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1 Ú ó

é��Nþf:Ñ$5��ïÄ��'X�
þf:3B�>fì��¡�A^. Ó�, du
3Ñ$L§¥�U�3�>fõN'éÚþf�
Z�A, ùaïÄ�k´L�ÔnSº. 'uüþ
f:�Ñ$5�, ®k�þ�ïÄ, AO�)CÏ
3¢�þ¢y�OêÚOïÄ [1]. �����
�*ÐXÚ, é��NVþf:!AO´¿éV
þf:�ïÄäk��´L�SN, Ï�Ù¥�
±��²w/w«õN'éÚþfZ���pK
�. ~X, 3�´¥Ú\^Ï, �±ïÄk¥Õ'é
� Aharonov-Bohm (AB) Z�¯K. éù�XÚ�
®kïÄ�)¥Õ{le���B (cotunneling) Z
� [2−5], ±9��<ó©f�N�ÚA^ [6,7]. �
C�ïÄ�uy [8−10], 3�>Ø �^�e, ü�
¿éþf:�m�r¥Õ{l'éÚ´»m�þ
fZ��±p�ÑeZk��A, ~X>6m'�
A!ãÞáy�!±9É~Z�^«.

�©, ·�ò�Ä,��aq�¿éVþf:
XÚ [11]µ�3þf:SÜ�r¥Õ{l�A (=
z�þf:¥�õ�UÓâ��>f), ��Øü
�þf:�m�r¥Õ{l��. ÏL��\�
©Û�±uy, du>f (3Ó��:S) �õN
'éÚü^´»�mþfZ��éÜ�^, TZ
�XÚ¥�>fÑ$L§òÛ¹S3�¯!úü
^Ï�, �Ï��m�k�ÍÜrÝ�±ÏL^
ÏN�. �´, ù��²T�S35�, 3Ï~�
�Ñ$>6¥ØU�±�N. �C�,��ó
�KL² [12], 3�²ïÄåÆ�C¥¤uÐ��
 l (Large-Deviation) nØ [13−16], AO·Üé0
*Ñ$XÚ¥�>fÄåÆ´»�� lÚO©
Û¶�A�� l¼ê, �±�«eZ´L�Äå
Æ1�. Ïd, �©ò|^T�EâéþãÑ$
¯K�� lÚO©Û. (Jòw«, ±þ��p
�^òp�Ñ>f´»�m¥�ß�ÄåÆ�C
1�.
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Ú�|��m¥½Â�þ� “ÄåÆ´»” (dynam-

ical trajectories), òz�^ÄåÆ´»À��� “ �
�”, � lÚO©ÛK´éXn¥���� “��
” �ÚOÀJ, ,�²þ�'Ônþ. Ù¥��
Ïf, aqu²ïÚOåÆ¥� Boltzmann Ïf.

3²;��²ïÚOåÆ¥, � l©Û�{¼�

é��¤õ, ~X3Àæ�=C¥uy
 “�m -

�m” �C1� [15,16]. ù«�{��¤õA^uþ
f1ÆXÚ, 31fË��ÚO©Û¥uy
´»
�m¥�IÝØC5ÚÄåÆ�C�k�y� [17].

�C, Äuâfê�'�þfÌ�§, ©z [12] K
ÄgòT�{Ú\�0*Ñ$L§�ÚO©Û¥,

�'(JL²� lnØ´�«ék^�ïÄÃ
ã, �~·Ü^u©ÛB�>fì�¥�>fÑ$
L§.

