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|^ Efimov ��9Ï�É-.ùý9Ï� (ER-STIRAP) L§¢��e�f�ÉØoàÔ©f A3B =
z�nØ�Y, ��
=zL§¥¥m�©O�ÓØ Efimov nàÔ A3 ÚÉØ Efimov nàÔ A2B ü«å»eXÚ
�V�), y¢
 ER-STIRAP Eâé�eÉØoàÔ©f A3B Ü¤��15Úk�5. ïÄ
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1 Ú ó

Cc5, �e©f�Ü¤9Ù�'ïÄÚå

<�4��ïÄ,� [1−3]. ��¡´du�e©f
XÚ�ïÄ�$§eþfõNXÚ�p�^�Ä
�5ÆJø
#��U, ,��¡´TXÚ�ïÄ
éumu°�ÿþ, þf&E?n±9B���E
�+��#Eâäk�¿Â. �õc5, ��X
e%�fEâ�ØäuÐ, <����3&¢é©
f�k�e% [4−6]. /¤�Eâ�N�©����
�{Úm���{üa. e%©f����{k�
ÀíNe%Ú Stark ~��, m���{´ÏL
�e�f��p�^, æ^	|Zý, ¦�e�f
=z��e©f. ù«m���{C5�y²3�
e©f�Ü¤¥�~k� [4]. ÏL1Æ5Ü½^|
� Feshbach ��Eâ?1�e©f�|C®²¤
�
#�ïÄ9:. é^5Üó, Feshbach ��
Eâ®²3Ü¤45Ú�45©f�¡äk
`

³ [5,6]. 315Ü�¡, åuþf1Æ¥é�f
S�?1�Z���V1fÉ-.ùý9Ï�E
â (STIRAP), �@�´r�e�f=z��e©f
��«k�Ãã [7−10]. TEâ�¤õ�6u�Z
ÙØÐ¼� (�¡V�) ��3. XÚ3ý9üzL
§¥V��âfÙØêA��", ³�
-u�þ
guË����5�K�, l�±p�/¢yÐ
©�f��½©fåP��=z. ,	, �C�
ïÄ�y², Feshbach ��9Ï�É-.ùý9Ï
� (FR-STIRAP) L§3r�e�f=z¤©f�
L§¥'X STIRAP L§�\k� [11,12]. T�{
r	Ü-1|Ú^|(Üå5, k"3V�f©f
±9��E,�õ�f©f�Ü¤�¡u��
�^ [13−16].

¢�þ, U|^^|� Feshbach ��Eâ�)
ÓØÚÉØV�f©f��, ÏL	Ü^|�±
r�e�f��5Ü¤fåP�nàÔ©f�E
â�®²/¤ [17−22]. TEâ� 1970 c Efimov ý
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ÿ�nN���p�^�ÛA5�k', Ï�
�¡� Efimov ��Eâ. ���¹e, ü��*â
f (~X¥5�f½¥f�) �m��3�f��
p�^, �k1n�âf\\�, K3�½�^�
eÒ¬�)�«r�p�^, ¿�/¤õ«�/�
nàÔåP� [23,24]. ù« Efimov nàÔ��3u
üNåP�¿Ø�3�«�, ¿�/¤��Ã¡S
�. ÓØ Efimov nàÔ©f��35©O3 133Cs

�fíN [17,18], 6Li �n|©¤�íN [19,20] ±
9 39K �ÀÚíN¥�y¢ [21]. ÉØ Efimov n
àÔ©f Rb2K Ú K2Rb �3�,��®²3 41K

Ú 87Rb ·ÜíN¥�*	� [22]. Efimov �Õk�
©f�.Ø�6�f�«a, ¤±§�±^é¤k
�fÑÊ·��{Ü¤, 2��¥m��=z�Ù
¦A½�©f�þ, ù¢SþJø
�«���e
©fÜ¤��Ãã.

