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|^üåªÇ'� 1 : 3 �­ÜóÀ��©f�=�ÙØ=£. O�(JL², Ð©� |0, 0〉 �8I� |3, 1〉
��[VÇ�C 100%. üåóÀ�� �±���[VÇ. � φ1 =1.68 π �, üåóÀ�pOr, �[VÇO\.

� φ1 =0.64π �, üåóÀ�p-�, �[VÇü$. 1�åóÀ�|réÙØ=£L§äk��K�.

'�c: ÙØ=£, HF ©f, n1f�[, Å�

PACS: 33.80.Be, 42.50.Hz

1 Ú ó

�X-1Eâ�uÐ, ©f�-1|m��p
�^�5�Úå<��'5 [1−7], Ù¥�Ì��
�ïÄ�¡���©f�þf�, �Ò´ÏLÀJ
Ü·�-1|, |^ÙØ=£, ò©f���¤I
�þf� [8−13]. ��©f�ÙØ©Ùäk��2
��^å, ~X, ©f1Ì�ïÄ, 15Ü�A, -
1��©f��, -1��É�z9Ó �©l
� [14−18]. Nõ��©fÙØ=£�nØ�{�J
Ñ, ~X, `z���{ [19,20], õÏ��Z�{ [21],
}òóÀ�{ [22], ý9Ï��{� [23,24]. Korolkov
� [25] æ^õåù	óÀ, ÏLõ1f�[, ò OH
©f-u�Ä>f��p�ÄU?. Thomas � [26]

æ^B¦óÀ, |^©f}òý9Ï�, ¢y CO ©
f��=�ÙØ=£. ·� [27] �ïÄ
|^üå
_Sù	óÀ, ÏLÉ-.ùý9Ï� (STIRAP)
� “ladder” NX, ò?uÄ>f� |0, 0〉 �=U?
� HF ©f, ²d�g�[-u� |3, 0〉 �. éu©
f�=��N�, Ï~æ^æ�¦!�¦½B¦ó
À. duù
óÀ�±Y�m��, óÀ�� é
ÙØ=£L§K��� [28]. Ïd, þã�{¥óÀ
�� é©f��ª�=�ÙØ©ÙvkK�.

�üåóÀ�ªÇ'��ê�, óÀ�� Ò

Ø��Ñ. ~X, |^VÚ (ω + 2ω) óÀ�� �
Z{5��©f)l [29,30]. �©æ^üå��­
Ü�ù	óÀ��©fÙØ©Ù, üåóÀªÇm
�'X÷v ω1 = 3ω2. 3·���.¥, HF ©f
Ä>f��=U? |0, 0〉 ��Ð©�, U? |3, 1〉 �
�8I�, ü�m�ÙØ=£ÏL[Èó4Ý�[
5�¤. üåóÀ©OÏLØÓ��[Ï���Ù
Ø=£. 1�åóÀ��-u©fd� |0, 0〉 �[
� |3, 1〉, 1�åóÀ|^n1f�[-u©fd
� |0, 0〉 �[� |3, 1〉. ·�|^¹�þfÅ�Äå
Æ�{O�
üåóÀ��e�ÙØ=£L§, ¿
�üåóÀ��e�ÙØ�[�'�. Ó��ïÄ

óÀ�|r9óÀ�� éÙØ�[VÇ�K
�. O�(JL², |^üåVÚ ω +3ω óÀ, ÏL
ÀJ·��� , �±��ÙØdÐ©� |0, 0〉 �
[�8I� |3, 1〉, �[VÇ�C 100%.

2 nØ�{

3 Born–Oppenheimer Cqe, 	|�^e�
ÄåÆL§�d¹�Å½��§5£ã

i~
∂

∂t
|Ψ(t)〉 = [Ĥmol + Ŵ (t)] |Ψ(t)〉 , (1)

Ù ¥ Ĥmol � HF © f ¹ � M � î þ, Ŵ (t) L
« © f � 1 | m � � p � ^. ��M � î
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þ Ĥmol���

Ĥmol(R, θ) = − ~2

2m

∂2

∂R2

− ~2

2mR2

1
sin θ

∂

∂θ
sin θ

∂

∂θ

+Û(R), (2)

Ù¥ m��z�þ, θ�©f¶�>|¶m�Y�,
Û(R)� HF ©f³U. 3O�¥,·���ÄÄ>
f�, Ù³U�d Morse �§5£ã

Û(R) = D0 {exp[−2β(r − r0)]

−2 exp[−β(r − r0)]} . (3)

þª¥, )lU D0 = 0.225009EH, Morse ëê β =
1.174014a−1

0 , ©f²ïØmå r0 = 1.732516a0
[28].

