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® build interferometer — basic blocks

® employ two types of which path detectors



classical particles

screen




quantum particles

A. Stern et al., PRA 41, 3436 (*90)
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no coupling to environment
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wave function of interferometer

probability density to find electron at collector
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interference term



resulting interference

interference

screen

SOource



dephasing - decoherence
loss of interference

two equivalent ways to understand dephasing

Stern, Aharonov, Imry, PRL (1989)

phase randomization path determination

* electron-phonon

» electron-electron * a detector
‘even 1f possible

* spin flip only in principle’

« potential fluctuations

smploy which path detectors — serving as controlled environmen

to control dephasing



symmetric coupling of /wo path interterometer
with environment

both paths couple equally to environment

detector

normalized < )4 ‘ ;(> =1
wave function
of detector
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wave function of coupled system

- the wave function of the whole system is factorable
- detector cannot determine electron’s path

- interference exists !



non-symmetric coupling ot rwo patn interferometer
with environment
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both paths couple differently to environment

iAlQ

v)=le)® 1, +e”lo)® 1)

wave function of coupled system
entangled — non factorable

probability density to find electron at collector
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P(r.)=3(ylr) ® |z),

s 1 -two detector states
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dephasing = paths determination

no interference

e N

screen

AL

information

SOource

® when paths are fully distinguishable...or:
* when detector interacts and dephases paths

mterference vanichex



which slit detection
Einstein - Bohr GedankenExperiment

S| S, D

Schematic setup for Finstein’s “recoiling-slit” thought-experiment. The
single slit S; is movable with respect to the double slit S; and the detector D, so
that the momentum transfer from the particle to .$; can be measured, in order to
determine which slit in S» the particle traversed on its way to the detector D.

Ap. = h/Ax



path detection via EPR paradox

- entanglement of electrons -

particle 2

particle 1

Screen
I
I

U33I9S

two particles are entangled 1n momentum:

* knowing momentum of particle 1 determines that of particle 2 ;
* Particle 1 or particle 2 won’t interfere individually on each screen ;

* coincidence interference of both particles on both screens exists.

cach particle serves as the detector of the other particle



visibility due to which path measurement

visibility of the interference pattern ............. V=V,V,
2 R
Vv, = ‘ 2 r;> Lle,) >< 1 apriori which path informatior
‘ <€01 rc> +I <¢r rc>
Yy :I <Zr Zz> ‘ <1 which path information

v,(t)y=se " . z,, - dephasing time

entanglement -- leads to dephasing !



remember: two views of dephasing

detector ; \x>

O

3 Interaction

7 Darp J
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electron in path 1 -- detector in state |X1>

electron in path 2 -- detector in state ‘X2>

(%;1%,) <1 mm path discrimination
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DEPHASING
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potential fluctuations in the detector scramble the phase in paths
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DEPHASING
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observing interference

VAV

D_)ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ sereen (many collector

AX<A/5

photons

VAV

Ao
ﬂ single collector

electrons

emitter



but, we measure conductance
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Landauer conductance G = Z t/ e/(o,-
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experimental playground

Two Dimensional Electron Gas (2DEG)

! g

minimum scattering and long dephasing length

E. €
.............. N
donor level
large gap ismall gap
Ey

spacer|

femp. <1K Eq
mfp = 1- 150 um
1~ 10111012 cm™ —
Ep~ 10 - 20 meV




making 2DEG

X e ohmic
i «  \ contact

energy
>

i :r Si:AlGaAs donor layer
DN 2DEG l

AlGaAs spacer layer

il
e 1 i
:: ] ?E .;1 :-fl I
' GaAs layer

GaAs substrate depth



AlGaAs
(large gap)

pure GaAs
(small gap)

gates on 2DEG

Si donors

2DEG
spacer

metal gate

depletion region

D / barrier formation

>




patterning 2DEG

build interferometer and detector on 2DEG ...



