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Carbon nanotubes as Cooper-pair beam splitters
L.Hermann, F. Portier, P. Roche, A. Levy Yeyati, T. Kontos and C. Strunk

PRL 104 (2010)
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Viewpoint

Carbon nanotubes help
pairs survive a breakup

Similar exps. InAs nanowires, L. Hofstetter et al. Nature 461, 960 (2009)



The Recher-Sukhorukov-Loss proposal

Phys. Rev. B 63, 165314 (2001)
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See also, C. Bena et al. Phys. Rev. Lett. 89, 037901 (2002)



DQD based on CNT: tuning of double dot resonances




Phenomenological model and approximations
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Comparison between theory and exp. results
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Asymmetry: theoretical prediction vs experimental results

asn = [GL/Grlgy
At resonance (max. CAR)

a, = 1T =a,

without CAR &g = O

50 % efﬁ'ciency,\ |

3 —— FuII Thﬂnr

—— Full Theory without CAR fl

2.0

Define efficiency as
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MiCI'OSCOpiC analysis Of CNT DQDS P. Burset et al., Phys. Rev. B 84, 115448 (2011)

zig-zag CNT (N,0) metallic (N=3r)
semicond. (N=3r+1,3r-1)
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Effect of Spin Orbit Interaction

Hso = Aym30153 + AgssTs,
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E = FF ~ 300 nm

Al/Pd leads ab-initio
PRL 104, 076807 (10)
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Efficiency: evolution with length W
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Coupling self-energy from microscopic model
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Minimal model: efficiency in the linear and non-linear regimes
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e L. Hermmann, P Burset et al.
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. . . . . A. Cottet et al.
Probing coherence: splitter in a photonic cavity In preparation
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Photonic
resonator

d € {L,R}: dot index
T € {K, K'}: orbital index
o € {1,]}: spin index

Spin/photon coupling due to SOI
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Subradiance of splitted Cooper pairs
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Coherent
singlet injection
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Conclusions

* Phenomenological model:
evidence of CAR from conductance asymmetry
Maximum efficiency at resonance ~50%

* Microscopic analysis:
Weak decay of CAR correlations with length of SC region
Efficiency can reach ~100% in non-linear regime

* Understanding of non-linear regime for the exp.
results of Herrmann et al. (evidence of ABS formation)

*Theoretical proposal for detection of coherence from photon emision

Future work:
Understanding non-linear properties of InAs splitter (Basel),
Other devices (graphene, topological superconductors, etc)



