9531 % 2
2007 42 H

mORE W OBY W B
HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

Vol. 31, No. 2
Feb., 2007

MEHFIZ5 A2 B PR BUATFR S

j(lj ;%)”ﬁ 1,2,3;1)

HEF

Eé&l,g $%1,3

1 (T EBE SRR BT 22 730000)
2 (KK 2 B BB A5 B B SR BER 5E - KUK 741000)
3 (EEFINERER LR =R FIE L 2M 730000)

WE MNAEMKRERET ST HHFERAR T F T 2R R + F R 6B ALK D3R
B AR g By B LA K B T2 T 20 7 FH 0 o 0 B AR A BUE AT AL T AR A A R
R THAER RO EE W, ATAXTEETH T ERY ROE M. ZF X2 HEE T AN
5 o B oL 2 RL o Y B A B P RRAE. A T U A AL 5| R AL R RLAIL R 8 R LR R, R A
HE AN AT, WE T b T 2G5 AL 6 74 R Ar A 25 T B A8 AL 5] A
JRIERL. B R R I T EMEH 5 RE LA T T WA AL i 18 LA B oK A8 S B R E AL
AWER AT LA RERE LR RS R F BRI S

KR FTEM

1 3

jillfs

M PR AN S X T A S ML AN Z R B 5
MIWFFURIL, FA% T/ NI B RE S 3R R L 20 A Al
7% V) B he A A A T R BRRE Y R R AL
W R BTS2 NIE I TR Herg . 1R
3 RIS A0 SN B ) L. BRI ST B T
T SRR S AR B BRR R I FORS A0 S AL K17 S
AL [ 7 T8 I PR~ B3RP AIE, SR S b B
AT SE T 53-8 L [ 57 T 25 17 K~ 38 AL AR BRI 7.
N R B A ELAT WS A I S O i R AT
P8 53 A PR T R PSR  BEAT DG T T
2y 7 2 B R T B[R] A7 e A 5 N e AL i
ARSI R VT H 7 B 5 R A% S N A T - B
A7 T 73 U5 PR S 2 10 [ A7 B N R B k. 3 A
WFFUES R, IS H: 100 DA b 0 B 0 1 [
T TR N ARBIFTHH 1 B A% 5 2 S ALY [ 67 e 2 2 [
PRI HOR R

2006 — 04 — 06 Wk

Rk i % FEfRSEl KEFT-RT ik

2 IERiRE

2.1 FINLEIEREFHF oA ¥Rt (IQMD) 2 >
IQMDH A ELAE A+~

U(p) — USky + UCoul + USym + UYuk + UMDI + U'Pa,uli7

(1)
Horp Usky gYuk f1 UPauli 23 5l J& Skyrme % Yukawa
HA Pauli BT

) o) e
|T177_1T2|>/<T1W;T|)’ (3)

U™ =t;exp (

: ho\?
UPauh — Vp < > X
qoPo

exp <— (ri—ra)’ (B P2)2> Opipss (4)

243 2p3
AR i e
R O i e '

* [F 5 U SRR 20 R I THRITH (G2000077400), 185K B ARFHE RS 5 210 H (10435080, 105350101), [H 5K H R FHEFE42 (10447006,
10575075) AT [E R} Bt Jn PR G 97 LA T 27 ) 35 H (KJCX2-SW-N02) % 1)

1) E-mail: liujy@Ilzb.ac.cn

150 — 154



HUHN AR s 15 A% S N R RO FR 9 151

5 2 ]
UMPLEF) S AR,
UMPT = ¢, Infts (P, — Py)% +1] 2. (5)
Po
XIFRFAUS™ 4R
UISym = CFl(u)(STza (6)
U™ = 0.0, (7)
Hrp
DRSS
z 1 }ﬁ?‘ 9
Fiu)=uflu=L 5=Lr"le _Po"Po 5 o A

Po Pt Po P
po S BIEERL, TER Y, P TR TR
25 W 1) 55 AR 6 00 A 5 DA% T Tl 9 T
j:g[27,28]
a$%:Q+ap)ﬂﬁ, (8)

Po
Hpa=-02.
TR R AT

pxr><2nL>W2exp(“"r”2), ©)

2L
AT LUE R A2 (8] 7340 J LA f (r, P) RAT S, IXH
( —r)? 2L ,
ir.P) = (i) Sexp (- TGRS Py
(10

1M fi(r, P) AT LA FRAZ K R L o, (r, P) T8 Wigner
A AT S X

0i(r, P) = (2nL) /" exp (-W - ;l(Pi-r)> .
(11)
M TS (2), (5)—(9) 1R i 48 Moo 21 [RIA g AH
KB T3 T80 7725 AR EAE F SAF0 A ot e ARl fi
AT R B O A py (v, P). T AT
T AL TR ASE Tt 25 8 AT JE 5~ A% P 88 4 A (1) - 38
1iE.
HRFAH R R 13 1 2= s Bl ] DL
F SCHR [22—25] FISCHR [26] (155 10 5.