A ... Aharonov-Bohm phase

C gk q

Ap=A(Qr =@ ) =04 B=27z """ —



two path interferometer - realization in 2DEG
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TEC :‘tEc‘z :‘t +e"\ -1

slit 1 slit 2

AB phase

Tpe = ‘tslit]‘z + ‘tslitZ‘Z + 2/t 2| e cOS (A(P+ Ptis2 — Psiir1)
— __
'

oscillatory behavior with phase!




adding a detector

detector - a localized device

@

3 1nteraction

m
VW

electrons are delocalized !

weak ‘detector - electron in path’ interaction

detector ; x> .

localize electron 1n path 1
strong

\ ¥ interaction
ﬂM\

weak
interaction
17ed
ocaly
& del

localization must be coherent !



localizing electrons by a confined puddle

confined
electron i1sland

negatively biased

tron reservoir

tunnel barrier

small capacitance energy quantization

adding electron requires
charging energy U = &*/2C




classical puddle

I plunger

continuum

-

electron sea
Vplunger



modeling classical puddle

c qg—=—Ne C
lead H m H lead
— Cp
plunger
TV
(CV +q)
electrostatic energy ......... U=—2 2pC
¥ G =2C+C,
U N+ /N N+2 N3
M <
A o
N+4 |
<N > wol
N L
N .




modeling quantum puddle

- quantum dot (QD) -
energy
PELLEN
o Ez\/ >-;
—> PR — :
& :
1
transmission
Vp
resonant tunnelling
1
transmission
coefficient “
0.5t —>(|l<— dwell time ~ A/I"
or—J L
£, energy, E
2 . .
‘t ‘2 2 (I / 2) transmission
oD n

(E _ En )2 + (F/Z)Z coefficient



realization of a quantum dot

drain tunnel barrier
1 um

puddle of electrons

plunger gate

source tunnel barrier

A cnergy

?

U~0.5 meV

I'~1peV \# _—
A A 200 electrons
A =50 peV 0.2 x 0.2 pm?

B leMeV¢ I — ¢

—>
density of states

dwell time < 10 nS



typical characteristics of a QD

Source - Drain current (pA)

60
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resonant tunnelling
+ Coulomb Blockade (CB)

UL

Ogq = 15mK
C =80 mK

Electrons

N+2

-0.24

-0.22 -0.20

Plunger gate voltage, V, (V)

-0.18

electron dwells

" in the QD

does QD maintain coherence ?



testing coherence of QD
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(PQD
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oscillatory behavior with phase — proves coherence !



experimental realization
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1S the QD coherent ?

7.9

blockade

Collector voltage (a.u.)

7.0

Ve

current of

-0.58 -0.56
Plunger gate voltage (V)

Collector voltage (a.u.)

magnetic field (mT)

-5 -10 -5 0 5 10 15

reference arm

* existence of oscillations == proof of QD coherence !



detection of electron in a QD
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detector T,;, @,

L

e AQD
! Plunger gate

MUU\
<N> g -

N+3 7

N+2

N+1

N

QD potential | QD charged

charging a QD with electrons

conductance ,

electron

Plunger gate, V
enters gerg p

detector — d
CQD-detector

o
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d QD
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two possible detection schemes
- sensitive to potential -

¥ conductance change of detector

Ly (p) — Ly () + Ly

A(DdZO potential dependent currer
o —— A -

LIJ

k phase change in detector
O >PatAQ

potential dependent phas

At =0
T

Pt A
KX



constructing a detector

> selective of the two paths
> high sensitivity to a single electron
> minimal internal noise

> tunable properties



via conductance change

T, > T,+AT,
A(Dd =0 E potential dependent current
— 0 —
N — o
L]
[l

affecting resistance of a quantum wire...

effective width W
L ¥
Mo 1
Ly
without electron in QD................ /4 T, R
with electronin QD ................... Ww-aw T,-AT; R+AR

resistance change — change in power dissipation — measurement



a short wire — a constriction
a dissipating detector

transmitted

rain
electrons, T’ dra

4

reflected
electrons, R source
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2 full transmission,
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partial transmiss{é;ﬁ----------; _______ “ Constriction Width, W

<1 e

2
, > 2e
partly transmitted channel: g =17 P



QD + constriction

Quantum Point Contact (QPC)

m \BY orc
V, mmmoDg | g
|
I QD I QPC

T, (QPC)
' weak sensitivity
1.0 = 2¢?/h - first plateau
AV
0.8
0.6 o
AATd strong sensitivity
0.4 o
0.2 _ AV - induced potential due to electron
weak sensitivity,
00 1 1 1

