</latexit><latexit sha1_base64="2Xjdzqq/ScBdlUaJZbIC25rzcIg=">AAAB+3icbZDLSgMxFIYzXut46ViXboJF0E2ZEUF3FkRwWcFeoB1KJs20obkMSUasw7yKGxeKuHXlW7jzEXwL08tCW38IfPznHM7JHyWMauP7X87S8srq2nphw93c2t4perulhpapwqSOJZOqFSFNGBWkbqhhpJUognjESDMaXo7rzTuiNJXi1owSEnLUFzSmGBlrdb1S1lEc6jQhaiAVfZAi73plv+JPBBchmEG5Wvy+OHY/rmpd77PTkzjlRBjMkNbtwE9MmCFlKGYkdzupJgnCQ9QnbYsCcaLDbHJ7Dg+t04OxVPYJAyfu74kMca1HPLKdHJmBnq+Nzf9q7dTE52FGRZIaIvB0UZwyaCQcBwF7VBFs2MgCworaWyEeIIWwsXG5NoRg/suL0DipBJZvbBqnYKoC2AcH4AgE4AxUwTWogTrA4B48gmfw4uTOk/PqvE1bl5zZzB74I+f9B1pll4I=</latexit><latexit sha1_base64="2Xjdzqq/ScBdlUaJZbIC25rzcIg=">AAAB+3icbZDLSgMxFIYzXut46ViXboJF0E2ZEUF3FkRwWcFeoB1KJs20obkMSUasw7yKGxeKuHXlW7jzEXwL08tCW38IfPznHM7JHyWMauP7X87S8srq2nphw93c2t4perulhpapwqSOJZOqFSFNGBWkbqhhpJUognjESDMaXo7rzTuiNJXi1owSEnLUFzSmGBlrdb1S1lEc6jQhaiAVfZAi73plv+JPBBchmEG5Wvy+OHY/rmpd77PTkzjlRBjMkNbtwE9MmCFlKGYkdzupJgnCQ9QnbYsCcaLDbHJ7Dg+t04OxVPYJAyfu74kMca1HPLKdHJmBnq+Nzf9q7dTE52FGRZIaIvB0UZwyaCQcBwF7VBFs2MgCworaWyEeIIWwsXG5NoRg/suL0DipBJZvbBqnYKoC2AcH4AgE4AxUwTWogTrA4B48gmfw4uTOk/PqvE1bl5zZzB74I+f9B1pll4I=</latexit><latexit sha1_base64="9yfRi31p7QiRdThtvwDlHxplX6M=">AAAB+3icbZDLSgMxFIbPeK31VuvSTbAIrsqMCLosuHFZwV6gHUomzbShuQxJRqzDvIobF4q49UXc+Tam7Sy09YfAx3/O4Zz8UcKZsb7/7a2tb2xubZd2yrt7+weHlaNq26hUE9oiiivdjbChnEnassxy2k00xSLitBNNbmb1zgPVhil5b6cJDQUeSRYzgq2zBpVq1tcCmTSheqw0e1IyH1Rqft2fC61CUEANCjUHla/+UJFUUGkJx8b0Aj+xYYa1ZYTTvNxPDU0wmeAR7TmUWFATZvPbc3TmnCGKlXZPWjR3f09kWBgzFZHrFNiOzXJtZv5X66U2vg4zJpPUUkkWi+KUI6vQLAg0ZJoSy6cOMNHM3YrIGGtMrIur7EIIlr+8Cu2LeuD4zq81Los4SnACp3AOAVxBA26hCS0g8AjP8ApvXu69eO/ex6J1zStmjuGPvM8fxMqU2A==</latexit>

Cosmological collider (Inflationary universe)
<latexit sha1_base64="1H7e/e8WyIeaXuB7ODdBU5lqCNA="></latexit>

ds2 = �dt2 + a2(t)
⇥
e�2R �ij + hij

⇤
dxidxj

<latexit sha1_base64="EoHtCWMym7L5Uu1M84NCPvzi6fg=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEgdqihBFTBWsDAWRB9SG0WO67SmjhNsB6mK8gss/AoLAwixsrHxNzhtBmg5lqWjc+7Vvff4MaNS2fa3sbS8srq2Xtoob25t7+yae/ttGSUCkxaOWCS6PpKEUU5aiipGurEgKPQZ6fjjy9zvPBAhacRv1SQmboiGnAYUI6Ulz6z2Q6RGGLH0JqvBkZfSu6xf00/SkNznDOKIS2V5ZsW27CngInEKUgEFmp751R9EOAkJV5ghKXuOHSs3RUJRzEhW7ieSxAiP0ZD0NOUoJNJNpxdl8FgrAxhEQn+u4FT93ZGiUMpJ6OvKfH857+Xif14vUcG5m1IeJ4pwPBsUJAyqCObxwAEVBCs20QRhQfWuEI+QQFjpEMs6BGf+5EXSPrGcU6t+Xa80Loo4SuAQHIEqcMAZaIAr0AQtgMEjeAav4M14Ml6Md+NjVrpkFD0H4A+Mzx9VWZyy</latexit>

R, hij ' const.

