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1 Ú ó

Å�´þfåÆ¥�ÛA�5�, 5uN
X¥�|©�þf'é [1,2], ´Cc5<�ïÄ
� 9 : � � � �. Å � N X ´ þ f & E ? n L
§¥�Ä��] [3−5]. Å�NX��±^5
y²þfåÆNX¤äk��½�A5 [6,7], 
� � ½ � A 5 Ú ü N m � Å � Ý � ' [8,9]. n
ØïÄL², üN±þ�Å�NX, XnN GHZ

(Greenberger-Horne-Zeilinger) �Ú GGHZ (general-

ized Greenberger-Horne-Zeilinger) ���^5ïÄ
Å�Ú�½�5�m�'X [10]. �´, ù�í2
´�~E,�. þf&EïÄ¥Å�Ú�½�
5�m�'X´�~��¯K [11,12]. ��Å�
�´þf&E?n¥�n�], Ï����Å�
�¬¦þf&E?nL§��Çü$½C�Ø�
� [13−15]. ¢Sþ, du�«�n�Ï���3, ¢
�¥���Å��  éJ´��Å��. � Ek-

ert ®y², ��Å��»�
 Bell ½n, ^���
Å��5?1þf�è©u�´S�� [16], Ekert

� B91 �Æ�´þf�è©u�nØÄ:. Ïd,

ïÄ¢����þf���½�5äk��y
¢¿Â.

� © 3 · � ® � � � GHZ � � Ä :
þ [17], ?�ÚïÄ Bell Ø�ª!Mermin Ø�ª
Ú Svetlichny Ø�ªé½�¢3Ø(J�»�§
Ý, l�Ñn� Bell .Ø�ª£ã��½�5�
é''X. ¢�(JL², ¤ÿþ�n�Ø�ª3
Ó��G�eé½�¢3Ø(J»�§ÝØÓ, 3
þf��©�¥�±ÀJÜ·��½�5£ã�
ª�	¤^&��S�5. ùò�þf�3þfÏ
&¥�A^Jø¢�|±.

2 Bell .Ø�ªÚ�½�5

n1f � GHZ Å�� |ψg〉�

|ψg〉 =
1√
2
(|V 〉1 |V 〉2 |V 〉3 + |H〉1 |H〉2 |H〉3). (1)

b�k�mþ©l�n�*ÿö A, B Ú C,

z < � U � � 0 Ú 1 ü � ÿ þ ( J. ^ Xi L
« Ø Ó � * ÿ ö, ^ xi L « � A � ÿ þ ( J,
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K X = A;B;C, x = a; b; c. X J n � * ÿ
ö � ÿ þ ( J © O� 0, 1 Ú 1, K ÿ þ V Ç P
� P (a1 = 0, b1 = 1, c2 = 1). ¢�¥�^�� 8×8

�éÜÿþ�Ñz��ÿåÆþ�þfåÆÚO
VÇ. éu Bell Ø�ª, ½�¢3Ø�£ã� [18]

P (a1 + b1 + c1 = 0) + P (a1 + b1 + c1 = 3)

+P (a1 + b2 + c2 = 2) + P (a2 + b1 + c1 = 0)

+P (a2 + b1 + c1 = 3) + P (a2 + b2 + c2 = 1)

−P (a1 + b1 + c1 = 1) − P (a1 + b2 + c2 = 1)

−P (a2 + b1 + c1 = 2) − P (a2 + b2 + c2 = 2)

6 2, (2)

ùp P (ai + bj + ck = r) �,�åÆþ�éÜÿ
þVÇ, ~X P (ai + bj + ck = 1) = P (ai = 1, bj =

0, ck = 0) + P (ai = 0, bj = 1, ck = 0) + P (ai =

0, bj = 0, ck = 1). þfåÆ�Ñ� Bell Ø�ª
3 GHZ �e�(J¬»�½�¢3Ø(J. þf
åÆ¥, ÿþVÇ� PQM(ai = m, bj = n, ck =

l) = 〈ψ| P̂ (ai = m) ⊗ P̂ (bj = n) ⊗ P̂ (ck = l) |ψ〉,
Ù¥

P̂QM(ai = m)

=
1 + (−1)mn̂ai · σ

2

=
1
2

 1 + (−1)m cos θai (−1)m sin θaie
−iφai

(−1)m sin θaie
iφai 1 − (−1)m cos θai

 ,

(3)

