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Length limit quantum coherence (Coherence length)

Monochromaticity: Thermal length ~ Energy width: AE = kg7 Diffusion length: | = v D7

. AET kpTT h
: — — — 2T T, =
Phase width: 2nAfr = 2w h 2 - T
( N
X e hD
AN Thermal diffusion length [y, = 4/ ——
A kT
l . .- h’UF
AJ Ballistic thermal length lih = ——
kT
,I_[ \_ )
[
AJ
1
- o - .
Il (Some) inelastic scattering time: Tiye) Ballistic transport: SR UG e

Diffusive transport: linet = v/ DTinel



Debate on the existence of “intrinsic decoherence”

CFake—L VR

%
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Weak localization magnetoresistance — phase relaxation time 7¢

10" ———— - 10" .
oD ¢ Ref. [10
o m O Ref. [B]]
3 ® Ref. [7]
10° i & Ref. [9]
7 10~ 1D-Si :
= @ [1D-Si
R 1D-GaAs D
107t 2p-AuPd veves -
lD-l: 3 2 3
' - 1D-nGaAs >n
107°L 2p-AuPd .
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Intrinsic decoherence (?)

Mohanty et al., PRL 78, 3366 (1997)

Golubev & Zaikin, PRL 81, 1074 (1998) : Intrinsic fluctuation in
electric field

Big debate in LT1999 in Helsinki = ZH < 32 D L5 A H DIEA WV, BHERHYONE



HE {6} 1SHLT pm= D pildi) (¢l 0<p<1, Y pi=1)

;) DRIDTYEIEBIELE LRV L IRAIREE (mixed state) & HilbertZZE~N 2 kL TR I N B REE
fH IR EE (pure state)

EFEHRER : [HAR] oY 2T ABRFEICKRS
Quantum process tomography Quantum state tomography
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Hendrik Anthony Kramers
(1894-1952)
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w1 )5 LIRS (7 7~ — A JEDi)

7 7 < — A ER (Kramers turnover)

EWRT v I)LOFRTBrownEE& 2 L TWLWBRIF
{VZRIGTHD IR —[EEERE U(g)

— B2 RIGD /TT/‘/'\"”/BE BE % B 2 TIRRE
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REN5

HFIZTEFWET DT/ RFICKDER
Rondin et al. Nat. Nanotech 12,1130 (2017)
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(R CKramersEs[E IR R (X & 5 A B H ?

aﬁ'ﬁ'igﬁg _—._'—._):l-'- N2 N . E3 N S N = = N > -
[EBED @R : EF b FILMNMERE = v/ O=F k3L (macroscopic quantum
tunneling, MQT)

O/\ > ? MQTIZX I 5 EE (RIELDHAEER) OMR=>EF->HHADIEKER?
\ Quantum Brownian motion

<7 AZHOH)) NERERF 1, x2,..., TN

BOEE X=-Y

N N
Lagrangian ~ L(w,&) = ) %xf - ) V(zi—=y)




<~ 7 UBEB~NDEA ) FDEEH]

] dz: = ax || da
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v [N . _
Feynmant% K (z°, 2%, T) = f dX dx',...dx"\exp [% f [mTX2—|— f] dt] (EFNFRIIRIE)
a’ ta
HEERE X =0
62 \
& SR ) 0 ERS S=SO+5XS;(5X)2+--- LR OEH U

exp{(iNz)} = 8(z)/VN (N = 00) kU, N oo THESER 1/VN TR
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Caldeira-Leggett &7 )L Caldeira & Leggett, Ann. Phys. 194, 374 (1983)
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ZERERETDODEF Ry k

EWER S.(X) % 7= / DX exp{(—Sus1/B)} TEH
s B A TS T 2

Bh . T
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ZERERETDODEF Ry k
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ZERERETDODEF Ry k
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ERIEARWGE ¢ X (1) X (1) = Xa(7) +0X(7)
2
So(X (7)) = So(Xa(r)) + s2"

0X(1)?
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b FRIVBEEE AN A UL

6 X (1)?

A = exp{(—S51(Xa)/h)} - Ag = exp{ (—?7

h

SSOIPN

7721, REEAFE LTI b RIVERZIFECT.