<latexit sha1_base64="6XE9fVffTofCLvFuGHP1GTiL6AQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKjz0VEU1RoOqXK27VnYOsEi8nFcjR6Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1VGLEtJ/NL56SM6sMSBgrW9KQufp7IsNI60kU2M4IzUgvezPxP6+bmvDaz7hMUsMkXSwKU0FMTGbvkwFXjBoxsQSp4vZWQkeokBobUsmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCZQkPAMr/DmaOfFeXc+Fq0FJ585hj9wPn8AWW6QuA==</latexit>

scalar
<latexit sha1_base64="KtSDZ0eGMT7tiQJxXRmZeG/J2LM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ae2Q8mkmTY0jyHJCGXoX7hxoYhb/8adf2PazkJbDwQO59xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlHywk4SGAg8lixnB1kmPPS2QpdIo3S9X/Ko/B1olQU4qkKPRL3/1BoqkgkpLODamG/iJDTOsLSOcTku91NAEkzEe0q6jEgtqwmx+8RSdOWWAYqXdkxbN1d8bGRbGTETkJgW2I7PszcT/vG5q4+swYzJJXSyy+ChOObIKzeKjAdOUWD5xBBPN3K2IjLDGxLqSSq6EYDnyKmldVIPLau2+Vqnf5HUU4QRO4RwCuII63EEDmkBAwjO8wptnvBfv3ftYjBa8fOcY/sD7/AGR0pDd</latexit>

tensor

<latexit sha1_base64="Tz4FD/2xiuYXTn5w0av33MHA6P8=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFN7qrYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YTmehrQcunJxzL7n3BDFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8e3cb0+o0iySj2YaU1/goWQhI9hYye8pge5lyLNXv1xxq24GtEq8nFQgR6Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6K/USTWNMxnhIu5ZKLKj202zpGTqzygCFkbIlDcrU3xMpFlpPRWA7BTYjvezNxf+8bmLCaz9lMk4MlWTxUZhwZCI0TwANmKLE8KklmChmd0VkhBUmxuZUsiF4yyevktZF1bus1h5qlfpNHkcRTuAUzsGDK6jDHTSgCQSe4Ble4c2ZOC/Ou/OxaC04+cwx/IHz+QOeAZIE</latexit>

Inflation <latexit sha1_base64="/tz5klZseyMxrxs3csxb8/VzVXU=">AAAB/HicbVBPS8MwHE39O+e/6o5egkPwIKOVoR6HevAiTLHbYCsjzdItLElLkgqlzK/ixYMiXv0g3vw2plsPuvkg4fHe75FfXhAzqrTjfFtLyyura+uljfLm1vbOrr2331JRIjHxcMQi2QmQIowK4mmqGenEkiAeMNIOxle5334kUtFIPOg0Jj5HQ0FDipE2Ut+u9CSH99feCbzNr94g0qpvV52aMwVcJG5BqqBAs29/mRxOOBEaM6RU13Vi7WdIaooZmZR7iSIxwmM0JF1DBeJE+dl0+Qk8MsoAhpE0R2g4VX8nMsSVSnlgJjnSIzXv5eJ/XjfR4YWfUREnmgg8eyhMGNQRzJuAAyoJ1iw1BGFJza4Qj5BEWJu+yqYEd/7Li6R1WnPPavW7erVxWdRRAgfgEBwDF5yDBrgBTeABDFLwDF7Bm/VkvVjv1sdsdMkqMhXwB9bnD1ZWk0w=</latexit>

RDU,MDU, . . .

<latexit sha1_base64="U03zkkzqJt3QMkzPY+nIZZpucLc=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARBKHMSFGXpW5cVrAX6AxDJk3b0ExmSM4oZehDuPFV3LhQxK0Ld76NaTsLbf0h8PGfc5KcP0wE1+A431ZhZXVtfaO4Wdra3tnds/cPWjpOFWVNGotYdUKimeCSNYGDYJ1EMRKFgrXD0fW03r5nSvNY3sE4YX5EBpL3OSVgrMA+q2NP8cEQiFLxA/YEkQPBcD1wsdeLQRuSnpqbgV12Ks5MeBncHMooVyOwv8wdNI2YBCqI1l3XScDPiAJOBZuUvFSzhNARGbCuQUkipv1sttQEnxinh/uxMkcCnrm/JzISaT2OQtMZERjqxdrU/K/WTaF/5WdcJikwSecP9VOBIcbThHCPK0ZBjA0Qqrj5K6ZDoggFk2PJhOAurrwMrfOKe1Gp3lbLtXoeRxEdoWN0ilx0iWroBjVQE1H0iJ7RK3qznqwX6936mLcWrHzmEP2R9fkDJ0adpA==</latexit>

