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Rueckner, W., & Peidle, J. (2013). Young's double-slit experiment with single photons and quantum
eraser. American Journal of Physics, 81(12), 951-958.

“which path”
5 pm entrance perpendicular “quantum eraser” EMCCD
slit polarizers polarizer camera

double ‘.’
UL e |
slit

polarizer

Fig. 3. The which-path marker (left) consists of vertical and horizontal
polarizers held by a standard lens mount; its position is adjusted from out-
side the PVC pipe.

Fig. 2. The blue LED (left), linear polarizer (middle), and 5-um entrance slit
(right) are all mounted in standard lens holders and the entire assembly is
attached to the end-cap of the PVC pipe.
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https://ko.wikipedia.org/wiki/%EC%A7%80%EC%97%B0%EC%84%A0%ED%83%9D_%EC%96%91%EC%9E%90_%EC%A7%80%EC%9A%B0%EA%B0%9C

%t X7 AEle

2o MEH 7

ret
[o
Hu
09 1
Ra
oQ
ok
olm

PHYSICAL REVIEW A 111, 012610 (2025)

Probing electron-photon entanglement using a quantum eraser

Jan-Wilke Henke @, Hao Jeng ©, and Claus Ropers i3
Max Planck Institute for Multidisciplinary Sciences, 37077 Géttingen, Germany
and 4th Physical Institute, University of Gottingen, 37077 Gottingen, Germany

M (Received 18 April 2024; accepted 18 December 2024; published 9 January 2025)

)
International Journal of Quantum Information | VOL. 22, NO. 07 B8 NoAccess
Quantum key distribution based on the quantum eraser
Tarek A. Elsayed
https://doi.org/10.1142/50219749924500102
< Previous Next >
& Tools
< Share

We propose a tangible experimental scheme for dem RewE. Phys 21 (2005074503

and light, relying on coherent cathodoluminescence for
and a quantum eraser setup for formation and verifica{ N j I f Ph H

with light is key to developing free-electron quantunf ew ourna o y SIcs
sensing, novel photonic and electron state generation, 4 The open access journal at the forefront of physics

DOI: 10.1103/PhysRevA.111.012610

PAPER

computers

BO-Hung Chen' >

Demonstration of Scully-Druhl-type quantum erasers on quantum |

, Dah-Wei Chiou™""’

https://doi.org/10.1088/1367 2630/ade90e

Published in partnership
with: Deutsche Physikalische
Gesellschaft and the Institute
of Physics

sesue rpinsissecosivis () DPG
IOP Institute of Physics or advanced undergraduate courses. Many of the

joice experiments and quantum encryption, are

s. In this paper, we show that the quantum

5, can also serve as a generic platform for

to securely share random keys using the

and Hsiu-Chuan Hsu™*""




SR XM el wsH ool . FHI SHYS Set 2EX HEl Het 8l Z= HHO
.

| = o
2hlo] MEE IO UKt S| 7|2 QI £, At He o|0] o],

«XXNQ| kx|, «2a|™ )" 2 X2 IS A (7HM)0] Al2}X|= Z40] oLl HO =,
3

orok AR HA| P XK 7t HALE WRkAH ZHAS QiictH A= MHE X|2Ctn

e E ol.o 2 o Dy EE  TAP Ol 2 SS SIMEX| I £ USW?
ol A ZH30| SOtRX| 2EAS ZE. . ;

HA7} olF &R FAHY ) THEHL AW A7} ol B 2L FA
48 WAL BE B0 O 017 g Shelstelwl o] Was), ofu) ult Wel WL AR 7] 3
Aol HEfs & Mo get

Al 2l
X0, MRk WSS Yot 2 Folof S
A} DHSAS YT sitel

2 271 SXH 5" 2 E2|H wehHelo|ch, | e

0z &3

EMo| 23|12 M APHojM Q| 22| LA
HQE lo_l 6.1 7**22 nl_}E}a-}E 27“ Iél ° O3 1-73 o] A= 3k Azl YA E uhetstel= TS0l o) Az}

