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Experimental Situation
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How is charge tunneling modified when:
- fine structure constant becomes large
- speed of light becomes low

1. Quasiparticle tunneling What about the
2. Cooper pair tunneling

2
3. Large disorder limit photons



Experimental Situation

Disordered
Superconductor

Low Impedance
(50 Q)

High kinetic Tunnel
Inductance J_ Junction

- Large Fine structure constant:
Z.=\/LIC~=5kQ a=Z/2Ry =~ 0.1

- Light is slow:
v=1/A/LC = ¢/60




Experimental Situation

Low Impedance

(50 Q) Tunnel
Junction
- Large Fine structure constant:
Z.=\/LIC~=5kQ a=Z/2Ry =~ 0.1
- Light is slow: Many modes
v=1/A/LC ~ ¢/60 highly coupled to

the junction



Inelastic Tunneling
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High Impedance Resonator

» Geometric trick : spiral resonator

=

Peruzzo et al. PRX Quantum 2, 040341 (2021)

Rolland et al. Phys. Rev. Lett. 122, 186804 (2018)

* Metamaterial with high inductance

JJ Chains Disordered Superconductor

Masluk et al. Phys. Rev. Lett. 109, 137002 (2012)



Experimental Setup
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Photoassisted QP Tunneling




Photoassisted QP Tunneling
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Engineered n-photon Losses

Quantum bath —
engineering @/ § § :
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Kramers-Kronig for a single quantum state
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Lamb Shift Spectroscopy
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Inelastic CP Tunneling
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Inelastic CP Tunneling

- Resonator goes back to | 0) between two tunneling events

- Single mode physics

= One Cooper pair gives k photons when 2¢V = k hw
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Emitted power [au]
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Inelastic Cooper Pair Tunneling
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Maxima of MW emission do not always
coincide with maxima of current.



Current-Emission Dephasing
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Experimental Setup
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GrAl wire 300 nm x 30 nm
Z.~ 5kQ
A4 =200 ym @ 6 GHz




Flux Coil (mA)
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Evolution of MW emission
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Evolution of MW emission

Increasing E;
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Emitted Power (a.u.)

Flux Dependence
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Emitted Power (a.u.)

Flux Dependence
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Long Wire Limit
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Long Wire Limit
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Numerical Simulation

Truncated Wigner Approximation : Stochastic classical traj.
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Short Wire Tunneling Spectroscopy
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Temperature (K)

Short Wire Tunneling Spectroscopy

Conductance (uS)
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di / dV (uS)

Magnetic Field Dependence

GrAl density of states

0.25
0.20
51 E 0.15
—— 204 mT O
= 0.10
0.05
O THNEE VO S GRS R S V) N VHNNY YR N V) AN ST AR S 0 (O SHAY VAT S O [N VU LY VO (L) [ (R AN W Y LA (N
t 1 1 I J ! : 0.00
—-1500—1000 —SOOV(OV) 500 1000 1500 —1000 0 1000
H V (1V)
H(mT)
el —— 340 =
3 — 1190 —
©
% —— 2040 [
= L
T —— 2890
—— 3740
0 3 |
—1000 0 1000
—1000 0 1000 V (UV)

V (pV)

10.0

1D

5.0

2.5

0.0

BN (@)
dl / dV (uS)

N

di / dV (uS)



> Sy

i




Perspectives

* Quantum bath engineering: Tunable loss channel / Buffer Mode
* Microwave Photon Detector
* Paramp with DC pump

* The very bright side of Coulomb blockade: Many body open
quantum system. Bridge ICPT & Bloch oscillations.

ArXiv:1807.02364
HAL tel-03165358
ArXiv:2204.08701

Many thanks to:
e Fabien Portier, Carles Altimiras, Yuri Mukharski, Ambroise Peugeot
e Claire Marrache-Kikuchi, Hélene Lesueur, Louis Dumoulin
e Nicolas Roch
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Inelastic QP tunneling
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Dressed State Picture
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Dressed State Picture

Inelastic Cooper Pair Tunneling = Fluorescence cascade
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Granular Aluminium Resonator

6 GHz mode A =0.74



Lamb Shift Series Expansion
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Master Equation
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Multimode Structure
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