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��þfO�´8c�@��kF"¢yþfO�Å��Y��. ��þf'A´��þfO��Ø%Ü�.
XÛ¦�U�O\��þf'A�ò�Z�m, �5��8¤��þf'A®¤���þfO�ïÄ�Ì���.
��þf'A��÷*�<ó�f, kNõþf1Æy�ÑU
3Ù¥*ÿ�. |^��þf'A¢y>^aAß
²�ïÄ��þf'A�ò�ZÅnJø
#Ãã, �ïÄ��51Æ!1�;!1��ú�DÑ�þf1Æ�
Am8
#g´. �©0�
>^aAß²�nØÄ:, o(
8c�é��þf'A�>^aAß²ïÄ?Ð,
é'
��íN�f���þf'A�>^aAß²«O, ¿é��þf'A¢y>^aAß²�d3A^?1

o(ÚÐ".

'�c: ��þf'A, >^aAß², ò�Z

PACS: 42.50.Gy, 85.25.−j

1 Ú ó

> ^ a A ß ² [1−4] (electromagnetically in-
duced transparency, EIT) ��´^üå1Ó�ì
���f0� (X�þ�f|¤�íN), ¦�Ù

¥�å1U
3��f�[���ÏL�f0�

Ø�)áÂÚ���y�. Xã 1 ¤«, éuU
?(�� Λ ��f�©O�ÍÜ&Ò½&ÿ&Ò
��ÍÜ. �Ó��\ü´&Ò¿� EIT u)�,
&ÿ&Ò�±Ã��ÏL�f0�
Ø�áÂÚ
��.

ã 1 EIT «¿ã

Harris �< 1991 c3+�f�í¥1�g¢
y
 EIT[2]. du EIT ¬�50�Nõ5��ÛA
Cz, Ïd�k� EIT �'�NõÙ¦�¡�ï
Ä, ~X, âfê�ZÙØ§B (coherent population
trapping, CPT)[5], Ãâfê�=-1 (lasing without

inversion, LWI)[6,7], ��51Æ [8−10]. du0�
ò�Ç�Cz¬��&ÿ&Ò�+�Ý~ú$�
Ê�, Ïd�kNõú1DÑ [11]!Ê1±91�
; [12] �¡�ïÄ [13−15].
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uíN�f�±¢y�ß²1ª�°, ���lb
	�ù	«�. ,	, íN�f�ò�Z�m��,
�1|��^'�N´¢y. �éu¢SA^5`
�N�äkd3�`³. Äk, �N´u��¿�
\óEâ¤Ù, ´u8¤zÚ5�z, '�·u�
�ì�; Ùg, �N¥Ø�3ÃXíN�*Ñ�A,
Ø¬Ï�*Ñ$ÄK�ì��5U. �´, �N¢
y EIT ��3Xò�Z�má, N´É	.ÍÜD
(Z6, ¬�"�Ã{�.�Ø�6à. Ïd, k'
�N EIT �ïÄÌ�Ñ´3ò�Z�m���á
�¥Ðm�, 'X�Dèlf¬N [16,17]!$��
�N GaAs á� [18−20] Ú�� Ú%7f� (N-V
color centers in diamond) � [21,22].

Äu�ÙÅÜì����þfO� [23], du
ÙäkÑÑ�!��>fDÚó²oN!´5�
z�`:, �@�´�kF"¢yþfO�Å�
�Y��, C�c5uÐ×�. ��þfO��Ä
�ü���þf'A (SQUBIT)[24−26] �w�´�
�÷*�<ó�f (µm þ?). ÏL�B\ó��
{±9	\^|!>6�>Æëþ, �±¢yé÷
*<ó�f�aëê�°(N�. Äud, Nõþ
f1Æ�AÑ�±3 SQUBIT ¥*ÿ�, EIT �Ø
~	 [27,28]. �â DiVincenzo JÑ�þfO�Ôn
¢y��â [29], 8c��þfO�uÐ��Ì�
�Ï´ò�Z�m�á (µs þ?) ±9�5�8
¤ SQUBIT éJ¢y (þf?nì�e�!���
ÍÜ), ÏdïÄXÛO\ SQUBIT �ò�Z�m
w�c�­�. ò�Z�A¬é SQUBIT � EIT �
A�)K� [30,31], ÏLïÄ SQUBIT � EIT �A
�l��#��Ýé SQUBIT �ò�ZÅn?1
ïÄ. d	, ��±é1�;!1��ú�DÑ�
A^ÐmïÄ, äk­�¿Â.

