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V = Vr +i[Ws +Wv]+Vso +Vc, (1)

Ù¥¢Ü1Æ³:
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V0 +V1Ep +V2E
2
p +
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A1/3

)
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(2)
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Wv(r) =−(U0 +U1Ep +U2E
2
p)fv(r), (3)
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Ws(r) =
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4W0 +W1Ep +W2

(N −Z)

A

)

dfs(r)

dr
, (4)

g^;�ÍÜ³:

Vso(r) =
2Uso

r

dfso(r)

dr
[j(j +1)− l(l+1)−sb(sb +1)] ,

(5)

¥Õ³:

Vc(r) =















0.720448
ZbZ

Rc

(

3−
r2

R2
c

)

, r < Rc,

1.440975
ZbZ

r
, r > Rc,
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Ù¥AÚZ�qØ��þêÚ>Öê, j Ú l©O´q

Ø�o�ÄþÚ;��Äþ, sb ÚZb�\�âf�g

^Ú>Ö, Ep��f\�Uþ. Ù¥/GÏf:

fi(r) =
1

1+exp

[

(r−Ri)

ai

] , i = r, s, v, so, (7)

r, s, v, so©O�L¢Ü!¡áÂ!NáÂÚg^;�

ÍÜ. ¤k�1Æ³�»ëê9Rc�

Ri = riA
1

3 , i = r, s, v, so, c , (8)

rr, rs, rv, rso, ¥Õ�»rc, 1Æ³*Ñ°Ýαr, αv, αs,

αso ÚUþ�'�XêV0, V1, V2, V3, V4, W0, W1, W2,

U0, U1, U2 3nØþÑ´~ê, éØÓ�Ø�3Ôn

¿Â#N���SN!. d (3), (4)ª�Ñ�NáÂ

³Ú¡áÂ³X´��K-Ù�". �©¥Uþ�ü

 �MeV, �Ý�ü � fm.
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ã 2 �5Ñ��©Ù�nØ(J�¢�êâ�'�

����Ñ��¡^ÄuÛÅÀ�CqnØ
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�gâfu��¡9UÌ�^

M. 8c¥pU�A�nØ�.O��éØ¤Ù, ·

�é-f�.nØ¥��ëê-f�.ëêDK Ú

üâf��Ýg ?1
ïÄ, Ä�þU)ûUÌ ^

�¯K. dp�âf, h��Ç, �fê Z, �þê 

A, -uU�U �EÜØXÚ (Z,A,U,n = p+h)�n

-f��[�n+2-f��AÇ�

λ+ (Z,A,Ue,n) =
2π

h
|M |2

g(gUe−A(p,h))2

2(n+1)
=

4.772868
DK

n+1
•

g (gUe−A(p,h))
2

A3Ue

,

(9)

Ù¥DK�-f�.ëê, 3�½§Ýþû½�ý²

ïÚ²ïu��°�©�, 3ØÓ�UþAÀ�ØÓ

��. Uþp�A~�DK �±O�ý²ï�z, ¦�

Ñ�âfUÌ�M. ·��²���Ep=20MeV�,

DK=900MeV−3, Ep=250MeV�, DK=200MeV−3.

Ó�, -f��Ý�±e/ª:

ω (Z,A,Ue,p,h) =
g (gUe)

h′

(gUe−A(p,h))
p′

−1

p!h! (p+h−1)!
f (Ue) ,

(10)

� � ¦ C ê�K ½ gUe 6 A(p,h)�, -ω(Z,A,Ue;

p,h)=0. ù p g ´ ü â f � � Ý, $ U � A ¥ �

g = A/13, �
)û°U«UÌ¯K, �ó�¥ü

U?�Ýúª��-uUUe �'. äN/ª�:

g(Ue) =
g0(1−e−Ue×ccg1)

Ue×ccg1
, (11)

g = A/13, ccg1 = 0.005. ÏLÀ�·��DK Ú ccg1

�±��\�UlKU�250MeVUþãpXÚÜn

�¥fÚ�fUÌ(J. ª¥Uþü �MeV. XJ

�O�ü�U:½éÄ�Uþ��Ñ�âfUÌ, Ï
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E,âfUÌ�nØO�éØ¤Ù, �#�(J

´{ILa150¥, ´d{ILos AlamosI[¢�¿�
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²wUõ, 3/GÚêþ?þ�

��±Ú¢�êâ?1'�.