ZERERETDODEF Ry k

CNIERT VY ILDEFED-, £EZ, hyvX—I1A

AX = X(final) — X (initial) = 2X, FERIE

ld b RIVHERZTIT S

§:m > AMACHET S,
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\Voss & Webb, PRL 47, 265 (1981)
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ZEHEREFDET F v b

P{l) (arbitrary units)
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Chakravarty, PRL 49, 681 (1982).
Schmid, PRL 51, 1506 (1983).
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Charged boson (Cooper pair) — Vortex B n,
I JL
NZI LY
N7 v ILELR 2e
L
2 2e <> N :>
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— rS— i
|]]|é|]+| J %tz B JL=2en L
I 7 — 7 —x| i E
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& 1 BB o S Bl SR A Ry =
4de
I
W charge KTB transition < vortex KTB transition

M. P. A. Fisher, Phys. Rev. Lett. 65, 923 (1990)
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Yamaguchi Takahide et al., PRL 85, 1974 (2000). T [K]
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Qubit in a fermion bath

So far
Quantum coherence In qubit

How about the fermions
traversing the qubit?




What 1s “measurement”?

a
zbzbiutd, 2FFy b CEHE%E 5 omof e
W) =|wa)+|wes) #xEETHTFHCEZON? :
State entangled S omst
with S
‘\P> = ‘l//A>‘ A> + ‘ 1/ >‘ B> macroscopically 5 VoYU
distinguishable oo
“Collapse” of wavefunction into y, (or ). states |A) and |B) " _&agneﬁc ol B (m{r’) N
—_ N . ~ = ~ S —r b T T T
BERETCETEIEFOIEL—L VX FHHOFHHRHOIRIG i
(visibility) THIETTZ 5 D TlX @ W H ? S
~—,, 0.08
Buks et al. Nature 391, 871 (*98) QPC charge detector >
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£ E \:::\?n \\,\ * QPC gate voltage V (V) Pllngetvortage: Vo lv)

_"-_— »
SM-WIS @SKU X35,088, 15nwm

JARXEBELAEWETFTOE—L Y IAELHEWN? -

QPC transmission T,



AT L ST ae—L A

T | T T | T
120 = sample A i {1 n
Quantum decoherence at low temperatures } T
100 —
- e | R T C
g% +* |7 decohered DN ?
X ®0 ;j 1
AN 1 4 ]
N 40 * -
I 7 20 o 4
AJ I I - 100 | 1l]l]{} T
,I'l | 09 200 T-i(uu " “e00 800
1S 2D—AuPd SN "
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1@!1‘ 107%F  op—AuPd 1 2: o ampleA . .2 ee 1
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L 107 il il I(E QE: . o o0 ° E :
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I Mohanty et al. PRL 78, 3366 (1997). 0 "% mK) 100

Shopfer et al. PRL90,056801(03).
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F> b R DOFHMETdecoherence>ON/OFF3 5 ¢

gsF Ky MeEnTFake—L X

)
even number l ' I i odd number
i = 1=t
y ) no spin flip
* I \L ‘ I
I [_\' 1 D
v | -
/\, =) spin flip
_ | 4
T — -
\
r m L
v -) | v no spin flip
Ran -
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gsF Ky MeEnTFake—L X

Z‘WAHWB‘Cosgjd§ZA(§)ZB*(§) Z‘WAHWB‘COSH

i :Spin-up X g ‘Spin-down
interference term : O

Partial coherence

Wa <(I) 1 A
A A B

N:even
no spin-flip scattering

N:odd
spin-flip scattering
exists

1

AEVEELICK VBRBBEREL Yy FXEVYA T Y
\/§(|S T) |d ~L> o |3 \L> \dT>) g ~/7\‘}[/-§—z)
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Theoretical approach (1)

gsF Ky MeEnTFake—L X

H. Akera, PRB59, 9802 (1999).
H=H;+ H; + H;

dot e lad |\ e

Hd = Z EnoCLacna + Hint HL — Z Elkgczrkaclkg Ht = Z (Vlknczrkgcncr + h.c.)

no lko lkno
Initial Intermediate Final
i) = |eko, L; N, SS.)  |m)=|L;N+1,58.) |f)=|ck'o", L;SS.)
S, =8, +0/2 S +0'/2=8,+0/2
@ @ Do
27T P 2
Py = —| @ TV f)76(F; — Ey)

= —¢ T Y 3ff€]€0' T ka’O'f)gNSz o Pfsika’J,(]‘ o feko_)gNSz,]

koS. k'e’S.’

