mOBE W R W B
HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

%30 % 4 W
2006 4 4 H

Vol. 30, No. 4
Apr., 2006

B PR F A W E RS

2wz 1,2,451) I 1,2 1,3

= M HEF & ®FK

1 (AN 7o B K se e = E A b0 220 730000)
2 (P EBZEBLAC BN 22N 730000)

3 (AEsUIE A ARREAZ RO bs 100875)
4 (PEREEESFRA R dEst 100049)

HZE X F Boltzmann-Langevin 7 ##F % T & & 35MeV /u iy *Be, 8He, °He, *Li, "B, 1'Be, *C §
PCRW RN, WHET FAFTEANARE, KA “Be 5 "CRRE £ nWRE 5 ZRMEMFEFR
ORI ZE PCRE R TEARTHAL, KABWEF TR S AT TEANATR
K, EFTHMEN, REHRAEFTFTEANEKTRA. FTEATHREIEREERT.

X7 Boltzmann-Langevin 7 2

i

1 5

AR R AT e B ) T RS R
A BRI BIF SO A 30 S AR B N 5% 1% 1A
TAEHAEEE . KWILOR, AT 20 ) -1 78
B 2 (8] UG AR, A KL
A AR F]. IR 2 N AT TSR, I I A 2
A TR, J.Grater i3 He(rr, 7v7 )nnn VY,
WAT R A AFAERUESE, 73 H1 800 1) B2 30nb /sr.
Belozyorov™ 4 N\ 3@ i %) 140, 20 Fl 12N . B g i 1)
ST, AT EIR A S K 4. Chulkov™ 45 A
I X] " He IIBFFEAR A R I A BT EdE . Tilley
A Weller! i A = 4 (R REAT 20 A7 B R B 748
. 182 53T Marques F1 Orr!™ 25 A\ FH 37 1) S8 7
EIRIE] 6 A 4 S, HES SN ALTRIZT 4 1mb.

Boltzmann-Langevin J7 #2 /& iff 57 77 58 1 24 = [
A9 2% 10 i 38 B AR RS T R R R R
KW G AL BV e & — N Tk ASCH]
Boltzmann-Langevin J7 & %J & /1 7 4% #E 24 s 3 gk 4T
TS, Ry g R, K FA RS
MTEAEAE, 72— @A N Pl d b 4R
[41.

2005 — 07 — 18 Wk

Y RAE FAEEE

2 IERiRE

Boltzmann-Langevin J5 £ 7& BUU (Boltzmann-
Uehling-Uhlenbeck) J7 F£#1#fE), BUU Jj F L4 ik
AE B2 AL N UG — g ). TR TRl AE IR g
I, S350 A . A v e IR T2 A T A A%
T2 1) (P A SR, 237 mT LR AR R RE I LR
SOk, WA PE R, XA PRI ILAE R BUU
JrREAe AL T E I A AR . E
7 BUU Jj R B 2% L& WU AR SGIEONE, 1T Boltzmann-
Langevin J5 045 T 8 )7 24 Bk v ™ *. ik kv
1 BB T35 f (v, p, t) [ Boltzmann-Langevin J7 £

0 p

E_E'Vr - er(fa TZ)'VP f('r,p, t):

K(f)+8K(r,p. 1), (1)
7RI L2 tH V3435 Ve 5 1) Viasov A& 1k, A7 1224l
SIS (f) ARESOR K% K (rp, 1), BRI (0.
TEREFEI ) W] OCHREREL C (p, p', r) KRAE
(0K (r,p, t) 8K (r',p',t")) =C(p, p', )o(r—1")o(t =),
(2)
TX A I R 25 K P IRk v, 0T IS 1) R 22 ) A2 S 381
TR T