2 �.£ã

µL

ΕL

µR

κσ ΕRκσ

tL

tL E

t tR

tR

Φ

ã 1 ¿éVþf: Aharonov-Bohm Z�XÚ«¿ã

�©òïÄ�XÚXã 1 ¤«. Ù¥�ü�
þf:±¿é�ªÚ>4ë�, £´¥Ú\�^
Ï (Φ) �±N�ü^Z�´»�m��é �,

Ï�¤��d¿éVþf:|¤� Aharonov-

Bohm Z�C�. ��Ñ$XÚ�±^±eM�î
þ£ã

H = HS + H0 + HT. (1)

1�� HS =
∑

µ,σ Eµd†µσdµσ +
∑

µ Unµ↑nµ↓, £
ãVþf:XÚ. Ù¥, �I µ = 1, 2 IPØÓ�þ
f:U? (G�), σ =↑, ↓ IP>fg^, d†µσ (dµσ)

�þf:>f��) (�«) �Î. ùp·�b½
ü�þf:�mvk�BÍÜ, �vkr�¥Õü
½ ({l) �^. �3Ó��þf:S, kr�¥Õ
ü½�^. ·�b½3z�þf:¥�k��g^
{¿�U? Eµ, Ïz�þf:¥�õ�UÓâ
��>f. 1�� H0 =

∑
rkσ Erkσa†

rkσarkσ, £ã
>4>f, Ù¥ r = L,R ^u«O�m>4. 1n

� HT =
∑

rµ HT,rµ £ã>4�Vþf:�m�
�BÍÜ, Ù¥ HT,rµ �

HT,rµ =
∑
kσ

(
trµa†

rkσdµσ + H.c.
)
. (2)

UìÏ~�?n�ª, ·�b½�BÍÜXê trµ

�UþÃ'. 3vk	\^|�¹e, ÏL·�
�5�ÀJ, ·�o�±¦¤kù
ÍÜXêÑ
´¢ê. �3�3	\^|��¹e, ù
�B
ÍÜXê���Eê, ·�P� trµ = t̄rµ e iφµr ,

Ù¥ t̄rµ �vk	\^|��ÍÜXê. 3é¡
����¹e, ·��±ÀJ φ1L = φ1R = φ/4,

φ2L = φ2R = −φ/4, §�g,÷v�7£´�^Ï
�  φ1L +φ1R−φ2L−φ2R = φ, Ù¥ φ = 2πΦ/Φ0,

Φ �BL£´�^Ïþ, Φ0 �^Ïþf. �
{
B (�Ø¿�Ù¥�Ä�Ôn), �©�Äé¡�
�BÍÜ, - t̄1L = t̄2L = t̄1R = t̄2R = t̄. ùp
��BÍÜXê, ÏL¤��75K�±Ú�B
�Ç (rate) �éX, Γ = 2πΩt̄2, Ù¥ Ω ´>4
� (~ê) ��Ý. 3�©�¡�O�(J¥, ·
�ò± Γ �Uþü , �A/± Γ−1 ��mü
 . ���Ñ, �©�b½ü�þf:¥�U?�
� E1 = E2 = E, §�?u>ØI��¥, �÷v
� Ø^� |µL,R − E| À Γ .

3 þfÑ$Ì�§9� l©Û�{

3.1 þþþfffÑÑÑ$$$ÌÌÌ���§§§

éu���þfÑ$XÚ, r�BM�îþw
��6, ���\ÈÐm, ,�é>4gdÝ�²
þ, �±��£ã (¥m) XÚ��zG��þfÌ
�§, Ù��/ª�±L�� [18]

ρ̇(t) = − iLρ(t) −
∫ ∞

0

dτ〈L′(t)G(t, τ)

× L′(τ)G†(t, τ)〉ρ(t). (3)

Ù¥ L Ú L′ ´ Liouville ��Î, ½Â� L(· · · ) ≡
[HS, (· · · )] ± 9 L′(· · · ) ≡ [HT, (· · · )]. , 	,

þ ã � § ¥ � Liouville D Â f G(t, τ)(· · · ) ≡
G(t, τ)(· · · )G†(t, τ), Ù¥ G(t, τ) ´dXÚM�î
þ HS ½Â�gdDÂf (��¼ê). �z�ÝÝ

