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Á� 31Æ³¥Ú\ÚÑ'X, �'uÏ~�ÍÜ�1Æ�., 4�/~�
1Æ³ëê��ê. æ

^Äu^^=f�.�ÍÜ��{é��/CØ 28SiØ�¥fÚ�fÑ�¢�êâ?1
O�©Û,

[Ü���|ÚÑ1Æ³ëê. O��¥fo�¡!±9¥f!�f��5���5Ñ��©�¡�

¢�êâk�Ð�ÎÜ.

'�c ÚÑ'X ^^=f�. ÍÜ��{ 1Æ³ 28SiÑ��¡

1 Úó

ØfÓ�fØ�Ñ�ïÄ, Ø=3ØÔn�âf

Ôn¥åXÄ:5�^, �3U!��!�¸!

�»&¢�+�k2��¿Â. ~X, Ñ�¥f9

Øó§¥fÆ�A^, \�ì°ÄXÚ�mu, �5

¬5�âfå£�, ¥(�ÊU�9���Nì�

��úµÛ�. �ù
A^ïÄ, IS	�3m©�


\�ì���ï�!Oy. 3k'�C��O!

iÿEâU?!���S�µd�ïÄ�¡, âf�

Ô��p�^��fØ�gÄ:êâ´Ø�"��,

Ø=�¦¥fêâ, ��¦�fêâ, Uþþ�l

20MeV*Ð�GeV. �î8^upUØêâµd�¢

ÿêâ¿Øéõ, 8cµdÌ�±nØO��Ì. 1

Æ�.½ÍÜ�1Æ�.�´^uù«O�µd�Ì

��..

31Æ�.¥, Äk'%�´é�«�A�¡Ñ

kK��1Æ³À�, �)³�/ª, §ÓUþ!q

Ø«a (A, Z)��6'X, L�³�ëê�. DÚ�

��1Æ�.Ã{)º,
Ø�Ñ�êâ, AO´¤

¢¤��~y�, �ö�1Æ³�¢Ü³²3¤�¡

NCw«ÑÓUþ���5'X. Mahaux�<
[1—3]

31Æ³¥Ú\ÚÑ�, ¦<�éØ�²þ|@£

k
é�?Ð, = (1)Ø�²þ|lKU (åP�)�

�U (Ñ��)A´Ú��, ¿dü�¡�&Eû½;

(2) 1Æ³�¢ÜÚJÜp��3ÚÑ'X; (3) ÚÑ

�?�òUC¢³²rÝÚAÛÏféUþ�{ü�

6, ��Ø¤¢1Æ�.�¡��~.

ÚÑ'Xò�fØ1Æ³�¢Ü�JÜéXå

5, ¦�^Ó�²þ|5£ãåP�ÚÑ��¤��

U, =¢yÔnþ�gU�Uþ�'ÚÑ1Æ³. ù

«�å'X¦�3[Ü¢�êâ�, ~�
��1Æ

³ëê�Ø(½5Úëê�ê. ÚÑ1Æ³3V4�

Ø, X 40Ca
[2, 4—6]

, 90Zr
[5, 7—10]

, 208Pb
[1, 3, 4, 11, 12]

��

ØfÑ�A^þ��
é�¤õ, 3�4�Øþ�A

^�3Oõ
[13—20]

. Cc5KoningÚDelaroche
[21]

�

<31Æ³���³�Ý¥Ú\ÚÑ'X, �Ñ
Ø

fÑ���«Ê·1Æ³, Uþ��200MeV. Moril-

lonÚRomain
[22]

�<��Ñ
¥f\���«Ê·

ÚÑ1Æ³. ØLõê?n�´�êØ½NC�Ø,

�fØ�Cqw�¥/. ÚÑ1Æ³é/CØþ�Ñ

�A^ïÄ�é�. Romain
[23]

�<Q^¹ÚÑ'X

�ÍÜ�1Æ�.©Û 181TaÚ¾Ó ��ØfÑ�

êâ, SoukhovitskiiÚCapote�<
[24]

�3�XØþ

?1Laq�A^©Û. é���/CØA^��,

=k�´é 27Al¥fÑ�©Û
[25]

Ú�fÑ�©Û
[26]
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lÔn*:w, 28Si´�� s-d�Ø, Ù/C�A

ý¥/G, ¿äk^=(�. lA^�Ýw, 7´¶

-á�Ú��N�¡�Ì�¤©, Ïdé§�Ñ�ê

â©Ûéuu��., 
)Ø(�!Ø�AÅ�9m

uA^Ñk����¿Â. ·�QÄu^^=f�

.
[27]

�ÍÜ��{
[28, 29]

Ó�gU/)º 28Si�U?