3 ó 4 C q e, 	| � © f m � p � ^
� Ŵ (t) �L«�

Ŵ (t) = −µ(R) cos(θ)ε(t), (4)

Ù ¥, µ(R) �Ä > f � © f [ È ó 4 Ý, ε(t)
�- 1 |. [ È ó 4 Ý � L «� µ(R) =
µ0R exp(−ξR4), ëê µ0 Ú ξ Úg©z [28]. -
1|dü� sin2 .óÀ�¤,

ε(t) =
∑

i=1,2

Ei sin2

[
π(t − ti)

τi

]
cos [ωi(t − ti) + φi].

(5)
þª¥, Ei, ti, τi, ωi, Ú φi ©O�üåóÀ��Ì,
m©�m, ±Y�m, 1ÅªÇÚ� .

=Ä���¼êdV4�õ�ª Pj(cos θ) 5
£ã, �Ä���¼ê ϕν,j(R) �ÏL)��½�
Å½��§5¼�,[

− ~2

2m

∂2

∂R2
+

j(j + 1)~2

2mR2
+ V̂ (R)

]
ϕν,j(R)

= χν,jϕν,j(R). (6)

þª¥, j ��þfê, χν,j ��=�����. (6)
ª�d FGH �{ [31] ¦).

3�½Ð©^�e, �§ (1) �d©��Î�
{ [32] ¦), l
¼���müz�Å¼ê Ψ(t).
òTÅ¼êÝK��=��¼êþ, =�����
mCz��=�ÙØ,

Pν,j = |〈ν, j | Ψ(t)〉|2 . (7)

3 (J�?Ø

3·� � � . ¥, Ð © �� |0, 0〉, 8 I �
� |3, 1〉. 1�åóÀÏLü1f�[, ��-u

ÙØdÐ©��[�8I�,

|0, 0〉 → (one photon overtone transition)

→ |3, 1〉 . (8)

1�åóÀÏLn1f�[, ²dn�¥m�, �
�ÙØ=£, Ù�[Ï�Xe:

|0, 0〉 → (one photon transition)

→ |1, 1〉 → (one photon transition)

→

 |2, 0〉

|2, 2〉


→ (one photon transition) → |3, 1〉 .(9)

duüåóÀ��­Ü, Ùm©�m9±Y�m�
Ó, = t1 = t2, τ1 = τ2. üåóÀ�ªÇ�dÐ©�
Ú8I�m�U?�¼�,

ω1 = 3ω2 = χ3,1 − χ0,0. (10)

ã 1�üåóÀ��e, Ð©Ú8I�m�Ù
Ø=£. Ù¥, ã 1(a)�ü1f�[, ã 1(b) Ú (c)
�n1f�[. 3ã 1(a) ¥, ��mO\, � |0, 0〉
�ÙØÅì~�, � |3, 1〉 �ÙØÅìO\. �ó
À(å�, Ð©��ÙØ� 91.13%, 8I��ÙØ
� 8.87%. 3ã 1(b) ¥, Ð©�ÙØ²dn�¥m
��[�8I�, Ð©Ú8I���ªÙØ P00

Ú P31 ©O� 21.04%Ú 78.96%. n1f�[L
§¥n�¥m��ÙØCzw«3ã 1(c) ¥. l
ã 1(c) �±wÑ, n�¥m�ÙØ P11,P20, Ú P22