�C, |^ Efimov ��9Ï�É-.ùý9
VÏ� (ER-STIRAP) Eâ5Ü¤�eÓØoàÔ
©f A4 �nØ�Y®²�JÑ [16]. (Ü'uÉ
Ø Efimov nàÔ Rb2K Ú K2Rb �¢�, �©J
Ñæ^ ER-STIRAP L§5Ü¤�eÉØoàÔ©
f A3B ���. 3e©¥, Äk�Ñ¢�TL§�
nØ�.. é²{¥m��ÓØ Efimov nàÔ A3

Ú¥m��ÉØ Efimov nàÔ A2B �ü«å»,

©Oí�Ñ
�f©f=zXÚ�V�)9Ù�
A�^�, y¢
T�Y3Ü¤�eÉØoàÔ©
f A3B ���15Úk�5. Ùg, ïÄ	|ëê,

�)5Ü-1óÀ�rÝ!ó°!^ÍÜrÝ9
Ù��þ�é A3B /¤�K�. éu^5ÜL§,

Efimov nàÔ3^���.�NCÒ�±/¤, Ï
Ø
^ÍÜrÝ (�	^|rÝ¤�') �	, �
ïÄ^ÍÜ��þ��^. Ó�, '�
3�eÉ
ØoàÔ©f A3B �/¤L§¥, ²{ü«ØÓ¥
m��, ¢yoàÔ©f A3B k�=z��O. ,
	, �?ØXÚS����5Ú¥m��guP~
��éÉØoàÔ©fÜ¤�K�.

2 nØ�.

�C'uÓØÚÉØ Efimov nàÔ©f�
¢�ïÄ, ��þ½nàÔ©f A3 Ú A2B �
/ ¤ J ø 
 Ä :. â d, e © ò � Ñ Ï L ü «
Ø Ó å » 5 Ü ¤ É Ø o à Ô © f A3B � n Ø

�Y: 1) ¥m��ÓØ Efimov nàÔ A3 å»,

�L«� 3A+B→A3+B→A3B, Xã 1(a) ¤«; 2)

¥m��ÉØ Efimov nàÔ A2B �å», L«
� 3A+B→A2B+A→A3B, Xã 1(b). ùü«å»Ñ
I�ü�Ú½5Ü¤, 1�Ú|^^|� Efimov

��Eârn��f(Ü¤��nàÔ©f, ¡�
^5ÜL§: 1�Úæ^	Ü-1|r?u¥m-
u��nàÔ©f�,���f=£�oàÔ©
f�þ, ¡�15ÜL§. 3DÚ�V1f STIRAP

L§�¥, �
¤õ�¢��fþf��=z, 	
Ü1óÀ7L±��ú��ª�m, =d÷�d1
�kuÄ$1�m [25]. Ó�, 3?1^5ÜL§�
c, 7Lk\þÍÜ-1|, ÁÐý9Ï�, ��u
) Efimov ��, ?u¥m��nàÔ©fÚ,�
��f¬÷ý9Ï��=£�oàÔ©f�þ, ¢
y�f�©f�=z. ùp©ü«�¹?1?Ø.

ã 1 Efimov ��9Ï�É-.ùý9Ï�L§¢��e�f
�ÉØoàÔ©f A3B =z�«¿ã (a) ¥m��ÓØnà
Ô©f A3 ��/; (b) ¥m��ÉØnàÔ©f A2B ��/

2.1 ¥¥¥ mmm ��� ��� ÓÓÓ ØØØ Efimov nnn ààà ÔÔÔ A3

������///

3�p�^±µe, £ãXÚ=z�M�îL
�ª�

Ĥ = −~
∫

dr

{ ∑
i,j

χ′
i,jψ̂

+
i (r)ψ̂+

j (r)ψ̂j

×(r)ψ̂i(r) + δψ̂+
m(r)ψ̂m(r)

+(∆ + δ)ψ̂+
g (r)ψ̂g(r)

+λ′[ψ̂+
m(r)ψ̂a(r)ψ̂a(r)ψ̂a(r) + H.C.]

−Ω′[ψ̂+
g (r)ψ̂m(r)ψ̂b(r) + H.C.]