* [ 5 S IEREIFIT A LRI H (G2000077401) FTE 5% 1 48R £ 5642 (10105011) %

1) E-mail: gaohui@impcas.ac.cn

314 — 316



4 A R RSO AR B AR T ) B T 315
U(f,m.)=UC+U>™+ U, (3) CEATEL, KRB AR B 0 An e AR AT L

He e SRR A A K, An DA 7= AR 4 B - 0 i ek, & B
o p o\’ T2 g AN T B A=, “Be

v =a(g>+ﬁ(g) ! () FnsHe y oh -7 4 W A AR T K, CHe, MLiAITB

A RERAE W2, "Bef1YCH/N. HILG H 8518, A&
P — s R 2 7 A v A A R AR TR 22 T S [

v :C( p )TZ’ B) i, 7B s PR ORI L LK, ML L O He

PEASAE Fi 4 K, OO AR R AR LG 1 Be K. IR AR %
ve=ta-nve. (6) T HOH IR ) 6 S k7 o 4 0

LR py = 0.16fm =2 M MR EE; p, pu Al p,,
I3 RS R s T et (R ER 3 )
T AT AT LRI -1 Ve ARRER RS
o, B, v RHASH MFRGEHE REC = 32MeV.
K FH I AR B AL) 38 B AR, AP AZ 1 A A7
Ar;; <2.4fm. FEZE Ap,; <200MeV /i, XA
TIRR AL T HRBRARY B ORI, #E
JTHEARANREROK. W2 XS S A b AR
1. XFETATE AT LD 3 L B fg e A AR .

— NN AL AR SRR AL ALk, B )
FURURI % S, A% 1 UR R AZ O R, DR 2 A% 1) A
TR FE AR R, ARV R A R b SR
T Skyrme-Hartree-Fock $8 10 L1 5545 11 85 5 43 A7 T
3. ARG I LA BEA LA A% 1 R0 46 AR b AN )y
2 R g o AR 2

3 LHRMITI

3.1 FEEEME

H T AN [F) 3 % A v - SR R dm, D
35MeV /u ity N A fig 2 3 il tF 55 7 *Be, ''Be, ®He,
6He, "'Li, "B AIOC 5 2CH 1) fe v, 45 R4 & 1 pr
7. “Be Ml Be 5 12 CHE YA An AR AN 18] 1 (a)
Pros, 78 Be R N AE B - AR A R A () A AT
J&1.65mb, 5 Marques™ [f1 5256 45 5 1mb AH 4. “Be
(1) - 4 [T AR AR T A n A B, T M Be (1) 3 1)
AR B K, 205 BE 7 AR T ) - O n i gk
YBe A Ak H R T Be.

SHe 1 He 5 12 C # Ji 3V 7 A5 - 42 A 1) A 1T 2
Kl 1(b) I, $He M1 He L1 b 14 B P 4R 2 4n
AR AT oK, (2 BHe B P 1 A T AR ) AT 2E L
®He K. "'Li, "BAIC 5 "2 CHEM s N an &l 1(c) P,
UL FITB AR A AR n b g, FA A a1 ) ML
ATB A b AR B R L R A= T C
BEK.

K. AH 2 3He 7= A= A 745 B W) 8 2 LE “Be K, SHe
(4 I3 - 4% 4 2.5240.03fm ™| 17 14Be HI4) R 145 42
3.1640.38fm"™" |t gt /2 1 SHe S1 Bl 16 f 1 3 A A%
Y Be MEFEVR SRR, T2 A A — 28, SHe A1 [ 1)
] B AR A% A L4 DL A I TE A7 A, DRk 3 He 1
P B AR BE L M Be k2, IRATTIE K LA
ANz P AR A A U T B A B R, 2
Bt A HP - G 0T DS I A H T AN (1) s A8
ok R R S K, TR R T R AL B AE o i
e, B B rh RGN S R A AR L

1 F @ —u—“Be —o—!1Be
10 3 3 —v—Maryues3E 5 {H
100 ]/SH‘T\T
107" |
2 s S
1072 ; : )
100 F () —4~"He
£ ‘/\ —o0—5He
£10° 1
5 P
107" F ! \9 %
1072 k ) . )
100 E (o) —o—17
4 —a— L
10° F 9\0 —a_l9C
F . x
101 é/a\z\q
F ! f\iﬁ\_
10 ! N L i

