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1 Ú ó

�X1Ï&Eâ�uÐÚþf&EnØ��
�, þfS�Ï&m©r�¢^z [1]. y3��¢
^^��þfS�Ï&�{küa, �a´òþf
��©u�Æ�²;\��{�(Ü, ,�a´ò
þf\��{�²;��©u�(Ü. cö��L
5�Yk BB84 �Æ [2] Ú B92 �Æ [3], �ö��
L5�Yk αη �Æ [4]. c�a�Y|^þf��
©uEâ3Ï&V����G�Å��, ¿ÏL&
�iÿ!ØèÚO��{�ä´Ä�3�f, XJ
Ø�3�f, K@�©u���´S��. (Ü²
;\��{ (X�g���{), ¦^©u���\
�²©. �
�y&ES�, ¢yda�Æ��¦
XÚ©u��Åê7L´ý�Åê, ���©u�
ÇI�puXÚêâDÑ�Ç. �,lnØþk�

�{�±�)ý�Åê [5−7], �´du�n��
¢�^� (Xuÿì��°É�!-1ìÑÑõÇ
ËÄ!æ�XÚ�D(!�	D(G6�), ¢S
)¤��ÅêÃ{��Ã ý�Å��¦. �þ
f��©u�Ç�$, )¤����Ç��$uê
âDÑI���Ç. Ïd, ý�¿Â��g��Ã

{¢y. �«�1�O��Y´òþf��©u
¤)¤�S�����«f, ÏLé¡êÆ\��
{ (X{Iêâ\�IO½p?\�IO)[8−10] \
�&E. w,, ù¬ü$��Y�¢SS�5.

�
;�þã¯K, {IÜ��Æ� Yuen J
Ñ
 αη �Æ. T�Ææ^÷*þf���&, |
^þf��� D(Ûõ²©&E, ¦�föÃ{
J�&E, Ü{^rU
ÏLý��h�, 3p&
D'^�e��&E [11]. T�Æ·Üp�êâ\
�, ÙnØS�5®�y² [12−15], �3y²L§
¥¿vk�ÑS��â�½þL�ª, �vk�Ä
¢SDÑ�ÑÚ�¸Ï�éXÚS�5�K�. �
©ò�Äpdk�kD&�^�e αη �Æ���
²©�¢SS�5. �Äu�ZuÿnØ�S�©
Û�. [11] ÚÄu"C��þf&E�dS�©Û
�. [16] ØÓ, �©ÏLO�õ�pd&�Nþþ
.5���fö�¼�&Eþ�½þL�ª, í�
Ñ¦�fö¼�"&Eþ�^����ÆS��
�â. �é1å©lôÂ�., ?�Ú¦)÷vS
��â��Æëê (Xþf�²þ1fê!�©Î
Òê) ��«�. �
µ��Æ��^5, ò¢�X
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���ÆÏ&ØèÇ, ¿?ØÏ&åléØèÇ�
K�.

2 �Æ0�

αη �Æó��nXã 1 ¤«, �)êâ\�
�)�ü�L§. �Æ|^��m¥����þf
&Ò8ÜL«²©&E. ux� Alice |^ý©u
���ÏL�Ý�{ò²©'A?è3þf�þ,

�Â� Bob ¦^�Ó��ÏLÝKÿþJ�&E,

�fö Eve Ø����, Ã{¼�&E.

e¡�Ñ\)��¢yÚ½.

Ú½... Alice � Bob ÏLS�Eâ©u�G
�á�Ì�� Km. \��, Alice |^ Hash �{,

dÌ��)¤¬{�� Ks.

Ú½/// Alice ò¬{��y©�õ�fG, z
�fG�� lbit, ¿)¤\��� K.K = 2l modM ,

Ù¥ M ´�©ÎÒê, �Ûê.

Ú½000 Alice ±Yux1óÀS�, ÏL1©
åì�z�óÀ©�&ÒóÀ�ë�óÀ. &Ò
1�ë�1�� �L«²©. �²©'A� s,

s ∈ {0, 1}, K�Z��L«� |(−1)1⊕sXA〉.

Ú½111 Alice ¦^�Ý?è)¤�©�. ?è
�{deª�Ñ:

|αc〉 = Û(φc)|(−1)1⊕sXA〉

= |Xc + jPc〉, (1)

ª¥, Û ´�£�Î,

φc = K
π

M
− π(Kmod2).