B ! hB1 . . . Bni



Observable GWs at CMB scales (non-vacuum)

arXiv: 2005.10280-O.Ö

<latexit sha1_base64="89Ach6hR6Rl7niH2WR7Jr6uaxlU=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtpiQi1Y1QdOOygn1AE8NkOm2HzkzCzKRQQr7Bjb/ixoUibl2582+ctllo64ELh3Pu5d57wphRpR3n21pZXVvf2CxsFbd3dvf27YPDlooSiUkTRyySnRApwqggTU01I51YEsRDRtrh6Gbqt8dEKhqJez2Jic/RQNA+xUgbKbArMkg9yeEY4QxeQbfmkVhRZiwvHlLoMQblQ1pWlSywS07VmQEuEzcnJZCjEdhfXi/CCSdCY4aU6rpOrP0USU0xI1nRSxSJER6hAekaKhAnyk9nL2Xw1Cg92I+kKaHhTP09kSKu1ISHppMjPVSL3lT8z+smun/pp1TEiSYCzxf1EwZ1BKf5wB6VBGs2MQRhSc2tEA+RRFibFIsmBHfx5WXSOqu6tapzd16qX+dxFMAxOAFl4IILUAe3oAGaAINH8AxewZv1ZL1Y79bHvHXFymeOwB9Ynz+2N5ze</latexit>

rvac = 16✏� ⌧ r(s)

<latexit sha1_base64="w5lRY8QPCdEpEPHft8454njieeY=">AAACA3icbVC7SgNBFJ2Nrxhfq3baDCaChSy7KdRGCNpYRjEPSEKYncwmQ2Znlpm7QggBG3/FxkIRW3/Czr9x8ig08cCFwzn3cu89YSK4Ad//djJLyyura9n13Mbm1vaOu7tXNSrVlFWoEkrXQ2KY4JJVgINg9UQzEoeC1cL+9divPTBtuJL3MEhYKyZdySNOCVip7R4oiaHHsPZ6nsEqwoW7NuBLHBRO227e9/wJ8CIJZiSPZii33a9mR9E0ZhKoIMY0Aj+B1pBo4FSwUa6ZGpYQ2idd1rBUkpiZ1nDywwgfW6WDI6VtScAT9ffEkMTGDOLQdsYEembeG4v/eY0UoovWkMskBSbpdFGUCgwKjwPBHa4ZBTGwhFDN7a2Y9ogmFGxsORtCMP/yIqkWveDM82+L+dLVLI4sOkRH6AQF6ByV0A0qowqi6BE9o1f05jw5L8678zFtzTizmX30B87nD+FglRU=</latexit>

on the r.h.s of Rt = 1,



Energy density in the gauge fields (transient roll)

⇢A
✏�⇢�
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◆

<latexit sha1_base64="TcT6DxQYx7djveHFVWl5dKYh9UY="></latexit>

✓ IR safe mechanism!
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Energy density per mode (transient roll)
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<latexit sha1_base64="w6m5EuOlXRn6usz5njWM7h3Ch7A="></latexit>



Constraints on Model building

⇢A =
1

2
h ~E2 + ~B2i ⌧ �̇2

⇤
2

<latexit sha1_base64="RtlhclDZkZnrUyo3EpFEAjKNjHY="></latexit>

Perturbativity:

Back-reaction:

* M. Peloso, L. Sorbo, C. Ünal, arXiv: 1606.00459 



Backreaction and perturbativity limits (spectator)

<latexit sha1_base64="HX5i4YKcAy9MZVlDdwWf4sJuNAQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCq2GmlOpGKLrpsoJ9QDsdMmnahiaZIckIdSj+ihsXirj1P9z5N6btLLT1wIXDOfdy7z1hzKjSrvtt5dbWNza38tuFnd29/QP78KipokRi0sARi2Q7RIowKkhDU81IO5YE8ZCRVji+nfmtByIVjcS9nsTE52go6IBipI0U2Cc86Co65KhXgtfQdSqw1isFdtF13DngKvEyUgQZ6oH91e1HOOFEaMyQUh3PjbWfIqkpZmRa6CaKxAiP0ZB0DBWIE+Wn8+un8NwofTiIpCmh4Vz9PZEirtSEh6aTIz1Sy95M/M/rJHpw5adUxIkmAi8WDRIGdQRnUcA+lQRrNjEEYUnNrRCPkERYm8AKJgRv+eVV0iw5XsUp35WL1Zssjjw4BWfgAnjgElRBDdRBA2DwCJ7BK3iznqwX6936WLTmrGzmGPyB9fkDfNaTTg==</latexit>

m
2
� = 0.6H2

<latexit sha1_base64="q2NWbtwe/ujsh1U5aqJDjWsQTCs=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCq2GmFB8Loeimywr2Ae10yKSZNjTJDElGqKX4K25cKOLW/3Dn35i2s9DWAxcO59zLvfeECaNKu+63lVtZXVvfyG8WtrZ3dvfs/YOGilOJSR3HLJatECnCqCB1TTUjrUQSxENGmuHwduo3H4hUNBb3epQQn6O+oBHFSBspsI940FG0z1G3BK+h61zBarcU2EXXcWeAy8TLSBFkqAX2V6cX45QToTFDSrU9N9H+GElNMSOTQidVJEF4iPqkbahAnCh/PLt+Ak+N0oNRLE0JDWfq74kx4kqNeGg6OdIDtehNxf+8dqqjS39MRZJqIvB8UZQyqGM4jQL2qCRYs5EhCEtqboV4gCTC2gRWMCF4iy8vk0bJ8c6d8l25WLnJ4siDY3ACzoAHLkAFVEEN1AEGj+AZvII368l6sd6tj3lrzspmDsEfWJ8/gW6TUQ==</latexit>

m
2
� = 0.9H2

<latexit sha1_base64="39AonFd9RGl9A/pLvrkfszs1Xyo="></latexit>

�Lint =
�

4f
[�̄ + ��]FF̃



Constraints on Model building
Running @CMB scales:

<latexit sha1_base64="iGl5Jo37C5PrQsdFIoI9Bwseb4A=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4GjKtaJdFN90IFewDOtOSSdM2NJkZkoxQhvkAN/6KGxeKuPUD3Pk3pu2AWj0QOJxzLjf3+BFnSiP0aeVWVtfWN/Kbha3tnd294v5BS4WxJLRJQh7Kjo8V5SygTc00p51IUix8Ttv+5Grmt++oVCwMbvU0op7Ao4ANGcHaSP1iyZXjsJ+4io0ETqHLOazUe2V4bTQpYMTTXtmkkF11Kg5CENlojm/iZKQEMjT6xQ93EJJY0EATjpXqOijSXoKlZoTTtODGikaYTPCIdg0NsKDKS+bHpPDEKAM4DKV5gYZz9edEgoVSU+GbpMB6rJa9mfif1431sOolLIhiTQOyWDSMOdQhnDUDB0xSovnUEEwkM3+FZIwlJtr0VzAlOMsn/yWtsu2c2+jmrFS7zOrIgyNwDE6BAy5ADdRBAzQBAffgETyDF+vBerJerbdFNGdlM4fgF6z3L2Xumo4=</latexit>

⇢� ⌧ 3H2
M

2
pl @sub-CMB scales:

Summary of upper bounds: 



Observable GWs at interferometers (non-vacuum)

✓ Consider a scenario where spectator

     traverses multiple wiggles in its pot.�

<latexit sha1_base64="yEI9CNkiA+u8nrMwt4FZ6Q4Q2rM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXr+1qlfpPHUYQTOIVzCOAS6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oD+PLw==</latexit>

✓ Tune model parameters such that

       is maximal during the time(s)

where scales associated with spatial

and ground based interferometers exit

the horizon

|�̇|

<latexit sha1_base64="EIQsY1I+FyBtyiG9HFXQJuIicQc=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjgrorunFZwT6gHUomzbShSWZI7gh12i9x40IRt36KO//GtJ2Fth64cDjn3uTeEyaCG/C8b6ewtr6xuVXcLu3s7u2X3YPDpolTTVmDxiLW7ZAYJrhiDeAgWDvRjMhQsFY4up35rUemDY/VA4wTFkgyUDzilICVem550u3HkHUNH0gyneCeW/Gq3hx4lfg5qaAc9Z77ZR+gqWQKqCDGdHwvgSAjGjgVbFrqpoYlhI7IgHUsVUQyE2Tzxaf41Cp9HMXalgI8V39PZEQaM5ah7ZQEhmbZm4n/eZ0Uoqsg4ypJgSm6+ChKBYYYz1LAfa4ZBTG2hFDN7a6YDokmFGxWJRuCv3zyKmmeV/2L6vX9RaV2k8dRRMfoBJ0hH12iGrpDddRAFKXoGb2iN+fJeXHenY9Fa8HJZ47QHzifPybfk20=</latexit>

N (1)
⇤ = 44

<latexit sha1_base64="Lc139DNPMus/Hz9Z0VOAK/oUJA0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUDyWRgHoQil48SQX7AW1aNttNu3SzCbsbpYT+Dy8eFPHqf/Hmv3Hb5qCtDwYe780wM8+POVPatr+tpeWV1bX13EZ+c2t7Z7ewt19XUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+8mfiNRyoVi8SDHsXUC3FfsIARrI3UueukJedk3D1FV8h1u4WiXbanQIvEyUgRMlS7ha92LyJJSIUmHCvVcuxYeymWmhFOx/l2omiMyRD3actQgUOqvHR69RgdG6WHgkiaEhpN1d8TKQ6VGoW+6QyxHqh5byL+57USHVx4KRNxoqkgs0VBwpGO0CQC1GOSEs1HhmAimbkVkQGWmGgTVN6E4My/vEjqZ2XHLV/eu8XKdRZHDg7hCErgwDlU4BaqUAMCEp7hFd6sJ+vFerc+Zq1LVjZzAH9gff4Am3yQpg==</latexit>

N (2)
⇤ = 30

<latexit sha1_base64="1AaoCqqgeZ8eGD+eGNINSpmQGOs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUDyWpBfUgFL14kgr2A9q0bLabdulmE3Y3Sgn9H148KOLV/+LNf+O2zUFbHww83pthZp4Xcaa0bX9bS8srq2vrmY3s5tb2zm5ub7+uwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW94M/Ebj1QqFooHPYqoG+C+YD4jWBupc9dJCqWTcfcUXaEzu5vL20V7CrRInJTkIUW1m/tq90ISB1RowrFSLceOtJtgqRnhdJxtx4pGmAxxn7YMFTigyk2mV4/RsVF6yA+lKaHRVP09keBAqVHgmc4A64Ga9ybif14r1v6FmzARxZoKMlvkxxzpEE0iQD0mKdF8ZAgmkplbERlgiYk2QWVNCM78y4ukXio65eLlfTlfuU7jyMAhHEEBHDiHCtxCFWpAQMIzvMKb9WS9WO/Wx6x1yUpnDuAPrM8flXSQog==</latexit>

