BE Bl
200346 8

REYESEYH

HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS Jun., 2003

Vol .27, No.6

PMEBRNE T EABEEMESREN
BEHGE—RT

#EAR FRA MIHEER ETXAA ETHER
KAZ® MAE HEE' KBEAR FLHX

HPEBEFERMEFRE L 102413)
b HY ST B ERRA LR 100088)
M KEBEE BMH 450004)
ATAKEYMAE WT  530004)
SINHAERRE K& 130023)

E 4 Feshbach-Kerman-Koonin(FKK) B F # 5 A 4 (MSO)E# B EHTFH &V 12, B & &
TE A RRFPBRAEADERBL REERHN 128 FKK-MSC AR . #-F A A FHAR K
KENMABHEAH URALLBERERERSEFHANRAREE , A H 7 FKKMSCER 5H 4
# K 1 Hauser-Feshbach # & (HFM)#y — M % — k& X . & — A X ¥ MSC fo HFM 5 & # # & 45 &
F. AN AL EAP BN R. AA LR IS - BAAKNBRELHAT T W FH L,

HEERLE SERUBRLHE.

X@A RFHERR

1 3]

it

VABEIR“BERR" 1 46 “ AU 60" b R 1E ) B P
BRUBBHRN, FBTAMNMMBEREILHNT
W ORARMTPEAFORRERKESNEHANETH
KRR MR O] EW B Griffin B T F 8 B K M
BB FF QM T —— AR (EXM)!' . EXM H
BRI ERMRFR p MIMKE TSR ZH,
BT8O N=p+h RIEERMTRMPEA, XL
RIS bR F & S ol B0 B A% O B B A
i iR EXM XA IFZR#EMER. B TYOHRRERR
R ER S 25T ZNATFANMERER
M FRAG OB F RN SEREAEE
(B . (AR EXM 76 B30 3 Bl R0 35 BR Y A o &
H AR PEBR B, X ' 1% G0 09 B R I R TR e —— %
FEAR(OM) (R M (DR)HIE  E & B (CN) R I

2002 - 09 - 03 44 18

AR AEHRBER

B EMBRINGTAE AR -BHHES .

(1) EXM B2 3009, A AR ¥ K 70 R
PINOWEREFBRBAEHE FAHME L. ©
S5ETRTEM SEEEIEHK OM.DR f1 CN i
FI B A ] .

(2) 8 T & & #% Hauser-Feshbach B & (HFM) i
EXM #BE R, MARAERHHE - ERXKHR
JOL % T I, Xt B2 I A S BE BT AT HEM. IR s A G
BEROVHTE HIP® RS R EXM. {HREB & D
BEEUHRARMFHANETFAEESEREERM
ERY FHERBER RS RO — AR
KA ELE.

ETERNBEMRBRUNANTE RKET
DB FHEEIVEMIOBEHRNALE. HPRES
BIF Weidenmuller K& & 1E & 2 & JC 40 £ M1 FE 6
MBTEH EHEHLY Feshbach, Kerman 1 Koonin

© MR HRBERE(19975072) i [E TR AR KX S (97020 % B
498—502



560

%%ﬁz#:ﬁ?ﬁ&fﬁiiﬁﬂﬁﬂi&ﬁ!%ﬁﬁfﬁﬂiﬁﬂﬂfﬁ—i% 499

8T £ 45 (FKK) #i£"*  Tamura, Udagawa #f
Lenske ft 724 HEME" . T FKK Hig ffE 4
i 4% S5 ML U T 30 A St R B Rl A T A I R, B
AHb 35 A T - 45 2 67 T 9% 140 ik A 6 70 HE 42, A% 3 A SE
BB A BT HE FKK B P EBLE A
(MSC)FE3E , 4 Hi 5 HFM G — R R, 3 B F1 OM
— 8% RLAE HFM B MSC 2298 1 F 38— B
AT B4R MSC FE i 7 (L B R ¥ 4 P-4 55 3L
L3 ET 3] T4 b 3 8 A R4 R 08 1B )
150 90° %t PR L B B 4, ¥ FKK Bit v 4 |
# (MSD) B it B BF 546 55 308 . '

2 FKK ZH5E&8EiR

FKK H0 470 45 B 30 0465 125 0 43 4 B 1
W PR QBAER TAMZE. P2sEE
BT T A, R 0 MO 2 (R IF3) 28 1,
Q %5 1] J W e 45 o P30 ) 25 D, B A9 B T 48 A °F
SO . o 60 36 B 2 R B R 2
P=3"P, @=30. (1)