¤±�©��K©þ Xc, Pc �þ����

〈Xc〉 = (−1)1⊕s cos(φc)〈XA〉,

〈Pc〉 = (−1)1⊕s sin(φc)〈XA〉.
(2)

Ú½222 Bob ¦^©u�Ì�� Km )¤)�
�� K é�Â�þf�©�?1)�. )��{�

|αd〉 = U(φd)|αc〉,

φd = −K
π

M
+ π(Kmod2).

(3)

Ú½333 )��, þf�� |(−1)1⊕sXB〉, é
u ² © ' A s ∈ {0, 1}, Ù é A � � Z �
� | − XB〉, |XB〉, ù ü � � � S È � e−2|XB|2 ,

� XB À 1 �, �±@�üö��, ²ÝKÿþ
��²©.

ã 1 þfêâ\)��nµã

3 S�5©Û

éu²;é¡\��{ó, �©ÎÒ½Â
� C = f(M, K). ²© M Ú�� K û½
�© C
��. Bob Ú Eve UÂ��Ó��©. αη \��
Æ¦^����þf�S�L«�©&E, 3Ø
ÓÿþÄe*ÿþf�, ò��ØÓ�ÿþ�, �
D(�òK�ÿþ(J. ¤±, d��©ÎÒA½
Â� C = f(M, K, R, N), Ù¥ R L«ØÓ�ÿþ
Ä, N L«&�D(. du Eve Ø��Ü{Ï&

�¦^�ÿþÄ RB, �UßÿØÓ�ÿþÄ RE,

¤± Eve ¼���© CE ØÓu Bob �¤ÿ��
�© CB. Ó�&�D( N �¬K�ÿþ(J, �
ª CE ¥y�Å©Ù. Ïd, αη �Æáu�Å\�
�Æ [17]. ©z [17] �Ñ, du Eve ØU¼��(�
�©, ^��

H(M|CE, K) > H(M|CB, K). (4)

ù`²3Ï&(å�=¦ Eve l1n���
d
g¬{��, �Ã{�(��&E. Ïd�Æ�±
-|�©ÚOôÂ, ��&EØS�. �´ (4) ª�
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U`² Eve Ã{k�¼�&E, ØU`² Eve ¼�
�&Eþ�", �ØU`²�Æ 100% S�.

3.1 SSS������âââ

þf��Ï&XÚS��±lü�¡�Ä. �
�¡, �¦XÚux�©S���föÃ{l¥
ß��� K, = Alice � Eve �m���p&E
þ I(A,E)key = 0. ,��¡, �¦XÚux�©
S���föÃ{l¥��²©'A s, = Alice

� Eve �m²©p&Eþ I(A,E)bit = 0. ÷vù
ü��¡�±w�´�Æ¢SS���â. e¡�
Ñ I(A,E)key Ú I(A,E)bit �O�L�ª, ¿?Ø
�Æ���²©�S�5.

Äk, ?Ø��S�5¯K. 3�Æ¥, �©
ÎÒ� M ����þf�. Alice � Eve �m�
&��À� M �Ñ\ÑÑÃPÁ&� [18]. �
Alice Ñ \ Î Ò m, Eve Ñ Ñ Î Ò n � V Ç �
p(n|m), K Alice Ú Eve üöp&Eþþ.�

I(A,E)key =H(E) − H(A|E)

6
M−1∑
m=0

M−1∑
n=0

[ 1
M

p(n|m)
(

log p(n|m)

− log
M−1∑
i=0

p(n|i) + log M
)]

. (5)

�Ñ\ÎÒÑlþ!©Ù��Ò¤á. Alice ÎÒ
VÇ p(m = i) = 1/M (i = 0, 1, 2, · · · ,M − 1), Ñ
l�VÇ©Ù, �\ (5) ª��

I(A,E)key =
M−1∑
n=0

p(n|m) log p(n|m)

− 1
M

M−1∑
m=0

M−1∑
n=0

p(n|m) log
1
M

= log M

+
M−1∑
n=0

p(n|m) log p(n|m). (6)

É�þfD(�K�, &�¥ÎÒ�Ø=£V
Ç�XÎÒmål�O\4~. b� Eve o��
ÂØÎÒÇ� PEI

e , K�(VÇ�

p(m|m) = 1 − PEI
e ,

²þÎÒ�Ø=£VÇ�

p(n|m) =
PEI

e

M − 1
(n 6= m).