�©�|�Xe: 1�Ü©0�
 EIT �Vg,
J�
 EIT ïÄ�uÐ{¤, ©Û
^ SQUBIT ¢
y EIT �­�¿Â. 1�Ü©lÅ½��§ÑuØ
ã
 EIT ��)�n, ±9�� EIT �)�Ôny
�. 1nÜ©�ã
 SQUBIT �Ä��n, ¿�é
n«~�� SQUBIT V)
¢y EIT �ü«å».
1oÜ©é'
^�fíN� SQUBIT ¢y EIT
�«O. ���Ü©´o(ÚÐ".

2 EIT �Ä��n [4,32]

ã 2 ����f�{zU?©Ù, U?d$�

p©O� |0〉, |2〉, |1〉, Ω1 � Ω2 ©OL«U? |0〉,
|1〉 �m�ÍÜ±9U? |1〉, |2〉 �m�ÍÜ. U
? |0〉 � |2〉 �m�ó4B+�[ (dipole-forbidden)
¤��, =��Ø¬u)�[. üÕ�\�U? |0〉,
|1〉 ÍÜ�&Ò 1 ½�U? |1〉, |2〉 ÍÜ�&Ò 2
�, &Ò 1 �&Ò 2 Ñ¬��fáÂ. Ó��\&
Ò 1 �&Ò 2, ¿� EIT u)�, &Ò 2 ��fu)
��ÍÜ¿��fáÂ, &Ò 1 òÎÃ��/BL
�f. e¡lÅ½��§Ñué EIT �Ä��n?
1Øã.

ã 2 �fU?©Ù«¿ã

���NX3vk	|��Å¼ê� Ψ(x, t),
XÚ�M�îþ� H0, d�XÚ÷vÅ½��§

i}
∂Ψ(x, t)

∂t
= H0Ψ(x, t), (1)

T�§�Ï)�����A)�U\. ����
� φ0, φ1, φ2, · · · , φn, Ï)��¤Xe/ª:

Ψ(x, t) =
∑

n

anφn(x) exp
(
− iEnt

}

)
, (2)

Ù¥, an ������Xê, En ���� φn(x) �
��Uþ. �±wÑ, XÚ?u,���VÇ∣∣∣an exp

(
− iEnt

}

)∣∣∣2 = |an|2

��mÃ'.
�Ó��\&Ò 1 �&Ò 2 � (ªÇ©O� ω1

� ω2). Ï~, ùü´&ÒéXÚ��^��uXÚ
�Uþ���, ÷v�f�p�^^�, �Cqw
��6?n. ��\&Ò��XÚM�îþ�

H = H0 + H ′(t), (3)

H ′(t) = V1 cos ω1t + V2 cos ω2t, (4)

Ù¥, V1, V2 ©OL«&Ò 1 �U? |0〉, |1〉 �m�
ÍÜ, ±9&Ò 2 �U? |1〉, |2〉 �m�ÍÜ, L�
ª�

V1 = −}ΩR1 e−iφ1 |0〉〈1|,

V2 = −}ΩR2 e−iφ2 |1〉〈2|.
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ΩR1 �ªÇ ω1 �ÍÜ|�U? |0〉, |1〉 �^�.
'ªÇ, ΩR2 �ªÇ ω2 �ÍÜ|�U? |1〉, |2〉
�^�.'ªÇ. d�, TXÚÅ½��§�Ï)
���

Ψ(x, t) =
∑

n

an(t)φn(x) exp
(
− iEnt

}

)
. (5)

�vk\	|�Ï)é'uy, §����«O
Ò´VÇ |an(t)|2 äk
�mÏf, =âf?3
�Uþ����VÇ��müz, k�Uu)�
[. ò (5) ª�\Å½��§, |^ EnΨ(x, t) =
H0Ψ(x, t), ��

i}
∑

n

d(an(t))
dt

φn(x) exp(− iEnt

}

)
=

∑
n

an(t)H ′(t)φn(x) exp
(
− iEnt

}

)
. (6)