N (2)
⇤ = 22

<latexit sha1_base64="Pn5+sjvvwCsO53Urr3R417QPWs8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBaheihJKKgHoejFk1SwH9CmZbPdtks3m7C7UUro//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/P8iDOlbfvbyqysrq1vZDdzW9s7u3v5/YO6CmNJaI2EPJRNHyvKmaA1zTSnzUhSHPicNvzRzdRvPFKpWCge9DiiXoAHgvUZwdpInbtOUnRPJ90zdIVct5sv2CV7BrRMnJQUIEW1m/9q90ISB1RowrFSLceOtJdgqRnhdJJrx4pGmIzwgLYMFTigyktmV0/QiVF6qB9KU0Kjmfp7IsGBUuPAN50B1kO16E3F/7xWrPsXXsJEFGsqyHxRP+ZIh2gaAeoxSYnmY0MwkczcisgQS0y0CSpnQnAWX14mdbfklEuX9+VC5TqNIwtHcAxFcOAcKnALVagBAQnP8Apv1pP1Yr1bH/PWjJXOHMIfWJ8/lveQow==</latexit>

N (1)
⇤ = 44

<latexit sha1_base64="Lc139DNPMus/Hz9Z0VOAK/oUJA0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUDyWRgHoQil48SQX7AW1aNttNu3SzCbsbpYT+Dy8eFPHqf/Hmv3Hb5qCtDwYe780wM8+POVPatr+tpeWV1bX13EZ+c2t7Z7ewt19XUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+8mfiNRyoVi8SDHsXUC3FfsIARrI3UueukJedk3D1FV8h1u4WiXbanQIvEyUgRMlS7ha92LyJJSIUmHCvVcuxYeymWmhFOx/l2omiMyRD3actQgUOqvHR69RgdG6WHgkiaEhpN1d8TKQ6VGoW+6QyxHqh5byL+57USHVx4KRNxoqkgs0VBwpGO0CQC1GOSEs1HhmAimbkVkQGWmGgTVN6E4My/vEjqZ2XHLV/eu8XKdRZHDg7hCErgwDlU4BaqUAMCEp7hFd6sJ+vFerc+Zq1LVjZzAH9gff4Am3yQpg==</latexit>

(PTA-SKA) —— (LISA) (PTA-SKA) —— (AdvLIGO)



� *
(1) = 6.23

N *
(1) = 44

� *
(2) = 6.23

N *
(2) = 30

PBH limit
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Spectator axion model (PBH production)

Signal is sensitive to V�(�)

<latexit sha1_base64="jYzY1UXI1yHw2chEAi6MBaz9THA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmkoO6KblxWsA9oQ5hMJ+3QmSTMTMQS8ituXCji1h9x5984bbPQ1gOXezjnXubOCRLOlHacb2ttfWNza7u0U97d2z84tI8qHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk9uZ332kUrE4etDThHoCjyIWMoK1kXy70vGzgWIjgfPaop/7dtWpO3OgVeIWpAoFWr79NRjGJBU00oRjpfquk2gvw1IzwmleHqSKJphM8Ij2DY2woMrL5rfn6MwoQxTG0lSk0Vz9vZFhodRUBGZSYD1Wy95M/M/rpzq88jIWJammEVk8FKYc6RjNgkBDJinRfGoIJpKZWxEZY4mJNnGVTQju8pdXSeei7jbq1/eNavOmiKMEJ3AKNXDhEppwBy1oA4EneIZXeLNy68V6tz4Wo2tWsXMMf2B9/gC825RD</latexit>

<latexit sha1_base64="wRoFGB9UpgLT5ugK2hywgArP43c="></latexit>

& � =
⇤4

µ3f
. 1

<latexit sha1_base64="gQcj3scuh+o0N+79OcVROJ0iuU4="></latexit>

Lmp
�g

= �1

2
(@�)2 � V�(�)�

1

2
(@�)2 � V�(�)�

1

4
Fµ⌫F

µ⌫ � ↵c

4f
� Fµ⌫ F̃

µ⌫

arXiv: 2005.10280-O.Ö



PTA

SKA

LISA

aLIGO

� *
(1) = 6.23

N *
(1) = 44

� *
(2) = 6.23

N *
(2) = 30
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Spectator model (GWs @ interferometers)

Signal is sensitive to V�(�)

<latexit sha1_base64="jYzY1UXI1yHw2chEAi6MBaz9THA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmkoO6KblxWsA9oQ5hMJ+3QmSTMTMQS8ituXCji1h9x5984bbPQ1gOXezjnXubOCRLOlHacb2ttfWNza7u0U97d2z84tI8qHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk9uZ332kUrE4etDThHoCjyIWMoK1kXy70vGzgWIjgfPaop/7dtWpO3OgVeIWpAoFWr79NRjGJBU00oRjpfquk2gvw1IzwmleHqSKJphM8Ij2DY2woMrL5rfn6MwoQxTG0lSk0Vz9vZFhodRUBGZSYD1Wy95M/M/rpzq88jIWJammEVk8FKYc6RjNgkBDJinRfGoIJpKZWxEZY4mJNnGVTQju8pdXSeei7jbq1/eNavOmiKMEJ3AKNXDhEppwBy1oA4EneIZXeLNy68V6tz4Wo2tWsXMMf2B9/gC825RD</latexit>