5 EXMEM, PP (v=0,1,-)F Q 8 Q,(nl=
1,200 )23 ] A S RL 7 RS F 18 T4 R Y
BF -2 7% 1p,2p1h,3p2h, -, 53 B R KL
B EIZAEIE) . PP RS T ERAN T P
M f— 2, M s A AT, 8 MSD i 72 . tp,ﬁflﬁlﬁiﬁ
HF Q #IFEd S P EENMEE RS, MSC T,
5 7345 B S X

===
1 BREMELEHE

fE MSC 3 2 o, il i 4 =X 1B E i AL A A GE
fbl,a( A, B)b I 1 Bk ¥% # i 7R

(c’ﬂh> E n[ : :(2)

H1 r.’u’.r"]). ﬁTfﬁk"ﬁﬁﬁﬁ.}tﬁ[s]ﬁ—'ﬁ
1B AT (B A R SR ) Bk B ER 0 [
—RTHREEAKRNO, B i=i'=1=0. 5B
e s £ FKK it MSC AR AWM A B A=K

dz 2 (I (E))
= A }j(z} +1)2n 7y

X

Z

— r.(E))

A0 =
( <r“(m>)

(5 (Ul (U))
Zz Bry Py (cos) —=rrrpyy :

(3

|—'|

e _ (= 1)
ERI:F Bi_,- - 41,:

W(I'J'J;s'L) (4
5 HFM HF, B ER AR E T 89 JLAE . =
C'%50 M Clebsch-Gordan %X, W(1I'Jl'J;s'L) i Raca
FR AHEAE s=0,l=J, HEHEBE s = I
(BABANE),J=5 + 1, H L{URMBE, B o1
H 90X R . R (3)H

(Ti(E)) = (I} (E)) +

21+ 1)(2] + ])2 C%ﬂr CI;PUI':: '

s & E_Bi i ,
E}_}j (r4 (e (v))du, (5

van=1 s ¢ 0

B, Wb R FEARE. GO)REL AAB1ME 2T
SRR Q, FEMBAAE MR J W FHEREE
(TW) 27 52 0 98 BE (DW ) 1 - 1 9K % 55 B (EW)
pl(U)R P, ZEMRENU,BAKESD v BT
BE. i TFASEA LR S M BAEES:
B BT R4 , 0t DW 1 EW 1 AT 4 AR 26 14 5 36 4
(MY (E)) = X2 . vV (E), (FEEEEM
(¢
e ) = X ¥,

(v=n,n+1) ¢

AP ENRARGENER. X RE S50 KEM
BAEX Q&M RMARBMBKIERE TR
Ba%. K RSN FRREACEER B RY
R 20N 7 I of BT B R R, B AR
RFEREFAMEAER N 2 RFRMA /R
V(r,,r,) = Vo(4xry/3)8(r, - r,), (

Y el 04 W KA AT 3K 3 A A 23 R KD, LR
AMEHERE, BXHARTESFEHR. X
(8] EFth X MY eR ¥ A9 Fah K, X B g s ix s %

i/

NRG)PMSCHBHRMNBESZETF n=1.,r
PHRMBEZA S —$H 3 MEFHAR:H—.
(ISR E R 2n( D)D) FRMASHEKITH Q,
(MBVEBEARENILE. (DD RHELTE EW
FiEtE KD RAF MR J M 2p1h RES



500 HEYHES &Y B (HEP & NP)

RUB

RS . HHE R T AR R AT AR
BHV,. Ko RET 1] (1T %7 A8
RYBGIP 0. MILE. KR 0, BHEPL G
=n.nt DL o KT . B o REBEH
FrsmE, (MY =0, = \‘<P” . g

LA £ HFM AR r }E@fi B, RER
A

R T = n A e IDIDNY) [[ (YT

(9)
BWHM Z—#MAT. EANEREK, MV E
B & 51 A7 Z e B RO R F RN 1, R AR {UE R
M HT A& REN S HM —3 . HE, r TEEK
FRETEM P, SHE®E o (V) &R, FTHEHE
HERREH B E A BN R I RRAE .