����©O�� 0.033, 0.055, Ú 0.018. l�[´
» (9) ª�±wÑ, ¥m� |1, 1〉 �8I� |3, 1〉 �
�[�Ó�ÏL |2, 0〉 Ú |2, 2〉 ü�¥m�5�¤.
éu�[ |1, 1〉 → |2, 0〉 Ú |2, 0〉 → |3, 1〉, óÀª
Ç�Ù��ªÇm���� (χ2,0 − χ1,1) − ω2 =
−50.25 cm−1 Ú (χ3,1 − χ2,0)−ω2 = −146.55 cm−1.
éu�[ |1, 1〉 → |2, 2〉 Ú |2, 2〉 → |3, 1〉, óÀ
ª Ç � Ù � � ª Ç m � � �� 65.36 cm−1 Ú
–262.17 cm−1. d u � |2, 0〉 é A � � � � u
� |2, 2〉 éA���, ²d´» |1, 1〉 → |2, 0〉 →
|3, 1〉 �[�ÙØ�õu´» |1, 1〉 → |2, 2〉 →
|3, 1〉, Ïd P20 ÙØ�����u P22. ã 1�üå
óÀ� � φ1 = φ2 = 0 ��O�(J.·��O
�
� �Ù¦���ÙØ�[. (JL², éu
üåóÀ, � éÙØ�[A�vkK�.
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ã 1 üåóÀ��e�ÙØCz (a) óÀ 1 ��e, Ð
©� |0, 0〉 Ú8I� |3, 1〉 �ÙØCz; (b) óÀ 2 ��e,
Ð © � |0, 0〉 Ú 8 I � |3, 1〉 � Ù Ø C z; (c) ó À 2 � �
e, ¥ m � |1, 1〉, |2, 0〉, Ú |2, 2〉 � Ù Ø C z. ü å ó À
� ë ê� E1 =76.88 MV/cm, E2 = 76.88 MV/cm, ω1 =

11405.55 cm−1, ω2 = 3801.85 cm−1, τ1 = τ2 = 3.90 ps,
t1 = t2 = 0, φ1 = φ2 = 0

ã 2�üå­ÜóÀÓ��^e�ÙØ©Ù.
Ù¥, 1�åóÀ�� � 1.68π, 1�åóÀ�
� � 0. lã 2(a) �±wÑ, 3üå­ÜóÀ
��^e, 8I���ªÙØ��
 98.93%, �
k 1.07%�ÙØ©Ù3Ð©�. �ã 1 �é'�
±uy, üåóÀ�^e�ÙØ=£VÇ��u
ü�üåóÀ�^eÙØ=£VÇ�Ú (87.83%),
�Ò´`, üåóÀ�pOr, Jp
�[VÇ.
ã 2(b)�n�¥m��ÙØCz. 3ã 2(b) ¥, ü
¥m� |2, 0〉 Ú� |2, 2〉 ÙØ���©O�� 0.075

Ú 0.025, Ù�©O�uüåóÀ�^eü¥m�
ÙØ����. ùÌ�´du3üåóÀ�^e,
8I�ÙØO\, 1�åóÀr¦Ü©®�[�8
I��ÙØ­#�[�¥m� |2, 0〉 Ú� |2, 2〉, ¦
ÙØ3dn�mu) E�[, l
��ü¥m�
ÙØ����O\.

ã 3�1�åóÀ�  φ1 Ú�[VÇ�Cz
'X. lã¥�±wÑ, 8I���[VÇ�� 

ã 2 üå­ÜóÀÓ���e�ÙØCz (a) Ð©� |0, 0〉
Ú8I� |3, 1〉 �ÙØCz; (b) ¥m� |1, 1〉, |2, 0〉, Ú |2, 2〉 �
ÙØCz. 1�åóÀ��  φ1 = 1.68π, Ù¦óÀëê�ã 1
�Ó

ã 3 Ð©� |0, 0〉 Ú8I� |3, 1〉 �ªÙØÚ1�åóÀ
�  φ1 m�Cz'X (ã¥J��Ð©�ÙØ, ¢��8I
�ÙØ)
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ã 4 Ð©� |0, 0〉 Ú8I� |3, 1〉 �ªÙØ�1�åóÀ
�Ì E2 m�Cz'X (ã¥J��Ð©�ÙØ, ¢��8I
�ÙØ)