<latexit sha1_base64="wRoFGB9UpgLT5ugK2hywgArP43c="></latexit>

& � =
⇤4

µ3f
. 1

<latexit sha1_base64="gQcj3scuh+o0N+79OcVROJ0iuU4="></latexit>

Lmp
�g
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2
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1

2
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1

4
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arXiv: 2005.10280-O.Ö



Summary of Model Buiding Constraints



Full expression for curvature perturbation
<latexit sha1_base64="j0DIXl9oFMLEUiVqZp8ZEU4gMhA="></latexit>

R(⌧,~k) =
H

a

⇣
�̇2 + �̇2

⌘
⇣
�̇Q� + �̇Q� � a�q(AA)(⌧,~k)

⌘

<latexit sha1_base64="iiggKtwRg9/nDoqPflHBszaWHRc="></latexit>

�q(AA)(⌧,~k) = �a
ik̂i
k
✏ijk

Z
d3q

(2⇡)3/2
Ej(⌧,~k � ~q)Bk(⌧, ~q)

Direct contribution from gauge fields: 

<latexit sha1_base64="q7Y7HuyCgnyaiuFI/xRfNNEheLc="></latexit>

PR(AA)
(k) =

h
✏�P(v)

R

i2 ✓⌧end
⌧⇤

◆6

f2,R(AA)

✓
⇠⇤,

k

k⇤
, �

◆
Check if it can contribute significantly to the correlators: 



Echoes of particle production (Bumpy ride)
Scalar and tensor correlators are sourced by Gauge fields, so n-point correlators


inherit the similar parametric dependence in terms of the set

⇢
k

k⇤
, ⇠⇤, �

�

<latexit sha1_base64="KZGIVqj6Zz9F/7yV5APsPH/96mc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAhaSkmkoO6KblxWsA9oQphMJumQyYOZiVhCvsGNv+LGhSJuXbnzb5y2WWjrgYHDOedy5x43ZVRIw/jWlpZXVtfWKxvVza3tnV19b78nkoxj0sUJS/jARYIwGpOupJKRQcoJilxG+m54PfH794QLmsR3cpwSO0JBTH2KkVSSo59aLg0CK7d8jnAeFnno1IuG9UCdegNaHmESzRKFo9eMpjEFXCRmSWqgRMfRvywvwVlEYokZEmJoGqm0c8QlxYwUVSsTJEU4RAEZKhqjiAg7n55UwGOleNBPuHqxhFP190SOIiHGkauSEZIjMe9NxP+8YSb9CzuncZpJEuPZIj9jUCZw0g/0KCdYsrEiCHOq/grxCKlypGqxqkow509eJL2zptlqXt62au2rso4KOARH4ASY4By0wQ3ogC7A4BE8g1fwpj1pL9q79jGLLmnlzAH4A+3zBzsOndY=</latexit>

PR(k) = P(v)
R (k) + P(s)

R (k), P�(k) = P(v)
� (k) + P(s)

� (k)

<latexit sha1_base64="EH3dey4zWI0jWdBby5kFsVYw4F8="></latexit>

P(v)
R (k) =

H
2

8⇡2✏�M
2
pl

, P(v)
� (k) =

H
2

⇡2M2
pl

<latexit sha1_base64="PSPU5COJjM2g9ZQx+kcaQ9CCogI="></latexit>

P(s)
R (k) =

h
✏�P(v)

R (k)
i2

f2,R

✓
⇠⇤,

k

k⇤
, �

◆

<latexit sha1_base64="dJV+kpA51dXXSdSoQj6EoRp0/Vk="></latexit>

Controlled by inflaton!

P(s)
� (k) =

h
✏�P(v)

R (k)
i2

f2,�

✓
⇠⇤,

k

k⇤
, �

◆

<latexit sha1_base64="HDRXP9a55hNl2yKXhvr2F+JAkZQ="></latexit>

B(s)
R (k1, k2, k3) =

h
✏�P(v)

R (k)
i3

k21k
2
2k

2
3

f3,R

✓
⇠⇤,

k1
k⇤

,
k2
k⇤

,
k3
k⇤

, �

◆

<latexit sha1_base64="g/YvLNoSbMRRHPERO0iOK1kbrV8="></latexit>

B(s)
��� (k1, k2, k3) =

h
✏�P(v)

R (k)
i3

k21k
2
2k

2
3

f3,�

✓
⇠⇤,

k1
k⇤

,
k2
k⇤

,
k3
k⇤

, �

◆

<latexit sha1_base64="Xha6LHE/s1NeKtTkVJI86K/6Tmg="></latexit>

controlled by      and       !�

<latexit sha1_base64="yEI9CNkiA+u8nrMwt4FZ6Q4Q2rM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXr+1qlfpPHUYQTOIVzCOAS6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oD+PLw==</latexit>