P̂QM(bj = n) Ú P̂QM(ck = l) | ^ a q � ½
Â � { � Ñ. P̂QM(ai = 0) L « * ÿ ö A 3

Ä ¥ cos
θai

2
|H〉 + sin

θai

2
eiφai |V 〉 þ � Ý K ÿ

þ, P̂QM(ai = 1) K L « 3 Ä ¥ cos
θai

2
|H〉 −

sin
θai

2
eiφai |V 〉 þ�ÝKÿþ. é GHZ �, �±

��åÆþ�éÜÿþVÇ�

PQM(ai = m, bj = n, ck = l)

=
1
16

[1 + (−1)m cos θai ][1 + (−1)n cos θbj ]

× [1 + (−1)l cos θck
][1 + (−1)n cos θbj ]

+
1
16

[1 − (−1)m cos θai ][1 − (−1)n cos θbj ]

+
1
8
(−1)m+n+l[1 − (−1)l cos θck

]

× sin θai sin θbj sin θck
cos(φai + φbj + φck

),

(4)

�ª�à�K� Bell �Î B. e�XeAÏ�Ý:

θa1 = θa2 = π/4, φa1 = π/3, φa2 = 2π/3,

θb1 = θc1 = φb1 = φc1 = 0,

θb2 = θc2 = π/2, φb2 = φc2 = π/2. (5)

Bell Ø�ª���Ùþ>.� (1 + 3
√

2)/2 ≈ 2.62,

�u½�¢3Ø�>.� 2, �Ò´`þfåÆ(
J»�
½�¢3Ø(J.

éu Mermin �Î [19]

M = σy1σx2σx3 + σx1σy2σx3

+σx1σx2σy3 − σy1σy2σy3, (6)

σx, σy � Pauli � Î, © O � ± 3 +/− Ä ¥

Ú R/L Ä¥þÿþ, Ù¥ |+〉 =
1√
2
(|H〉 + |V 〉),

|−〉 =
1√
2
(|H〉 − |V 〉), |R〉 =

1√
2
(|H〉 + i |V 〉)

|L〉 =
1√
2
(|H〉 − i |V 〉), |H〉 L«ç�4z1f,

|V 〉 L«Y²4z1f. þfåÆnØ (QM) Ú½
�¢3Ø (LR) �Ñ��©O�

|〈M〉LR| 6 2, |〈M〉QM| 6 4, (7)

�Ò´`, �Î M �Ï"��½�¢3Ø(JØ
�L 2, 3þfåÆnØ¥Ø�u 4, 3 2 Ú 4 �
mÒ´é½�¢3Ø�»�.

·��±|^¢�¤��Ñ� GHZ nNÅ
��¢�ÿþ Mermin Ø�ª£ã��½�A5.

~X, éu�Î σx1σx2σy3 �Ï"�, �±3 8 |
4zÄ¥ + + R, + + L, + − R, + − L, − + R,

− + L, −− R, −− L þÿþ��. éu σy1σx2σx3,

σx1σy2σx3, σy1σy2σy3 ��aq�ÿþ.

Svetlichny rü'A� Bell Ø�ªí2�n
'A, �Ñ
£ãnNÅ�NX�½�5� Bell

. Svetlichny �Î� [20]

S=A(BK + B′K ′) + A′(BK ′ + B′K), (8)

Ù¥, K = C +C ′, K ′ = C−C ′, A = a ·σ1 Ú A′ =

a′ ·σ1 �^u'A 1, B = b ·σ2 Ú B′ = b′ ·σ2 �^
u'A 2, C = c · σ3 Ú C ′ = c′ · σ3 �^u'A 3.

a, a′, b, b′ Ú c, c′ ´ü ¥þ, σi ���� Pauli

Ý
�g^ÝK�Î.
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aqÙ¦� Bell .�Î, S (Svetlichny) Ø�ª
�²;nØÏ"��

|〈S〉|LR 6 4. (9)

þ f å Æ n Ø � Ñ S � Î Ï"� � þ > .
� |〈S〉|GHZ 6 4

√
2 ≈ 5.656[20]. �
�B¢�¥�

ÿþ,·��±r (8) ªUE��|¢��ÿþ

S = σxσbσx + σyσbσx − σyσaσx

−σyσaσy − σyσbσy − σxσaσy

+σxσaσx + σxσbσy, (10)

Ù¥, σx, σy � Pauli �Î, σa = (σx + σy)/
√

2,

σb = (σx − σy)/
√

2.

