Dynamics and Third Cumulant

of Quantum Noise

[ Pl ol

DOIESAY

Julien Gabelli

UNIVERSITE
e PARIS-SUD 11

CENTRE NATIONAL
DE LA RECHERCHE
SCIENTIFIQUE

Bertrand Reulet

Laboratoire de Physique des Solides
Bat. 510, Université Paris-Sud, 91405 Orsay, France

Unsolved Problems on Noise, Lyon 2008, 2-6 June e ENS Lyon , France



N

How to measure a Quantum current | ?

Coupling between I and i(t) measured by a classical detector
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How to measure a Quantum current | ?

Coupling between I and i(t) measured by a classical detector
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Is it perfectly clear ?



Measurement of Quantum Noise

Aiy . (®) can be seen as a photo-detection problem (Nyquist argument)

=

energy conservation

RAiZ, (w)=N

meas. photon

(®) X A X 0w

H=
3
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R. Deblock et al., Science 301, 203 (2003), P. Billangeon et al. PRL 96, 136804 (2006)



Measurement of Quantum Noise

Aipeos (®) can be seen as a photo-detection problem (Nyquist argument)

] N .
— 4/ I(t) energy conservation
- L
absorption term emission term
<8f(oo) x si(—oo)> o« N(m) <5i(—@) x si(m)> o« N(o)+1

... it has been proven for a quantum detector (SIS junction) that

Theory by L. Levitov, G. Lesovik
R. Deblock et al., Science 301, 203 (2003), P. Billangeon et al. PRL 96, 136804 (2006)

But it is not clear for a linear amplifier

. 1 . .
Ai’ (®)oc ho (Nphmn (o) + > measurement of Zero Point Fluctuations
U. Gavish, PRB 62 R10 637 (2000)



Quantum Noise in a tunnel junction

bandpass filter lowpass filter
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| L/(RJ i ow \ _>
square-law I(t)
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Noise spectral density

S, (V, )= (di(®) 8i(—m))




Quantum Noise in a tunnel junction
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Sample: L. Spietz, Yale Universit
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Quantum Noise in a tunnel junction
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Experimental Answer

Measurement of Third Cumulant in a Tunnel Junction

|. Definition and measurement of Quantum Noise Dynamics

1. Definition of the quantity which describes properly noise dynamics
2. Measurement of Quantum noise dynamics in a tunnel junction

ll. Preliminary measurement of Third Cumulant

1. Subtraction of environmental terms
2. Estimation of Third Cumulant of current fluctuations



|. Noise Dynamics

<1> =G(w,) oV

|
£

(A7) = X (0,0,) = x(0y) 8V

How fast does Quantum Noise respond ?

1. Definition of the quantity which describes properly noise dynamics
2. Measurement of Quantum noise dynamics in a tunnel junction



Adiabatic Noise Dynamics w, < w
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Quantum Noise dynamics
' |

— —10
™
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Homodyne technique to measure the in-phase and out of phase response

X(0,0,)= <5i(03) Oi(®, — (D)> mean square beating at w,
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Case of the tunnel junction

usual symmetrization

X(0,0,)= %{<z (@) 7(02 — ) +(7(0, —©) i (m)>}
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J. Gabelli and B. Reulet, arXiv 0801.1432



Case of the tunnel junction

usual symmetrization

X(0,0,)= %{<z (@) 7(02 — ) +(7(0, —©) i (m)>}

in the Landauer — Buttiker formalism for a tunnel junction:
1
X(0,0,)= > > J,(2) J,.,(2) (S,(eV + ho+ nho,)
’ ~S,(eV —ho—nho,))

with J = Bessel function of 1stkind and z=e oV /hw,
J. Gabelli and B. Reulet, arXiv 0801.1432

X(m,m,) is clearly different from photo-assisted noise

S (o, )= > J2(2) (S,(eV + ho+nho,)+S,(eV —ho+ nho,))



Experimental Setup

Quantum regime 7o ~ ho, >> k,T, eV

low pass filter
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* > [ 50\)\}_@—‘ X(0,0,)

tunnel 50 O
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V cos(w, t+@)

for technical reason @ ~ M s
/21 ~100 MHz << /21t ~ 6 GH=z



Experimental Setup
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Calibration — No fitting parameter

Quantum regime 7o ~ ho, >> k,T, eV

Noise

[ conductance G
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Experimental results

Quantum regime 7o ~ ho, >> k,T, eV

Noise responds
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Quantum noise dynamics

e . A . X(o, dS
Definition of noise susceptibility xw(m)=61;§0 (ESQ)VCO);é ;I(/(D)

Noise responds in phase but non adiabatically
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J. Gabelli and B. Reulet, PRL 100, 026601 (2008



Quantum noise dynamics

e . A . X(o, dS
Definition of noise susceptibility xw(m)=61;§0 (ESQ)VCO);é ;I(/(D)

Noise responds in phase but non adiabatically
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Noise dynamics and environmental effects

High order Cumulant = Measurement of P(i), probability distributior



Noise dynamics and environmental effects

High order Cumulant = Measurement of P(i), probability distributior

Probalility distribution strongly affected by environment (8. Reulet et al., PRL 91 pp. 196601 (2003))
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High order Cumulant = Measurement of P(i), probability distributior

Probalility distribution strongly affected by environment (8. Reulet et al., PRL 91 pp. 196601 (2003))
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d oV | Noise Dynamics




Noise dynamics and environmental effects

High order Cumulant = Measurement of P(i), probability distributior

Probalility distribution strongly affected by environment (8. Reulet et al., PRL 91 pp. 196601 (2003))
I

P(i,V_R Z)EPV(i’V)_RenviiPV(l,V) V______I
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l not perfectly voltage bias env

. . o .
Effect on the moments: <l"> = <ln> - R, —<Zn+1>
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Noise Dynamics

O

W <i2 >V < X‘”((D)

n = 1: Dynamical Coulomb Blockade Effect:

i"), © Sa@)xx,, (©)

Nn = 3: Third Cumulant measurement:



[I. Third Cumulant

1.0

theoretical prediction:
3rd cumulant of Poissonian
distribution

S.(,0)=e’1

intuitive result in terms
of photo-detection

Zaikin et al. (PRB 2003)
Hekking et al. (PRB 2006)

eV/kgT

What does a linear amplifier exactly measure ?

1. Experimental setup
2. Estimation of Third Cumulant of current fluctuations



Experimental difficulties

... we can use the setup for ¥, (®)
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d0/2mw =100 MHz << /21w =~ 6 GH=
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Experimental difficulties

.. we can use the setup for i, (®) S; ISt
Is, €

low pass filter
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Feedback and noise susceptibility

3
. SV3 ((090) — Renv. (_ ST3 ((Dﬂ()) +S2,env(0) X XO ((D) + S’|2 ((D) x Xoo ((D)
what we are looking for... fluctuations due to noise of sample itsel
|
what we measure ... fluctuations due to noise of environment




S, measurement
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What do we measure with a linear amplifier ?
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Conclusion

|.  Quantum noise does not respond adiabatically for i > el

1. S3 ((D,O) — 32] remains equal to classical value of poissonian process

Average  Fluctuations Third cumulant
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NOISE DYNAMICS
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