Aµ

<latexit sha1_base64="hbPQ5W8V/zCTb4EnjOCq2bqXd40=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL1FvXiMYB6QLGF2MpsMmZld5iGEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpZxp4/vfXmFtfWNzq7hd2tnd2z8oHx61dGIVoU2S8ER1IqwpZ5I2DTOcdlJFsYg4bUfju5nffqJKs0Q+mklKQ4GHksWMYOOk9k0/6wk77ZcrftWfA62SICcVyNHol796g4RYQaUhHGvdDfzUhBlWhhFOp6We1TTFZIyHtOuoxILqMJufO0VnThmgOFGupEFz9fdEhoXWExG5ToHNSC97M/E/r2tNfBVmTKbWUEkWi2LLkUnQ7Hc0YIoSwyeOYKKYuxWREVaYGJdQyYUQLL+8SloX1aBWvX6oVeq3eRxFOIFTOIcALqEO99CAJhAYwzO8wpuXei/eu/exaC14+cwx/IH3+QNmAo+i</latexit>

Bispectra is maximal for equilateral triangles ! k1 ⇡ k2 ⇡ k3 = k

<latexit sha1_base64="u2CnyHKtGhTr3nDfxSkMglhtQRo=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAIrspMLagLoejGZQV7gXYYMmmmDZNJhiQjlqFLN76KGxeKuPUR3Pk2pu0sauuBhI//P4fk/EHCqNKO82MtLa+srq0XNoqbW9s7u/beflOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgriG7GfuuBSEUFv9fDhHgx6nMaUoy0kXz7KPJd2EVJIsUjjPzKDJ/BK3PbJafsTAougptDCeRV9+3vbk/gNCZcY4aU6rhOor0MSU0xI6NiN1UkQThCfdIxyFFMlJdNFhnBE6P0YCikOVzDiTo7kaFYqWEcmM4Y6YGa98bif14n1eGFl1GepJpwPH0oTBnUAo5TgT0qCdZsaABhSc1fIR4gibA22RVNCO78yovQrJTdavnyrlqqXedxFMAhOAanwAXnoAZuQR00AAZP4AW8gXfr2Xq1PqzPaeuSlc8cgD9lff0COmCYNQ==</latexit>



Echoes of particle production (Bumpy ride)

3  ⇠⇤  6.5

<latexit sha1_base64="pBLDWIxfop7bv9xylGfGauHseNA=">AAAB/XicbZC7TsMwFIadcivlFi4bi0WFhBiiBMptq2BhLBK9SE0UOa7bWnWcYDuIElW8CgsDCLHyHmy8DW6aAVp+ydKn/5yjc/wHMaNS2fa3UZibX1hcKi6XVlbX1jfMza2GjBKBSR1HLBKtAEnCKCd1RRUjrVgQFAaMNIPB1bjevCdC0ojfqmFMvBD1OO1SjJS2fHPn2GXkDroP1D+EGZ5aJ75Zti07E5wFJ4cyyFXzzS+3E+EkJFxhhqRsO3asvBQJRTEjo5KbSBIjPEA90tbIUUikl2bXj+C+djqwGwn9uIKZ+3siRaGUwzDQnSFSfTldG5v/1dqJ6p57KeVxogjHk0XdhEEVwXEUsEMFwYoNNSAsqL4V4j4SCCsdWEmH4Ex/eRYaR5ZTsS5uKuXqZR5HEeyCPXAAHHAGquAa1EAdYPAInsEreDOejBfj3fiYtBaMfGYb/JHx+QMIJJOt</latexit>



Limits on Power spectrum at small scales

• Constraints depend on the details of the primordial scalar fluctuations:

     i.e shape of the power spectrum, non-Gaussianity… 

Threshold for 
sizeable PBH 
abundance for a 
Gaussian power 
spectrum

*A. Green, B. Kavanagh , arXiv: 2007.10722,



<latexit sha1_base64="0wjoUspLu8w7+FgsGDk0BZp7LDo="></latexit>

d2A�
dx2

+

 
1� 2

x

⇠⇤

1 + ln[(x⇤/x)
�]2

!

| {z }
Veff (x)

A� = 0

<latexit sha1_base64="zmRPJl6ZDoW//nJypRT8/nsMvzo="></latexit>

Ve↵(xc) = 0 �! xc = xc(⇠⇤, �, x⇤)

<latexit sha1_base64="mHUtglCzECv4QO+W6ZiI05Wl2Tw="></latexit>

Ve↵(x) =

(
p(x)2, x > xc

�(x)2, x < xc

<latexit sha1_base64="I/sFVgHst0TcBpLcj34S/Rvmyc8="></latexit>

A� (x > xc) '
↵p
p(x)

cos

✓Z x

xc

p (x0) dx0 � ⇡

4

◆
� �p

p(x)
sin

✓Z x

xc

p (x0) dx0 � ⇡

4

◆

<latexit sha1_base64="bgj65I1o/kBabrBTu1eaVPP0o7c="></latexit>

A� (x < xc) '
↵/2p
(x)

exp

✓
�
Z xc

x
 (x0) dx0

◆
+

�p
(x)

exp

✓Z xc

x
 (x0) dx0

◆

<latexit sha1_base64="83TyAovGmFd4q51J47QkalGt+R0="></latexit>

A� (x ⇡ xc) / c1 Ai[x� xc] + c2 Bi[x� xc]