��ªü>Ó¦± φ∗
m(x),

i}
d(am(t))

dt
exp

(
− iEmt

}

)
=

∑
n

an(t)φ∗
m(x)H ′(t)φn(x) exp

(
− iEnt

}

)
. (7)

=

i}
d(am(t))

dt
=

∑
n

an(t)φ∗
m(x)H ′(t)φn(x)

× exp
(

i(Em − En)t
}

)
.

�Ä���¹, é (7) ª��3���, �

iȧ0 = Ω1a1, (8a)

iȧ2 = Ω2a1, (8b)

iȧ1 = Ω1a0 + Ω2a2, (8c)

Ù¥

Ω1 =
〈0|V1|1〉

2}
= −1

2
ΩR1 e−iφ1 ,

Ω2 =
〈1|V2|2〉

2}
= −1

2
ΩR2 e−iφ2 . (9)

�±wÑ, |0〉 U?Ú |1〉 U?�m�±u)�[,
|1〉 U?Ú |2〉 U?�m�Uu)�[, U? |1〉 �
âfêdU? |0〉 ÚU? |2〉 �ü´�[�Óû½.

é (8c) ª¦���m�ê, ¿ò (8a), (8b) ª�
\�

ä1 + (Ω2
1 + Ω2

2)a1 = 0. (10)

�Ð©^�� a0(0) = 1, a1(0) = 0, a2(0) = 0, =
âfÐ©� uÄ�. �§ (10) �)�

a1 =
Ω1

i
√

Ω2
1 + Ω2

2

sin(t
√

Ω2
1 + Ω2

2). (11)

�\ (8a), (8b) ª��

a2 = − 2Ω1Ω2

Ω2
1 + Ω2

2

sin2

(
t
√

Ω2
1 + Ω2

2

2

)
, (12)

a0 = 1 − 2Ω2
1

Ω2
1 + Ω2

2

sin2

(
t
√

Ω2
1 + Ω2

2

2

)
. (13)

� Ω2 À Ω1 �, a0 ≈ 1, a1 ≈ 0, a2 ≈ 0, ù«�¹
e-u�Úæ­�þ�âfêÑ�", âfA�Ê
33Ä�ØÄ.

�´l�§ (8) Ñu, Ïé��­�), 3ù
�)¥, âf?3�Uþ����VÇÌØ��m
üz, = a0, a1, a2 Ø��m t Cz, � a1(t) = 0,
ù«�¹¡�V� (dark-state)[33], �f?uV��
�±ØÉguË��K�, é	|LyÑ “ß²”
�5�.

du�Ïé a0, a1, a2 Ø��m t Cz�­�
), �§ (8) �z�

iȧ0 = Ω1a1 = 0,

iȧ2 = Ω2a1 = 0,

iȧ1 = Ω1a0 + Ω2a2 = 0.

)�

a1 = 0,
a2

a0
= −Ω1

Ω2
.

Ïd, V��Å¼ê�

|Ψ〉D = a0 e−
i
} E0t|0〉 + a2 e−

i
} E2t|2〉, (14)

²8�z

|Ψ〉D =
Ω2

Ω
e−

i
} E0t|0〉 − Ω1

Ω
e−

i
} E2t|2〉, (15)

Ù¥,

Ω =
√
|Ω1|2 + |Ω2|2, a0 =

Ω2

Ω
, a2 = −Ω1

Ω
.

ù�Å¼êÒ´TXÚ�V�), ��±òV�n
)�&Ò 1 �&Ò 2 �mu)
þfZ�, ü´&
Ò3U? |1〉 ?��. l��þ5`, &Ò 1 �&
Ò 2 u)
»�5�Z�, ¦�ùü´&ÒÑ��
f�ÍÜ (decoupled), ��§�ÑÃ�/BL�f.

