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can interference be

Uncertainty vs. Complementarity

Which one is more fundamental?



Uncertainty principle

“It is impossible to design an apparatus to determine which hole the
electron passes through, that will not at the same time disturb the

electron enough to destroy the interference pattern” R.Feynman
(1965)



Complementarity

“It is possible to design experiments which provide which path
information via detectors which do not disturb the system in any

noticeable way” M.Q. Scully (1991)



Quantum eraser
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no interference !



Quantum eraser

coincidence count
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WP information is erased by coincidence count—>
interference reappears



What is quantum eraser?

CONCEPT HOW

Measurement: projecting wavefunction on a particular basis

Possible to observe its wave nature or particle nature

at will !!



Quantum eraser

Xiao-Song Ma et al., PNAS 110,1221 (2013)
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|H> : horizontal polarization of environment
e



Conditional probability
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When environment photon is detected in the state |V>e - NO interference

(H,V : measurement basis)

D=‘P(a‘V)—P(b‘V)‘z1 V=0



Quantum eraser

Xiao-Song Ma et al., PNAS 110,1221 (2013)
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Conditional probability
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When environment photon is detected in the state |R>e = |Nnterference
(L,R : measurement basis)

D=|P(a|R)-P(b|R)|~0 V=l

D? + V2 <] :complementarity



Quantum eraser -Delayed choice with photon
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Y.H.Kim et al., PRL 84,1 (2000)



can interference be

event #1: Oe in detector ............ O = Qs + 0

event #2: le in detector ............. Quzr = QPag -

post select 1le ,..,— l€,, — deterministic @,

multiplying current fluctuations

et detector current
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cross-correlation MZIl ® detector

et detector current
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Imzi interferometer current

0.034 0.036 0.038 0.04
modulation gate voltage (V)

V5= V5, =12u1V; electron temperature 10mK
~1 electron in detector and in MZI ....... 10 um

measure fluctuations at 0.8 MHz and bandwidth 60 kHz
integrating 30,000 electrons



X 10° cross-correlation signal f=0.9 period/mV
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How to erase which path information

What is measurement on to Detector in Electronic QE?

How to control measurement basis



Double MZI
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When System electron pass through upper path

Detector current : P(D4 |Ts)



Double MZI
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When System electron pass through lower path
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Measured which-path information K:

K (G FLTASH 5 29) 25 TSin(g, )



Double MZI

Wheny (~/12) <<7

o p,

K(¢,)=|P(D41)-P(D4|ls)=r




Realization of Double MZ]|

H. K. Choi, E. Weisz et al., Science 344, 1363 (2014)




Dephasing
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How to measure

Joint probability at system drain (D2) and detector drain (D4) : SMG

P(D2D4) D2 ----.(Of\\.-.\l,.(-‘i(— S1

If events at the drains are independent:

P(D2D4) = P(D2)P(D4)

s3 > 'g-- ¥ >----- D4
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Reduced joint probability: non-trivial correlation

P(8D25D4) = P(D2D4) - P(D2)P(D4)

Cross correlation
o (81,01,

of current fluctuation



Auto correlation in MZI

Detector
-800
-700
600
-50( [—
B B
2 2 400 k=
m o
< <
-300
-200
-100
- - - i ,,-?L 4 0
-90 -85 -80 .75 -70 -90 -85 -80 75 -70
SMG (mV) SMG (mV)
28 -
x 10
2 :
T 1 n ~
T P
N N
< 0 <
= -1 U =
1
) s : : -1.5 :
00 -85 -80 .75 -70 2800 -400 0

SMG (mV) AB (uT)



L
o
&
RS,
N
2
£
e
=
@)
A
=
c
(@)
L
=
]
<
W

‘qjtotal> =‘/|\S>®‘DT>+N/S>®‘D¢>



800

o <
18k ®)
© = 5
x @ ©
o m
oL
1o © S
< = (@]
O &)
= ]
(b] .
c D
- () C
o ©
c = <
(4]
.
()
m -
= o
c
(4]
o
R
s
o 3
i)
O
o o~
LLI 3= E
B —
;. 2
ol =
S % O]
9 &
O >
o>
I LN
QL= 1~
AJ‘_JO
—
_ x o

5
0
£

@h/,w) (1)



Summary 2

First realization of quantum eraser in electronic system
Control of both entanglement strength and detectability
Can controlled quantum eraser be proof of complementarity?

This setup can be good platform to explore weak-values or the Bell inequality



