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INTRODUCTION




Hong-Ou-Mandel experiment

Bunching

For photons, Hong-Ou-Mandel 1987.

1 V).
Anti-bunching
2 \ No partition noise
Fermion
e 2 100% N
Statistics is |mportant. For electrons,

Bocquillon et al. 2013 (QHE edge state).



Motivation and purpose

Theory on quality of injected electrons

Moskalets et al. ‘08, Keeling et al. ‘08, Féve et al. ‘08, Degiovanni et al.
‘09, Mahe et al, 10, Albert et al. '10, Grenier et al. '11, Haack et al. ‘11,

Parmentier et al. ‘12, Jonckheere et al '12., ...

- Possible mechanism of imperfect anti-bunching
- Small deviation of experimental parameters
- Coulomb interaction (edge state, colliding electrons)
- Fluctuation of environment (background charge, voltage gate etc.)

- Coulomb interaction effect at single-electron generator

- “Electronic” quantum-optical experiment.
- Characteristic feature of electrons = “Coulomb interaction”



Model Hamiltonian

Velocity is chosen as unity.

H=Hy+V
Ho =eqdd + | dkkalap + Ud'dalag

quantum dot  chiraledge  cqyio0mb interaction

channel
_ o(atd 4 dt
V =g(aygd + d'ag) o = Gpg
tunneling amplitude 1 / 1
a, = — [ dke’""ay
V2T
quantum dot O &d Real-space representation

d U CE g chiral edge channel
>l a the same problem as
| . " the X-ray absorption edge

O Mahan 1967




X-ray absorption problem Mahan 1967
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electron hole electron emission
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Local quantity is focused on.
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METHOD




initial state

Ed-o—p 1(0)) = [na = 1) ® [FS)

occupied state Fermi sea

EF --1- (quantum dot) (chiral edge channel)
|
-..._.

rapid change <O(t)> _ <¢(O) ‘ethOAe—z'Ht ‘w(o»
(2) density matrix of emitted electrons

P(t) = (d'(t)d(t)) p(r,r' 1) = (al (t)a,(t))

Information of an emitted electron
(including its coherence)



Diagrammatic Expansion (1)
H=Hy+V
Hy = egd'd + /dkkazak + UdeEL(JSgLO

V = glafd + d'ao)
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Interaction representation 0, (t) _ iHot () —iHot



Diagrammatic Expansion (2)
V = g(&gd + dTELO) : vertex

Each term in expansion series

(—i)? /O dtydta (O (1)Vi(t2) Vi (1)) mih
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Diagrammatic Expansion (3)
S?W;”sesr:‘?)ci;:sﬁgalgl?c,)uantum Systems”
P(t) = (d'(t)d(1))

P(\) = /OOOdtP(t)e_)‘t =3 _12()\)

We neglect self-energy

emission only




Lowest-order approximation

Self-energy

> = I +/‘%\+Zﬁ+

X g lowest-order
= Fermi’s golden rude
Example: the non-interacting case [/ = ()

S(t) = —¢%0(t) - Z(\) =—¢?>=-T
1

P(A) = AT w | P(t) = [ : decay rate

exponential decay



Effect of Coulomb interaction

The central quantity in

G(t) = <FS‘€iHC’1th0€_iHC’Otc~LO|FS> «— Fermi-edge singularity
(Noziéres-de Dominicis 1969)
o 1< power-law decay

He = /dk kalay, + Udoay Uo(z)

1kx eika:—l—ié
H.o= / dk kal ay, A

5 : phase shift

Y =



Analytic calculation of G(t)

« Singular integral approach (Noziéres-de Dominicis 1969)

« Bosonization method (Schotte-Schotte 1969)

« Determinant formula + Riemann-Hilbert factorization
(Abanin-Levitov 2004, 2005)

Klich 2002

Determinant formula

tr(e?efe’) = det(1 + e%ebe®)

O = Z 0030l ag
o,

e.Jg. <6’iHc,1t€_’iHc,Ot> p = %6_ Zp Apa;r)ap
=7 1TI‘( ~AgtHe1tgmiHe 0ty e = n(ep)/ (1 —n(ep))

= det(1 —n(e) + e " "'n(e)) o one-body problem







RESULT
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finite temperature (exponential decay)




Spectrum  5k) = plk, k.t = o0)
E = k : Emitted electron energy (v = 1)

Linear Plot > Log Plot

LS (k) | 10001 5 (k)

2() 1.00

10} [ 0.10[, auy

h
~
~
[ ] N A Y < T ]
;' / ] S Y=——mz

PR — M

00 05/ 10 15 20 0.0\ 0.5 kl/.o \.5 2.0
Ed

k/gd
| Small-energy
Emitted electron energy electron excitation

E=k=¢,

Asymmetric peak

a = — : Phase shift
7T (Strength of interaction)



Two kinds of exponents
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Purity and coincidence probability
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Purity (= degree of anti-bunching)
P = tr(p?) = / dkdk! p(k, k) p(K', k)
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Other effect

kBT/é‘d =

o 1/1024,1/128,1/32

0.0 0.5 1.0 1.5
k/sd

Suppression of small-energy
excitation

Pure dephasing strongly affect
quality of emitted electrons.



Summary

Fermi-edge singularity induces singular behavior on single
electron generation.
Survival probability
density matrix (including coherence of injected electrons)
Energy spectrum of injected electrons (6: phase shift)
exponent -26/x ... small-energy electron excitation
exponent (8/m)?... decay of the main peak

Purity (= degree of anti-bunching)

(modest) suppression due to Coulomb interaction
Other effect
finite-temperature, pure dephasing effect

Direct observation of many body effect through coherence
of emitted electrons.