� Ω2 À Ω1 �, XÚ�Å¼ê�

|Ψ〉D =
Ω2

Ω
e−

i
} E0t|0〉, (16)
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Ù¥
Ω2

Ω
≈ 1. =âfÊ33Ä� |0〉 ØÄ, ��X

Úé	|ß², ùÒ´ EIT y�. � Ω1 À Ω2 �,
XÚ�Å¼ê�

|Ψ〉D = −Ω1

Ω
e−

i
} E2t|2〉, (17)

Ù¥
Ω1

Ω
≈ 1. T�¹e, âf3	|¥©ª?uæ

­� |2〉. T�¹��ú��, �ý�&Òr, �â
f%3,�ýÑy.

é�U?XÚ5`, .'��´�Züz�I
�; 
nU?XÚ��Zq¬�5Nõ#�A5,
'X Autler-Townes 3� [34], V�±9 EIT �.

EIT �±ÏLÿþ�¬���^zÇ χ �½,
^zÇ�JÜ�N�¬é	|�áÂ�¹, ¢Ü
�Nò�Ç n(13ý�¥���Ý�130�¥
���Ý�') ���. ã 3 w«
�ÍÜ&Ò�
½�, Cz&ÿ&Òé�¬^zÇ�K�, Ù¥, p
¶ Im[χ] � Re[χ] ©OL«��^zÇ�JÜÚ
¢Ü, î¶ (ωP − ω13)/γ31 L«XÚ���ªÇ�
�U?Ë��° γ31 '�. ã¥�J�L«0�u
)��4z����^zÇ�¹, ¢�L«0�u
) EIT ����^zÇ�¹. �±wÑ, � EIT u
)�, �¬��^zÇ�JÜ¬3 ωp = ω13 �Ñ
y��Å�, L«&ÿ&Òvk�áÂ, =Bß

�¬, 
¢Ü3":NCÑy
� �=, ¿�­
�CÍ. �â²;>^nØ

n =
√

1 + Re(χ), (18)

k =
ω

c
n, (19)

vg =
dw

dk
=

c

n(ω) + ω
dn

dω

≈ c

1 +
ω

2
dRe(χ)

dw

. (20)

Ù¥, n L«ò�Ç, k L«Å¥, ω �>^Åª
Ç, Vg �130�¥DÂ�+�Ý. � EIT u)�,
dRe(χ)

dω
é�, ¦� Vg é�, Ïd EIT I�?�+

�Ý��uý�1�, ù��A�±^u1��ú
�DÑ.

3 ^ SQUBIT ¢y EIT

��þfO�´C�c5uÐ×����ï
Ä��. du��þfO�´34$�§Ýe (mK)
?1, äké��D(ÚÑÑ. �ÙÅÜ(�¤
� SQUBIT ´��þfO��Ä�ü�. �â�Ù

ÅÜU EJ

(ICΦ0

2π

)
�>ÖU EC

(2e2

C

)
��é�

� (ùp, IC ��ÙÅÜ(��.>6, Φ0 �^Ï
þf, e �>f>þ, C ��ÙÅÜ(�(>N), �
��r SQUBIT ©�na: >Öþf'A [24]!^
Ïþf'A [25] Ú� þf'A [26]. ã 4 w«
ù
n«þf'A�(�.

ã 3 �¬��^zÇ� (ωP − ω13)/γ31 �'X [4] (a)
��^zÇJÜ� (ωP −ω13)/γ31 �'X; (b) ��^zÇ
¢Ü� (ωP − ω13)/γ31 �'X

ã 4 n« SQUBIT �ì�(� (a) ��>Öþf'A [24]; (b) ��^Ïþf'A [25]; (c) ��� þf'A [26]
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��ÙÅÜ(���, �ÙÅÜU EJ ��,
>ÖU EC ��; ��, ��ÙÅÜ(���, >
ÖU EC ��, �ÙÅÜU EJ ��. eUì�
¤ SQUBIT ��ÙÅÜ(���?1üS, ��5
`, l���©O�>Öþf'A!^Ïþf'
A!� þf'A. >Öþf'A�>ÖU���
�ÙÅÜU� 5 � 10 �; ^Ïþf'A��ÙÅ
ÜU���>ÖU� 10 ��m; � þf'A�
�ÙÅÜU���>ÖU� 106 �. ÄÙ�Ï, Ì
�´du�éØ(½þ��p�^��, =âfê
Ú� ��p�^. �ÙÅÜ(¥�� Úâfê
÷vØ(½'X