}
, (1)

Ù¥, ψ̂+
i Ú ψ̂i �L�Aâf��)Ú�v�Î,

eI i = a, b, m Ú g ©O�L�f A, �f B, n
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àÔ©f A3 ÚoàÔ©f A3B. χ′
ii = 4π~ai/mi

Ú χ′
ij = 2π~aij/mij (i 6= j) £ãüN�m���

5�p�^, ùp ai Ú aij L« s ÅÑ��Ý, mi

L«1 i |©��þ, mij L«ØÓ|©��z�
þ. λ′ Ú Ω′ ©O´^��ÍÜrÝÚ5Ü-1ó
À�.'ªÇ, �ö����	Ü-1|�1r
¤�'. ^ÍÜ��þ δ �Ð©�f�Ú¥mnà
Ô©f��m��[Uþ�u) Efimov ��ÍÜ
�rÝ��.

3²þ|¿Âe, XÚ�ÄåÆ�§�

i
dψa

dt
= − 2

∑
j

χaj |ψj |2ψa − 3λψmψ∗2

a , (2a)

i
dψb

dt
= − 2

∑
j

χbj |ψj |2ψb

+ Ωψgψ
∗
m, (2b)

i
dψm

dt
= − 2

∑
j

χmj |ψj |2ψm − δψm

− λψ3
a + Ωψ∗

bψg − iγψm, (2c)

i
dψg

dt
= − 2

∑
j

χgj |ψj |2ψg

− (∆ + δ)ψg + Ωψmψb, (2d)

Ù¥ χii = χ′
iin, χij = χ′

ijn, λ = λ′n, Ω = Ω′√n

�éA�Ãþjþ, n L«XÚo�âfê�Ý. �
§ (2c) ¥�'uëê γ ��£ã¥mnàÔ�þ
âf�guË�¤Úå���.

aqu©z [14, 15], �
¼��§ (2) �V�
) (¥mnàÔ��âfÙØê�"), �Xe/ª
�Á&Å¼ê, =

ψa = |ψ0
a | e iθa e−iµat,

ψb = |ψ0
b| e iθb e−iµbt,

ψm = |ψ0
m| e i3θa e−i3µat,

ψg = |ψ0
g | e i(3θa+θb) e−i(3µa+µb)t, (3)

¿ r Ù � \ � § (2), | ^ X Ú o â f ê Å
ð |ψa|2+|ψb|2+3|ψm|2+4|ψg|2 = 1, ��V�)�

|ψ0
b|2 =

Ω

2
(
Ω +

√
Ω2 + 27λ2

) ,

|ψ0
a |2 = 3|ψ0

b|2,

|ψ0
m|2 = 0,

|ψ0
g |2 =

1
4
− |ψ0

b|2. (4)

XÚéA�zÆ³�

µa = −2(χaa|ψ0
a |2 + χab|ψ0

b|2

+χag|ψ0
g |2),

µb = −2(χab|ψ0
a |2 + χbb|ψ0

b|2

+χbg|ψ0
g |2), (5)

“V1f” ��^��

∆ = −δ +
(

6χaa − 2χag + 4χab

+
2
3
χbb − 2

3
χbg

)
|ψ0

a |2

+
(
6χag + 2χbg − 2χgg|ψ0

g |2. (6)

�§ (2) Ú (6) `², ��ÄåÆ�±��^
�, XÚ�±3Ð©�f�ÚoàÔ©f��m=
�. �Ò´`, � λ/Ω = 0 �, XÚâfÑ?3�f
�þ, � λ/Ω = ∞ �, XÚ¬/¤v
êþ��e
oàÔ©f.

2.2 ¥¥¥mmm������ÉÉÉØØØ Efimov nnnàààÔÔÔ A2B ���
���///

3�p�^±µe, £ãXÚ=z�M�îL
�ª�

Ĥ = −~
∫

dr

{∑
i,j

χ′
i,jψ̂

+
i (r)ψ̂+

j (r)ψ̂j

×(r)ψ̂i(r) + δψ̂+
m(r)ψ̂m(r)

+(∆ + δ)ψ̂+
g (r)ψ̂g(r)

+λ′[ψ̂+
m(r)ψ̂a(r)ψ̂a(r)ψ̂b(r) + H.C.]