3 FKK 248 =ittt

FETE T FKK-MSC Hig, X B ML Br i A&
BEHRET T B Sk

B MSC it ¥ FHIBEM BB R 0, &
Ls RTS8l AR X (4) B 1 LA
HFREMHEKTIREPH X BB . AT AR
FKK A FERFARN 12, BZAKE TR,
- RETHRAEBMHERE . BR T MSCHiR
M BE AR X B HPIILMEAFS
HFM —% .5 %°

(_ 1)21421’¢21,.',1,,~«,, .
i DT DR+ D@+ -

QU + D7 + D2 + 1) Clhy -
WGl il) W(jJjlsIL) -
Clo WISV LYW 7T L), (10)
Moo= 12 RERT AL R BB AR
sk, DW {Zﬁﬁﬁfﬂxzmm&ﬂ.ﬁq’ﬁéﬁ%m;ﬁ
REEN /NFR FEARE, SNERN/NTRKEE,H
Y REEFAZTRANSFEELAREAH. K
AKX BB Y BRBEHNREXNBEITK, RAS
.
7E R FKK BUg o, M8 B R A i+ 5 7 HK
TRAMEER . MESGE NS ,0M #i2
R R 5 — W BR L #A B S B o T R TR WO AL
ERAGMET. MM SHERHERIRXL,TH
BEESCREERBAN OMEERE T £5,

JL
BIjI, rro=

Bp
rx T — 2 (2(TCDIKDY)

X MSC G 5 OM AHEBE R, 3 F HFM — 31t #
B AWM A SR

rEEFEESBRERCN ) =0), HEBF
WEEER, RS (WRREET oD MUR
BE(r'YHAHFM BT REMERE " &R £
S EH, B

g ’*(U) - el

Moo= (I'/(E)Y,
T T MUY fROEERER TS o (U)K
B AR NEER B . A% F A, A5 HFM 8
Z 5 R - 43 18 8T AR o BRI R, )
nk-,zT,hﬁU‘Jk' YT A T

21t Bk Ejtﬁfiu & MSC it M HFM B9 T %
HBEHE— AR K

&
30 % ;2 = &,\‘ \‘B,J,', ,,,P,(cosﬁ)Tc{Z .
lJtrl ]IJI
{ (H \I‘“(E)>) &y (Bl (Ug))
(ri(en ) =, (rICEY

Y CED Thph (Uy
(H <<PL((E))>) Jp?“ )}' an
RPE R n=1,,r-1 B FH MSC LM
K& BHREENERI B MR TS CN
RS RN ERE. HFRNILMETFRE
SH A A AR R RO RE AL

4 SRR

AXE AW XS NATETAERN
INEBEHEHRTIE.E /- RE2BA7i=121
FKK-MSC AX,. KK 5 HIM —% ¥ S E R R AE
ERILBRXEREBAB L, M r TEK KRS H CN
KE R BB T BIE M — B R MSC KR AL CN
RS — 2 & . %% MSC g 1 HFM 4 OM
BREAA—E.THMB RS, S R0 E RV
5598 RN B — 3. #5 A S RE & 5 I ol 1 oF
WERETTAR HEXMERYS HIM 7% 4 .
KRODEGHT NATERE AN LRGN
ERREHKKEB LS JLEHVERKAGERM
CNRMitEHEREE.

FIFA BRI A ST EER S+ JL MeV (1) S BY



%o

FERS . FEARNSSESERME S BRI HE - FR 501

BREMER TN, tRPRAYELFEESH
MEANEREE(SESEE)SHR, MREEMA
® fEiFE EW R DW B9 X oA BBKGE B ¥ CRT L B
A G BE B AR F R B A K/ Nilsson BE4R
FHEBMLEL Fermi i b 0 R B AR 6 BB F RO A5 X
AEAIMEETRHOPEE@EEHNT - EX
W) . A o R T BB S NS AR & R R
R AT R RS , eI ERFRRE U, U M
U, &R I R B
%{J v, U, .U, %
{ = EW,DW (12)
Ay U3 g BOL R R 8, 3 1, R L
BOE 0 i R e E. B A D R BB
S, AT HEB A AERIERARE LSRR
oA EMHER HEMAFRAENEES A
BESE Bl F0 3% . & A B RE B A AR 43 A T 4% el Tl 4
BEASRERBHERLE s B)MBG(ETES
£ ) 4 W) BT B HFM B9 U 4 B i it B S5 R —
YRR GCEUE S BRERESAERSRoR
B SR TREE . i T AERIENIEE SAKE
EX USSR S S AEREMHLU. BT
RISL 3 25 B4 bod%e Bl 2 SR B T 14MeV 9% Nb(n,n)
K2R B BE S B A AT 5 R . B oP 4 0 4 TP R R
MSC it F2ET 3 45, Sy MSC, r T2 (CN), LA &
REE AT E5 . MSC A (RS 2 B REA A
BV & SHRE IS ) KA A MRS ERE .
r FoS R HE T N BRI R RS, B TR RRE
WA TER. TR MABEIX T E M EW MBB ISR E
B8 on RN 2RI, 3 EMETHE 1 #
8 110, M (D4 Y (DO HBE o SMIARRET 1L F

