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Sample & Setup

Granular Al 0.6 ~ 1 kQ/

(30Nmx300nmx200um)

Z.~ 3 to 6kC J_ junction




Electronic Transport in a High Impedance Environment

High Impedance Medium
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Inelastic tunneling processes are
enhanced at large impedance



Junction Conductance
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Inelastic Quasiparticle
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eV =2A +nhw

Inelastic Cooper Pair Tunneling

« Normal » Junction

2eV = nhw
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Inelastic Cooper Pair Tunneling in a Single Mode Environment

One Cooper pair gives k
photons when 2eV = k hw
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Hofheinz et al. PRL 106, 217005 (2011)

Rolland et al. PRL 122, 186804 (2019)
Ménard et al. PRX 12, 021006 (2022)
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Inelastic Cooper Pair Tunneling in a Multimode Environment
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Electronic Transport in a High Impedance Environment

High Impedance Medium —‘

Light Matter coupling constant
pv 12 _ 2R
T 2m+1

Z,. = 5to 6 kQ = Strong coupling regime 4, ~ 1




Electronic Transport in a High Impedance Environment

High Impedance Medium —‘

Light-Matter Coupling :

Qi/ qd):—eZ(c]jck—d;d)Zza) (a, —a)
kq

Analogous to electron-phonon coupling (Holstein)

e or e

Polaron N AT
Tunneling : c]jdq + hc > c]jdqe’e(p/h + hc = ch g Lo Pl ptap)tieVilh | o
transform

Charge translation of the environment modes



Electronic Transport in a High Impedance Environment

H = Hie+ Hyog+ Hr + ) ho,ala,

— At S i (@, )
@ < | Hy = Z tchlidqe 2 Gyt @) +ieVIIh 4

kg

Inelastic Cooper pair tunneling at low energy : Inelastic QP tunneling at high energy :

H = Z how,a'a, — E;cos [ Z AP @t +a )+ 2eVil h] H = Z ho,a'a, + Z ekclj Cp + Z eqd;dq
m k

1(CP) — 9, n 2 tkqAT d o 2mi (am+a,i,)+iew/h 1 he



Perturbation Theory For Inelastic CP Tunneling

O @y, ...
ldeal quarter wavelength configuration:
2 2
o, = (2m+ 1w, 12 = A Azzz A
" 2m+1 2m + 1

. . Inelastic current:
Phase correlation function:

2
) ) P A22-1 [ x (2eV)** 1
( o i) e—igb(t2)> ~ e—AZZ o ny(t—1)
['(A2/2) . .
n Spectral density of emitted photon:

p(w) x (2eV — ha))’lz_1 0(2eV — hw)
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First order in £, aka P(L) theory
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Emission at low and high £;
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Broad emission is a non-linear
effect at high E;/k

No broad emission in the
perturbative limit

Finite Size Effects &



Photon Number
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Truncated Wigner Approximation

ow
W(.xl, yl - /11, ,yM_ /IM) - W(Xl, ’yl +/11, ,yM‘l'/lM) N — 21}71_
~ Oy
10 modes
—— 0.1 GHz
—— 0.3 GHz
—— 0.5 GH T
7o Qualitative agreement:

Critical E;/k threshold
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Truncated Wigner Approximation

W(.xl, ’yl _/11, ,yM_/IM) - W(Xl, ’yl +/11, ,yM‘l'/lM) N — 21}71_

CUJ/27T [GHZ]

Quantitative agreement by tweaking mode parameters



Dressed State Picture

£ = nphwy+ nihw, + ... + Nhw;
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Classical « Lasing » Trajectories at Large £;
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Free propagation + Interaction at the boundary :

[
D) = Ot — T)e ™ + )(J K(t — t')sin [Zth’/ h+ CI)(t’)] dt’
(—T

Simon et al. PRL 121 027004 (2018)

K(t) = ) A2sin(w,f) e™
" Cassidy et al. Science 355 939 (2017)

Classical trajectory : & phase jumps followed
by time linear/or constant evolution
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Conclusion & Perspectives

Josephson side

Multimode & multi photon open system
Hard to get an ohmic bath...

Nice concepts like refermionization are lost.

Energies are comparable to the gap ?

QP side

—

« Sharp » DOS — Non Markovian effects ?
Test bench for HEOM, DNRG ...

| H = Zha)m

hR,

Z = ———J-%@¢V—v

N7 x+ E;cos [gb(f) + a)]t]

H= ) ho,a}a, —E;cos| Y 15Pa) +a,) + 2eVi/ ]

See also work by the Manucharyan group & Grenoble.
See Denis Basko later this week

Electronic degree of freedom is a « true » bath

a,;ﬁlam+2€kc]jck+z ngdq—gZ(cc —a”Ld)Zla) (a, —a
k q

Collaboration with Vasilii Vadimov (Aalto)



