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æ^ Huxley ³¼ê[Ü QCISD(T)/ aug-cc-pVTZ O���p�^³U¡, ÏL°(Ý�p��ÍCq�{O
�
 E = 100 meV �, C�f�n«Ó � 16Ne, 20Ne, 34Ne � HF ©f-EXÚ��©�¡Ú©Å�¡. &?

 Ne �Ó �O�Úå� Ne-HF -E-u�¡�Cz5Æ.
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1 Ú ó

�f�©f-EL§�ïÄéUNÔn!p
��íÔn!�f©f�AÄåÆ!-1Ôn!
zÆ-1�éõ+�k­��¿Â. �f©f-E
Jø��«�f©f��Æêâ, 3U
!�¸!
�Æ!á�Ú)·�Æ±9I�ïÄ¥Ñu�X
­��^. Cc5, lØÓÑ�¢�¼��p�þ
¢�êâ [1−6] �±4Ð/ÿÁ�f�©fm�p
�^³UL¡�A�. Ù¥, DkíNÚ®x�z
Ô� Van der Waals f�p�^Ï~���¥5�
�d�p�^�'�²;�ïÄ�., A^�5�
2�. 8c, <��éý5íN�f�®x�zÔ
©f��p�^JÑ
õ«�p�^³�. [7−12].
�©[Äu QCISD(T) �{Ú aug-cc-pVTZ Ä|�
�m×£��p�^³U¡êâ, æ^ Huxley ³
¼ê [13] [Ü�������³�., ÏL�ÍC
q�{ [14,15] é Ne-HF -EXÚ?1þfåÆO
�. &? Ne �Ó �O�Úå� Ne-HF -E�¡
�Cz5Æ.

2 nØO��{

�â Born-Oppenheimer Cq, ·�b½>f$
Ä©lm5, �Ñ
>f�Äþéo�Äþ��z,
K�f A(Ne) ÚV�f©f BC(HF) -EXÚ�
oÅ¼ê ψ

(+)
α (R, r) ÷v Schrödinger �§

(H − E)ψ(+)
α (R, r) = 0. (1)

o Hamiltonian �L«�

H = − ~2

2µA,BC
∇2

R − ~2

2µBC
∇2

r

+V (R, r, cos θ). (2)

Xã 1 ¤«, ª¥ cos θ = R · r, µA,BC L«o
XÚ��z�þ, µBC ´V�f©f��z�þ,
V (R, r, cos θ) ´-ENX��p�^³.

NX�oÅ¼ê�±�¤

ψ(+)
a (R, r) =

1
kαR

∑
nγJγ lγJ

gJ
nγJγ lγ ,nαJαMα

(R)

×φnγJγ (r)Y lγJγ

JMα
(R, r), (3)

ª¥ g(R) ´\��f�é©f�%$Ä�»�Å
¼ê, φ(r) ´V�f©f�=Å¼ê�»�Ü©,
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Y (R, r) L«�f�7©f=ÄÚq©f=Ä�o
�¼ê. r (2),(3) ª�\ (1) ª, ��(

∂2

∂R2
− lβ(lβ + 1)

R2
+ k2

β

)
gJ

nβJβlβ ,nαJαMα
(R)

=
2µA,BC

~2

∑
nγJγ lγ

V J
nβJβlβ ,nγJγ lγ (R)

×gJ
nβJβlβ ,nαJαMα

(R). (4)

�§ (4) Ò´O��f�V�f©f-E»�Å
¼ê��Í�§, �§m>é¤k�U��Äþf
ê nγ , �f7©f=Äþfê lγ , Úq©fg�=
Äþfê Jγ ¦Ú. Kl (naJa) ��[� (nβJβ) �
��©Ñ��¡�deª�Ñ [16]:
∂σnαJα→nβJβ

∂Ω
=

1
(2Jα + 1)

· Kβ

Kα

×
∑

MαMβ

∣∣fnβJβMβ ,nαJαMα(θ, φ)
∣∣2.
(5)

é (5) ª � � Ý È © � � � l (naJa) � � [
� (nβJβ) ��o�¡úª

σnαJα→nβJβ
=

1
2Jα + 1

4π

k2
α

∑
MaMβlβ

(2lβ + 1)

×
∣∣Alβ (naJaMa → nβJβMβ)

∣∣2
=

1
2Jα + 1

4π

k2
α

∑
JlβMa

(2lβ + 1)

×
∣∣∣T J

nβJβlβ ,nαJαMα

∣∣∣2 , (6)

l (naJa) ��[� (nβJβ) ���=-u©ÅÑ�
�¡�deª�Ñ:

σJ
nαJα→nβJβ

=
1

(2Jα + 1)
4π

k2
α

∑
Mαlβ

(2lβ + 1)

×
∣∣∣T J

nβJβlβ ,nαJαMα

∣∣∣2 . (7)

ã 1 Ne �f� HF ©f-EAÛã

3 O�(J9?Ø

3.1 Ne-HF ---EEEXXXÚÚÚ������ppp���^̂̂³³³OOO���

Ne �f� HF ©f-EXÚ��p�^³l
Ñ:�O�, ·�´3üV��¿\\n­-u�
����g|��p�^ (QCISD(T)) �{e, æ
^ aug-cc-pVTZ Ä|, Xã 1 ¤«,HF ©f��� r
�`z� 0.9168Å, 3 θ = 0◦, 20◦, 40◦, 60◦, 80◦,
90◦, 100◦, 120◦, 140◦, 160◦, 180◦ � 11 ���þ?
1O�. ·�æ^
 Boys Ú Bernardi JÑ� coun-
terpoise �{ [17,18], JpO���p�^³lÑ:
êâ�°(5, 3O��Ä:þ�ØÄ|­UØ
� (BSSE), �O�
 891 �AÛ�.�³U:.

Ne-HF � QCISD(T) ³U¡3 0◦ � 180◦ � 11
���þ�Cz�¹Xã 2 ¤«.

ã 2 Ne-HF �³U­� (1 hartree = 27.21 eV)

�â Ne-HF � QCISD(T) ³U¡, ·��±�
E��É5³)ÛL�ª

V (R, r, θ) =
10∑

n=0

Vn(R, r)Pn(cos θ), (8)

Pn(cos θ) � Legendre ¼ê©
(8) ª�^Ý
L«�

V (R, r, θ) = PVn(R, r). (9)

(9) ª�¦ P−1, Kk

Vn(R, r) = P−1V (R, r, θ). (10)

q©f�Ømå^ r L«, du=?Ø=Ä-
u, �Ømå���~ê, �)� Ne-HF XÚÄ
� (X1Σ+) éA��É5³�»�Xê V0(R, r),
V1(R, r), V2(R, r), · · · , V10(R, r). ^ Huxley ³¼ê
é»�Xê:?1��5���¦{[Ü, [Üú
ª�

V (R) = A(1 + a1R + a2R
2 + a3R

3) exp(−a4R)
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− tanh(R − Re/2)

×(C6R
−6 + C8R

−8 + C10R
−10), (11)

ª ¥ A, Re, a1, a2, a3, a4, C6, C8, C10 � Ê �
ë ê þ � � [ Ü ë ê. K » � X ê Vn (R, r)

(n = 0, 1, 2, · · · , 10) � R � C z ' X X ã 3
¤«.

NeHF XÚ»�Xêc 5 ��[ÜëêXL 1
¤«.

L 1 Ne-HF »�Xê�[Üëê

A/cm−1 Re/a0 a1/102a−1
0 a2/101a−2

0 a3/a−3
0 a4/a−1

0 C6/106 cm−1 · a6
0 C8/108 cm−1 · a8

0 C10/1010 cm−1 · a10
0

V0 4.09375 2.59744 4846.183 –1733.64 230.9073 2.10495 12827.74 2600736 –2.1×107

V1 5.48765 3.63872 –201.904 77.09588 -2.68258 1.66385 –4787.12 1436987 –1.2×107

V2 1.15656 2.56033 –2927.79 921.132 –90.7011 1.29401 –120750 1779415 –9419162

V3 3.06626 2.19787 –1062.28 –207.858 71.20972 1.91327 12398.72 –185207 –1376989

V4 0.74106 3.08446 9.77276 –2.13943 0.12012 0.4692 23256.18 –204667 57079.36

�
u�·�O�����p�^³���
5ÚÑ��¡�óO�(J���5, ·�O�

\�Uþ E = 48.35 meV e, Ne �f� HF ©
f-E��©�¡, ¿��Ó-EUþe� CEPA
³ [19] Ú{SF�[Ü³ [19] �O�(J?1
'
�, Xã 4 ¤«.