 ρ(t), ÏLé��XÚ��ÝÝ
 ρT(t) é>4
�¦²þ (¦,) ��, = ρ(t) ≡ TrB[ρT(t)]. Ó�,

ª (3) ¥� 〈· · · 〉 ≡ TrB[(· · · )ρB], �´é>4��
²þ, Ù¥ ρB ´>4>f (9²ï�) ��ÝÝ
.
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�§ (3) ´�z�ÝÝ
 ρ(t) ÷v�Ï~/ª
� “�^�” þfÌ�§. �
�3�õ�Ñ$&
E, ·��±?�Ú���6 “�B>fê” � “^
�” þfÌ�§. Ä�g�´, �â�BL¥%XÚ
�>fê, r>4�� Hilbert �m©a�ØÓf�
m, z�af�méA�½��B>fê. ,�, r
�§ (3) ¥�²þ (¦,) ��3�B>fê� n �
>4� Hilbert f�m¥, =����6u�B>f
ê n �^�Ì�§, �/ª/�� [12]

ρ̇(n)(t) = −iLρ(n)(t) −
∑

j=0,±1

Rjρ
(n+j)(t). (4)

Ù¥, ρ(n)(t) ´L«� t ����, k n �>fl
�>4�B�m>4�^�5�z�ÝÝ
. �
�Î Rj £ãXÚÚ>4�m��BL§, ÙäN
�/ª�ë�©z [12]. Äu ρ(n)(t), ·��±�
� (0, t) �mm�S=£>fê�VÇ©Ù¼ê,

P (n, t) = Tr[ρ(n)(t)], Ù¥�²þ (¦,) �é¥m
XÚ�gdÝ. Ïd, 3âfê©E�þfÌ�§
Ä:þ, ·��±é�B/?1�OêÚOïÄ,

AO´�©�¡ò�?1�� l¼ê©Û, l
��¡/�	XÚ�Ñ$5�.

3.2 ���OOOêêêÚÚÚOOO

� 
 � � ¡ � �   l © Û � é ', · � k
{�0�~5��OêÚO�{. |^©Ù¼
ê P (n, t), ·��±ÏL±eC��E\ÈÝ)¤
¼ê

e−F̃(χ,t) =
∑

n

P (n, t) einχ. (5)

dª¥� F̃(χ, t) =�\ÈÝ)¤¼ê, ÏL§
·��±é�B/¦���\ÈÝ, ~X k �\
ÈÝ� Ck = −(−i∂χ)kF̃(χ, t)|χ=0. éN´�y,

C1 = n̄, C2 = n2 − n̄2. §��Ñ$*ÿþ�'X
�, ²þ>6 I = eC1/t, "ªD( S = 2e2C2/t. ·
���±ÏL§�½Â�x>6ÞárÝ� Fano

Ïf, F = C2/C1.

3¢Sö�¥, ·�¿ØÄkO�Ñ©Ù¼
ê P (n, t), ,�2Uþ¡��{O�\ÈÝ)¤¼
ê. ��, ÏLÚ\ ρ(χ, t) =

∑
n ρ(n)(t) einχ, ·�

�±3âfê�6�Ì�§Ä:þ, ïá ρ(χ, t) �
$Ä�§, ?¦) ρ(χ, t), ,�¦,��\ÈÝ
)¤¼ê. ,��¡, �·���
 e−F̃(χ,t) ��,

d�§ (5) �±wÑ, ÏL_Fp�C��±��
�B>fê�VÇ©Ù¼ê P (n, t).

3.3 ���   lll©©©ÛÛÛ

� lnØ [13,14] 30*Ñ$¯K¥, “Äå
Æ´»” ´�3Oê�mS, d�ëG�>f�Å
�B¯� (events) |¤�S�. �¹�B>fê
�õ�S�¡� “¹�” ´» (active trajectory)¶�
�, �¹�B>fê���S�¡� “�¹�” ´
» (inactive trajectory). �#�¢�?ÐL² [1], 3
�
Ñ$L§¥, <�®²�±3¢�¥��/&
ÿü�>f��B¯�, lU
Â8�þ�/Ä
åÆ´»0. �âù
ÄåÆ´», �±��©Ù
¼ê P (n, t), Ù¥ t �Oê�m.