3 HFFEiZHeF08He 5| #2 M #1F] AY
[&] 3L HERS 52

3.1 HF B2 HeFfsHe U RIBZEREMAZCLIFN
SLIHP TR FEE N

12 H Skyrme-Hatree-Fock ¢ vH & (1 H 1
1% “He A1 8He B AT A5 BURLSAZ OLi Al B Li ) - MU

TR SRR 2 3 ) R o BT
FEE 53 A, R AN £ 53 ) 3 7 2 A% R RS o A% 1 % 5
fi. HOLiRISLiAH L, RVE 2, 7% 1% He Fl1 ®He £
T R (1 s R A A TR RE R B T A
TP TR g AR
TR TR L. 5 R E AL,
T % SHe 1 8He 5 K T35 4%, K F-i
T RN GG A RE. 1 AE L, A A
B SISy AT B R N T TN
J L.

107 102
1
=
107 103
104 PR T N NS Vot SR WA '
01 2 3 45 67 01 2 3 4 5 6 7
r/fm r/fm

Bl 1 % 4%°He, ®He FIa € #% CLi M SLi i rh -1 il
JRTE A

® 1 DbaMgrghry. Rriire. 446
REATH T T L

Eyin/(MeV /nucleon) Ry /fm R, /fm (n/p)
5He —5.32 2.68 1.74 2.0
SLi —6.14 2.31 2.20 1.0
8He —4.09 2.77 1.90 3.0
8Li —5.89 2.54 2.20 1.67

32 MY EHIIERNPRFHRFRFLL

2K 78 WX % R N SHe+°Be, SLi+°Be #l
SHe+°Be, ®Li+°Be 5| Jx Nt & W h v ¥ L
(11/D) et £ XF TR UPY™ FIA H & X R U™ =0 (1)
ZAFF, fERE E=50MeV /1% 1~ I it flfJ3 I 9] £ $5 4.
MNP 2 1R A A A v 7 B A N 2R Gkt I
S8 43 ) B A o R PR A ST R D R
BV AS o 7 52 4% 6 He F1 8 He REFE R S5 (0/D) nuet W 2
KT RN A2 CLi A Li REE R G (0/D) nuet-

I EAFAE AR IE T (0/D) et R BB T
SRR TR RS T 2 e 0, 6 T 2 s |
7). PR G AN E AR L, e R

%ﬁﬁﬁﬁk%¢?ﬁﬂ6:f:?=“;%.ﬁ¢

Pas Pp M p 23T L U U E oAl 2B K
(6), FIFIKIR) & WS Bk 54 . B0 -5 A AR 34l




152 i W B 5 % 4 B (HEP & NP)

W31 %

ARG L P 7 A R G B AT SR AR FR . o
(R0 FR A E 55 R RRIBATLE, 2 K 5 2 (i rh 5, AT
PR AL RSB T (0/p)aua. I ATLLE
HY, RV il 2R B I AR, (HUE AR L, )
399, RELERFIAH I 40 28 114 22 31, RIS R34 U™ FIA % &
KRR U™ 51 (0/D) mact I A2 WY FGS. W) LU
HEL N RR A U™ SRS o 7T LUK S R L.

28 1 30 r

26T \\~/\M 2.8
24 t

- 26
22 1 — °He+’Be+U,

-- 8"Li+ZBe+U,
2,0 L -- SLi+'BetU; 24 — Het Betl
220 —HeBerU, | "Li+’BetUy
1.8 F N e SLi+°Be+U, 22 | £E=50MeV/nucleon
N LT b=20fm__ _.
1.6 phiadis N 20 LVl ~-

14 | \ -----
1.8

100 150 200 250 300
t/(fm/c)

50 100 150 200 250 300
t/(fm/c)

K2 A SN A S T B (/D) nuer B
IR T) ¢ )R AL

N T BT (/D) nuer B AL HE LKL, 1] 3 4
S LA L 4N RN R GE I (/D) et BE AL E R E 1)
HEAk. IR 3R] AW HH AE P S A RE Y LAY,
P 2 rr ep - S A A AR GE R DY A A% Rl 2R Gt 2 (1]
MR ZE 00— ELORFF. R WIAERTIE A A RE VS A
HF B RERR AL (0/D) noer — ELWT R T AR RL AR
BARGN (0/P)nua- XD B TR GHER R
A (1/D) wosct TSR [ E @B, [ I T DA H L 26
FIAN L 2250, B RRH USY™ RIAN % X BR 35 U™
G (/D) et 122 501 Bl R BE 2 B A AE 2 W SR 1.
B ORI U™ S R oh =7 LL PR S A R