Av Vi (QPC)
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QD - QPC interaction
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experimental realization




but, the QPC has unavoidable noise

charge is discreet W shot noise

current

shot noise

time
transmission
T, +AT 4 Ww&ovﬂ,&\ - VV""Vf\'M\IAV'M"
| ITI |
LIJ |.IJ |.IJ
T, M‘**‘VWAVMW‘
< > time

dwell time in QD = 1/ I ;p,

competition between A7, and shot noise



shot noise = partition noise

Incoming Transmitted
N. QPC N,=T,N,
i q T\d / t d* i
: N .
no noisc ! Nnoise
HImnn 10 il
! time ! time
full Fermi reservoir partition noise
(ordered electrons at T=0 K) (random electrons)

O(N,)=\N, T,(1-T,)

Ty (1-Ty)

0.251
noisy detector

QPC noise, c?
S
S}

S
~

1near a plateau near a plateau

0.0 0.5 1.0
transmission probability of QPC, T,



expected shot noise in QPC
A
mmnnmm A A

binomial distribution

<(A)>n0 g (A0)° > =2el(1-T)
Av T

Khlus, 1987 (A%/Hz)
Lesovik, 1989

Si(v)=

noisy current

\S]

conductance (g,)

asIou

gate voltage, V,



conductance, g (ez/ h)

actual shot noise in QPC

8 T T T T T

T=04K
6 1Vopc = 1,2,3mV.——

""" ] 2.5

e T I R R R R R R R A

(zH/,V ,.01) S “3sioujoys

QPC gate voltage, Vg (V)

Reznikov et al., PRL 75, 3340 (‘95)



simple dephasing arguments

» DC current in the QPC

conductance

» when an electron dwells in the QD:

2e’

> during dwell time, T4, Angpc electrons pass the QPC

_AQ _! 2¢”

QPC ™ 4 —g’td-V < AT >

An QPC , “°'D

» for which path information, Angpc must be larger
than the Quantum Shot Noise Number fluctuations

<(AQ)* > 2e’
S(0) =2 =(AQ) :Ze-VQPC%<TD>-(1—<TD >)
T
d \_Y_l\ ~ J\\ v J
2¢ o | <T.>
N ec® (1-<Tp, )J
Y Y
classical shot noise suppression




> number fluctuations:

an=8Q_ [ 5O
e 2e

1 ¢’
AN = gTdVQPC T < TD > (1— < TD >)

» For An (due to ATp) > AN (noise) ...... detector dephases

2
1 _ 2eVQPC (< ATD >) _ 1_‘depha sing
T4 h  <Tp>-<T, >) h
—— — v
measurement rate define: dephasing rate

| 2el, (AT)y

0, h ST(-T)

®»




» The visibility of interference oscillation :

Td
S« SR 1—‘ .
V — e Tdephasing ; 1_ depha SIn g

L'op

v visibility = &/ A

eV (ALY

v=1-
slyp 1,(1-1,)

-- Y. Levinson, Europhys. Lett. 39, 299 (1997)
-- S. Gurvich, Phys. Rev. B 56, 15215 (1997)

-- L. L. Aleiner, N. S. Wingreen, and Y. Meir, Phys.Rev. Let. 79, 3740 (1997)

-- Y. Imry, Phys. Scripta T76, 171 (1998)



more rigorous dephasing estimate

Va = ‘d<75r‘ll>d‘

going through left path

symmetric barrier

A

\4

‘Zi’>d :fr\% +rr"’>d

going through path with QD

t, =cos0,exp(ip,)
r,=1isin6,exp(ip,)
t.=cosl exp(ip,)

r.=isin0 exp(ip,)



for a single electron probing the interferometer

t:t, + r:rl

v, = =|cos 6, cos 8, +sin & sin b, =|cos(6, —6,)

AO=0 -0 <<1; 6=60 =0

cos 0=T, =t

v x1-(A0)° /2

AT, =cos* 0, —cos’ 0. =(cosb, +cos8.)-(cosb, —cosb.)

