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a. Supercurrent
b. Current-phase relation
Cc. Spectroscopy of ABS
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CONDUCTANCE OF ATOMIC CONTACTS IN THE NORMAL STATE
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-V OF A SUPERCONDUCTING ONE-ATOM CONTACT
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-V OF A SUPERCONDUCTING ONE-ATOM CONTACT
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MULTIPLE ANDREEV REFLECTIONS
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DETERMINATION OF TRANSMISSIONS
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MEASURING THE SUPERCURRENT

PERFECT CURRENT BIAS » >
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ELECTROMAGNETIC ENVIRONMENT
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PARTICLE IN TILTED WASHBOARD POTENTIAL
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PLASMA OSCILLATIONS

1

v,(s=0)=

274/L,C,

=

~12 GHz for r ~0.7 and C ~10 fF

Q<l & r<

— ~1kQ

L

J

Slow phase-diffusion leading to supercurrent peak at low voltages

FOR AWELL-DEVELOPED JOSEPHSON CURRENT
NEED TO OVERDAMP PLASMA OSCILLATIONS

11



",

1.0

0.8

0.6

FINITE TEMPERATURE SUPERCURRENT PEAK

{0.46,0.18}
|, =16 nA

E, =0.381k,K -

0.0 0.5 1.0 1.5 2.0 25 3.0

VIRI,

— IdC

THE BEST ONE CAN DO!

1
XVdC = E R|02

Dissipation through
electromagnetic excitations
800 mK in the environment

Goffman et al. (2000)

12



ON-CHIP DISSIPATIVE ENVIRONMENT
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SUPERCURRENT PEAK
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CROSSOVER FROM SUPERCURRENT PEAK TO MAR
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EXP-THEO COMPARISON
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PHASE BIASING A CONTACT
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PHASE AND VOLTAGE BIASING A CONTACT
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MEASURING CURRENT-PHASE RELATION
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detect energy
absorption

SPECTROSCOPY OF ABS

detect supercurrent
change

O3t

cQED setup
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1. USE JOSEPHSON SPECTROMETER

detect energy
absorption
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JOSEPHSON JUNCTION EMITTER

VOLTAGE-BIASED JOSEPHSON JUNCTION
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EMITTER CAPACITIVELY COUPLED TO ATOMIC SQUID
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BIASING CIRCUIT




JOSEPHSON JUNCTION DETECTOR

For a photon to be absorbed, a Cooper pair has to tunnel
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CURRENT IN JOSEPHSON JUNCTION DETECTOR
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IV OF SPECTROMETER JUNCTION
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COMPARISON WITH CALCULATED ANDREEV ENERGIES
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TWO COUPLED DEGREES OF FREEDOM
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EXPECTED TRANSITIONS: 1-PHOTON PROCESSES
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EXPECTED TRANSITIONS: 1-PHOTON PROCESSES
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EXPECTED TRANSITIONS: 2-PHOTONS PROCESSES
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EXPECTED TRANSITIONS: 2-PHOTONS PROCESSES

2A )

2eV, A{.

0 ' T ' 2T

2eV;=2E,+ hv,

41



BARE TRANSITIONS
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ENERGY SPECTRUM FOR CONTACT {0.985, 0.37,...}
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EXPERIMENTAL VS THEORETICAL SPECTRUM

EXPERIMENT

21

J NP ; P e ST
T win Ao P 20 TN LS RN
R & .f-,h, ST FY

THEORY

Bretheau et al.
PRB 2014

45



SPECTRA OF DIFFERENT CONTACTS
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ENERGY

DETECT TRANSITIONS: 2. SWITCHING MEASUREMENT

detect change in supercurrent

switching measurements
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MEASURE SUPERCURRENT CHANGE
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0.985
0.37 -

ABSORPTION SUPERCURRENT
SPECTROSCOPY SPECTROSCOPY
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SUPERCURRENT SPECTROSCOPY

Bretheau, Girit et al., Phys.
Rev. X 3, 041034 (2013)
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DETECT TRANSITIONS: 3. COUPLE TO RESONATOR

cQED setup
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