(�ÚÑ�êâ
[30]

. ÏL^^=f�.��-u�Å

¼ê, �EÍÜ(�2^uÍÜ�O�. 31Æ³/

ª��IO/ªe, |^���¦�{[Ü¢�Ñ�

êâ, ¼�
�A�1Æ³ëê. 3ù�ó�¥=�

Ä
Elton
[31]

ïÆ��éØ�{, ¿�=3Ê·1Æ

³�z�³�Ý¥Ú\ÚÑ'X�, ��L�~^�

õ�ª.Uþ�6'X.

�©A^Äu^^=f�.�ÍÜ��{é��

�/CØþÑ�êâ?1
©Û, U?
L�ó�.

ÏLÚÑ'Xò¢Ü�JÜéXå5�E��E1Æ

³, Ó�©Û
¥fÚ�f3 28Siþ�Ñ�êâ, ��

�÷¿(J, ·^�Uþþ���200MeV.

2 Äu^^=f�.�ÍÜ�1Æ�.

/CóóØ�]��»3�N�Ie�±L«

�
[32, 33]

Ri(θ
′,ϕ′) = R0

i

{

1+
∑

λ=2,4,6,8

βλ0Yλ0(θ
′,ϕ′)

}

, (1)

Ù¥R0
i = riA

1/3, i = v,s,so,c©OéAu1Æ³¥N

áÂ�, L¡áÂ�, g^;��Ú¥Õ�, (θ′,ϕ′)´

�N�IX¥��Ý�I.

�Ä�Ø�/C, IO/ª�1Æ³���

V (r,R(θ′,ϕ′),E) =−(Vv +iWv +∆V Coul
v )fws×

(r,Rv(θ
′,ϕ′))−(Vs +iWs +∆V Coul

s )gws(r,Rs(θ
′,ϕ′))−

(

~

µπc

)2

(Vso +iWso)
1

r

d

dr
fws(r,Rso(θ

′,ϕ′))×σ • L+

VCoul(r,Rc(θ
′,ϕ′)), (2)

ùpfws Ú gws ´Ï~�Woods-Saxon³/GÏ

fÚ�ê./GÏf, Ù¥¤¹�»©OéAu

úª (1)¥¤£ã�/ª. þª¥¥Õ�VCoul Uì

Satchler
[34]

ïÆ��{O�, =ò�fØw���þ

!�>ý¥, ¥Õ�»�Rc, ,�é¥Õ³?1õ4

Ðm. ¥Õ?����

∆V Coul
v,s =−CCoul

ZZ ′e2

3
√

A

d

dE
Vv,s(E), (3)

Ù¥Z ÚZ ′ ©O´\�âf>ÖÚqØ>Ö. �
Ó

�©Û¥fÚ�fêâ, ¿�E��ü��1Æ³,

3¢NÈ³¥\þ¥Õ?��, ��¢NÈ³�K�

ê. N´wÑ: ¥Õ?��3Uþ��5/ª¢NÈ

³��~ê, 3�êP~/ª�¢NÈ³��UþO

\¥�ê~�. ,	, ©O3e�!�NÈ�¢ÜÚ

JL¡�þ�Ä
Ó ^�A, Ù¦ëê���Në

ê, ¿�é¥fÚ�f���Ó. Ïdé¥fÚ�f

ó, 1Æ³�«O=3uÓ ^�, ¥Õ?��Ú

¥f–�f¤�U. ù�, Ò�E
�«�¢SA^�

ü�1Æ³.

3 ÚÑ'X

UìÚÑ'XnØ, NÈ�¢Ü�w¤dUþ�

C�Hartree-Fock�VHF Ú��?��∆Vv�\�¤,

=

Vv = VHF +∆Vv, (4)

Ù¥VHF 5g³��m�½�5. éu��KU, VHF

´UþE ��5¼ê; 3E ���pU�, K¥y�

ê/ª, Ï~æ�Lipperheide
[35]

�/ª

VHF = AHFe−λHF(E−Ef). (5)

Ù¥Ef �¤�U, òu�¡�Ñ. 1Æ³Ó ^�A,

3NÈ�XêAHF Ú�¡ (12)ª¥�Ñ�L¡�JÜ

XêAs ¥�Xe�Ä:

AHF = V0 +(−1)Z′+1Cviso

N −Z

A
,

As = W0 +(−1)Z′+1Cwiso

N −Z

A
. (6)

úª (4)¥�∆Vv �UþE k', ~¡�ÚÑ?