SHEAE 9] thiel ZAIRLH ek bt weby AR} ol & &3
& FASHEAE LA S0 AT # 4 2l e gl

TXE UHSIY TAKs TISYE Ct

Sol=T

[ -



2w
[k
et
e
Okl
N
i
=)
b0
=cl>£
o
Hu
o
HT
i
rr 4o
>
>
Y
2!
rir
H1
-1
HuU

1l K= |.9."' o] |- |
A — ()
.9."'0:'7 Jk'll=ll-|o| Jkﬂ=l'l|.E°25"'H AFHA 2 |E Ml:l:l"'l- 154
AI'ool' |_|'=|'I'—'—- i —|'EIE Sofl SEE E‘IEE =200 = DO
: : FYoHE 1 Yot 2 =8 3 QuVis
Quantum Eraser Demonstration Kit | |
" HIES 0|83 THY FRF HE: LA} X2 2
) Designed for Education, Demonstration, and Classroom Use —[ﬁﬁﬁigfﬁ%fj Egel =5 Ha}
” : . ; ° ks 48712 ’ -
() Easy-to-Use Kits Include Components Plus Free Educational Materials £ 4 28| Aol 32 = 5 - & Rapsio
Lioll, 12|10 +455 HBHS H| 24 ; 2 #&01: Ny =0
271501 W13} ZMI2. 0 7 1y s @ [
As Uzt x|2742tD ot 9f ; i 2t
o H3E HPEI0| D 0|RE & Pommmmmmmmmmmmmma o +-- S Naps= 0
gﬁﬂ%} &13%—%11 IER’S o ! g gl stee
T a2l © #Evl1 O BE HOIEIE SEHIR!
8 7172 :
| off '
= i
Do E
ol | AB2IE 1 Azt 1
: EIAZ2{0] Fof s b i o %2 Hof
: [ | wuslaE “Lé} ““““ @ E """ 7/( iz
- : : : = & st |
[ |olzx & = o x| 1007He| BxS
EDU-QE1 - SloniA wzw i I I —
Quantum Eraser Demonstration Kit L] E}Q;v_;xlﬁolw_l SHEE (DFA (2slof k2 =13 Q%\_% il
fa=th amse) R e
@ @=e L =
ac.uk ims/QuantumeErase n

OrsHElE] ZHIAIS o| 8t M e 7| E OfshHIE ZHIAIS 0| 8¢t Al

0
=
L=
[


https://www.st-andrews.ac.uk/physics/quvis/simulations_html5/sims/QuantumEraser/QuantumEraser.html
https://www.thorlabs.com/quantum-eraser-demonstration-kit?pn=EDU-QE1/M&tabName=Overview

,/ N

=\
S

0 |

Incident Photon

Transmitted Photon

1- "%ﬂl_" OI_LlE IIiI_EI_Il

=
EX 2%

2. 31 SHS &

ST

F

=
—/

50%2

=
=,

X< M : cos?(45°) = 0.5,

Jl <

Collapse).: &3

(

IS

H

SO 2 aEfJt

F

g
o

=2
[ e

&3 Xl

X2 2atEl

0

1o
ol
oll
3r
[ 4

ke

K0
K0
KIr

K0

EHEOID Y



nd
|
<|

2+3

1+2

HE1




2. %X} X2 A




3. YA X271 =2

Beam Block

c
o
®
Q

(7)) N

|

(o]

| .

o A=

=
(&)

o <t

<

=

3

A —

- e

o~ £

- 3

(01]

A BCD

Mirror 1




3. 9% XIS B MBS OfFH Lol HFNL eI}

ol ZFM A1 0|23 UK} X| 27| B AlS A B CD ABCD
1 N I
3Rz 274 TR AT Y AR B7 - g

ok

(a) (b) (c)
A B C D

a6 AN M AF A () Tl e A b) BB 1E
ZhREeR AR B4 (o) AR 3E AR A B

8 a9 3 e
STAToZ F3= 38 9T B35 ATOT o9
saaed dolA W BAL R A BBy ] sl dog b b
AR ot vgk o Bol e - 98) BRE A 71%ea
| ' o : % 3 DA HAFUZE Akl
W, FA= 12 1A W 34 BE A T 37 AJA AT JEUR S olge
AdH AT AERer 2q0]glz?
. 37 Be] AT Ak, : shte] Wk wabsElo] 2EA 8] ol
o A SAE fa ASE IBIE o %
AR AV FAE H T uko} Bz 10 £ Re 318 AS AR
2qloleta AZshtar
ol97) e
=44 4% 99 Ed 2Rubpt dojuuA = gez

53, gA SHAA EFHE TE T W
wEoltt.

P BRE 1% B 27t TRHE= ¥ ¥4 BY
ZHFH7E A3 € A 24

?




3. S X271 2

alyzer

CAn

a+g

\ Analyzer |

a+a

Path Labeler

Mirror 2

1

] polarizer(45°) \




3. SR K| 27| 2=

ABCD

nd
|
<|

2+3

1+2

HE1




3. otxl. xl_?_y“ EI:-II




3. SR K| 27| 2=

-y
i
U
nH D
g0 HO
g
-_.rA n .
0 W.__/.A
= 24
A

nd K
m__.___ | i
._.mo A_H_._
o ok
AN RO
ROJIK K

KIF S 00 0




3. ¥A XM

N | N
o ny | ny
B3| m RO | RO | oy
o0 | < ol | oW or
a o q 2 ¥ g
%0 oF oF | o0 oo ok
MO | XD | %D | 35| 33 | XD
o~ ™M 7 ™
o+ | oF
o M |
~ R
~N| ™ a0
oo | ojo "R
fa o o
- ...m.n_v o3 | 0% MO MO 4
...».o RO H | o | HO| WO M
H =._._ RO | RO od | o &0
a0 RO TR o | "
RO RO M| ro
RO | RO
~ i
- op|op| . | |in
oH s @ ° ] 9
=~ —
—— (o))
< r nTo1
e S AR
ny B © [ RO
RO I, @ o
T K| |IT T
5w W W W
-— N m < LN