O +0, cos%ﬁ -(=2sin % ;Hr sin A(9)

AT, =2cos
2

AT, =2 cos@ 1 —2sin6 A?g

AO=AT, /(-2cosfsinl)



2
Vclzzl_ (ATd)
3T, (1-T,)

for 1 independent electrons probing the interferometer

v, =W))"

probing rate .... n=2elV, /A (nelectrons time ¢)

—t(n)
"=e Asl—t/r(o;l—nvé

d

<
I

dephasing rate ....... 1/z

2eV, (AT,)’
h 8T,(1-T,)

"N/

1/7(/):1—‘1/;’



(AT Tp(1-Tp)

expected dephasing rate

0.010 ( AT D)2/ T ( 1-T )

p({-1p) . -

good detector
0.008 1
0.006 1
0.004 A \./
poor detector
0.002 4 poor detector \ i
e®
poor detector

0.000 4

0I.0 02 04 06 08 1I.0



experimental realization

QD is tunec
to a peak !




controlling dephasing

' ! ' I ' I .
0.076 A-B Oscillations of Interferometer

S

S

N

SN
1

Li AB=w,/ 4 ]

\A [
Y

0.064 - —

0.072 -

0.070 -

0.068 -

0.066 -

current of interferometer (a.u.)

-10 -5 0 5 10
maonetic ficeld R (1T



conductance, 8qgpc (2¢2/h)

visibility

dephasing vs transmission

1.0 T - T - T - T - T ; T
T,=15mK ,/'/szl
TElec;or§ O mK . /
®
rbﬁ\ /
0.5- C)\' * -
S A
S A B
e A M
T =0 — v visibility = 8/ A
d_ Ve
0 0052 /: I 1 I 1 I 1 I 1 I 1 I
' V 10 peV
e
005347 —— ~——
I~ strong noise small AT,
0.052- \
|small AT,
0.051 - )
th.é.(.)ry
0.050 -

0.182 0.184 0.186 0.188 0.190 0.192 0.194

QPC gate voltage, V (V)
Ton= 0.7 peV



dephasing vs impinging rate

0.0600-

V

o

o

a

©

o
|

0.0590+

visibility,

| kT
<+
0.0585-

Lop=0.7 peV

fitting parameter

| ' |
20 40

80

applied voltage on QPC, V', (peV)



dephasing and intuition

T, d
' weak sensitivity
1.0
small noise I 1 AT,
AV
08 visibility
............................................................................................. ~
06 1 IR RN N
large noise AT, strong sensitivity - 4 / \ /
O 4 .............................................. * \x
" ..Td—0-5 | - TS0
" small noise | weak sensitivity ;.77
0.0 /.
1 AT,
."/.‘;:'
F

lephasing due to detection:

vhen noise 1s large — detection certainty 1s small — interference

lephasing due’tﬁ%ca@ng: —
\ /
vhen noise 1s large %rdﬁ)otentlamu'ctuamns — dephasing

— —

_—



phase detector

w
(t,) TA @ (t,)

@

interferometer

detector circuit: @ (t,) tA @ (t,) - R+ AR,

can it work 1f only phase 1s added (without interference) ?

Qt,)—> @) +Ap(t,)

L
"""""""""""" | A Td =()

potential dependent phase LIJ



how to introduce ..... Ag (£, )+ 0

while keeping ..... AT,=0

by preventing any backscattering !

applying magnetic field
leading to chirality...



current flow under high magnetic field

D

propagating
currents O

O\ D
circulating
et @
o l S

.‘:’
&

D

D

classical : skipping orbits

quantum limit : edge states



Resistance (KQ)

chiral edge states

30+

25+

\

Filling factor 1

20 Filling factor 2

15+

10

0 2 4 6 8 10 12 14

Magnetic Field, B (Tesla)



conceptual realization with edge states

quantum Hall regime

B
@ path with e in QD

@ path without e” in QD

will this system serve as which path experiment ?

Sk

> looking from the detector side:

can detection be done /n principle ?

> looking from the interfering electron side:

what will dephase the electron?



> looking from the detector side:

can detection be done /n principle ?

measuring phase requires
comparison (interference) with a REFERENCE

NO REFERENCE SIGNAL!

> looking from the interfering electron side:

what will dephase the electron?

dephasing requires time dependent fluctuation
a noisy detector

NOISELESS DETECTOR |



a better edge state phase detector

®s ol
(‘NQ, T, a Path with e in QD
@ path without €™ in QD

]/Z(Ol+ _IB+)_(05— _ﬂ—)

LIJ LIJ

y=o,—0o_ ... since fis constant

QPC splits the incoming edge:

-- provides a reference path

-- introduces noise to edge current



the which path information ...

nterference between transmitted and reflected edge states

« ™
rd > ﬂ 0‘:‘ .. "’0 td ’ «
o Inprinciple *+.,
. . .
______ interference

...
l...
......
Ll |
.............
.........
““““
.