(6) ª�z{�

I(A,E)key = log M − H(PEI
e )

− PEI
e log(M − 1). (7)

dd��, Eve �����&Eþd�©ÎÒê M

9 PEI
e û½.

ã 2 �Ñ
 M �ØÓ��, I(A,E)key � PEI
e

� m � C z ' X. l ã 2 � ± w Ñ, � M �
½ �, � 3 � � ( ½ � Ø Î Ò Ç PEI

e ÷ v �
§ I(A,E)key = 0, d�é����o´&EØ
S��. lã 2 ��±wÑ, � M > 20 �, �ª
�uüN~¼ê, d� PEI

e ��, I(A,E)key ��,

�¦�&E���.

ã 2 M �ØÓ��, I(A, E)key � PEI
e �'X�

ã 3 ÷v�§ I(A, E)key = 0 � M Ú PEI
e ���

�X?Ø²©�S�5¯K. du�Æ¥²
©&Eæ^�?�?è, ¢Sþ Alice � Eve �
m�²©p&Eþ I(A,E)bit = 1 − Hbin(PEB

e ),

Hbin(·) ����, PEB
e ´ Eve �f²©�Ø'A

Ç. � PEB
e = 0.5, I(A,E)bit = 0 �, ²©&EØS

�^���÷v. Ï� Alice ò²©þ!?è3 M

é���þf�þ, ¤± PEB
e =

1
2
PEI

e . ·�Ï
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Lê��{, ¦)÷v�§ I(A,E)key = 0 � M

� PEI
e ���, (JXã 3 ¤«.

l ã 3 � ± w Ñ, � X M � O \, ÷ v �
§ I(A,E)key = 0 � PEI

e ªCu 1, d� PEB
e ª

u 0.5, I(A,E)bit ªu". ù`² I(A,E)bit = 0 �
^��UìC÷v, Ïd�Æéu²©��o´ì
CS��, Ø´&EØS��. ù�©z [11] ¥
æ^Äu��½�f�ÿþ�.�S�5©Û(
Ø´���.

l±þ©Û�±wÑ, αη �Æ�S��û
u M ���Ú Eve ��ÂØÎÒÇ,  Eve ��
ÂÎÒ��ØÇq�¤æ^�fôÂüÑÚPk
�]k'. éu Eve ó, ���¢^z�ôÂ
Ãã´1å©lôÂ. Ïd·�b� Eve Pkn�

����Ã��O�], ?�Ú©Û1å©lô
ÂeXÚëê�S���«m. ?11å©lôÂ
�, �æ^²ï"�uÿ½²ï	�uÿ, éùü
«�¹·�©O?1?Ø.

3.2 æææ^̂̂²²²ïïï"""���uuuÿÿÿ���XXXÚÚÚëëëêêê���SSS���
������«««mmm

ÄkO� Eve æ^²ï"�uÿ�XÚ�S
���«m. ¢S1n&��b��pdk�k
D&�, ½Âü ý�D( δx0 Ñlþ��"��
� 1 �IOpd©Ù N(0, 1), &�¥Ù¦D(�
�±ü ý�D(��?18�z, ���þf&
��.Xã 4 ¤«.

ã 4 pdk�kD&�����.

Alice �â²©&E {0, 1} 'A)¤éA�
²£ý�� {| − XA〉, |XA〉}, ²L\��{�)
¤�Å�Z� |Xc〉. du�3-1ì� N�D
(, þf�x\þf&��c¬É�uxàSÜ
©Ù� N(0, Vin) D( δxin �K�. þf�²L
DÑÇ� T �&�, �� Bob �. 1n�Ñ���
©1'� T :(1 − T ) �1©åì 1, duUþ�Ñ,

¬ÍÜ?ý�D( δx0. þf�3DÑ�L§¥¬
É�©Ù� N(0, Vch) �&�LD( δxch �K�.

� Bob Â�þf&Ò�, �â)��{��²©,

&Òdþf�Ç� η �²ï"�uÿì?1uÿ.

uÿìSÜ�Ñ���©1'� η : (1− η) �1©
åì 2. uÿì>D( δxel ©Ù� N(0, Vel). �

Øü$ Bob �Â&Ò�&D', ¦�f1�Ø�Ü
{Ï&�	ú, Eve ?1�f��±¦^Ã�&�
�Ok�&�, |^1©åì���Ü©&ÒUþ

?1�f, Bob �Â&ÒØÉK�. ù�, Ü{^r
òÃ{uy�f1�.