28 1 209 | E=50MeV/nucleon
26— FTNG=20fm
27 \/
24 P
El 25 F— He+ Bet+U,
= 221 — SHet’BetU, |- SLit’BetU,
S --  SLi+°BetU, 23 [ *He+’Be+U,
=20 — (’}ﬁe*zBe*Uo < [ SLi+"BetU, L
18 F “- Li+ Be+U0_ 21 —__"/
R e TN N e -
20 40 60 80 100 120 140 20 60 100 140 180 220
E/(MeV/¥%T) E/(MeV/¥T)

B3 A RBT (1/P)nuc BEAUULAE S
5 (0/P)nua KL, 72 R BN 3K 5 A
[ B 2 K 7 L AQ (] A7 o R0 51N TR AL T o3 R EE
(1/P)nuet/(0/P)ig . B4R IR L E AL SN R
A7 1€ 53 1 EE (/D) et / (/D )1iq Al 458 I [1) 2 11 356 4.
X (/D) et H(10/D)1iq 730 K AN A% 1 FURH W )y

=L B BRI AT 2 < A < (A,+ 4y),
A FA 73 ) 2 iz MBS RZ ) B . P40 2
(R 2, VR it e Bl ) R AR O, HLE VA L
ol 2 e 390, 6 N R T R AR R BE (/D) nuer/
(11/D) trag [ S 2 3 ) K T A 52 1%k 48 % 498 1) R k.
RN E, 21 (/D) nuer HKE 2 (0/P)nuct R E 1 it
FEATAEL AH 3B (0/D) trag HI T AEAHE 3 S8 HL g7 ST 1E L5 Al
ARG 7T EEAT e B REA L LK, %
(1/P)nuct/ (/D) srag Ll (10/D)ner ZE/N. FF L h T Al
ARG (10/D) et/ (1) D) seag 73 K T AH B RS E #%
Bl AR LK (0/D) nuer/ (0/D) eag- IR HTT AN W7 )
I EE (10/D) trag BE AU R 12 B85 I L AL I 7R
AR, BUE (10/D) et/ (1/D) reags FE AR BEE [R5 AL
55 (/D) wuct RAH .

E=50MeV/nucleon

1.6 F — SHe+Be
s | lz:Z.Oqu 11 L - SLi+°Be
=z — "He+'Be
= 14 K- Li+’Be
£ 13t L0
,:E‘ 1.2 &
o 1\ S Tveee 09 1
5 1.1 ‘-‘ :’I v
Lo 08
0.9 ‘

100 150 200 250 300
t/(fm/c)

100 150 200 250 300
t/(fm/c)
B4 AN B R R R B 5 L (0/D)nue/
(/)i B 1 € (0351t

K54 s BL B4 S B &R ¢ 1 [ 7 Jig 0 1 e
(0/P)uuct/ (1/D)1iq BEAR WL BE A AL, KI5 W] W
B, AEWFFTH AU AE G F A P AR R SE
(/D) et/ (10/D)1iq 45 EE 73 30 W Sk vt~ AH S5 o B A R A%
BEAE R GEN (0/D)nuct/ (0/D)1iq. R HIFBIHE 7o
T JTEE (0/p) g FE AU RE BRI A RS ARBOR, AT
5 | TR T 731 L B AR AL R AR, (HE A%
ll: 3 28 ¢ [ g 73 158 L W S 1) ) A7 T8 20 L Ik A2 A7 A
AL B 18 5 56 2R e A LU AT LASR OGR4 F) S
.

20
1.8 |
1.6

cl/(n/p)liq

14 .,
12 F °

(n /p)lll.l

1.0
0.8

0 50 100 0 50 100 150 200
E/(MeV/nucleon) E/(MeV/nucleon)
Bl 5 AN RN [ JiE 431 Ll SR e 2 1) AL



%2 4 HUHN AR s 15 A% S N R RO FR 9 153
AR SCHIESE ) fE G P9 - A A R A E AT LE, o
4 ING TR AL AR ST S K T R R BT LE A

L DL SRS, AT LAE R Ay R

B L A e F B ) A e 5 N S ML, AT AE

AL BE o L. AT S 56 b T 2o 0058 DL gy A4
N0 (K [RS8 28 SR AT 5 A A BRI e ) A7 e 2 b
RSP SR AL M HORE R

S XAk (References)