ã 5 (a) � E2 = 5.14 MV/cm �, Ð©� |0, 0〉 Ú8I� |3, 1〉
�ÙØCz; (b) � E2 = 105.42 MV/cm �, Ð©� |0, 0〉 Ú8
I� |3, 1〉 �ÙØCz; (c) � E2 = 105.42 MV/cm �, ¥m
� |1, 1〉, |2, 0〉, Ú |2, 2〉 �ÙØCz

�O\k~�, �O\. ��  φ1 ?u 1.68 π NC
�, 8I��¼����[VÇ. � φ1 = 0.64π �,
8I���ªÙØ=� 43.79%, ��uüåóÀ 2
��e��[VÇ, L²d�üåóÀ�p-�,
�[VÇü$.

ã 4 �� [ V Ç � 1 � å ó À � Ì m �
Cz'X. ã 4 ¥, �1�åóÀ��Ì E2 >

76.88 MV/cm �, �X�Ì E2 �O\, 8I��Ù
Ø¯�~�. � E2 = 105.42 MV/cm �, 8I��
ÙØA�� 0. � E2 < 76.88 MV/cm �, �X�
Ì E2 �~�, 8I��ÙØÅì~�. � E2 ~�
� 10 MV/cm NC�, 8I��ÙØCz���ú.

ã 5(a)�üåóÀ�^e, E2 = 5.14 MV/cm
��ÙØ©Ù. du1�åóÀ�|r�f, T
óÀéÙØ=£K�é�, 1�åóÀéÙØ
� [ å û ½ � ^. Ï d, ã 5(a) ¥ n � ¥ m �
� Ù Ø ª C u 0, 8 I � � � ª Ù Ø� 9.15%,
ÙØCz­��ã 1(a) Ä��Ó. ã 5(b) Ú (c)
� E2 = 105.42 MV/cm ��ÙØ©Ù. du1�å
óÀ�|r�r, r¦®²�[�8I��ÙØ²
dn�¥m��[£�Ð©�. Ïd, ã 4(b) ¥�
8I�ÙØkO\, �~�. �üåóÀ(å�, 8
I��ÙØA�� 0, Ð©��ÙØ� 99.28%. 3
ã 5(c) ¥, duÙØl8I�²L¥m��Ð©
��[, ��� |2, 0〉 Ú� |2, 2〉 ÙØ������
� 0.156 Ú 0.055. Ó�, ¥m� |1, 1〉 �ÙØ­�Ñ
yü�¸, 1��¸´duÙØlÐ©��8I�
�[
)¤�, 1��¸´duÙØl8I��Ð
©��[
)¤�.

4 ( Ø

·�±Ä>f� HF ©f�~, |^Å�Äå
Æ�{ïÄ
ªÇ'� 1 : 3 �üå­ÜóÀ�
�e��=�ÙØ=£L§. üåóÀÓ�²d
ü�ØÓ�´»òÙØdÐ©� |0, 0〉 -u�8I
� |3, 1〉. O�(JL², A� 100%�ÙØ�±d
Ð©��[�8I�. üåóÀ�� �±���
[VÇ. � φ1 = 1.68π �, üåóÀ�pOr, �[
VÇO\. � φ1 = 0.64π �, üåóÀ�p-�, �
[VÇü$. 1�åóÀ�|ré�[VÇK�é
�. �|r�r�, 1�åóÀ�±r¦8I��
ÙØ�[�Ð©�, l
~�8I��ªÙØ.
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Rovibrational population transfer controlled
by two overlapping pulses∗
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Abstract

Rovibrational population transfer is controlled by a two-overlapping- pulse scheme in which the frequency ratio of the two pulses

is 1 : 3. The calculated results show that nearly 100% of the population can be transferred from initial state |0, 0〉 to target state |3, 1〉.
The probability of population transfer can be controlled by pulse phase. When φ1 =1.68 π, the two pulses can be increased mutually

and the probability of population transfer is also increased. When φ1=0.64 π, the two pulses can be offset mutually and the probability

of population transfer is reduced. The intensity of the second pulse has a significant effect on the population transfer.

Keywords: population transfer, HF molecule, three photon transition, wave packet
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