1\ = ﬂ'tv()r?) :

3

1
]

0.1 f

2 b MeV

do,,
dr

0.01 gfj

0.001

B 2 14MeV "Nb(n,n’) 2 Iy B i%

CER L — TR SRR
CNIBRE . — —WSC B EG.
—A—MSCHBE I SRS . —x—MSCLIBREB 2 LR
—A—MSC B IS EH.

n =3 HMAX0.96. FRGR KW, 7E MSC Flit
BhRIEPEERYI5IEMREATZE. W H
MWERARAK P FHEF,Z8 [ (n,p),(n.2n),
(n,np) S EERALMMRNE. RPN
ESEGTHE G E L HER IMeV [T L 3 % W
i, H 53 BE B K 4—9MeV B BE IX AR &5, 17 i 1R #5
BESR IR R AN FE TR AL AT A S AT RE R A HR AR R AY 0T
. AZ, P RERR AT AETESRSA
H,EE LMTRAS M.

i e L AR N (R BB A% SR 1 K K BB iR HE R T
EAXERAYMAN AHFKRLERE. M, M
Va5 MSD W B IA. P M Q ZRIKEG, X
L FRUR T A B UV A e, R 1
5 R TRy 6T & S UF A 1 A 5% ] B8 AR o 7
Vet — B BEAY B AE LG B SCRE R R TR

# % 3T W ( References )

1 CnffinJJ. Phys. Rev. Lett.,1966,17:478;Phys. Lett.,1967,B24:5

353

ZHUO Yi-Zhong, SU Zong-Di. Fermi Gas Model of Nuclear level Den-
sity. ed. by Chinese Nuclear Data Center, Collected Works of Nuclear
Reaction Theoretical Methods and Applications. Beijing: Atomic Energy
Press, 1980.292—319(in Chinese)

(HHE FRE. EREEFHAKRED. SEEHES O
BB R B T RE B R AT UM db ST IR T BE AR AL, 1980.
292—319)

3 Agassi D, Weidenmiller H A. Phys. Lett., 1975. BS6: 305; Phys.

Rep.. 1975.C22:147
4 Nishicka H, Weidenmiller H A, Yoshida § Ann. Phys. . 1988, 183:
166
Feshbach H,Kerman A,Koonin S. Ann.Phys.,1980,125:429
Feshbach H. Ann.Phys., 1985,159:150;1985,164:398
Tamura T, Udagawa T, Lenske H. Phys. Rev..1982.C26:379

o N W

Bonetti R, Chadwick M B, Hodgson P E et al. Phvs. Rep.. 1991,
202:171

9 SU Zong-Di, L1 Bao-Xian. The Development of FKK Multistep Com-
pound Reaction Theory. ed. by Dickens J K. Proc. of Inte. Conf. on

Nucl. Data for Science and Technology. Nlinois USA : American Nuclear



502 EHYHES &% A (HEP & NP) w27 %

Society 436—437 11 Oblozinsky P.Nucl.Phys. ,1986,A453:127

10 SU Zong-Di et al. Atomic Energy Science and Technology, 1983,1:10 12 L) Cha,SU Zong-Di. Chinese J. Nuel. Phys.,1984,6: 264 (in Chi-
(in Chinese) nese)
(HFRE%. FFRBEHEAR1983,1:10) (% HF%. FHFHEYH,1984,6:264)

A Unified Expression for Multistep Compound Theory
of Pre-equilibrium Reaction and Compound Nucleus Reaction Theory
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Abstract The Feshbach-Kerman-Koonin multistep compound theory (MSC)of the pre-equilibrium reaction is further im-
proved and perfected. The nucleon is treated as a spin-half particle, target nucleus is allowed to a non-zero spin and the
angular momentum coupling is treated rigorously. The expressions of the double-differential cross section and transition
matrix elements are obtained in j-j representation. The strength function of doorway state is replaced by optical model ab-
sorption, and the escape width is replaced by decay width of Hauser-Feshbach model (HFM)in the r-space where full
equilibrium has been established. A unified expression for MSC of pre-equilibrium reaction and HFM of compound nucle-
us reaction is presented. This formula can integrate MSC and HFM with the optical model and can give self-consistent and
uniform description for nuclear reaction. Some typical data are analyzed by using the work mentioned above. The calcu-

lated results are reasonable and in good agreement with the experimental data.
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