3 (p,kpkn)�A���¡5Æ

ã3´�f\� 202Pb�A (p, kn)�A���A

�¡, k=1, 2, 3, 4, 5, 6, 7, 8, 9. ¤k (p, kn)�m¿

�é²w, � (p, kn)�A�m�, (p, (k−1)n)�A�

á=~�, ¿�3�f\�Upu50MeV�, ¤k (p,

kn)�¡�Ú�~�, ù´Ï� (p, pkn)�A�3�f

\�Upu50MeV�, ¿�?uÌ�/ .

ã 3 202Hg (p, kn)�A���A�¡

ã4´�f\� 202Hg�A (p, pkn)�A���

A�¡, k=1, 2, 3, 4, 5, 6, 7, 8, 9. ã¥�Ñ��,

¢Sþ´�{Ø��)�¡. ~X, (p, p2n)��¡

�¢S��¹X (p, dn)Ú (p, t)�A���¡. �´

lnØO�(Jw, E,âfu��¡���u¥f



1 5 Ï Ü���µUþ�250MeV�f\�Pb, Bi, Hg�AÑ�âfUÌ�nØïÄ 467

Ú�f�u��¡. ¤±·�3©Û¥fu��¡

�5Æ�, òÙw��u����fÚk �¥f��

¡�. lã¥�±w�, ¤k (p, pkn)�m¿�5Æ

�©²w, � (p, pkn)�A�m�, (p, p(k−1)n)�A

�á=~�. ù3nØþ´éÜn�.

ã 4 202Hg (p, pkn)�A���A�¡

é � f \ � 204Pb, 206Pb, 207Pb, 208Pb, 209Bi,
196Hg, 198Hg, 199Hg, 200Hg, 201Hg, 202HgÚ 204Hg�

qØ��A, Ó�NyÑù
5Æ. ¿�3�f\�

U�u100MeV�, (p, 2pkn)�A��¡ò�\�U

O�, (p, kn) (p, pkn)�A��¡²w~�. ù´Ï

�\�Uþ�p, dý²ï��½�L§¥u�g

ê�õ!u�âf�ê8��õ, Ó��{ØØ�U

 l½���. é (p, kn)Ú (p, pkn)�A�, �Xk

�O�, m�����¸~�, �¡�Åì²�, ù

´Ï��X-uU�O�, éõ�A�Ó��m, Ø

Ó��m�¿��éþï¤�)�(J.

4 g?âfu�UÌ

ADSq�O, Ø�I�u�¥f��¡, �7L


)Ñ�âf�UÌ, AO´¥fÌ. �k²(
¥

fÑ�UÌ�, âUïÄq�/G!Uþ�È!Ñ9

±9g�.æ¥�¥fúz��X��¯K. �ó

�éâfÑ�Ì?1
O�.

é¤O���A¢�êâu¢uy�f\�7

áØ�Ñ�âfUÌ¢�êâ�é��. p+208Pb�

A�¥fÑ�Ì�é�
\�U345MeV±e�A

|¢�êâ, O�(JÚ¢�êâÎÜéÐ, du$

U?UÌO��éN´, ùpØ��õ?Ø. Uþ�

p�, 3Ep=90MeV?é��[p+209Bi�A�¢�

êâ. dd���nØO�´�©7��.

ã 5 � Ñ 
 � f � 202Hg � A 3 � f \ � U

Ep=150MeV��«âfÑ�oÌnØ�, ã¥

x�I´Ñ�âf�Uþ. �f�Pb, BiÚHg�Ù¦

Ø��Aâfu�Ì��C. ¥fÌ3$U?�¸

éA�u�.£ã�²ïu�, 3ù�PCL§Ì�

´ÏLu�Uþ�$�¥fò-. Uþ�p���é

° (ã¥10MeV< En <150MeV)�«�Ì�´ý²ï

u�Å�, nØþ´Ï�3��²ï��L§¥, U

þ8¥3Ü©âfþN´u�pUþâf. äNO

�¥���êâ�y²ù��(Ø. ã¥�fUÌ

�L², ²ï�u��f�AÇ���uu�¥f,

ý²ïu�«Ú¥fé�C. ã¥�fÌ�3

Ep=150MeV?ép�¸´���A��z, ù�¸

�È©��Ò´����Ñ��¡ (^DWUCK4?

1O�), ¸�Ð°��â¢�êâ?1N). E,â

f (α, D, T, 3He)3�ÄPICK-UPÅ��, UÌ'{

ü�ý²ïu�²wCM.