� Eve æ^�`²ï"�uÿìuÿ���
þf&Ò�, Eve ����©��d�K�Î X̂E

Ú�A��� VE £ã [19], =

X̂E =
√

1 − T (X̂c + δxin) +
√

Tδx0,

VE = (1 − T )(χA + χHom
line ),

(8)

ª¥

χA = 1 + Vin,

χHom
line =

T

1 − T
.

Eve ���²©Ú��I�Ó�ÿþ�K©
þ XE Ú PE. (1) ª`² Eve æ^²ï"�uÿ�,

�`�üÑ´°(ÿþÙ¥���, Ó�ßÿ�(
��©�´?u [0,π] « m �´ [π, 2π] « m. b �
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Eve ÿþ XE, ¨k���VÇß�«mØè.

éußé�@��VÇ, duþfD(�K�Ù
ÑÑþf���K©þ XE Ñl± 〈X̂E〉 �þ�,

± VE ����pd�Å©Ù. Eve �ØÎÒÇd
eª�Ñ:

PEI
e =1 − 1

2

(
M−1∑
k=0

P (X = Xc)P
(

Xc −
∆k

2

< XE < Xc +
∆k

2

∣∣∣∣X = Xc

))
. (9)

ùp ∆k ��©��ÎÒmål,

∆k =
√

(1 − T )µ

[
cos

(
kπ

M

)

− cos
(

(k + 1)π
M

)]
,

Ù¥ µ �&ÒóÀ�²þ1fê. ²O���

PEI
e =

1
2

+
1

2M

(
M−1∑
k=0

erfc
[

∆k

2
√

2VE

]

−1
2
erfc

[
∆0

2
√

2VE

])

=
1
2

+
1

2M

(
M−1∑
k=0

erfc
[√

RE

8

×
(

cos
(kπ

M

)
− cos

((k + 1)π
M

))]
−1

2
erfc

[√
RE

8

(
1 − cos

( π

M

))])
, (10)

ª¥, erfc(·) �Ö{Ø�¼ê, RE � Eve �Â�&
ÒUþ�D(Uþ�',

RE =
µ

χA + χHom
line

.

(10) ª`² Eve �ØÎÒÇØ=��©ÎÒê
k', ��&D'k'. Alice O� M ��±¦
� Eve �ØÎÒÇÃ�%Cu 100%, Cq÷v
²©S�^� I(A,E)bit = 0. ò (10) ª�\�
§ I(A,E)key = 0 �±¦)÷v��S�^��&
ÒóÀ²þ1fê µ.

�
��z Eve �fUå, ·�b� Eve �±
ÏL&��ä��¤k&ÒõÇ (T = 0). 3d^
�e, ò (9) ª�\�§ I(A,E) = 0, ¦)ØÓ�
©ÎÒ M �e�A�&Ò²þ1fê µ.

ã 5 �Ñ
�©ÎÒê�&ÒóÀ²þ1
fê�S���«�. lã 5 �±wÑ, ��©

ÎÒê�õ�, ¤#N�&Òu�õÇ�Ò��.

� M = 101 �, S�²þ1fêþ� µ = 31.

� M = 511 �, S�²þ1fêþ� µ = 124.

� M = 1023 �, S�²þ1fêþ� µ = 264.

nØþ M ���±ªuÃ¡�, �´ M ���
�, ¿�X&ÒI�N��ÎÒê��õ, ¢y
å5��(J. �Ä��[N�>´¢^5, ©
¥ M ���u 1024. 3ã 5 ¤«�S�«�
S, é���o´&EØS��, ²©&E�¦
þ I(A,E)bit 6 7.2 × 10−5 bit.

ã 5 æ ^ ² ï " � u ÿ, T = 0, Vin = 0 �, ÷
v I(A, E)key = 0 � M � µ �m�'X

ã 6 æ^²ï"�uÿ, T = 0, Vin = 0 �, ®�²©ôÂe
÷v I(A, E)key = 0 � M � µ �m�'X

XJ Eve ®²��¤�¼�©éA�²©±
9�A�?è5K, �±¢y®�²©ôÂ, = Eve

���©þf��K©þ?u��m [0,π] «m�
´ [π, 2π] «m. Ïd#�ØÎÒÇ PEI′

e = 2PEI
e −1.

ã 6 �Ñ
�Ó&�^�e, ®�²©ôÂ��©
ÎÒê� Alice u�óÀ�²þ1fê�m�'
X. dã 6 ��, �-|®�²©ôÂ, Alice I�
Uþ�f��Z�. � M = 101 �, ¤I�²þ
1fê µ = 7. � M = 501 �, ¤I�²þ1f
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ê µ = 34. � M = 1023 �, µ = 76. d±¤ã�
�, -|®�²©ôÂ�S�^��'��©ôÂ
�J÷v.