The retarded Green function is calculated on the non-crossing approximation.
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Theoretical approach (2)

H. Akera, PRB59, 9802 (1999).
Koenig & Gefen PRL86, 3855('01), PRB65,04316('02).

(a) Normalized Conductange Fg

2

0. 5212 K Keldysh Green function approach
1.5 , -5- 1.0 1 T T T T '
N 5 o 1 . A
. o3F \ -
/\ 1 -_ ----- b= 2 9 ¢ -IS il.'l 10 ’fl{ L _IJ = IJ
N\ N D 1 (e T 05 — infinteU |
—b=5 13) Fo pca{l: h%lght E -
| o5 | : ".S.=S_+I.f'2 2 T
- *reasa §_ = = =
AJ 0 1 2.3 4 5 = 0.0 - = g} %ﬁr = = dé)
B : . S = /i s/\§ §/\s
NIRRT S -
. . : i
lg (e kT 3 05
W
T (b) Normalized AB amplityde |F —iF| 9
'IJ.F -1 .U_“:' '4 ! é 10 FIG. 6. Sequence of asymmetry of AB oscillations in the Cou-

yiy

lomb blockade regime. The solid line depicts schematically the con-
ductance oscillations vs the gate voltage V', . and shows the Cou-
lomb peaks. Regions of small and large AB amplitudes are
indicated. showing the asymmetry between two adjacent Coulomb
blockade valleys (“large™ corresponds to a valley with a total spin
0. while “small” corresponds to an 5=1/2 valley).

Q
el kT

FIG. 5. Interference signal for AB interferometer with a single
QD. Asymmetry in the magnitude of the signal appears for nonzero
[ Plotted 15 the flux-dependent part of the conductance, normalized

¥ K v b

=
=

by || /(kgT). in units of e*/h.

30



Experiment

gsF Ky MeEnTFake—L X

Problem: How to prepare the same transport condition
but the electron spins on the dot?

AB amplitude: strongly affected by conducting channels,
tunneling probabilities, etc. They easily change with the
gate voltage.

Answer: Find "spin-pair" state! the same guantum state but spin

N

Sample configuration
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Difference in the AB amplitude

gsF Ky MeEnTFake—L X

—~ S — T T T T3
N£ 6_(0) [ ] 7]
L Lo 89 67 2-3 1
% 2 .1._2 /-8 4_5- 7
< 5-6 3-4
5 00l = * + -

2x10'1 3 4 5 6 7 8

28D (v, -v,)/(SD (v,"") + 8D (V")

[EEN
o

H (o2} ¢4}

AB Amplitude (10~%?/h)
N

R1s

0.50 —

0.49

0.48 —

Magnetic Field (T)

I I
f ] L.
-0.185 -0.18 -0.175 -0.17

Gate Voltage (V)

0.47

-0.180
Gate Voltage (V)

H. Aikawa et al. PRL 92, 176802 ('04)
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Neutron diffraction experiment

gsF Ky MeEnTFake—L X

s x
o
| goof
. > “‘. y
'1 —RESONANCE g
j sPIN FLIPPER < o0}t
-
-
2
Ly
E 2001
Ed m ..-?.I_r 2T
Z Afrad) 2

Badurek et al. PRA 34, 2600 (1986).

INTERFEROMETER

What is the difference?
) ] b | b Isometry J
T [y — ] o DN
[P —— S | f o, Tl = T(\w) ® \e)) = Zk:(hk\w) ® | ).
(a) (b)

Neutron diffraction: adiabatic, nearly perfect quantum channel

Quantum dot: noisy quantum channel
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