�
éÄåÆ´»å� “]À” ��^, ØÓ
uÏ~��OêÚO�{, ·�Ú\�«#�C�,

P (x, t) =
∑

n e−xnP (n, t) = e−F(x,t). ùp�¢ê
C�Ïf e−xn (5¿, ØÓuÏ~OêÚO¥�E
êÏf e iχn), aqÚOåÆ¥�À�[ùÏf, Ï
 P (x, t) ��uÚOåÆ¥��©¼ê. 3� 
lnØ¥, P (x, t) ¡�� l¼ê, F(x, t) ¡��
 l)¤¼ê. n �x
ÄåÆ´»� “¹�” §
Ý, ¡�ÄåÆ “Sëþ”¶�A�C�ëê x ¡
� “�Ý|”. w,, ¢êC�Ïf e−xn �� x �
�KÚ���±é “¹�” ´»9 “�¹�” ´»å
�]À�^. ~X, � x > 0 �, Ì�]À�¹�´
» (� n ´»)¶��, � x < 0 �, Ì�]À¹�
´» (� n ´»). �±wÑ, � l©Û¢Sþ´
éÄåÆ´»�\�ÚO²þ. ÏLN!�Ý| x,

�±�«�«Û¹�ÄåÆ�±9���m�L
Þ (crossover) ½��ì���C1�.

Äuâfê�'�Ì�§ (4), ·��±ïá
��(�;nÚA^�B�� l©Û�{. Äk,

Ú\C� ρ(x, t) =
∑

n e−xnρ(n)(t). d�§ (4) �
�

ρ̇(x, t) =
[
−iL −R0 − exR1 − e−xR−1

]
× ρ(x, t). (6)

3¢SO�¥, ·��±r ρ(x, t) �¤k��ü¤
���¥þ π(x, t), þªC�

π̇(x, t) = −M(x)π(x, t). (7)

3 ù � � E � / ª ¥, M(x) Ò Ø 2 ´ � �
Î,  ´ Ï ~ � Ý 
, ¡ � O ê Ý 
. ¦ ) �
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§ (6) ½ (7), �±�� ρ(x, t), ?��� l
¼ ê P (x, t) = Tr[ρ(x, t)], ± 9 �   l ) ¤ ¼
ê F(x, t) = − lnP (x, t).

N´wÑ, |^)¤¼ê, �±é�B/��
�6 x ���\ÈÝ, ~X

F1(x, t) ≡∂xF(x, t)

=
1

P (x, t)

∑
n

n e−xnP (n, t) ≡ 〈n〉x, (8a)

F2(x, t) ≡∂2
xF(x, t) = −〈(n − n̄x)2〉x, (8b)

±9���� k- �\ÈÝ Fk(x, t) ≡ ∂k
xF(x, t) =

(−)(k+1)〈(n − n̄x)k〉x. � 
 L ã � { ', Ù ¥
· � ^ 
 n̄x � O 〈n〉x. | ^ ù 
 \ È Ý, �
± ½ Â ½ � � �   l ¼ ê λ(x, t) = F(x, t)/t

(· � 3 � ¡ � Q ã ¥ � r λ(x, t) ¡ � �   l
¼ ê), ² þ > 6 I(x, t) = eF1(x, t)/t, Ñ â D
( S(x, t) = −2e2F2(x, t)/t, ±9Í¶� Fano Ï
f F (x, t) = −F2(x, t)/F1(x, t). 3� l©Û¥,

·�òX�	 λ(x, t), I(x, t) ±9 F (x, t) ��
Ý| x �Cz1�. ù
þ�� x �É~Cz, �
N
ÄåÆ´»3´»�m¥�AÏ©Ù. ~X,

I(x, t) �ØëY½ F (x, t) �uÑ1�, òL²3´
»�m¥�3ÄåÆ�C.