B 1 ASRER 35MeV /ulif, A5 12C 8 RN
FRLE TR AR An IERIHIRE A (972 1L

3.2 FHEHmSHIESHNEAR

g i O R RS AL, FEANEDE S b
BRI ) - BT R A AT X R R ECPE, A
TR A SRS O T RILEA
44N 71 4 Be F S He 77 AR AL TR AU K T4 11
Hh B [T IR AT 5 R 2 B AR R IR DG &R (W 2 B
), Elrf4Be Ml S He & 7EA RIS 0T °n, 4n ™



g

316

it ¥ #M 45 % ¥ H (HEP & NP)

30 %

1.0 14Be —a-3p

N 4n

o/mb

S N A~ oo
T
o0
jas)
«

b/fm
B2 A S R S o AR

A AT A IR AUE AR S H b = 4fm
I ¢ T L A R AL, T I P Rl 438 25 5K 25 A S
TAZL AR SR AR N, IR WAL Rl i rh -y
B VHAE 5 B RS A2 0 O il 3 1 3 30 6 o il 43 I AR A
PR AR AL DRI b 1 S BT R e

S % Ak (References)

Gréter J et al. Eur. Phys. J., 1999, A4: 5—7

Belozyorov A V et al. Nucl. Phys., 1988, A477: 131—142
Chulkov L V et al. Phys. Rev. Lett., 1997, 79: 201

Tilley D R, Weller H R. Nucl. Phys., 1992, A541: 1—104
Marques F M et al. Phys. Rev., 2002, C65: 044006
ZHANG F S, Suraud E. Phys. Lett., 1993, B319: 35
ZHANG F S, Suraud E. Phys. Rev., 1995, C51: 3201

N o Ot W=

kBEFT.
4 it

ALV T LA E A% 0 N 7 A v 7 R AT
. AL Be t5 12 CHE SN R & R 526 45 R AH .
MR BA A FO R T NS R B, R I
e A by Evh AR, b AR, A
TR Ry SR P AR AT K. T8 I PR BAS R lE ik 2 4
I PR 2R AR, A LI R I T SR A 5 TR K,
PR PINY i e L DU RINY (2 TN K (29 s oty L i SE N
S b AR AT e L ER B b 1. dX ek
VRS M) FH U PR AZ PR 5 TR £ S WS AE 5 54 AT ) 55
BRAT EMSHE L

8 ZHANG Feng-Shou, GE Ling-Xiao. Nuclear Multifragmen-
tation. Beijing: Science Press, 1998(in Chinese)
(KT, BH. R TR EHA. Jeat: BEARIREE, 1998)
9 MING Zhao-Yu et al. HEP&NP, 2000, 24: 656(in Chinese)
(W4, SR B S BE, 2000, 24: 656)

10 Reinhard P G. Computational Nuclear Physics 1 (Edited
by Langanke K, Marrhn J A, Koonin S E). Germany:
Springer-Verlag, 1991. 28—49

11 Ozawa A et al. Nucl. Phys., 2001, A693: 32—62

Production Cross Section of Neutron Cluster from the Reaction of
Light Neutron Rich Nuclei”

GAO Huit?%Y  XIAO Guo-Qing'? ZHANG Feng-Shou's*

1 (Center of Theoretical Nuclear Physics, National Laboratory of Heavy Ion Accelerator of Lanzhou, Lanzhou 730000, China)
2 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)
3 (Institute of Low Energy Nuclear Physics, Beijing 100875, China)
4 (Graduate School, Chinese Academy of Sciences, Beijing 100049, China)

Abstract Within the Boltzmann-Langevin equation , the neutron cluster production cross sections in the reactions
induced by “Be, 8He, %He, 'Li, "B, "'Be, C on 2C at 35MeV/u were studied. The experimental data for 4n
production cross section from *Be+'2C at 35MeV /u can be reproduced. It is found that the production cross section
of neutron cluster is large in the reaction that the projectile has more halo nucleons. And the projectiles with big mass
number are easy to produce the neutron cluster, when they have the same number of halo nucleons. The neutron cluster

is probably mainly from the halo nucleons of projectile.
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