−Ω′[ψ̂+
g (r)ψ̂m(r)ψ̂a(r) + H.C.]

}
, (7)

3ùp, Ø
 m L«ÉØnàÔ©f A2B �	, Ù
¦ëê�¿Â��§ (1) ���Ó.

3²þ|¿Âe, XÚ�ÄåÆ�§�

i
dψa

dt
= − 2

∑
j

χaj |ψj |2ψa

− 2λψmψ∗
aψ∗

b + Ωψgψ
∗
m, (8a)

i
ψb

dt
= − 2

∑
j

χbj |ψj |2ψb − λψmψ∗2

a , (8b)

i
dψm

dt
= − 2

∑
j

χmj |ψj |2ψm − δψm

− λψ2
aψb + Ωψ∗

aψg − iγψm, (8c)
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i
dψg

dt
= − 2

∑
j

χgj |ψj |2ψg

− (∆ + δ)ψg + Ωψmψa. (8d)

Ó�, |^Á&Å¼ê

ψa = |ψ0
a | e iθa e−iµat,

ψb = |ψ0
b| e iθb e−iµbt,

ψm = |ψ0
m| e i(2θa+θb) e−i(2µa+µb)t,

ψg = |ψ0
g | e i(3θa+θb) e−i(3µa+µb)t, (9)

ÚoâfêÅð^�, �±��²{¥m��É
Ø Efimov nàÔ A2B �å»�, XÚ�V�)

|ψ0
b|2 =

Ω

2(Ω +
√

Ω2 + 3λ2)
,

|ψ0
a |2 = 3|ψ0

b|2,

|ψ0
m|2 = 0,

|ψ0
g |2 =

1
4
− |ψ0

b|2. (10)

XÚzÆ³Ú “V1f” ��^��L�ªEd�
§ (5) Ú (6) �Ñ.

3 Ì�(J

3.1 âââfffêêêÙÙÙØØØ���ÄÄÄåååÆÆÆüüüzzz

éuäN�nNXÚ, Efimov ��u)3�

A½�^|rÝ?, Ï^ÍÜrÝ�±w¤´(
½�~ê. �
¢y¤õ=z, 7Lé “V1f” �
�^�?1ÄåÆ��, ùÒ�¦5Ü1óÀ�.
'ªÇ´¹��, Ø��Ù/ª�

Ω(t) = Ω0sech(t/τ), (11)

Ù¥ Ω0 ����N
1óÀ�rÝ, τ �N
ó
À�°Ý. ¢�þ, ER-STIRAP L§�±ÏLXe
��ª¢�. Äk, �mÍÜ-1|, rÙÌÝ�½
3 Ω0; Ùg, ×£^|¿¦Ù�Cun�f Efimov

���	�; ;�XN!	Ü-1|�ÌÝÚªÇ,

¦ÙUì�§ (11) Ú (6) �¦��ªCz. ÍÜÐ
©���oàÔ��¥mnàÔ��-1|ku
^|� Efimov ���^uXÚ, �L
�«��
ú�	|�m�ª [25].

ÏL¦)�§ (2) Ú (8), ·��Ñ
�f�
ÚoàÔ©f��üz. �Aëê���©O
� λ = 1, Ω0 = 20, τ = 20, δ = −3, γ = 1. é
u 41K Ú 87Rb �f�¤�·ÜXÚ, ��ÄüN

�m-E�p�^ (= χ 6= 0) �, � χaa = 0.3214,

ã 2 âfêÙØ��m�Cz (a) ²{¥m��ÓØ Efimov
nàÔ A3 ��/; (b) ²{¥m��ÉØ Efimov nàÔ A2B
��/; (c) ²{ü«ØÓå»�âfÙÛ��mCz�'�

χbb = 0.5303, χab = 0.8731, Ù¦�-Eëê�
� 0.0938[15,26]. ã 2(a) �Ñ²{¥m��ÓØ Efi-

mov nàÔ A3 �å»��üz�/. �±w�,

A �fÚ B �f�ê8��m�üzØäü$,

oàÔ A3B �ê8%3ØäO\, ��3�
m T = 100 ��ªu½�. ã 2(b) �Ñ²{¥
m��ÉØ Efimov nàÔ A2B ��/, ���(
J�ã 2(a) aq. �
'�, ·���Ñ
V�)
��m�Cz, uy3üzL§¥oàÔ A3B �
©f�ÙØo´�uV�)�Ñ��. 3�Ó�ë
ê^�e, ã 2(c) '�
²{¥m��ÓØ Efimov

nàÔ A3 Ú¥m��ÉØ Efimov nàÔ A2B �
ü«å»e, XÚV�)Úý¢üz���O. �

090301-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 9 (2012) 090301

�, éü«ØÓ�å»5ù, V�)�3üz�Ð
©�ãk�O, 3üz�Ï, V�)��Ñ� 25%.

ý¢üz�3��üzL§¥ÑØ�Ó, 3üz�
Ï, 1�«å»����� 19%, 1�«å»�
� 15%, L²cö�=z�Ç�±�� 76%, �
ö�� 60%. �¡�?Øò¬�Ñ, 3¢S��e
�f�©f=zL§¥, Ø
	Ü^|Ú-1|ë
ê��^�	, âf�m�üN�p�^Ú¥m�
âf�guP~��Ñòé�e©f�Ü¤k
�K�.

3.2 			|||ëëëêêêéééÉÉÉØØØoooàààÔÔÔÜÜÜ¤¤¤���KKK���

3�e�f - ©f=zXÚ¥, ý9�ýÝ£
ã
XÚ3ý9üzL§¥ý¢��V�� l
§Ý, §½Â� F ≡ |〈Ψ |CPT 〉|2 6 1, Ù¥ |ψ〉 =
(ψa, ψb, ψd, ψg), |CPT 〉 = (ψ0

a , ψ
0
b, ψ0

d , ψ0
g)

[26−28].

 l§Ý��, ý9�ýÝ F ��Cu 1, ¿�X
=zL§¥�e©f��Ç�p. e©ò/Ïý9
�ýÝ�Vg5�x	|ëþ, XÚS����5
±9¥m�þâf�P~���é�e�f�É
ØoàÔ©f=z�K�.

3.2.1 ^ÍÜrÝ9Ù��þ��^
ã 3(a) £ã
	Ü^|�ÍÜrÝéÉØo

àÔÜ¤�K�. �±w�, �X^ÍÜrÝ λ �
O\, �e�f�ÉØoàÔ©f=zXÚ�ý9
�ýÝ��k×�O\, ��3 λ > 2 ��O\�
�é�ú, ¿ÅÚªCu 1. λ ��, ý9�ýÝ�
�Cu 1. ùp, ^ÍÜrÝ��^aquDÚV1
f STIRAP L§¥Ä$1�.'ªÇ. Ä$1��
^´rÐ©�f��¥m�ÍÜå5. Ä$1�r
Ý��, Ò¬k�õ��f�-u�¥m©f�þ.

�1rv
��, Òk�Ur?uÐ©���Ü�
f=£�¥m©f�. ã 3, 4, 5 ¥©O^ χ = 0 L
«Ø�ÄXÚ¥üN�m�p�^��/, χ 6= 0
L«�Ä
üN��5�p�^��/, 1) L«
²{¥m��ÓØ Efimov nàÔ�å», 2) L«
²{¥m��ÉØ Efimov nàÔ�å». ��5
�¹e��Ç'�5�¹e��$, L²üN�p
�^éoàÔ©f�/¤k³��^ [29−31]. é
ü«ØÓ¥m��'�uy, ²{¥m��ÓØ
nàÔ�L§, �'²{¥m��ÉØnàÔ�L
§¢y�ª�½©f�ê8õ. ù�L²3|

^ ER-STIRAP L§Ü¤�eÉØoàÔ©f A3B

�, ²{¥m��ÓØ Efimov nàÔ�L§'²
{¥m��ÉØ Efimov nàÔ�L§�\k�.