��, ÏLXeÚÑ'X�Ñ

∆V (E) =
P

π

∫+∞

−∞

W (E′)

E′−E
dE′, (7)

ùp, PÒP L«Ì�È©.

L¡�¢Ü��

Vs = ∆Vs. (8)

éug^;��¢Ü, �ìWalter
[36]

��{�±

��aquNÈ��/ª, =

Vso(E) = Vsoe
−λso(E−Ef) +∆Vso(E), (9)

ª (8)Ú (9)¥�ÚÑ?��UÚÑ'Xª (7)O�.

�Bu1Æ�.O�, NÈ�!g^;���J
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ÜUBrown-RhoïÆ
[37]

��XeUþ�6/ª

Wv = Av

(E−Ef)
S

(E−Ef)S +BS
v

, (10)

Wso = Aso

(E−Ef)
S

(E−Ef)S +BS
so

, (11)

L¡�JÜ��Delaroche
[7]

ïÆ�/ª:

Ws = As

(E−Ef)
S

(E−Ef)S +BS
s

e−Cs|E−Ef |, (12)

ùpEf �¤�U, é¥f: Ef(Z,A) =−1

2
[Sn(Z,A)+

Sn(Z,A+1)], é�f: Ef(Z,A) =−1

2
[Sp(Z,A)+Sp(Z+

1,A+1)]. Si(Z,A)L«Øf i3 (Z,A)Ø¥�åPU.

þãªf¥��êS 3Delaroche et al.[7] �©Ù¥À

½�4, �����Nëê.

3.1 ÚÑ'X�O�

�O�ÚÑ'XÈ©ª (7), |^
'uJÜ�3

�b�^�:

(1) Wv(E), Ws(E)�Wso(E)Ñ´'u¤�U�

é¡¼ê, =

W (2Ef −E) = W (E) . (13)

(2) b�E = Ef �, ÚÑ��", =�rÚÑ'X

�¤���~�/ª

∆V (E) =
P

π

∫+∞

−∞

W (E′)

(

1

E′−E
− 1

E′−Ef

)

dE′ .

(14)

(3) UìWv(E)�Ws(E)�úª, Ø�E = Ef ?

�"	, Ù¦�?þ��"�. �ÑuÔn¿Â��

Ä, �±¦JÜ3¤�UNC�·�«�SÑ�",

�ù���«��þ��üâf��²þUþEp

´Ü·�. �Ä�^� (1), =�

Wv(E) = 0 (|E−Ef |6 Ep−Ef), (15)

þã�«��	EUì�5�úª©OO�.

3.2 NáÂ�pU?�

JNÈ�Wv(E)'u¤�Ué¡ù�b�, �3

|E −Ef |�����Ð/¤á; T��O���½§

Ý, UMahauxÚSartor
[4]

¤�Ñ, þãé¡5ÒØ2

�3.

¯¢þ, �*²þ|³JÜ��½�5, ��


Wv(E)3���Uþ���XE O�C�, 3K�

�Uþ���XE �~�ªCu". Ïd, æ^

MahauxÚSartor�ïÆ
[4]

, �½��?�UþEa , 3

±Ef �é¡¥%, °Ý�2|Ea−Ef |�«�S, é¡5

À�¤á. ?�Úù, ù�?�UþEa ´��?¿�,

O�¥��Nëê.

3«�E < (Ef −Ea), Wv(E)?��

Wv(E) = Wv

[

1− (E−Ef +Ea)
2

(E−Ef +Ea)2 +E2
a

]

, (16)

3«�E > (Ef +Ea), Wv(E)?��

Wv(E) = Wv +α

[√
E +

(Ef +Ea)
3/2

2E
− 3

2

√

Ef +Ea

]

.

(17)

�A/, NáÂÚÑ��¤Xe3�Ü©�Ú:

∆Ṽv(E) = ∆Vv(E)+∆V<(E)+∆V>(E), (18)

ù 3 Ü © © O é A Wv(E) � é ¡ « � ! K p U «

�!�pU«��JÜO�úª, ÚÑ'Xª©O

¤á.