3.3 æææ^̂̂²²²ïïï			���uuuÿÿÿ���XXXÚÚÚëëëêêê���SSS���
������«««mmm

²ï	�uÿ�nXã 7 ¤«, Eve �Ó��
��K©þ 〈X̂E〉 Ú 〈P̂E〉 ��. duuÿì¦^1
©åì¬Ú\ý�D(, Ïd Eve ��Â&D'ò
eü��.

ã 7 ²ï	�uÿ�nã

Eve ÑÑ��©þf���Î X̂E Ú P̂E �

X̂E =
1√
2

(√
1 − T (X̂c + δxin) +

√
Tδx0

)
+

1√
2
δx0,

P̂E =
1√
2

(√
1 − T (P̂c + δxin) +

√
Tδx0

)
+

1√
2
δx0.

(11)

üöäk�Ó���

VE =
1 − T

2
(χA + χHet

line),

Ù¥

χHet
line =

T + 1
1 − T

.

l (11) ª��, Eve �&D'eü��5���. d
� Eve �ØÎÒÇ

PEI
e = 1 −

(
M−1∑
k=0

P (X = Xc;P = Pc)

×P

(
Xc −

∆k

2
< XE < Xc

+
∆k

2

∣∣∣∣X = Xc;PE > 0|P = Pc

)

+
2M−1∑
k=M

P (X = Xc;P = −Pc)P
(

Xc −
∆k

2

< XE < Xc +
∆k

2

∣∣∣∣X = Xc;

PE < 0|P = −Pc

))

= 1 − 1
M

(
M−1∑
k=1

δ(Pc)δ(|∆k|) +
1
2

+
1
2
erf

[
δ(|∆0|)

])
, (12)

ª¥,

δ(Pc) =
1
2

+
1
2
erf

[√
(1 − T )µ

VE
sin

(
kπ

M

)]
,

δ(|∆k|) =
∣∣∣∣erf[ |∆k|

2
√

2VE

]∣∣∣∣,
∆k =

√
(1 − T )µ

2

×
(

cos
(kπ

M

)
− cos

((k + 1)π
M

))
.

ò (12) ª�\�§ I(A,E)key = 0 �� M

� µ �'X, (JXã 8 ¤«. ã 8 L², éu�
föó, ¦^²ï	�uÿ�`u²ï"�uÿ.

� Eve æ^²ï	�uÿ�, �,¬Ú\�	�ý
�D(, �´ Eve �uÿ(J�ò�\°(, Ïd
Ü{^rI�¦^�î��ëê5�yXÚS�.

ã 8 æ ^ ² ï 	 � u ÿ, T = 0, Vin = 0 �, ÷
v I(A, E)key = 0 � M � µ �m�'X

(Üã 5!ã 6 Úã 8 ��ý(J��, �Ó
&�^�e, Eve æ^®�²©ôÂ�÷vXÚS
�^��(J. ã 6 �Ñ
-|1å©lôÂXÚ
ëê�S����«m.
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4 αη �Æ31nÏ&XÚ¥�A^

�
µ� αη �Æ3¢S1Ï&XÚ¥$1S
�5, ·�3¢�¿�¸e�ï
�A�¢�1´.

|^¢�1´ÿþ
ü�1n&�¥�'�&�
ëê�. �âù
ëê, ?�Ú©Û�Æ3¢SA
^�¸e�S�5, ¿?Ø
Ï&åléÏ&Øè
Ç�K�.

ã 9 �Ñ
·��¢�C�«¿ã, ¤^1´
ÄuVØ�:ð��ÖZ�¤(�. Alice �¦^
áóÀ-1ìux�1óÀS�, óÀS�� 1:99

�1©åì©�&Ò1Ú��1ü´. Ù¥&Ò
1r�:, ë�1rá:. &Ò:¥¦^>1rÝ
N�ìò&Ò1P~� −80 dBm(d�²þ1f

ê�� 150). ¦^>1� N�ì�¤�Æ\�.