3�Oê�m^�e, �±y²µF(x, t) '
tλ(x), Ù¥ λ(x) ´OêÝ
 M(x) ������.

|^ù��'X, ·��±ÏL¦) M(x) ��
����, ��)¤¼ê±9�6u x ���\
ÈÝ. XJOê�mk� (�á), þã�{ò��.

3ù«�¹e, �±|^e¡�ê��{k�¦
)�6u x ���\ÈÝ. ·�5¿�, XJ��

 P (x, t) 9Ù���ê, K��� Fk(x, t). ~X,

cü�\ÈÝ�±L«�

F1(x, t) =
P1(x, t)
P (x, t)

, (9a)

F2(x, t) = − P2(x, t)
P (x, t)

+
(

P1(x, t)
P (x, t)

)2

, (9b)

ùp·�Ú\
{BPÒ Pk(x, t) ≡ ∂k
xP (x, t). '

u P (x, t) 9Ù���ê�O�, �±é�§ (6) ü
>¦� ∂k

x , ¿½Â ρk(x, t) = ∂k
xρ(x, t). ù�, ·�

�±��'u ρk(x, t) ��§|. ¦)T�§|, K
��� ρk(x, t) ±9 Pk(x, t) = Tr[ρk(x, t)].

4 A^u¿éVþf:XÚ

±e·�òþ¡�� l©Û�{A^u¿
éVþf:Ñ$XÚ. 31 2 !��.£ã¥®
²)º, ·�b½ü�þf:�mvkr�¥Õ
�p�^, �ü�þf:S�3r�¥Õü½�
^, ¤±��Vþf:XÚ�õ�±Óâü�>
f. Ïd, ·��±^±e 9 �Ä¥5��/£ã
Ù¥�Ñ$L§µ|0〉, | ↑, 0〉, | ↓, 0〉, |0, ↑〉, |0, ↓〉, | ↑
, ↑〉, | ↓, ↓〉, | ↑, ↓〉, | ↓, ↑〉. XJü�þf:�U?
�~�C, >4>fò±þf�ZU\�/ª?
\Vþf:XÚ. ~X, éu�Óâ |0〉 Ð�, �
�g^� σ �>4>f?\Vþf:�, G�ò
� 1/

√
2( e i φ

4 |σ, 0〉 + e−i φ
4 |0, σ〉). 3ù���Ä:

þ, ��±#N����g^���>f�B?5,

/¤g^Å�� 1/
√

2(| ↑, ↓〉− | ↓, ↑〉). �âù��
�Ä, �
e¡?Ø¯K��B·��±#�E
�|���Ä¥Xeµ

|1〉 = |0〉,

|2〉 = 1/
√

2( e i φ
4 | ↑, 0〉 + e−i φ

4 |0, ↑〉),

|3〉 = 1/
√

2( e i φ
4 | ↓, 0〉 + e−i φ

4 |0, ↓〉),

|4〉 = 1/
√

2(| ↑, ↓〉 − | ↓, ↑〉),

|5〉 = 1/
√

2( e i φ
4 | ↑, 0〉 − e−i φ

4 |0, ↑〉),

|6〉 = 1/
√

2( e i φ
4 | ↓, 0〉 − e−i φ

4 |0, ↓〉),

|7〉 = 1/
√

2(| ↑, ↓〉 + | ↓, ↑〉),

|8〉 = | ↑, ↑〉,

|9〉 = | ↓, ↓〉. � � � � � � � � � � � � � � �� � � � � � � � � 	 � � � 
 � � � � �
ã 2 ü��mÚn��m�'X«¿ã