ã 3 Ne-HF �[Ü³»�Xê

ã 4 O�³�{SF��[Ü³, CEPA ³��©�¡�'
� (E = 48.35 meV)

lã 4 �±wÑ, ·��E�³�.�{SF
�æ^Üy [20] O�� NeHF EÜÔ�³U¡[Ü
����p�^³, 3�©�¡�O�(JþÎÜ
��~Ð, `²·�3 QCISD(T) �{e, æ^ aug-
cc-pVTZ Ä|O���p�^³U¡´'���
�. Ó�� CEPA ³��©�¡3û��� �
Ú��ÌÝþl 0◦ � 50◦, äk�Ó�Cz5Æ,
ÎÜ��Ð. ¿�, 3\��fUþ� 48.35 meV
�, {SF�[Ü³O����o��5�¡ [19]

� 8.55Å2, CEPA ³�o��5�¡ [21] � 9.05Å2,
·�O����o��5�¡� 9.74Å2, ¢���
�o��5�¡ [21] � 15(3)Å2 Ïd, ^þã[Ü
³O� E = 100 meV � Ne-HF -E��©�¡Ú
©Å�¡�(JAT´'����.

3.2 Ne ÓÓÓ   ���OOO���eee Ne-HF ---EEEXXXÚÚÚ���
���©©©���¡¡¡ïïïÄÄÄ

�\�Uþ� 100 meV �, ·�O�
 Ne Ó
 �O�e 16Ne-HF, 20Ne-HF, 34Ne-HF -EXÚ
��©�¡Ú�5�©�¡, Xã 5 Úã 6 ¤«.

�âã 5 �±wÑ, �©�¡��©Ù3 0◦ �
´��. Ù¥, 34Ne-HF XÚ��©Ù3 0◦ ���,
16Ne-HF XÚ��, `²�©�¡��©Ù3 0◦ �
¬�X\��f�þ�O\, Ñy²wO�. �©
�¡þÑyû���y�¿×�~�, �X�ÝU
YO�, �Ì�5��, Åì��. 3 Ne Ó �O
��¹e, �©�¡�Ó�?û���4�� �
�X\��f�þ�O\, ��Ñ����Åì£
Ä. ù´Ï��â�ÙÛ¿Å�úª λ = h/

√
2µE
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Úû�úª 2d sin θ = nλ, Ù¥, µ ´XÚ��z�
þ, ���\�Uþ E �Ó�, sin θ ∝ n/

√
µ. ¤±,

Ó �C�f�þO�, û���4�� ��
�Ñ����Åì£Ä. Ó�, û����²þm
�~�, 16Ne-HF, 20Ne-HF, 34Ne-HF -EXÚ©O
� 2.83◦, 2.67◦, 2.63◦. ù´due·�rû���
�²þm�± ∆θ L«, ^ σ L«³U": �, K
û����²þm�÷v5Æ [22]∆θ ≈ π~

σ
√

2µE
.

ª¥, Ó �O�ØUC Ne-HF -EXÚ��p�
^³, � σ ØC, �\�Uþ E �½�, �X\�
�f Ne ��þO\, -EXÚû����²þm
�~�. ã 5 �ã 6 L«�©�¡Ú�5�©�¡
äk�q�Czª³, Cz5ÆCq. �´lã 6
¥ Ne Ó �O�Úå��5�©�¡�Cz�
±wÑ, 16Ne-HF -EXÚ��5�©�¡3 10◦

�, �ÌÑy�����; 20Ne-HF -EXÚ��
5�©�¡3 9◦ �, �ÌÑy��²w����;
34Ne-HF -EXÚ��5�©�¡3 8◦ �, �Ì�
Ñy��²w����.

ã 5 Ne Ó �O�Úå��©�¡�Ñ���Cz (E =

100 meV)

ã 6 Ne Ó �O�Úå��5�©�¡�Ñ���C
z (E = 100 meV)

ã 7 �\�Uþ E � 100 meV �, 16Ne-HF,
20Ne-HF, 34Ne-HF -EXÚ� 00-01, 00-02, 00-03,
00-04, 00-05 � - ��©�¡.

ã 7 Ne Ó �O�Úå���5�©�¡�Ñ���C
z (E = 100 meV)

lã 7 �±��, ��5Ñ����Ì�Ñy
3��«�. p-u�[�� - ��©�¡3��
«�²w'��«��, `²p-u�Ñ�Ì�u
)3��Ü©. ù´Ï��\��fÚq©f�m
é�C�, �f�©fm�r��p�^��âf
�mÑyUþ=£, Úåq©f�)=Ä-u, Ó
�ã��Uþ=£Úå��Ñ�. ù�`²
�
�Ñ�Ú=Ä-u�Ûo´Ó�Ñy. �X Ne Ó
 ��þ�O\, $-u���©�¡3 0◦ �é
�C, �´?up-u��, %Ñy\��f�þ
��, �©�¡3 0◦ �²w~��ª³. Xã 7 ¥
� 00-05 � - ��©�¡Ò�~²w.