PC /4

/%).\
\/

Z,)

which path information V,= ‘<Z I
[1 |z)=d0),+r),
[-]

detector states

;(r>=e’7t t>d+r‘r>d



for a single electron in the detector:

@78 (t|+ 7 () - (t]t) + 7 r>\2 -

2
S N
=v)| =

2.

‘<Zz

=le”* +7* =T+ R* +2TRcosy =

= (T+R)2 —2TR (1+cosy)

‘Vd‘ =1-4TRsin*~
2

for n independent electrons probing the interferometer:

=] = -47R sinzg)%

n
Vi

~1-2nTR sin’ 72/

vV,



probing rate .... n=2¢eV,/h (nelectrons per unit time)

v:(t)ze_%(” ~1-t/7t

dephasing rate ....... 1/z

1/7,=1-

n
Vi

total dephasing rate

2
L _eVa| (A7) +AT,(1-T,)sin>~




the interferometer.... in magnetic field ?

L a path with e in QD
/
=\

AN

‘ | ™~ path without e in QI

with magnetic field....

)
%
—~

cdge state transport

\O simple two path
interference



a high field interferometer is needed....

e. g. Fabry-Perot interferometer

nterference of trajectories — NOT different paths

possible trajectories

B B resonant
% tunnelling
e

—»| [ [—>

Fabry-Perot interferometer
only slightly sensitive to magnetic field

F - P interferometer = quantum dot

what does the detector detect ?



resonant
tunnelling

W I

JW

ikd

(E)=te™t, +te™t,(re™rt,) +te™t,re™rt, (r,e™nt,) +...

short trajectories affect small number of detector’s electrons

longer trajectories affect large number of detector’s electrons

longer trajectories are better detected

I

QD 4
I=I,+1,
T, =n/t, D . With detector
onz — Fe >
4
rzrl 1_‘z‘oz‘l_‘e

T =
D T 2TV (e—e 4+ AN (T /2)2



A

= QPC Y
transmitted >

N k Ll \A

electron scatters back electron dwells in the QI
short time near detector /ong time near detector



drawback of the single QD

Iop N

v without detector 7,

with detector 7+ 7,
1, =1z,

K

>
%
p

Vo
single Fs —/\— FWHM ~4k,T

QD el
due to Fermi distribution in the leads

- kyT
k,T I, 1, l
l l L H Right
- H et T T
single QD — DQD
T T
JT-_ —
Vor Vs 4k, T
rra
double
oD ekl —»j\<— FWHM ~ 2T,

DQD thermal broadening minimized



charging energy in DQD

G G ¢
q, q,
lead | I QDI | I QD2 | I lead
— C, — C
I
electrostatic energy ......... U=U(q,,9,5V 1,V ,,)
strong confinement of each QD ............. q, = —en,
q, = —en,

find n,, n,that minimize U

adding electron to n,+n, requires charging energy



Couiomp D10CKadce 1 UYLV

0 .I 2 Livermore et al., ¢

" Vbl

peak in conductance at triple degeneracy point

T 1 A2 N " PR 7_.\ - P



plunger voltage, V,, (V)

plunger voltage, V,, (V)

Coulomb blockade 1n DQD

-0.41
-0.42
-0.43

-0.44

-0.45
-0.45 -0.44 -0.43 -0.42 -0.41 -0.4

plunger voltage, V,, (V)

-0.413

full width at half max.
contour
-0.414

-0.415

-0.416
-0.421 -0.420 -0.419 -0.418

plunger voltage, V,, (V)



experimental realization

reflected %I
o 1, d
4 incoimin*‘i'}‘l‘tuansmitted /\i
d

QPC

partitioning

edge state

S I R MRy Ty

DQD
git interferometer
g HHAY
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o
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T=1
no dephasing
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0.55

N

_ 0
Li=0 s 0 0.2 0.4 0.6 0.8 1
no dephasing Transmission > T d



Peak Height (e’ / h)

017 [T r T

0.16 [
0.15
0.14
0.13 [
0.12
0.11

0.1 1 1 1

[ [ 1 [ 11 1
0 0.2 0.4 0.6 0.8 1

Transmission, 7,

qualitatively, as predicted !