10
11

12

13

Tanihata I, Hamagaki H, Hashimoto O et al. Phys. Rev.
Lett., 1985, 55: 2676

Tanihata I, Hamagaki H, Hashimoto O et al. Phys. Lett.,
1985, B160: 380

Mittig W, Chouvel J M, ZHAN Wen-Long et al. Phys. Rev.
Lett., 1987, 59: 1889

Pietro A Di, Figuera P, Amorini F et al. Phys. Rev., 2004,
C69: 044613

Gomes P R S, Anjos R M, Muri C et al. Phys. Rev., 2004,
C70: 054605

MA Y G, SHEN W Q et al. Phys. Rev., 1993, C48: 850;
Phys. Lett., 1993, B302: 386

ZHAO Y L, MA Z Y, CHEN B Q et al. HEP & NP, 2001,
25(6): 506 (in Chinese)

CROBRK, Db E, BREKSE. mhed) B 5%, 2001, 25(6):
506)

REN Z Z, XU G G, CHEN B Q et al. Phys. Lett., 1990,
B252: 311; Phys. Lett.,1995, B351: 11

LIU Z H, RUAN M, ZHAOY L et al. Phys. Rev., 2004,
C69: 034326

GUO W J et al. Commun. Theor. Phys., 2003, 40: 577
Carstoiu F, Trache L, Tribble Robert E et al. Phys. Rev.,
2004, C70: 054610

Navin A, Tripathi V, Blumenfeld Y et al. Phys. Rev., 2004,
C70: 044601

LIN C J, LIU Z H, ZHANG H Q. Chin. Phys. Lett., 2001,

14

15

16
17

18

19

20

21

22

23

24

25

26

27

28

18: 1183

Alamanos N, Pakou A, Lapoux V et al . Phys. Rev., 2002,
C65: 054606

Fukuda N, Nakamura T, Aoi N et al. Phys. Rev., 2004,
C70: 054606

Zadro M. Phys. Rev., 2004, C70: 044605

Rusek K, Alamanos N, Keeley N et al. Phys. Rev., 2004,
C70: 014603

LIUJY, GUO W, REN Z Z et al. Phys. Lett., 2005, B617:
24

CAIX Z,ZHANG HY, SHEN W Q et al. Phys. Rev., 2003,
C65: 024610

Gomez Camacho A, Aguilera E F et al. Nucl. Phys., 2004,
AT735: 425

Suzuki T, Ogawa Y, Chiba M et al. Phys. Rev. Lett., 2002,
89: 012501

Bertsch G F, Das. Gupta S. Phys. Rep., 1988, 160: 1991
Aichelin J et al. Phys. Rev. Lett., 1987, 58: 1926
Aichelin J et al. Phys. Rev., 1988, C37: 2451

LI B A, KO C M, Bauer W. Int. J. Mod. Phys., 1998, E7:
147

LIB A, Udo Schroder W. Isospin Physics in Heavy-Ion Col-
lisions at Intermediate Energies. Nova Science Publishers,
Inc.Huntington, New York, 2001

Klakow D, Welke G, Bauer W. Phys. Rev., 1993, C48:
1982

Alkahzov G, Bauer T, Bertini R. Nucl. Phys., 1977, A280:
365



154 e Y B 5 K Y B (HEP & NP) o531 %

Probing the Symmetrical Potential in Nuclear Reaction Iinduced

by Neutron-Halo Nuclei”

LIU Jian-Ye'23D  XIAO Guo-Qing"® ZUO Wei'® LI Xi-Guo'?

1 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)
2 (Institute of Basic Physics, College of Mathematics-Physics and Information,
Tianshui Normal University, Tianshui 741000, China)
3 (Center of Theoretical Nuclear Physics, National Laboratory of Heavy Ion Accelerator of Lanzhou,
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Abstract In terms of the isospin-dependent quantum molecular dynamics model (IQMD), important isospin effect in
the halo-neutron nucleus induced reaction mechanism is investigated, and consequently, the symmetrical potential form
is extracted in the intermediate energy heavy ion collision. Because the interactive potential and in-medium nucleon-
nucleon (N-N) cross section in the IQMD model sensitively depend on the density distribution of the colliding system,
this type of study is much more based on the extended density distribution with a looser inner nuclear structure of the
halo-neutron nucleus. Such a density distribution includes averaged characteristics of the isospin effect of the reaction
mechanism and the looser inner nuclear structure. In order to understand clearly the isospin effect of the halo-neutron
nucleus induced reaction mechanism, the effects caused by the neutron-halo nucleus and by the stable nucleus with the
same mass are compared under the same condition of the incident channel. It is found that in the concerned beam energy
region, the ratio of the emitted neutrons and protons and the ratio of the isospin fractionations in the neutron-halo
nucleus case are considerably larger than those in the stable nucleus case. Therefore, the information of the symmetry

potential in the heavy ion collision can be extracted through such a procedure.

Key words neutron-halo nucleus, isospin effect, symmetrical potential, isospin fractionation ratio, ratio of emitted

neutron and proton
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