3.3 Ne ÓÓÓ   ���OOO���eee Ne-HF ---EEEXXXÚÚÚ���
©©©ÅÅÅ���¡¡¡ïïïÄÄÄ

ã 8 Úã 9 ©O´ Ne Ó �O�Úå�
©Å�¡ (partial cross-section, PCS), �5©Å�
¡ (elastic partial cross-section, EPCS) Úo��5
©Å�¡ (total inelastic partial cross-section, TIPCS)
�þfê J �Cz'X. 3\�Uþ� 100 meV
e, ©Å�¡Ú�5©Å�¡k�~�q�5Æ.
�XCÓ ��f�þ�O\, 16Ne-HF, 20Ne-HF,
34Ne-HF -EXÚ�©Å�¡Ú�5-E©Å�
¡þ�=Äþfê J �O\u)�5�r���
�, ������4�� σmax �, �ÜÑyér
��Ü�A, ��©Å�¡×�Âñ. ù«y�`
²3��C R ��ål?, Ne-HF �p�^³�
�Ükér�áÚ| [23]. �¡���4��éA
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�=Äþfê�5��, 4��C�, ©Å�¡Â
ñCú. X 16Ne-HF, 20Ne-HF, 34Ne-HF -EXÚ
�©Å�¡4�� ��g� 49, 53, 60, 4��
©O� 10.03a2

0, 9.32a2
0, 8.34a2

0, �¡Âñ� J ©O
� 135, 144, 161. qX 16Ne-HF, 20Ne-HF, 34Ne-HF
-EXÚ��5©Å�¡4�� ��g� 49,
53, 60, 4��©O� 9.74a2

0, 9.07a2
0, 8.06a2

0, ©Å
�¡Âñ� J ©O� 135, 144, 161. o��5©Å
�¡Ñy��4���, �Ñy
'�²w��Ü
�A, Ù4�� ��g� 33, 36, 42, 4��©O
� 1.09a2

0, 1.10a2
0, 1.10a2

0, ©Å�¡Âñ� J ©O
� 115, 121, 135. dd·��±wÑ, éu Ne-HF
-EXÚ, ©Å�¡Ì�±�5©Å�¡�Ì, \
��fÓ �O�Úå©Å�¡Ú�5-E©Å
�¡�4���gC�, �´o��5©Å�¡
%¥yO��ª³. ù´Ï�3 Born-Oppenheimer
Cqe, Ó �O�Ø¬ÚåXÚ��p�^³
U¡/Gu)UC, ¤± Ne(16Ne, 20Ne, 34Ne) -HF
-EXÚk�Ó�k�³�^�» a. ù�, �â
�²;úª [24] L 6 ka, k J = L 6 a

√
2µE/~,

= J ∝
√

µE (µE L«\�UþÚNX�z�þ�
¦È), K��Ó�\�Uþe, �XXÚ��z�
þÅìO\, ©Å�¡��4��� ��g� J

O����£Ä. ��5-u�[�VÇòO�,
¤±o��5©Å�¡�4��¥yO��ª³,

�5©Å�¡�4���gC�. du©Å�¡
Ì�±�5©Å�¡��z�Ì, ¤±©Å�¡�
4����gC�.

ã 10 Úã 11 ©O´ Ne Ó �O�Úå��
�5 00-01, 00-02, 00-03, 00-04, 00-05 -E=Ä-
u©Å�¡�þfê J �Cz'X.

ã 8 Ne Ó   � O � Ú å � © Å � ¡ � J � C z (E =

100 meV)

ã 9 Ne Ó �O�Úå��5©Å�¡Úo��5©Å�
¡� J �Cz (E = 100 meV)

ã 10 Ne Ó �O�Úå� 00-01, 00-02 ©Å�¡� J �C
z (E = 100 meV)

ã 11 Ne Ó �O�Úå� 00-03, 00-04, 00-05 ©Å�¡� J

�Cz (E = 100 meV)

² L O �, X ã 10 Ú ã 11 ¤ «, 16Ne-HF,
20Ne-HF, 34Ne-HF -EXÚ���5 00-01 -E
=Ä-u©Å�¡�4�� ��g� 37, 40,
47, 4��©O� 0.696a2

0, 0.685a2
0, 0.653a2

0, ©Å
�¡Âñ� J ©O� 115, 121, 135. ��5 00-02
=Ä-u©Å�¡�4�� ��g� 29, 32,
39, 4��©O� 0.348a2

0, 0.364a2
0, 0.392a2

0, ©Å
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�¡Âñ� J ©O� 84, 88, 92. ��5 00-03 =
Ä-u©Å�¡�4�� ��g� 25, 27, 31,
4��©O� 0.092a2