QUESTION #1.:

why phase 7 doesn't affect the dissipating detector ?

1:eV{ (AT, ) }

T h | 8T,(1-T))

¢

dissipating detector:

effective width W

L5 ot , T
[>t+AL

— ~ a, a,
b, t 7 )\a, —>

for a symmetric barrier ... ¥ =7

scattering matrix S obeying time reversal §,=5;,

since S is unitary " +o"=0 § r=|rle
i@B) _ _ ila—p)

a-pB=—a-B)+n ;|la-B=r/2



our QPC barrier is ‘'symmetric’

electron A no electron
A in QD in QD
t 1
r r t N
AN g I
772 772

7/=0£+—,B+ _(a—_ﬂ—) — O

QUESTION #2:

why noise plays different roles in the two detectors ?

current fluctuations and potential (density) fluctuations

are not always the same !



INn edge state phase detector

oF wl

T o  bath with e in QD

—_—a @ —
@path without e in QD

. % . .
—epL =¢e p  density and current fluctuations
/ P vy are similar

in dissipating detector

R+ AR,f '

TT AT,

v =ae™ +be™
p=eyl* =laf* +pf + @b ™ +c.c.)

. IR ( ) 2 density and current fluctuation
J T T4 Wy +cc :M l are different




more information ?

Source 2

N

— Cz% I ; ! Vi '|'+

F interaction region
- H -y
Source 1 I I I I I

I/d] - I/a’Z

will more information enhance dephasing?



* the effect of the detector on interferometer ...

two full Fermi seas approach the QPC
partition is impossible

Nno noise in edge
no dephasing

* information provided by the detector ...

full Fermi sea in the two collectors C, and C,
independent of the phase Y

no information provided by the detector



Area of FWHM Contour (mVZ)

17

16

15

14

13

12

11

n

~

o dephasing

0.4 0.6

Transmission , 7,

T,=1

no dephasing

/



the which path information ...

nterference between transmitted and reflected edge states

« ™
rd > ﬂ 0‘:‘ .. "’0 td ’ «
o Inprinciple *+.,
. . .
______ interference

...
l...
......
Ll |
.............
.........
““““
.

PC /4

/%).\
\/

Z,)

which path information V,= ‘<Z I
[ |z)=d0),+r),
[-]

detector states

;(r>=e’7t t>d+r‘r>d



for a single electron in the detector:

@78 (t|+ 7 () - (t]t) + 7 r>\2 -

2
S N
=v)| =

2.

‘<Zz

=le”* +7* =T+ R* +2TRcosy =

= (T+R)2 —2TR (1+cosy)

‘Vd‘ =1-4TRsin*~
2

for n independent electrons probing the interferometer:

=] = -47R sinzg)%

n
Vi

~1-2nTR sin’ 72/

vV,



probing rate .... n=2¢eV,/h (nelectrons per unit time)

v:(t)ze_%(” ~1-t/7t

dephasing rate ....... 1/z

1/7,=1-

n
Vi

total dephasing rate

2
L _eVa| (A7) +AT,(1-T,)sin>~




more rigorous dephasing estimate
for the dissipating detector

Va = ‘d<75r‘ll>d‘

going through left path

symmetric barrier

A

\4

‘Zi’>d :fr\% +rr"’>d

going through path with QD

t, =cos0,exp(ip,)
r,=1isin6,exp(ip,)
t.=cosl exp(ip,)

r.=isin0 exp(ip,)



for a single electron probing the interferometer

t:t, + r:rl

v, = =|cos 6, cos 8, +sin & sin b, =|cos(6, —6,)

AO=0 -0 <<1; 6=60 =0

cos 0=T, =t

v x1-(A0)° /2

AT, =cos* 0, —cos’ 0. =(cosb, +cos8.)-(cosb, —cosb.)

O +0, cos%ﬁ -(=2sin % ;Hr sin A(9)

AT, =2cos
2

AT, =2 cos@ 1 —2sin6 A?g

AO=AT, /(-2cosfsinl)



2
Vclzzl_ (ATd)
3T, (1-T,)

for 1 independent electrons probing the interferometer

v, =W))"

probing rate .... n=2elV, /A (nelectrons time ¢)

—t(n)
vi=e %q”zl—t/rgpzl—nvé

d

2eV, (AT,)’
h 8T,(1-T,)

"N/

1/7(/):1—‘1/;’



adding a ‘dephasor’

reflected
%I T detector

RS d
incomingﬂ\

hransmitted

L] L] D
floating 1 oD ?

