The bright side of Coulomb blockade:

Radiation from a Josephson junction
in the single Cooper pair regime

Max Hofheinz, Fabien Portier, Carles Altimiras, Patrice Roche, Philippe Joyez, Patrice Bertet,
Denis Vion, Daniel Esteve

Quantronics + Nanoelectronics groups, SPEC, CEA Saclay, France

Séminaire au College de France, May 10 2011

i, Ay PR
! E W [

'ﬂfl}!'r‘ﬂ‘f‘ﬂl‘l'ﬁﬂ'ﬂ

li, fJ
f . . SEVERTH FRAM ENORC
FROLRATNE

™ s co v el
'l noiagngauagaenang

Singls  CCoper Fair  Elsctronics




Dynamical Coulomb blockade

Delsing et al., PRL 63, 1180 (1989)
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eV = Enole + Eelectron + Ephoton hv h
Ingold & Nazarov, arxiv:0508728 (1992)



A simpler system

 Environment: single mode

L

2 Lm
e > (OD)
|
Cm | |

L

¢, G

 No quasiparticles: use Josephson junction polarized
below the gap voltage
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A simpler system
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H =hw(a'a+1/2)-E, cose

+ H. Pothier,
@ =2eVt/h+ \/F(a +a) Ph. D. dissertation (1991)
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A simpler system
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A simpler system
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Josephson junction and resonator
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v, =25 GHz, Q~5, Z, 120 Q< h/4¢*

Holst et aI PRL 73, 3455 (1994)
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Josephson junction and resonator

v, =25 GHz
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Josephson junction and resonator

Two photon processes weak
because Z, < h/4e’
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Dynamical Coulomb blockade:
o Effect due to photons

e DCside well established
 But no one has seen photons

Look on the bright side of....
Coulomb blockade
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Quarter-wave resonator

500) | b
=W ) KO
= i250 1350

I I I I I I
—— Designed
15k — Lorentzian _
h) Fit
V.
! V3 Ve
=y 1,0 | L -
S Z,=.]—==160 Q
=2, C
) I Q=10 1
N
D
o
05 | i
0,0 J ! Ll\j I | LJ
0 6 12 18 24 30 36

f(GHz)



Calibration of the detection impedance

Apply eV > A, hv, k., T = quasi-particle shot noise
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Cooper pair and photon rate match
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Second order processes
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Spectral properties of emitted radiation

~ (normalized)




Coulomb blockade with an arbitrary environment
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E , 4e’ ReZ(2eV / h)
h h 2eV
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Spectral properties of emitted radiation

P (ueV-1)

CoooOo——=
oNBROHOON A
|

k hy
- |

v (GHZz)

\

= Lorentzian with

i

2
AE = 270kT 4; Z(0)
0 5
4e® Re Z(v)

V (1V)

h 1%

x —E2P(2eV — hv)



Spectral properties of emitted radiation
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Emitting photon pairs
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Emitting photon pairs

guasi-particle shot noise
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Emitting photon pairs
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” ADC = <OP’>,<OP?>,<6P. 5P, >
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Tuning the photon emission rate
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Power fluctuations cross correlation

ePoissonian source of electrons I  electronic shot noise due the
charge granularity

S, =2el =2e’l’

ePoissonian source of photons
S,.., =2hv_P. =2(hv )T
S,.», =2hv,P, =2(hv,)’'T

*Poissonian source of photon pairs (Vb'Va)

S,.p, =2hv_hv, T’

S, =S, [(hv hv, )=2T




Correlated photon pairs
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Correlated photon pairs
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Limits of Coulomb blockade theory

e So far good agreement with P(E) theory
* But need very low E| to fulfill assumptions

— environment at equilibrium
F——E Z\ n,,...|e"|0)f S2ev - nhv)

Ng ,Nq ;.

— single Cooper pair regime: E, P(2eV) << 1

e What happens if assumptions are violated?



Out of equilibrium environment
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pair tunneling Josephson effect ?



Conclusions
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— Cooper pair vs. photon rate

— multi photon processes

— spectral properties
arXiv:1102.0131, to be published in Phys. Rev. Lett.

~ o Perspectives:

— interesting for quantum optics with
microwave photons, need for a deeper
characterization of the emitted radiation

— out of equilibrium environment (no theory
yet)
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