[ϕ, n̂] = i, (21)

Ù¥, n̂ = −i
∂

∂ϕ
L«âfê�Î, ϕ L«�ÙÅ

Ü(üà�� �. ��ÙÅÜ(���, ¥]é
�ê8´��Ð�þfê, �±ÏL>ØN!>f
�ê8, /¤>fê��ZU\�, l
�¤>Ö
þf'A; ��ÙÅÜ(���, � ´��Ð�
þfê, �±ÏL�Å&Ò-uU?�m/¤�Z
U\�, �¤� þf'A; ��ÙÅÜU'>Ö
U�� 10 ��, ��äkn��ÙÅÜ( [25] �
���´ÏLN!BL���´�^Ï, ��¤�
�V³²(�, 3	\^Ï �e¬�)^��!
_��>6��ZU\�, �¤^Ïþf'A. n
« SQUBIT ���Ñ´�E
���ZU\�, �
´Äu�ëþÑkØÓ.

SQUBIT �±w�´÷*�<ó�f, kNõ
þf1Æy�Ñ®²3 SQUBIT ¥*ÿ�. Ïd,
EIT y�´ÄÓ���±3 SQUBIT ¥*ÿ�, -
u
�Æ[��,�. SQUBIT ���@�´�U
?XÚ, 
¢y EIT ��I�n�U?, �
)û
ù�¯K, 7L|^ SQUBIT �ïnU?XÚ. 8
cÌ�ÏLü«�ª�ïnU?XÚ.

¢y EIT �1�«�ª´|^ SQUBIT g�
�n�U?�¤nU?XÚ. SQUBIT 3÷v�½
�^�e�±Cq/w��U?XÚ, �§Ó�
äk1nU?±9�p�U?. ÏLN!³², �
±�¤÷v EIT �nU?XÚ. MIT � Orlando �
| 2004 cJÑ
3^Ïþf'A¥¢y EIT ��
{ [30]. ã 5(a) ´IO�^Ïþf'A9ÙÖÑ>
´«¿ã, S��n��ÙÅÜ(�¤
��^Ï
þf'A, Ù¥üý�(äk�Ó���, ¥m�
(Ñ�uüý�(. 	�´���6��þfZ�

ì (DC SQUID), ^u°(ÿþBL�S�^|, Ï
Lÿþ^|�±ÖÑ^Ïþf'A�G�. ã 5(b)
´^Ïþf'AU?©Ùã. ÏLN!^Ï 
� f = nΦext/Φ0 (Φext �	\^Ï �, Φ0 �^Ï
þf, n ��ê) �±N!³²�G�. � f = 1/2
�, ü³²¥é¡©Ù. � f  l 1/2 �, ^Ïþf
'A�³²dé¡�C��é¡�. �
¢y EIT,
�ò f N!�Ù¥��³²p�kn�U?�G
�, aqu�fÔn� Λ U?(�. �â©z [35–
37] ¥^Ïþf'A�ëê, � f = 0.5041 �, �±
¢yã 5(b) ¤«�U?(�.

ã 5 ^Ïþf'A¢y EIT �n [30] (a) ^Ïþf'
A�>´(�«¿ã; (b) ^Ïþf'A3	\^Ï 
� f = 0.5041 e�U?©Ù

�é^Ïþf'A�\ Ω13 ½ Ω23 &Ò�, ?
3 |1〉 ½ |2〉 U?�âf, ¬�[�U? |3〉 þ.
Ó � � ^ Ï   � e, 3 � � ³ ² S Ü, ? 3 |3〉
U?�âf� |2〉 U?�µþÇ (relaxation rate)
� Γ

(intra)
3 ≈ (25 µs)−1. �m³²�m����

B (resonant-tunneling) Ç� Γ
(rt)
3 ≈ (1 ns)−1, �

� Γ
(rt)
3 À Γ

(intra)
3 . Ïd, �âf?3U? |3〉 �,

¬×��B�U? |4〉, 
Ø´òz�U? |2〉. ù«
ØÓ³²�m��B�±¦�^Ïþf'A¥�

154214-5
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�6UC��, l
�±� DC SQUID &ÿ�, ù
�ÿþ EIT Jø
g´.