4 (J�?Ø

Äu^^=f�.�ÍÜ��{�Ä��{´Ä

k^^^=f�.£ãqØ�8NU?(�, ,�|

^M�îþÅ¼ê�EÍÜ(�, ¿^uÍÜ�1Æ

�.O�. é 28Si, ·�Q3©z [30]¥�Ñ
^^=

�.�M�îþ, ±£ã¢�$-u8NU?. �©

¥, |^Tó�O����M�îþÅ¼ê�EÍÜ

(�, U?�©�E�Tó��Ó. 3ÍÜ�O�¥,

E�6^U?, =: 0+
1 , 2+

1 , 4+
1 , 0+

2 , 2+
2 , Ú3−

1 . ê�O

�(JL², =¦æ^�õ�U?, ¿Ø�©K�ê

�(J, �O=3¢�Ø���S. Ø
ü^g^Ú

�¡�0+ �U?	, z^U?Ø=�Ù¦U?ÍÜ,

�g�ÍÜ.

1Æ�.³ëêÏL¦e¡8I¼ê��4�

½Ñ:

χ2 =
1

N +M

[ N
∑

i=1

1

Ki

Ki
∑

j=1

(

dσcal
ij /dΩ−dσexp

ij /dΩ

∆σexp
ij /dΩ

)2

+

M
∑

i=1

(

σcal
toti

−σexp
toti

∆σexp
toti

)2 ]

, (19)

Ù¥N ´�©Ù¢�êâ|��ê, Ki ´3z|êâ

¥�Ý��ê, M ´¤^¢�¥fo�¡:ê. 3Ï

é³ëêL§¥, ¥fo�¡¢�êâÌ�æ^Fin-

lay�<
[38]

�êâ, Ùêâ�©��, �Uþþ��

�200MeV. ¤^��©Ù¢�êâ�L�ó�
[30]

�

Ó. \�U���14.2—180MeV(é¥fk10�U:,
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L 1 28Si�ÚÑ1Æ³ëê (Cviso=10.0, Cwiso=23.5)

NÈ� L¡� g^;�� ¥Ô�

V0=50.82 Vso=5.164 CCoul=1.8
¢Ü/MeV

λHF = 8.918×10−3 dÚÑ'XO� λso=0.005

Av=9.011 W0=11.34 Wso=−3.765

JÜ/MeV Bv=85.14 Bs=17.19 Bso=237.8

Ea=120 Cs=0.01082

rv=1.071 rs=1.180 rso=1.129 rc=1.200
/GÏf/fm

av=0.698 as=0.488 rso=0.596 rc=0.595

é � f k 8 � U :). 1 Æ ³ ë ê N ! Ä u

OPTMAN
[39]

§S, �\\
ÚÑ'X. ÚÑ'X�O

��æ^)Û/ª
[40]

Úê��{
[41]

?1. ·�¿v

kr14.2MeV��©Ùêâ^uNëL§, Ï�$U

�EÜØ�zØ��Ñ.

3N)ëêL§¥, b�¢NÈ�ÚJNÈ��

AÛëê���Ó, ¢L¡�!JL¡�±9g^

;���AÛëê���Ó. ù«b�¢Sþ�±

@�´ÚÑ'X�(J
[3]

. Ïd, Ú\ÚÑ'X�,

1Æ³ëê�ê��~�, dL�¤^�40{�ë

ê
[30]

, ~��20{�. ÄkN!£ã¢NÈ��²w

UþCzÜ©�ëê: V0, λHF, Cviso, L¡ÚNáÂ

�ëê: W0, Cwiso, Bs, Cs, Av, Bv, Ea ±9AÛëê:

rv, av, rs, as, ,�N!g^;�ëê: Vso, λso, Aso,

Bso, rso, aso Ú¥Õ�ëê: CCoul, rc, ac ±9/Cë

ê: βi(i = 2,4,6). �ª�χ2 ´7.2, ¿�XO���¤

£ã�¢�êâ� �3��2.7�¢�Ø���S,

`²�ªN!���1Æ�.³ëêU�÷¿/2y

¢�êâ. L1�ÑN���� 28SiÚÑ1Æ³ëê.

ã1w«O�� 28Si¥fo�¡�¢���'�,

¿�±c�ÍÜ�1Æ�.O�(J
[30]

?1
'�.

Uþ��200MeV. �±w�, O��3��U«éÐ

/2y
¢�êâ, ¿�±c�(J��.

ã 1 28Si¥fo�¡�¢�
[38, 42—44]

�'�

¢���ó�, J��ÍÜ�1Æ�.O�(J
[30 ]

.

ã2(a), (b)©Ow«
�c�ÚÑÍÜ�1Æ�

.O�� 28Si¥fÚ�f�5Ñ��©Ù�¢�êâ

�'�, ±9�±c�ÍÜ�1Æ�.(J
[30]

'�.