ÀJù��Ä¥�Ð?´, �^Ï´^Ïþf
��ê��, XÚ���m�±©¤�pÕá�ü
�f�m, Xã¤«. Ù¥���f�md |1〉,
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|2〉, |3〉 Ú |4〉 |¤, du¹kg^ü�, ·�¡Ù
� “ü��m”. ,��f�md |5〉, |6〉, |7〉, |8〉
Ú |9〉 |¤, Ï�Ù¥¹kg^n�, ·�¡Ù
� “n��m”. �^Ï´^Ïþf��ê��, ù
ü�f�m�pÕá (vkÍÜ), ©O�Lü�Ø
Ó�Ñ$Ï�. ��^Ï l^Ïþf��ê��,

ùü�f�mØ2�pÕá, §��m�3�6^
Ï���ÍÜ. u´, ÏLN�^Ï, >fÑ$�±

3ùü�Ï��m��, ��eZk��Ñ$1�.

| ^ ± þ Ä ¥, ú ª (6) ¥ � ρ(x, t)
� 9 × 9 � Ý 
, Ý 
 � � ρζ

η = 〈ζ|ρ(x, t)|η〉,
Ù ¥ |ζ〉 Ú |η〉 ´ L � Ä ¥. � Ñ K 3 O
� ¥ Ø å � ^ � �, ú ª (7) ¥ � π(x, t) =
[ρ1

1, ρ
2
2, ρ

3
3, ρ

4
4, ρ

5
5, ρ

6
6, ρ

7
7, ρ

8
8, ρ

9
9, ρ

2
5, ρ

5
2, ρ

3
6, ρ

6
3, ρ

4
7, ρ

7
4]

T.

�A�OêÝ
 M(x) �±L��±e� 15 × 15
�©¬Ý




−4Γ 2 e−xΓ 2 e−xΓ 0 0 0 0 0 0 0 0 0 0 0 0

2G+ −3Γ − 2G− 0 e−xΓ 0 0 0 0 0 0 0 0 0 0 0

2G+ 0 −3Γ − 2G− e−xΓ 0 0 0 0 0 0 0 0 0 0 0

0 G+ G+ −2Γ G− G− 0 0 0 0 0 0 0 0 0

2G− 0 0 0 −Γ − 2G+ 0 e−xΓ 2 e−xΓ 0 0 0 0 0 0 0

2G− 0 0 0 0 −Γ − 2G+ e−xΓ 0 2 e−xΓ 0 0 0 0 0 0

0 G− G− 0 G+ G+ −2Γ 0 0 0 0 0 0 0 0

0 2G− 0 0 2G+ 0 0 −2Γ 0 0 0 0 0 0 0

0 0 2G− 0 0 2G+ 0 0 −2Γ 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 −3Γ 0 0 0 e−xΓ 0

2F F 0 0 F 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 −3Γ 0 − e−xΓ 0

2F 0 F 0 0 F 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 Γ 0 −Γ 0 −2Γ 0

0 −F F 0 F −F 0 0 0 0 0 0 0 0 0



.

(10)

Ù¥, G± =
1
2
Γ (1 ± cos(φ)), F = −1

2
Γ sin(φ). ±

þ�©¬Ý
, �kn�é�¬Ý
µ�þ��é
�¬Ý
éAü��m, ¥m�éAn��m, m
e���xü��mÚn��m��Z5üz. N
´u�, �^Ï Φ ´^Ïþf Φ0 ��ê��, ¤k
�é�¬Ý
Ñ�", ü��mÚn��m��ø
Í. �£´^Ï Φ  l^Ïþf Φ0 ��ê��, �
é�¬Ý
Ø��", L«ü��mÚn��m�
3ÍÜ.