0, 0.109a2
0, 0.149a2

0, ©Å�¡
Âñ� J ©O� 60, 65, 70. ��5 00-04 =Ä-
u©Å�¡�4�� ��g� 18, 19, 21, 4�
�©O� 0.046a2

0, 0.050a2
0, 0.057a2

0, ©Å�¡Âñ
� J ©O� 45, 48, 53. ��5 00-05 =Ä-u©
Å�¡�4�� ��g� 12, 13, 14, 4��©O
� 2.64×10−3a2

0, 2.58×10−3a2
0, 2.25×10−3a2

0, ©Å
�¡Âñ� J ©O� 25, 26, 27. (Üã 9, ·��
±��: o��5©Å�¡Ì�d��5 00-01 -
E=Ä-u©Å�¡û½. ��5 00-01 Ú 00-05
=Ä-u©Å�¡�X\�Ó ��þ�O\, 4
���5��, �´3 00-02, 00-03, 00-04 =Ä-
u�¡, 4���X\�Ó ��þ�O\�
�
5��. ¤±=¦ 00-01 �¡éo��5©Å�¡
��z��, �´duÙ¦�¡��z, o��5
©Å�¡�4��E,¥yO��ª³, Xã 9 ¤
«. 3$-u�e, =Ä-u©Å�¡�X\�Ó
 ��þ�O\, �=Äþfê J O����£
Ä��õ, 
-u��p, 4��Ñy� ���
C. ,	, 3\�Uþ� 100 meV, ��5 00-01 -
E=Ä-u©Å�¡ké²w��Ü�A, 00-02
�¡E,k�Ü�A, �´éf, �
 00-03, 00-04,
00-05 �Ü�A��. `²-u��$, �Ü�A�
²w, �X-u�,p, �Ü�AÅì~f, ��p
-u�ÒØ2�)�Ü�A.

4 ( Ø

nþ¤ã, ·�ÏL�ÍCq�{��\��
f Ne Ó �O�Úå� Ne-HF -E�¡�Cz
5Æo(Xe:

1. 3 Ne Ó �O��¹e, �©�¡��©
Ùþ3 0◦ ���, ¿��X\��f�þ�O\

²wO�. �©�¡þÑyû���y�¿×�~
�, �X�ÝUYO�, �Ì�5��, Åì��.
Ó�?û���4�� ��X\��f�þ�
O\, ��Ñ����Åì£Ä. Ó�, û����
²þm�~�. �5�©�¡��©�¡Cz5Æ
Cq, ´�©�¡�Ì��¤.

2. ��5Ñ����Ì�Ñy3��«�, p
-u�Ñ�Ì�u)3��Ü©. �X Ne Ó �
�þ�O\, $-u���©�¡3 0◦ �é�C,
�´?up-u��, Ñy\��f�þ��, �
©�¡3 0◦ �²w~��ª³.

3. �5©Å�¡´©Å�¡�Ì��¤. �X
CÓ ��f�þ�O\, -EXÚ�©Å�¡Ú
�5-E©Å�¡þ�=Äþfê J �O\u)
�5�r����, ������4���, �Ü
Ñyér��Ü�A, ��©Å�¡×�Âñ. ù
«y�`²3��C R ��ål?, Ne-HF �p�
^³��Üþkér�áÚ|. �¡���4��
éA�=Äþfê�5��, 4��C�, ©Å�
¡ÂñCú. o��5©Å�¡Ñy��4���,
�Ñy
'�²w��Ü�A. \��fÓ �O
�Úå©Å�¡Ú�5-E©Å�¡�4���
gC�, �´o��5©Å�¡%¥yO��ª³.

4. o��5©Å�¡Ì�d��5 00-01 -
E=Ä-u©Å�¡û½. �´=¦ 00-01 �¡é
o��5©Å�¡��z��, duÙ¦-u�¡
��z, o��5©Å�¡�4��E,¥yO�
�ª³.

5. 3$-u�e, =Ä-u©Å�¡�X\�
Ó ��þ�O\, �=Äþfê J O����
£Ä, 
-u��p, 4��Ñy� ���C. ,
	, -u��$, �Ü�A�²w. �X-u�,
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Abstract

In this paper, we use the Huxley potential function to fit the interaction energy data, which have been calculated at the theoretical

level of the QCISD(T)/aug-cc-pVTZ. Differential and partial cross-sections of 16Ne, 20Ne, 34Ne atoms and HF molecule collisions

are calculated by the accurate close-coupling approximation method when the incident energy is 100meV. We study the changing

tendencies of Ne-HF collisional cross-sections with Ne isotopic substitution.
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