Gauge field production at the cliff(s)

IN region

OUT region

IN region

OUT region

INTERMEDİATE region

INTERMEDİATE region

<latexit sha1_base64="v3OjJCcIw388Ghf97CtZ0kJn+BU=">AAACBXicbVBNS8NAEJ3Ur1q/oh71sFgETyUpol6EohePFewHNKVstpt26WYTdzdCCbl48a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5fsyZ0o7zbRWWlldW14rrpY3Nre0de3evqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3xWw9UKhaJOz2OaTfEA8ECRrA2Us8+9DCPhxhdIi+QmKRulnrqXuq0Osqynl12Ks4UaJG4OSlDjnrP/vL6EUlCKjThWKmO68S6m2KpGeE0K3mJojEmIzygHUMFDqnqptMvMnRslD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cNFNmYgTTQWZLQoSjnSEJpGgPpOUaD42BBPJzK2IDLFJQ5vgSiYEd/7lRdKsVtyzinN7Wq5d5XEU4QCO4ARcOIca3EAdGkDgEZ7hFd6sJ+vFerc+Zq0FK5/Zhz+wPn8AU4OYew==</latexit>

↵ =
1p
2k

<latexit sha1_base64="UVeDKIalebA8UtlltnrVLWAG44k=">AAACBXicbVBNS8NAEN34WetX1KMeFovgxZIUUS9C0YvHCvYDmlI22027dLOJuxOhhFy8+Fe8eFDEq//Bm//GbZuDtj4YeLw3w8w8PxZcg+N8WwuLS8srq4W14vrG5ta2vbPb0FGiKKvTSESq5RPNBJesDhwEa8WKkdAXrOkPr8d+84EpzSN5B6OYdULSlzzglICRuvaB5zMg+BKfeIEiNOVZ6ul7BWllmGVdu+SUnQnwPHFzUkI5al37y+tFNAmZBCqI1m3XiaGTEgWcCpYVvUSzmNAh6bO2oZKETHfSyRcZPjJKDweRMiUBT9TfEykJtR6FvukMCQz0rDcW//PaCQQXnZTLOAEm6XRRkAgMER5HgntcMQpiZAihiptbMR0QkwaY4IomBHf25XnSqJTds7Jze1qqXuVxFNA+OkTHyEXnqIpuUA3VEUWP6Bm9ojfryXqx3q2PaeuClc/soT+wPn8ASTeYdg==</latexit>

� = � ip
2k

Fixed by Bunch-Davies

1)

2)

3)



Gauge field production at the cliff(s)

<latexit sha1_base64="ejcTbOsCx9c3Z+F0ZtHJzvO6so0="></latexit>Z xc

x
 (x0) dx0 =

Z xc

0
 (x0) dx0

| {z }
lnN(⇠⇤,x⇤,�)

�
Z x

0
 (x0) dx0

| {z }
2
p

2⇠⇤x

�|ln(x/x⇤)|

<latexit sha1_base64="NwnbouloakyMQkv/PbjzAld5Bo8=">AAACF3icbVDLSgMxFM3UV62vqks3wSJUkTIjom4E0Y1LBatCpwyZ9E4bmnmQ3JGWoX/hxl9x40IRt7rzb8yMXWj1QMLJOfdyc4+fSKHRtj+t0tT0zOxceb6ysLi0vFJdXbvWcao4NHksY3XrMw1SRNBEgRJuEwUs9CXc+P2z3L+5A6VFHF3hMIF2yLqRCARnaCSv2hh4GR8dF7crIcC6OxBetjPapW4HJLJdOsifrhLdHm571ZrdsAvQv8QZkxoZ48KrfridmKchRMgl07rl2Am2M6ZQcAmjiptqSBjvsy60DI1YCLqdFXuN6JZROjSIlTkR0kL92ZGxUOth6JvKkGFPT3q5+J/XSjE4amciSlKEiH8PClJJMaZ5SLQjFHCUQ0MYV8L8lfIeU4yjibJiQnAmV/5LrvcazkHDvtyvnZyO4yiTDbJJ6sQhh+SEnJML0iSc3JNH8kxerAfryXq13r5LS9a4Z538gvX+BcKQn6Q=</latexit>

xc = xc (⇠⇤, �, x⇤)

Growing Mode

<latexit sha1_base64="aeWSqbQeqeoErsnq+A0JCvZiRsc="></latexit>
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exp

✓
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◆
+

�p
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exp
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x
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◆
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<latexit sha1_base64="TDMSNCfOef1ucRSHzPqpOLIeErk="></latexit>

A�(⌧,~k) =
1p
2k

✓
�k⌧

2⇠(⌧)

◆1/4

N (⇠⇤, x⇤, �) exp
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Normalization factor that parametrizes the scale dependent growth
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Parity breaking!

         is diluted at late times⇢A
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 Exponential sensitivity to field velocity

Gauge field production (Review)

(M. Anber & L. Sorbo, ’09)
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