4.1 ÄÄÄåååÆÆÆ���CCC

3�Oê�m^�e, ·�^OêÝ
 M(x)
�������{¦)� l¼ê. ã 3 �Ñ^Ï
ªC^Ïþf��ê���(J. ã¥�¢�©O
£±
� l¼ê λ(x) 9>6 I(x) � x �Cz1

�. ·�uy, 3 x = 0 ?, λ(x) Ñyâ,�=C¶
�déA, Ù���ê I(x) ØëY, Ñydp�$
��C. ù«1��Ï~��Cy��©aq, ·
�¡�� “ÄåÆ�C”. 3 x < 0 �«�� “¹�”

´»�, 3 x > 0 �«�� “�¹�” ´»�. 3�
C: x = 0 ?, ü���.

��é', 3Ó��ëê^�e, ·�rOê
Ý
¥�ü��mÚn��m©O��Õá�O
êÝ
, O�Ñ�A� λ(x) Ú I(x), ¿^n�/Ú
�/ÎÒ3ã¥IÑ. ·�uy, 3f�m�m�
fÍÜ�/e, (J3 x < 0 «�ü��m��,

3 x > 0 «�n��m��. ù´du� l¼ê
¥�¢ê�êÏf e−xn U
å�]À´»��
^, � x < 0 �, Ì�]À¯Ï��¯� (¯´»)¶
� x > 0 �Ì�]ÀúÏ��¯� (ú´»).
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λ(x)

Ι(x)

-0.4 0 0.4

x

.



↩.

.

.

.

ã 3 ^Ï�C^Ïþf��ê��, ü�Ñ$f�m�m�3
�fÍÜ, � l¼ê λ(x) Ú>6 I(x) � x �Cz1� (ã¥
¢�¤«). �
é', Õá�ü��mÚn��m��Ñ$(
J©O^n�/ÎÒÚ�/ÎÒIÑ

4.2 ÄÄÄåååÆÆÆ���===CCC���^̂̂ÏÏÏNNN���

�£´^Ï Φ  l^Ïþf Φ0 ��ê��,

ü��mÚn��m�m�3ÍÜ. ã 4 �Ñ
Ø
Ó^ÏÚØÓOê�m^�e>6 I(x) Ú Fano Ï
f F (x) � x �Cz1�, ±9�A��B>fê
VÇ©Ù¼ê P (n). kw�Oê�m (¢�L«)

�(J. �^Ï���, 'X φ = 0.01π, lã 4(a1)

Ú (a2) �±w�, 3 x = 0 NC I(x) ÑyÍ��C
z¶���A, Fano Ïf F (x) Ñy “ãÞá”. ù
L², 3 x = 0 NCu)
ÄåÆ��¯�LÞ.

�X^Ï�O�, ~Xã 4(b1), (b2) (φ = 0.03π) ±
9ã 4(c1), (c2)(φ = 0.08π), I(x) 3 x = 0 NC� x

�CzC�, F (x) �¸�C$.

±þ(J´du�X^Ï�O\, ü��mÚ
n��m�ÍÜÅìCr¤���. duz�þf
:S�3r�¥Õü½�^, ùò��úÏ� (n
��m) �Óâ¬{l¯Ï� (ü��m) �Ñ$¶
Ó�, ¯Ï��Óâ�¬{lúÏ��Ñ$. �^
Ïé��, ü��mÚn��m�ÍÜéf, ¯Ï
�Ñ$ÚúÏ�Ñ$�m�=�éú. Ïd, 3�
�� (Oê) �mºÝS, Ñ$±Y?3¯Ï�½ú
Ï��VÇÑ'��, Ïò8¥Ñy “¹�” ´»
±9 “�¹�” ´». ù��´»©Ù, 3� l©
Û¥ÒLy� x = 0 NC�-�LÞ1�. �X^
Ï�O\, ü��mÚn��m�ÍÜCr, ¯!
úÏ��m�=�C¯, ÄåÆ´»©ÙC���

þ!, u´ x = 0 NCÄåÆ��LÞ1��ÒC
����ú.