ã 3 ^ÍÜrÝ9Ù��þéÉØoàÔÜ¤�K�

���¹e, Efimov nàÔ©f3UþC��
��¹eÒUÜ¤, ¤±·�ïÄ
^ÍÜ��
þ δ é�e©fÜ¤�K�, (JXã 3(b) ¤«.

dãwÑ, �Ø�Äâf�m�üN�p�^�,

ý9�ýÝ'u δ = 0 ´ü>é¡�. ��þ |δ|
��, ý9�ýÝ����, L²
=z�Ç�ü
$. ��Äâf�m�üN�p�^�, ý9�ý
Ý'u δ = 0 ü>Ø2é¡. é δ < 0, ý9�ýÝ
���é'��, é δ > 0, ý9�ýÝ���é
C�. �´ý9�ýÝ���þ |δ| O\ü$�
oª³vku)Cz. ù¿©L², 	^|�ù�
� (δ < 0) �XÚk�p�½=z�Ç, 7�
� (δ > 0) KØ|��eoàÔ©f�Ü¤. ,	,

�Ø�ÄüN�p�^�, ²{¥m��ÓØ Efi-

mov nàÔ©f A3 �L§¥XÚ�ý9�ýÝo
´'²{¥m��ÉØ Efimov nàÔ©f A2B �
L§��. ���ÄüN�p�^�, �¹%k¤
ØÓ. 3ù���ý, ¥m��ÓØ Efimov nàÔ
©f A3 �L§�Ç�p, 37���ý, ¥m�
�ÉØ Efimov nàÔ©f A2B �L§�Ç�p�

, �ù����þ���é'�Ä.
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3.2.2 5Ü1óÀrÝÚ°Ý��^
ã 4(a) �Ñ
ý9�ýÝ�5Ü1óÀ.'

ªÇ Ω0 �Cz(J. (JL², XÚ�ý9�ý
Ý�-1óÀ.'ªÇ�O�k~�, ��ªu
��u 1 �½�, L²�óÀrÝ���, =z
�Ç�óÀrÝ�O�~�, �óÀrÝO��
�½� (��� Ω0 > 2.5) ±�, =z�ÇC��
~ê. Ø+-1óÀ�rÝ�õ�, XÚok�p
�½=z�Ç. ùp�5Ü1éAuDÚ�V1
f STIRAP L§¥�d÷�d1, §�IkuÄ$
1�m, ÁÐ¥m��"��Ï´, ��Ä$1r
�f=£�¥m-u�þ, Ò¬é¯^XTÏ´�

ã 4 5Ü1óÀrÝÚ°ÝéÉØoàÔÜ¤�K�

�"�. XÚ�ª�=z�Ç3é����SØ�
6ud÷�d1�rÝ. ã 4(b) �Ñ
ý9�ýÝ
�5Ü1óÀ°Ý�ê�Cz(J. �±wÑ, ý
9�ýÝ�óÀ°Ý�O\O�. ó°��, =
z�Ç�p. TãÓ��NÑ²{ØÓ¥m��,

�eoàÔ©f�Ü¤�Ç´ØÓ�.

3.3 ¥¥¥mmm������ggguuuËËË���������éééÉÉÉØØØoooàààÔÔÔ
ÜÜÜ¤¤¤���KKK���

3ý¢XÚ¥, ��U�þâf�P~��´
Ø�;��. ·���Ä¥m�nàÔ©f�gu

Ë���éÉØoàÔÜ¤�K�. ã 5 �Ñ
ý
9�ýÝ�¥m�âfêP~ëê γ �Cz�.

