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Thermoelectricity

Universal property for pure and
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Doub\e quantum -dot CPS

o Superconductor Al

a1 ~ 100 nm
n S-wave BCS: Spin-singlet

1Sy = (It — i)/ v2

\ e Seminconducting NW
INAS,INSb
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R. Hussein, L. Jaurigue, M. Governale, AB PRB'16
I'sr, sz Local Andreev Reflection LAR

s = /I'srl'sy e /¢ Crossed Andreev Reflection CAR

Coulomb energy suppress LAR (no double occupation)

Only CAR
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Transport by master eq.

eTotal Hamiltonian H = Heg + .H[ea,d&+z ( naChiodac + H. c)
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Non \oca\ thermoelectricity

| inear regime at CAR resonance
1‘ i ® 3 terminal for
| ‘ > N | 2 (heat/charge) currents
( 0| corresponds to 3x2=6 currents
Yok
vel ¢; Q ¢ BB e2 (energy/charge) cons. laws

*4 unknown currents but:

no heat current in superconducting lead for A — o

no charge current between normal leads at CAR resonance
eOnly 2 unknown currents §Ig = L5,6V + L5,6T,

oV = (uL + pr)/2€0 . P %

0 < T = (TL -+ TR)/Q 0QR = LQlév + L225T
Non-local thermoelectric coeff. L7,

Non-local Seebeck coeff. Sni = —5V/5T\; g =L T2/ L)
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Non-local thermoelectricity
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Non-local thermoelectricity
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e [hermoelectricity localize around the resonances
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gap” due to addictivity of the gp./gh. contributions
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Non-linear behaviour
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Non-linear behaviour
—»

nc Carnot eff

thermoelectric efficiency

R. Hussein, M. Governale, S. Kohler, F. Giazotto, W. Belzig , AB , Phys. Rev. B 99, 075429 (2019)



Non-linear behaviour
—»

nc Carnot eff

""FCooling eff. 3

| 1"1 Itl =51 )

B I 2
Lecture note 2 Splettstoeser Ae/Tg

* Non-local Peltier cooling
e Cooper-pairs mediate heat-exchange

and also cooling!
R. Hussein, M. Governale, S. Kohler, F. Giazotto, W. Belzig , AB , Phys. Rev. B 99, 075429 (2019)




Bibllo and conclusion

R. Hussein, M. Governale, S. Kohler, F. Giazotto, W. Belzig , AB , Phys. Rev. B 99, 075429 (2019)

eSimilar results using different approaches:
R. Sanchez, P. Burset and and A. L. Yeyati, PRB’18

N. S. Kirsanov, Z. B. Tan, D. S. Golubev, P. J. Hakonen and GG.B. Lesovik PRB'19
|nteresting results in the same contest:

S. S. Pershoguba, L. I. Glazman, PRB '19

S. S. Pershoguba, L. I. Glazman, PRL '19

F. Hajiloo, F. Hassler, and J Splettstoesser, PRB'19

M. Mantovani, W. Belzig, G. Rastelli, R. Hussein,1907.04308

e Non-local coupling in a CPS generate non-local
thermoelectricity

oAt CAR resonance thermoelectrical effects are only non-local

eHeat exchange mediated by non-local Andreev processes

* Intriguing thermoelectrical effects in hybrid superconductors
need further research (non-locality of Cooper pair,etc.)
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Electron losses at the S-Tl junctions
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