3 ¢�XÚ9ÿþ(J

�¢�¥ GHZ ����æ^©z [17] �Ó�
¢��Y, ¿é&ÿ�ÇÚ EPR é'Ý?1
`
z, ¢�C�Xã 1 ¤«.

ã 1 GHZ Å��C�ã

532 nm �-1 (Millennia Pro 10s, Newport Co.)

Ä$£�v��-1ì (Tsunami, Newport Co.) �
) 780 nm ��¦-1óÀ, EªÇ� 80 MHz,

ó ° � 100 fs. � � 5 ¬ N LBO (LiB3O5) �
¦ 780 nm �ù	1�ª�)Å�� 390 nm �
b	1óÀ, ÏL 5 � DM (dichroic beamsplitters,

VÚº, �� 390 nm 1!ß� 780 nm 1) ò�u
)ëþþ=��ù	1ÈØ�, \�� BBO (β-

barium borate, β-'��) ¬Nþ, �) II .ëþe
=�, r�� 390 nm �1f3��ü� 780 nm

�1f, dd�) 2, 3 ´� EPR Å�é, �L«

� |ϕ〉 =
1√
2
(|H2〉 |H3〉+ |V2〉 |V3〉). LBO ¬Nþ�

�)ëþ=�� 780 nm ù	1ÏLP~¿²L�
��u π/8 ��Å¡�����

1√
2
(|H1〉 + |V1〉).

² L c [ � Ö � 1 § � 2 ´ Ó � � � polariz-

ing beam splitter (PBS12) þ, ·� � � � Ñ Ñ �
� |ψg〉 = 1/

√
2(|V 〉1 |V 〉2 |V 〉3 + |H〉1 |H〉2 |H〉3),

ùÒ´·�����n1f GHZ �. ¢�¥¤^
�Ä$1õÇ�� 90 mW, ��� GHZ �nNÎ
ÜOê� ∼40/s. |^8I��ÝÝ
��{ÿ�

¤��� GHZ ���ýÝ F = 〈ψexp| ρ |ψexp〉 =

0.84 ± 0.01, Ù¥Ø�æ^�Akâ�{Ì� 100

gO���.

|^��� GHZ �, é Bell Ø�ª!Mermin

Ø�ªÚ Svetlichny Ø�ª?1
¢�ïÄ, ÿþ
(JXL 1 ¤«. ¢�¥·�ÿ�
n�Ø�ª
3��� GHZ Å��¥�Ï"�. ¿�(J�w
«n�Ø�ªé½�¢3Ø(J»��IO�´
ØÓ�, |^ Bell Ø�ª�±N´/�xNX��
½�A5. ¿��`², ¢�¥��Ñ� GHZ Å
���,Ø´X�, �é Bell .Ø�ª�»��
� 33 �IO�, ¤±^d��þf&�´S��.

I�AO�Ñ�´¢�¥�3éõ�n��Ï�
¦���� GHZ �Ø´X�, 'Xëþ=�L§
¥�Vé�A!��5¬N¬�9� ���Ø
�{±9¢�XÚ�>fÆD(Ú,Ñ1Ñ¬é
Å������)Ø|K�, ù
Ñ¬¦���Ñ
� GHZ Å��Ø´X�, ¤±UY`z¢�XÚ,

�´���~k¿Â�ïÄ��.

L 1 n�Ø�ª�ÿþ(J

Bell Ø�ª Mermin Ø�ª Svetlichny Ø�

ÿþ� 2.446 3.393 4.483

Ø� 0.0136 0.0482 0.0351

IO� 32.79 28.90 13.57

4 ( Ø

| ^ � � � GHZ �, ¢ � ï Ä Bell Ø �
ª!Mermin Ø�ªÚ Svetlichny Ø�ªé½�¢
3Ø(J�»�§Ý, l�Ñn� Bell .Ø�ª
£ã��½�5�é''X. ¢�(JL², ¤ÿ
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Abstract

We investigate experimentally the violation of the Bell, Mermin and Svetlichny inequalities to local realism prediction. Using

the maximum-likelihood technique to construct the density matrix and calculate the fidelity of the Greenberger-Horne-Zeilinger (GHZ)

state. The values of the three inequalities are measured. The experimental resuls show that the three inequalities have different violation

degrees to local realism prediction. So we can choose a suitable method of nonlocality to estimate the security of quantum channel.
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