ã 5 p+202Hg�A�âfÑ�oÌnØ�

¥fÑ�UÌéØ�O´���Ônþ. ã6

�Ñ�f� 209Bi�A�¥fÑ�oÌ, ¢�êâ�g

EXFOR¢�êâ¥. ã¥x�I´¥fÑ�U. ÏL

éO��©Ûuy, EÜØ²ïu�Å�u��¥f

Uþ�$, Ñ�U15MeV±eÌ�´²ï��uÅ�

��z, 15MeV±þÌ�´ý²ïÅ���z.

ã 6 p+209Bi�A�Ñ�¥fUÌ

\�UþlA�MeV�250MeVé°����

���¡ÚUÌÑÓ�gT'�(J, òüU?�Ý

úª�¤X (11)ªUþ�'3nØþ´Ün�, Ó�

é���U«êâ�O��5é���B. ÏLÀ�

·��-f�.ëêDK ÚüâfU?�Ýëêccg1
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�±��\�UlKU�250MeVUþãpXÚÄ�

Ün�¥fÚ�fUÌ(J. XJ�O�ü�U:½

�Ä�Uþ��Ñ�âfUÌ, ÏLN�ùü�ëê

�±��Ú¢�êâÎÜéÐ�(J. ùü�ëêk

±e5Æ: DK ���²ï�LÞ�¯, Ì�^; ccg1

��, $-uU��Ý�é��, Ì�M. ÏLO�

ccg1��30�0.01'�Ün, � ccg1=0�, £��

m�üâf�..

5 �(

�©é�fUþdKU�250MeV\� 204Pb,
206Pb, 207Pb, 208Pb, 209Bi, 196Hg, 198Hg, 199Hg, 200Hg,
201Hg, 202HgÚ 204Hg�A�@êâ?1
XÚO�,

cÙ´O�
�«âfu�Ì. 3\�Uþ'�p�

Ì�´�²ïÅ���z, �gâfu��¡Úâf

u�UÌÌ�dL�ý²ïÅ��-f�.�Ñ. 3

-f�.¥-f��Ýû½
�gâfu�AÇ. O

��°�U«p�m�üU?�Ý�.éJ�Ñ÷¿

�(J, ò�m�üU?�Ý?U�Uþ�'3nØ

þ´Ün�, Ó��±���é�Ð�(J. E,â

f�UÌI��ÄPICK-UPÅ�.

3�°Uþ��SO��@êâ'$UÚ�OU

:�O��E,, I��Ä��U«êâ�gTÚn

Øëê�Ün. ?�Ú�ïÄ�ék7�, AO´E

,âf�UÌÚÑ�âf�V�©�¡�nØO��

I?�ÚU?.
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Studies on Energy Spectra of Outgoing Particles in (p,Pb), (p,Bi),

(p,Hg) Reactions in Energy Range up to 250MeV *

ZHANG Zheng-Jun1,2;1) HAN Yin-Lu3 SHEN Qing-Biao3 CAI Chong-Hai4

1 (Department of Physics, Northwest University, Xi’an 710069, China)

2 (Xi’an Institute of Optics and Precisions Mechanics, Xi’an 710068, China)

3 (China Institute of Atomic Energy, Beijing 102413, China)

4 (Department of Physics, Nankai University, Tianjin 300071,China)

Abstract Reactions of bombarding important target materials in the Accelerator Driven System (ADS), such as 204Pb,
206Pb, 207Pb, 208Pb, 209Bi, 196Hg, 198Hg, 199Hg, 200Hg, 201Hg, 202Hg and 204Hg etc., with protons are calculated in

terms of the optical model, the intra-nuclear cascade mechanism for nucleon emission, the pre-equilibrium theory based

on exciton model, the evaporation model, the pick-up mechanism and the direct reaction theory in the energy range

up to 250MeV. In particular, the cross sections of the (p, kn), and (p, kpkn) reactions and the spectra of particle

emissions are studied. The calculations show that the pre-equilibrium (including cascade) mechanism is much stronger

than the other mechanisms in the higher energy region. The parameter DK of the exciton model and ccg1 in the single

particle energy density dominate the shapes of the cross section curves of the (p, kn) and (p, kpkn) reactions and the

energy spectra of emitting protons and neutrons. The pick-up mechanism plays an important role in emitting composite

particles (α, D, T, 3He).

Key words energy spectrum, medium-high energy nuclear reaction, microscopic nuclear data, theoretical calculation,

clean nuclear energy system
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