¢Sþ, ÷v EIT �G�duò�Z�Ï��
K�, ¿ØN´��. ò�Z�±©�üa: �a
´µþò�Z (relaxation decoherence), ´�?uØ
ÓU?þ�âfêC�,ÏÃÙ, ��n)�Å¼
ê |Ψ〉 �L�ª¥, Xê��'C�,ÏÃÙ; ,
�a´ò�ò�Z (dephasing decoherence), ´�Å
¼ê |Ψ〉 �L�ª¥, Xê��é� C�,ÏÃ
Ù. ùüaò�ZÑ¬��^Ïþf'AØU¢
y EIT. �´duù«Ån, SQUBIT � EIT ��±
�^5ïÄXÚ�ò�Z�A.

þ¡�~f¥, ¢y EIT |^
^Ïþf'A
��³²p�n�U?, ù«U?©Ù�� þf
'Aaq. Xã 6 ¤«, Kelly �< 2010 c¦^�
 þf'A³²S��$n�U?*	�
� 
þf'A�V� [27]. T¢��ÏLÿþV�ëê,
¼�
ò�ò�Z�m, ¿��nØÎÜ�éÐ.

ã 6 � þf'A¢yV��U?©Ù [27]

¢y EIT �1�«�ª´|^ SQUBIT �D
Ñ�!�¡Å�½B�Å��f�?1ÍÜ, U
Cþf'A�U?©Ù, �¤ÎÜ�¦� Λ XÚ.
Abdumalikov �<u 2010 c3o�ÙÅÜ(^Ï
þf'A���DÑ��ÍÜ(�¥*	�
 EIT
y� [38]. o(^Ïþf'A´��F/nU?<
ó�f5¦^� [39,40]. ã 7 ´©z [38] ÿÁ��
�(J. 3ù�^Ïþf'A���DÑ�ÍÜ�
XÚ¥, ÿþ4zÇ�~Ø�B, ��â4zÇ�
DÑXê�'X α ∝ i(1− t)[38](Ù¥ α �4zÇ, t
�&Ò�DÑXê, §�Ñ´Eê), �±ÏLÿþ
DÑXê t, é4zÇ α ?1L�. ã 7 L«ØÓÍ
Ü&Ò ωc e, DÑXê���ªÇ � δωp/2π �
'X. �±wÑ, �ÍÜ&ÒrÝ�$�XÚA�
áÂ
¤k�&ÿ&Ò, �XÍÜ&ÒrÝ�Or,

ã 7(a) ¥ÅìÑy EIT I�, ã 7(b) �­��Ñy

� �=, ��XÚ¢y
 EIT. 5¿�, ã 7(a),
(b) �Ñ�¢Ü!JÜ���ªÇ ��'XTÐ
��fÔn�Ñ���, ù´Ï�4zÇ�DÑX
ê�'X� α ∝ i(1 − t) ¤���.

ã 7 DÑXê��� (detuning) �'X [38] (a) DÑXê
¢Ü����'X; (b) DÑXêJÜ����'X

±þJ��¢y EIT ��{Ì�Äu^Ïþ
f'A�� þf'A. éu>Öþf'A5`,
§�1nU?�pu1�U?, e^�$�n�U
?, éN´É�	.�Z6, ¿�ØN´ö�. �d,
Yuan �<u 2008 cJÑ
3>Öþf'A�B�
Å��fÍÜ�XÚp¢y EIT ��n [41]. òB
�Å��f�>Öþf'A?1ÍÜ�±UC>
Öþf'A�U?©Ù. >Öþf'A¥�1�U
?Ú1�U?Ñ©��ü�U?, ?¿À�Ù¥�
n�U?Ñ�±�E�� Λ nU?XÚ. ã 8 ´>
Öþf'A�B�Å��f�ÍÜ(�«¿ã, �
ý �� Å�^u � �Ï L¥]éÝ (CPB, Cooper
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pair box) �^Ï, >Ø
 Vg ÏL>N Cg � CPB Í
Ü, B�Å��fÏLpa� CPB ÍÜ. T(��
�±éB�Å��f�ªÇëê?1L�, ÿþB
�Å��f�PCÇ (decay rate), ±9 CPB �ò�
Z�Ç�.