\���&ÒóÀ¦^n� ���ìN� �
G�, ¦&Ò1 ��ë�1 ���, 2ÏL 
�ÜåìE^?ü�1n&�. Bob �ÏLc�
���Ä� ���ìN�&Ò1���1ó
À� ��, 2¦^ �©åìò �� �E
^�&Ò1 ���1©m, ©m��&Ò1 r
á:, ��1r�:. ��:¦^>1� N
�ì�¤&Ò)�. ÂuV��Ø�:Z�¤�
á:�:�� �¦��, ²L�O¢SØ��
u 2 mm. &Ò1���131©åìà�u)
��Z�, �Zuÿ(Jx\O�Å�¤�Y?n.

¢�XÚ¥æ^�ê�=�>´ ° 12 bit, ùp
M = 1023.

ã 9 ÄuVØ�:ð��ÖZ�¤(�� αη þfêâ6\�¢�C�«¿ã

Bob ��Ü{^r, U
ÀJ�(�ÿþÄ?
1ÿþ. Ïdë� Alice Ú Bob �þf&��À�
��é¡&�. £ã Bob ��Âþf���K�
Î X̂B 9�A��� VB ©O�

X̂B =
√

η
[√

T (X̂A + δxin) +
√

1 − Tδx0

+ δxch

]
+

√
1 − ηδxH

0 + δxel,

VB =Tη

(
χA + χline +

χHom

T

)
,

(13)

ª¥,

χline =
1 − T

T
+ Vch,

χHom =
1 − η + Vel

η
.

²O� Bob �ØèÇ

PBI
e = P (XB < 0|X = XA)P (X = XA)

+P (XB > 0|X = −XA)P (X = −XA)

=
1
2
erfc

[√
Tηµ√
2VB

]
. (14)

(14) ªL² Bob æ^���û�, ÙØèÇd�Â
&D' RB =

µ

VB
û½. 3u�²þ1fê�½�

cJe, Jp Bob ��Â&D'Ì��ü$�ÂD
(o�� VB ¢y. ü$�ÂD(o��k±eü
a�{: �´Jpuÿìþf�Ç η, ��uü$
²ï"�uÿìSÜD(�� χHom. �´ü$&
�¥�ÜD(��, Xux�SÜD( δxin!&
�LD( δxch ±9²ï"�uÿìSÜD( δxel.
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�â©z [20] ��{, ·�ÿþ
¢�XÚë
ê�, ÚO
�D(��. ²Lÿþ��ux�
N�Úå�SÜD(�� Vin = 0.023N0, &�L
D(�� Vch = 0.018N0, ²ï"�uÿì�þf
�Ç� η = 0.526, >D(�� Vel = 0.04361N0. ù
p N0 ´3��1rÝ −28 dBm ��¹e¤ÿ�
�ü ý�D(��.

ã 10 ²þ1fê µ = 76 �, Bob ��ÂØèÇ PBI
e �DÑ

ål L �'X

òþãëê��\ (7) ªÚ (9) ª, �� T = 0

� Alice S�ux1fê µ = 76.

d¢ÿëê, ·��ý
²þ1fê µ = 76

� Bob ��Â&D'�Ï&ål�m�'X, ã 10

�Ñ
�ý(J. lã 10 �±wÑ, Bob ��ÂØ
èÇ�XÏ&ål�O\O\. �
�y^r�
m�Ï&�þ, Bob �ÂØèÇA�u 0.1%, Ïd
XÚ�k�Ï&ål�� 40 km.

5 ( Ø

�©�Ñ
�½pdk�kD&�¥ αη �Æ
¢SS���{. ÏLO��fö¼��&Eþ,

í�
T�Æ�S��â. (JL², �Æé��
��o´&EØS�, é²©��o´ìCS�,

K�S�5�'�ëê´&²þ1fêÚ�
©ÎÒê. &ÏLÀJ²þ1fê�$�f�Z
������©ÎÒê, �±÷v�ÆS�^�.

�©?�ÚO�
1å©lôÂe²þ1fêÚ
�©ÎÒê��`��«�. ¢�L²�Æ�k�
S�Ï&ål�� 40 km, Ü{^r�²©ØèÇ
$u 0.1%. ù��O¢^zþf\�XÚJø

���â.
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by the αη protocol∗
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Abstract

The αη protocol is the random cipher protocol and hides information by the quantum phase noise. In this paper, the security

criterion of the protocol is deduced by developing a quantum channel model and calculating the amount of information obtained by

the eavesdropper. The results show the security of the protocol depends mainly on the average photon number of the signal quantum

states and the number of cipher-text symbols. Considering the above factors, the secure value region of the average photon number and

cipher-text symbol number is calculated, which is against the beam splitter attack. Furthermore, the effective communication distance

is simulated.
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