Ø+=«�¹, �X¥m�guP~�Or, �ª
¢y�oàÔ©f��Ç¬ü$. ,	, lã¥�
�±�Nc¡?ØL�(J, ��¡XÚ¥üN�
p�^é�e�f�ÉØoàÔ©f�=zäk
³��^, ,��¡, ¥m��ÉØ Efimov nàÔ
�'¥m��ÓØ Efimov nàÔ�XÚ�P~�
¯. P~Ç���, é¥m��ÓØ Efimov nàÔ
�å»K���. ùp��Ä
¥m�þ�guË
������, ¢SþüNµþÚnN)l�Ù¦
Ï��¬��©f�Ç�ü$.

ã 5 ¥m��guË���éÉØoàÔÜ¤�K�

4 ( Ø

3�C¢�þ©OïÄÓØ Efimov nàÔÚ
ÉØ Efimov nàÔ�Ä:þ, �©JÑ
|^ ER-

STIRAP L§Ü¤�eÉØoàÔ©f A3B �n
Ø�Y, ��
Ü¤L§¥¥m�©O�ÓØ Efi-

mov nàÔ A3 ÚÉØ Efimov nàÔ A2B ü«å
»eXÚ�V�). /Ïuþf&E�Æ¥uÐå
5�ý9�ýÝ�Vg, ïÄ
�e�f�ÉØo
àÔ©f A3B �ý9=z, '�
XÚý¢üz�
�V���O, y¢
 ER-STIRAP Eâ3Ü¤�
eÉØoàÔ©f A3B L§¥��15Úk�5.

ïÄ
	|ëê, �)5Ü-1óÀ�rÝ!ó
°!^ÍÜrÝ9Ù��þ�é A3B /¤�K�.

ïÄuy, XÚ�=z�Ç�5Ü1óÀrÝ�O
�k~�, ��ªu½�. Ø+-1óÀ�rÝ
�õ�, XÚok�p�½=z�Ç. =z�Ç
�óÀ°ÝüNCz, ó°��, =z�Ç�p. n
Øþ, ^ÍÜrÝ��, =z�¥m Efimov nàÔ
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��VÇ�p, �éuäN�nNXÚ, Efimov �
�~~u)3�
A½�^|�?. ^ÍÜ���
ù���, XÚk'�p�½=z�Ç, 7�
�1óÀKØ|u�e©f�/¤. Ó�, éü«
ØÓ¥m��=zå»?1'�uy, �¥m��
ÓØ Efimov nàÔ A3 �L§�', ²{¥m��
ÉØ Efimov nàÔ A2B �L§XÚ¢y�ªoà

Ô©f A3B ��Ç�$�
. �Ä�¢�þ¢y
ÉØ Efimov nàÔ A2B '¢yÓØ Efimov nà
Ô A3 �(J, éuü«å»5`, ¢Sþ���o
àÔ©f�Ç��O¬��. �©�nØ(JØ=
é|^ STIRAP Eâ¢y�e�f�ÉØoàÔ
©f=z�¢�k��¿Â, �é��E,�õ
�f©f���Ü¤äk��ë�d�.
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Abstract

We present a theoretical scheme for conversion from ultracold atoms to heteronuclear tetrameric molecule A3B via Efimov

resonace-assisted stimulated Raman adiabatic passage (ER-STIRAP). The dark state solutions of the system are obtianed for two

different pathways. For the first pathway, the intermediate state is populated by homonuclear Efimov trimer A3, and the second one

by heteronuclear Efimov trimer A2B. The feasibility and the effectiveness of the scheme are also verified. Meanwhile, we investigate

the effects of external field parameters, including the intensity of associated laser pulses, its width, magnetic coupling strength and its

detuning, on the fomation of heteronuclear tetrameric molecules. By comparison, it is found that the ultimate yield of the tetrameric

molecules for the second pathway is less than ones for the first pathway. In addition, the effects of the intrinsic nolinearity of the system

and the spontaneous decay in the intermediate state on the tetramer formation are discussed.

Keywords: heteronuclear tetrameric molecule, stimulated Raman adiabatic passage, adiabatic fidelity, conversion
efficiency
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