ã 2 (a) ¥ f � 5 Ñ � � © Ù � ¢ � ê

â
[45—52]

'�; (b) �f�5Ñ��©Ù�¢�ê

â
[53—58]

'�

¢���ó�, J��±c�ÍÜ�1Æ� .(

J
[30]

.
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é¥f�5Ñ�, 314.2—75MeVU«'�
9�\

�U:. é²w, �c�ÚÑÍÜ�1Æ�.O�

éÐ/2y
¢�êâ. ØL, EI�
\�Upu

75MeV�¢�êâ, AO´��Ý��©Ùêâ±B

�O���?�Ú�'�. é�f�5Ñ�, '�


30.4—180MeVU«�9�U:. oNþw, �c�Ú

ÑÍÜ�1Æ�.O�(J�±c�(Jþ�¢�Î

Ü�Ð, =3�p�\�Uþ� (�u50MeV), üö

(J3��Ý«�ÑkØÓ, ÚÑÍÜ�1Æ�.�

�©�¡���, ��©Ù/G�Ün.

ã 3 (a) ¥ f � � 5 Ñ � � © Ù � ¢ � ê

â
[45, 47—49]

�'�; (b) �f��5Ñ��©

Ù�¢�êâ
[55, 56, 59]

�'�

¢���ó�, J��±cÍÜ�1Æ�.(J
[30]

.

ã3(a), (b)©Ow«
�c�ÚÑÍÜ�1Æ�

.O�� 28Si¥fÚ�f��5Ñ��©Ù�¢�ê

â�'�, ±9�±c�ÍÜ�1Æ�.(J'�.

é¥f��5Ñ�, �\�Uþ�14.2MeV�, é2+

-u�, üö�¢�ÎÜ�Ð, �üöÄ���; é

4+ -u�, ÚÑÍÜ�1Æ�.(J�'±c(Jk

¤Uõ, �E'¢�êâ�Nþ �. �\�UþO

��21.7MeV�, é2+ �4+ -u�, üöÑ��
é

Ð�(J. é3− -u�, üöO����Ý«�Ñ�

¢�êâ��, �3��Ý«�ÚÑÍÜ�1Æ�.

(J�� �.

/Cëê

£ã 28Si�1�^2+
1 �-urÝ�k�/Cë

ê 〈0+
G.S. |β2|2+

1 〉O���0.405, �'u±cO�(

J
[30]

0.475, � ó � Ú \ Ú Ñ ' X �, O � � � �

C u Raman
[60]

í � � β2=0.407 (d B(E2) ↑( ½ �

�). £ã1�^3−
1 �-urÝ�k�/Cëê,

〈0+
G.S. |β3|3−

1 〉, O���0.251, $uÏL�fÑ�¢

�©Û
[56]

O����β3=0.320. ���U��Ï´:

l�fÑ�¢�(½3−
1 ��β3 �L§´î�6u

�.Úëê�, ØÓ�ïÄö�mÒk����©

Ü
[61]

. Ïd�Ué3−
1 �5`, ·��O��Ú¢��

Ju����.

5 (Ø

ÏL^^=f�.�� 28SiØ�Å¼ê, A^u

Ú\
ÚÑ'X�ÍÜ�1Æ�.�¥, ÏLé0.1—

200MeV�¢�êâ�[ÜO����A�1Æ³ë

ê, O�©Û
¥fo�¡, ±9¥f!�f��5

���5Ñ��©�¡�, �Ñ
nØO�(J. �

'u~5ÍÜ�1Æ�., Ú\ÚÑ'X���~

�1Æ³ëê��ê, EUéÐ/2y¥f!�f�

28SiØ�A¥��«�¡¢�êâ. ÚÑÍÜ�1Æ

�.é��/C�fØ�·^5Ú�\Ün53�ê

�O�©Û¥��ÐÚ��y.
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28Si-Nucleon Scattering Analysis by the Coupled-Channel Optical

Model with Dispersion Relation *

ZHAI Chen-Yang1;1) SUN Wei-Li2 Efrem S. Soukhovitskii3 ZHANG Ben-Ai2

1 (Graduate School, China Academy of Engineering Physics, Beijing 100088, China)
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Abstract The dispersion relation is included into the optical potential. Compared with the common coupled-channel

optical model, the number of potential parameters is greatly reduced. The coupled-channel method based on the soft

rotator model is used to analyze the nucleon scattering by a deformed 28Si nucleus. A set of the optical potential

parameters is obtained, and the numerical results show a good agreement with the available experimental data of

neutron total cross sections, neutron/proton elastic and inelastic angular distributions.
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