EFAYET—7

SR A
BLERARAT AIFYHR R > 4 —

I YR R S ERA
2020 FEEF R Y EEAE@34202F 71 ViER



HNnf-2&ETD
EfFbonhHEHF

ETRY FT7—7



=3 == I_'_\I
nF3 350 >

EFHLONERILDOARER

sEFfTFLR—FTF— gV

£ FREX



=3 = o
AT ':l’)(; -
EFLHLONERNILDOAER




71 Z(Alice) |a)

77 (Bob) |b)

H
10)I0) —
[1HI0)y —

0)|1) —,
DIy —

VI N

H ®

|,Bab>
- o,
CNOT .

1 1
=(10) £ 11)10) — —=(0)10) £ 11)11)
10y + 11N — —(10)[1) £ [1)[0)
—=(10) £ [1) —(10)11) £ 1DI0)



71 Z(Alice) |a)

77 (Bob) |b)

H
10)I0) —,
1[0y —

0)|1) —,
DI —

AIREE

H ®

|,Bab>
& e,
CNOT o

1 1
=(10) £ 11)10) — —=(10)10) £ 11)11)
10y + 1NI1) — —(J0)[1) £ [1)]0)
—=(10) £ [1) —(10)11) £ 1DI0)

RNIIVEIE



7 1) Z(Alice) |a) H '
|,Bab>
NN N\ John Bell
7R 7 (Bob) |b) U (1928-1990)

(from Wikipedia)

H job) + (-D%1b) NOT |ob) + (—1)%|1b)
NG V2

|ab) < — |.8ab>

1Boo) = (100) + |11))/v/2
1Bo1) = (101) + [10))/v/2
1B1o) = (100) — |11))/v2
B11) = (101) — [10))/v2



=T1H DO

(Entanglement)

RIVIRRE(XF, R7)

1
|B11)aB = ﬁ(l())All)B — |1>A|O>B)

¥ 7-1ZEPRIRRE & LI N 5

—> Einstein—Podolsky—Rosen

PHYSICAL REVIEW

Albert Einstein
(1879—-1955)

©Nobel Foundation

MAY 15, 1935 VOLUME 47

Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?

A. EInstEIN, B. PopoLsky AND N. RosEN, Iunstitute for Advanced Study, Princeton, New Jersey
(Received March 25, 1935)

In a complete theory there is an element corresponding
to each element of reality. A sufficient condition for the
reality of a physical quantity is the possibility of predicting
it with certainty, without disturbing the system. In
quantum mechanics in the case of two physical quantities
described by non-commuting operators, the knowledge of
one precludes the knowledge of the other. Then either (1)
the description of reality given by the wave function in

quantum mechanics is not complete or (2) these two
quantities cannot have simultaneous reality. Consideration
of the problem of making predictions concerning a system
on the basis of measureménts made on another system that
had previously interacted with it leads to the result that if
(1) is false then (2) is also false. One is thus led to conclude
that the description of reality as given by a wave function
is not complete.

Phys. Rev. 47, 777 (1935) EPR
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Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?

A, EinsTEIN, B. PopoLsky AND N. RosEN, Institute for Advanced Study, Princeton, New Jersey
(Received March 25, 1935)

Phys. Rev. 47, 777 (1935) Einstein, Podolsky &Rosen

OCTOBER 15, 1935 PHYSICAL REVIEW VOLUME 48

Can Quantum-Mechanical Description of Physical Reality be Considered Complete?

N. Bougr, Institute for Theoretical Physics, University, Copenhagen
(Received July 13, 1935)

Phys. Rev. 48, 696 (1935) Bohr
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Nuclear magnetic resonance with
nitrogen-vacancy centers in diamond
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3K

E(QS+ RS+ RT —QT) = z p(q,7r,s,t)(gs +rs +rt — qt)

q.7,s,t

< z p(q,7,s,t) X2 =2

q.,7,s,t

_ _(2rs (@=71) _
gs+rs+rt—qt =(@q+1r)s+ (r q)t_{Zrt (qz_r)—iz
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E(QS + RS+ RT — QT) = z p(q,7,s,t)gs + Z p(q,7,s,t)rs

q,r,S,t q,r,s,t
+ Z p(q,7,s,)rt — z p(q,1,s,t)qt
C[,T',S,t q,T',S,t

= E(QS) + E(RS) + E(RT) — E(QT)
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CHSHAE
E(QS) + E(RS) + E(RT) — E(QT) < 2

Phys. Rev. Lett. 23, 880 (1969) Clauser, Horne, Shimony, & Holt
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Teleporting an Unknown Quantum State via Dual Classical and
Einstein-Podolsky-Rosen Channels

Charles H. Bennett,(!) Gilles Brassard,(? Claude Crépeau,(®>(®
Richard Jozsa,(?) Asher Peres,® and William K. Wootters(®)
(Y IBM Research Division, T.J. Watson Research Center, Yorktown Heights, New York 10598
() Département IRO, Université de Montréal, C.P. 6128, Succursale “A”, Montréal, Québec, Canada H3C 3J7
(3) Laboratoire d’Informatique de I’Ecole Normale Supérieure, 45 rue d’Ulm, 75230 Paris CEDEX 05, France'®
) Department of Physics, Technion—Israel Institute of Technology, 32000 Haifa, Israel
(E)Department of Physics, Williams College, Williamstown, Massachusetts 01267
(Received 2 December 1992)

An unknown quantum state |¢) can be disassembled into, then later reconstructed from, purely
classical information and purely nonclassical Einstein-Podolsky-Rosen (EPR) correlations. To do
so the sender, “Alice,” and the receiver, “Bob,” must prearrange the sharing of an EPR-correlated
pair of particles. Alice makes a joint measurement on her EPR particle and the unknown quantum
system, and sends Bob the classical result of this measurement. Knowing this, Bob can convert the
state of his EPR particle into an exact replica of the unknown state |¢) which Alice destroyed.

BEY: RAMDOEFIRREZ, RREEZERIT (HO)I k<,
THBEFRELEFL O ZRAVWTERMICEET S

Charles Bennett
(1943-)
©Ava Furuta Phys. Rev. Lett. 70, 1895 (1993) Bennett et al.
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“Some people wonder if | am the same N.
David Mermin as the coauthor, with Neil
Ashcroft, of Solid State Physics. | am.”

David Mermin Artur Ekert
(1935-) (1961-)

©ON. David Mermin | (from Wikipedia)
http://www.lassp.cornell.edu/mermin/ " . ”
Phys. Rev. Lett. 67, 661 (1991) Ekert “Quantum cryptography based on Bell's theorem

Phys. Rev. Lett. 68, 557 (1992) Bennett, Brassard, & Mermin “Quantum cryptography without Bell's theorem”
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