4 ^ SQUBIT ¢ y EIT � � � � f
�«O

�fÔn� EIT y�Ú��>´¥� EIT y
�´k«O�, �±{�V)XL 1 ¤«. ã 8 >Öþf'A�B�Å��f�ÍÜ(� [41]

L 1 ^ SQUBIT ¢y EIT ����f�é'

é'SN ���f SQUBIT

�fê8 �þ�fíN ��<ó�f

ëêN! ëê�½Ã{N! �ÏL�B\óó²?¿N!ëê

éÍÜ&Ò�áÂ�¹ ß²�ÍÜ&Ò���áÂ [42] ß²�ÍÜ&Ò�Ü©áÂ [42]

ÍÜ|��Ý éÍÜ|�ÝÃ��, �±´n�| �����Å�DÑ� [38]

�½�ª ÏLÿþ^zÇ�½ ÏLÿþ�^zÇ¤'~�ëê�½ [38]

�[�å Ä��æ­��m�[B+ 3�½^�e, ?Û��mÑ�±u)�[ [39,43]

nØÄ: nØÄ:�~¤Ù Ü©Ø÷v�[B+, nØI�?�

5 o(�Ð"

SQUBIT ´��÷*ºÝ��U?<ó�f,
ÏL�B�\óEâ±9ÿÁÿþEâ, �±é<
ó�f�ëê?1°(�N!Ú��. UC<ó�
f��aëê, $��±*ÿ��
ÊÏ�fÃ{
*ÿ��y� [39]. EIT ´�«õU?�þfZ�
�A, �
3 SQUBIT ¥¢y EIT, �±|^^Ïþ
f'A½� þf'A¥�n�U?��¢y, �
�±òþf'A�DÑ�!�¡Å�½B�Å�
�f�?1ÍÜ¢y. ��þfO�8c���Ì
�´¶´XÛO\ò�Z�m±9XÛ�5�8
¤þf'A, Ïd|^ EIT ù�Ãã5ïÄò�Z
Ån!ÿþò�Z�m��ïÄò�Z¯KO\


�«#�ïÄÃã. ,	, a EIT y��´ék
d��ïÄ+�, 'Xâfê�=-1ìÒ´|^
V��5�5¢y�. EIT u)���X1�+�
Ç~ú, �±^uïÄ1�;ì, F"^uþf1
ÆÏ&¥. 8c�1�;ÑÄu1>=�, ¢�þ
1>=�Ò´�«þfÿþ, �âþfåÆ�Ø(
½5�n��, 1>=�¬»�1þf&E, ¿�
Ã{¡E, ù«Äu1>=��1�;�·^u²
;&E��;, 
|^ EIT �n���1�;ìn
Øþ�±ÎÃ�ý��31þf&E, Ïd�´�
�ékcå�ïÄ��.

a��u�Æ�>fÆïÄ¤4�g�Çé�©Ü©
úª�?Ø.
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Research review on forced convection

Progress of electromagnetically induced transparency
based on superconducting qubits∗
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Abstract
Superconducting quantum computing is currently considered as one of the most promising options to realize a quantum com-

puter. Superconducting qubit is the core component of the superconducting quantum computer. To increase the decoherence time of
superconducting qubits as far as possible, the large-scale integration of superconducting qubits have become the main research topic
of superconducting quantum computing. As a macroscopic artificial atom, lots of quantum optical phenomena can be observed in
the superconducting qubits. Electromagnetically induced transparency based on superconducting qubits can provide a new method to
study the superconducting qubit decoherence mechanism, and can also arouse new ideas to study the nonlinear optics, optical storage,
ultra-slow optical transmission and quantum optics. In this paper, we introduce a theoretical basis of electromagnetically induced
transparency, review the current research of electromagnetically induced transparency based on superconducting qubits, compare the
difference between electromagnetically induced transparencies based on gas atoms and superconducting qubits, and evaluat the prospect
applications for its development.
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