1.6

1.4

1.2

10

5

0

0.030

0.015

0
250 500 750250 500 750250 500 750

-0.1 0 0.1 -0.1 0 0.1 -0.1 0 0.1

P↼n↽

n n n

x x x

I↼x↽

F↼x↽

(a1)

(a2)

(a3)

(b1)

(b2)

(b3)

(c1)

(c2)

(c3)

F↼x↽/

φ=0.01π 0.03π 0.08π

ã 4 ØÓ^ÏÚØÓOê�m^�e�� l©Û(J. n|
ãéA�^Ï��©O� 0.01π, 0.03π, 0.08π. ØÓ��.é
AØÓ�Oê�mµ¢�L«��m4�(J¶:�ÚJ�©
OéAOê�m� 500Γ−1 Ú 200Γ−1 �(J

e¡2wOê�m�A. éu���k�Oê
�m, ��¦)���(J�OêÝ
�����
�{�Ñ� (�Oê�m4�) (Jaq. �lã 4

�±wÑ, �X^Ï�O\, 3�áOê�mSÒ
UªC��m4��(J¶��, �X^Ï�~�,

7Lò�Oê�mâUÅÚªC��m4�(J.

Ù¥����ÏE,´, éu�^Ï, ¯!úÏ�
�m�ÍÜr, '� “¹�” �´»Óâ´»�m
¥�ý�õê, Ïd3�á�Oê�mS, ÒUÂ
8��þk�L5�´» “��”¶��, éu�^
Ï, ¯!úÏ��m�ÍÜf, �
Â8� “�¹
�” �ú´»��, Ò7Læ^��mOê.

��, ·�3ã 4(a3), (b3) Ú (c3) ¥?�Ú�
Ñ
k�Oê�me�B>fê�VÇ©Ù. �±
�Ù/w�, �^Ï���, P (n) ¥yV¸(�¶
�X^Ï�O\, V¸(�Åì��. ùl,��
�Ý�N
ÄåÆ´»�m¥ü���39��.

5 o (

�©|^�²ïÚOåÆ¥¤uÐ�� l
�{, ïÄ
¿éVþf: Aharonov-Bohm Z�X
Ú>fÑ$�OêÚO5�. T�{�Ù/�«

du>f�õN'éÚþf�Z5��p�^, ò
p�Ñ¯!úü^Ñ$Ï�, ±9ddÚå�Äå
Æ´»�m¥�ÄåÆ�C1�. duü^¯úÏ
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��m�k�ÍÜrÝ�±ÏL^ÏN�, ·�u
yµ�^ÏªC^Ïþf��ê��, 3ÄåÆ´
»�m¥�3ÄåÆ�C¶�^Ï�� l^Ï
þf��ê��, K�3ü«ØÓ��LÞ1�.

ÄucÏuÐ�âfê�'�þfÑ$Ì�
§, ·�3�©¥¤^�� l�{äk(�;
n!O��B�`:. 3dÄ:þ, ·�uÐ
·

^u?¿Oê�m��B¢^�ê��{, ��

ØÓ^ÏÚØÓOê�m^�eÄåÆ´»�m
¥��üCÚLÞ1�. �©�ïÄL², é0*
Ñ$XÚ¥�ÄåÆ´»�� lÚO©Û, �±
�«eZÛõ�ÄåÆ5�. TïÄÃã3B�>
fì�¥äkd3�A^d�.
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Abstract

The Coulomb correlation and quantum coherence in a double-dot Aharonov-Bohm interferometer can result in two distinct trans-

port channels: a fast channel and a slow one, while their coupling is tunable by changing the magnetic flux passing through an

interference loop. However, these effects cannot be manifested by the conventional transport current. In this work, employing the

large-deviation method which was originally developed in the nonequilibrium statistical mechanics, we perform a large-deviation anal-

ysis for the transport through this double-dot interferometer system and reveal a clear dynamical phase transition behavior.
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