Ohmic
1
contact -L

dephasor




d depnasor In the aetector prevents interrerence
rendering the phase detector ineffective !

on the other hand, current continuity preserves shot noise

an we describe the quantum states in the following way ?

detector states

[] ‘;(1 =tt +r‘r>

without dephasor

[] ‘){2 —e”t +r‘ >
| 1 ) =dald)+rr),ld,)
with dephasor

[] ‘;(2>—el7t ‘d +r‘

g

Zl ‘ 7 >‘ dephasor state

(|22 -]

the detector still detects --- not a true dephasor !




a floating Ohmic contact = a dephasor ?

v A d
*

reflected
}" T detector
v

area of FWHM contour, 4 (mV?)

....... Ohmic

contact —

0.2 0.4 0.6 0.8 1.0
transmission probability, T’

due to the finite capacitance of the contact
charge fluctuations diminish



hence ...

e reservoir in thermal equilibrium cannot be
described by orthogonal quantum states

e how to build a true thermalizing reservoir ?
how will it behave ?

-- should quench shot noise in the edge current
-- can do it v/ig a large capacitance to ground
-- does the reservoir have to be very large ?

-- not necessarily...

small grain
small capacitance

-- a large capacitor induce decoherence via radiatior



research done by:

E. Buks S. Gurvich
D. Sprinzak J. Imry
Y. Levinson

V. Umansky
H. Shtrikman
D. Mahalu
which path detectors
]
X
g ®

2
I _eVy (47,) +4Td(]—Td)sin272/}

t, h |8T,(1-T,)

learn to use the dual picture to understand decoherence



Phase Evolution in Coherent QD

Expected from Breit-Wigner formula :
ir2
tQD T n .
(E—E )+il2

. (T2
(E—E, ) +(I2.

I'ransmission probability ... tQDZ

n

2
Phase .................. H(tQD):6’(Cn)+arctanr(E—En
: 7/2
o 2
S 05} —>ll«— T 10 S
0 72
E

Energy, E



What are the allowed values of &( C,,, ) 2

Example: 1D Rectangular Well (no e-e interaction)

r A
< —>

|
1 0 1 2 3 4

(e)

Transmission, ¢ Phase, 0(7) [n]

*Each resonance leads to phase change of .
*Consecutive resonances are out of phase.

General case, tight binding model
arbitrary

system
lead

L R
° ——eo ° ° °

(24 a

lead

quasi bound states, V. small coupling o <<

0(C,)=0ly, (v,)]
If time reversal symmetry holds than ¥, can be chosen real

6(C,.,)-0(C,) e{0,x}



Theory

Recent calculations are :

e [. L. Aleiner, N. S. Wingreen and Y. Meir, Phys. Rev. Lett, in
press, cond - mat/9702001.

e Y. Levinson, Europhys. Lett. 39, 299-304 (1997).

e E. Buks, R. Schuster, M. Heiblum, D. Mahalu and V.

Umansky, anant-nh/970007?

1 2V, (ALY

r,  h SI(-T)

¢

e S. A. Gurvitz, cond - mat/9706074.

I _ 2V, (AT))
r  h ST,

¢

e Y. Imry, to be published in Proceedings of the
1997 Nobel Symposium on Modern Studies of Basic

Quantum Concepts and Phenomena.



Peak Height vs. Transmission
0.17

Vd=O mV

0.16

0.15

0.14

013 Dephasor on!

0.12

Peak Height (e’ / h)

0.11

0.2 0.4 0.6 0.8
Transmission, 7,

reﬂectecr/}\l

7
1nc0m1n% \t transmitted d—l

m—--—
o il

contact \/

0.1

o
-




* look first on information = interference

te’s

blue 2Re [teig re_i((“‘:_”/z)]: 2Re tr[e_iwei”/z]z —2sin @

red 2Re [r te ) ] =2Re tr[e_i‘”e_””2 ] =2sin@

zero interference in detector
no dephasing

* two full Fermi seas approach the QPC
partition is impossible

Nno noise in edge
no dephasing