A= BAY|

Lt LAHB)




7

H
——
=N
oF
=
K
o0
o



http://www.youtube.com/watch?v=KOKVXxNXqig

3. %X} X|R7

ol ZkM

[y Ny _ |

2t

et

"Aw Az A7 247
Ag=

oA H3E

B2 RAE B

Y 33 D

194 SR

#l

dlo

B2 AE e

HFe 34

AR

39A - 4=0°, B=90°
—CAE 2>0)
4o (BB23-8)

5%

e

B2 RAE &

T R |

00

FRE 2

IERY S
(B9 A2 W)

90°

JAZ 3

TR
CHEER)

45°

A= A
279

HARY B4

] Analyzer |

a+a a+p
A

A

1

Path Labeler Mirror 2

| polarizer(45°) |
1




Zrerst xy

57]

B2 BA|

a=0" / B=0°

B: 0°+0°
D: 0°+0°

a=0" / B=90’

B: 0°+0’
D: 0°+90°

Mirror 1

| Analyzer |

o+a o+B

[

a=90" / B=0’

B: 90°+90°
D: 90°+0°

\ polarizer(45°) \
[

Path Labeler

Mirror 2



(0] - o Cll Al CC A O o VEALd o
3. %X X2 2EH HES o EA| ol HEAZE A2}
ZHERSE 221 ZHE A & o| 88t AR X7 B2 A
72 49 3 A9 3
AT A 1 24 DIl 45 B IE S90S
w3718 B39 4o WlE o Wahier
AdH Ag 3}7]]7} 0114 i} £ 9 W RYE o9 AgE A s)odshter
' e | Al ZRIEEE YRt
BRI BRG] SAEE BN 9BE T &
A ol fE AL 247]9 WREE 45°2 ha T} oA
an gg | TIE AN RIS BRI BRRe dn sk dfe Roelga?
T ogom uWlE SH AL WG FUG  BAY BA A2 ARE ASE de )
WB2e AT Q7] HEY) BAY A2E 4 G oA F5HY 54 FARYY} et
it
2 BE1% 5% 9gle 9% 1o FHa
:1 & ; e B SR ek golAe] WlE vhe- kA sl A LA
=44 48 2 ‘ NG 49 AP et

P ER7)|2 AR EEEolE WFEE] BRAIE
=7t SE3A] 7] wEd Yehs exjoln.

P AR e $9E Ao




S = = = A L.
Ztekst 721 ZHA A E o 28t X X[ 27| B MY (gt =2 1A HE 2 A)

115 E3 2 27 M) 7 BN 2 MBS Holr(Ci BTE NESEE
ofalst o|0|of SkX} SiSHA! il ZhXF ZHA AlSI2 OfLIL|C), MS! Ha

&g Zif= X MA[SH (A 2

0|'J

== Z to| SA1X £E4of ufef £h
ZAte| ZHyoff 2f 2t J—‘.”.S.’—‘. ”"’iE ..'=.'7I OfEIELICt. et = XA oS0 "o HE
o] =

xtxﬂyt otxt adg _[ 71"Ef 71 @ yﬂule 71-;{ ol = ol Mo-lo[ rotxt A2 *'“-'”ot 7! I°l°"
A XX 2H|(Analogy)
olél_lgb

ol Als]10l2 A0 X COLO|L =2 BB O] ZHXS EpJ




3. 97 KISJH B AHES O{FA| 20 FZAIL HTP?

QHRL K| QN «mE» Alsint B3 QW @S o)

= A2 Yo| X (Cl= XL E ArEst2 2 A RS o|n|of Thel EXIE &% AL Aot Qfx}
X0 A2 otL|H, 1MH RH|(classical analogue)2A{2] AHo0|C
(quantum superposition state) ¥ ZZ HH 20 i} E /X}-It= 0|FAH S st&of7| ¢/t
B dgol2ta g 4+ QICE WA oA st S| QIES X IS A Huot 1M
IISo|2C2r AFH JtSolEE 2 A itz X oto| FHE oS + ¢3S e

T QI ULt 32{L} Schneider & LaPuma(2002)2| M3 A0 M BH5{ B S 0], 20| X2
k"ﬂ% oks}A| 5hof chel :-_l-xt X722 0EH ]11:'_|-7|§ ol.aaHLj anls} J\El'é'-l 7=I_;|_|:§ o2 A

ooz = Also| chadt H|Q AlS0] OfL|H, QXL HBHM s M Qoln| 3He B Ohst 4

d
02
2
o
3
0
ful

QICt  #EISIDS 19(6) PP. 627-642



o'H 0]0j|Al= 2=0l, oftH o] #|= H=7} EIL}.

- 0| =9 = S (NASA laboratory's information systems office)

" One man's noise is another man's signal."

- Edward Ng (NASA laboratory's information systems office, 1938-2018)



