EPLES XF BRREYESEZY A Vol.25, No.3
200143 A HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS Mar. ,2001

th B B B Al 1 P AT AT
% 5t B 5] {50 e 30 L

BB BXE xzLr? A £ Imse
| CEMERFIESREERERTEEAEL XM 730000)

2 CREPEBHERIEIIT M 730000)

3 (MHZAKLROGEISR A 610031)

WE AFRMRHEXWAHZER FARTPRESTFRETF P TGP TA
HRAGERREREEA NN FHEAS S FHRMRKE. £RFARKERS,
Z100MeV/iu A LR F - BFRE A FREREEEAWRRE, A FHLAHW
FF - RFRARAMNR TR - TR A E W F AL R AT T
AHPWHEEERE. FARREARTRENRAREA, TP EXA ST
F-RFHAERME L LR E W bR R RBTARE T X A0 58 o R BR

XER WIHERHET ZFFHHE XAKP

1 5

it

HEEBERARP T - RP AR EES BN RER TS, TUPE&F
)57 B8 I X FR B IR R RO R BB A . X A A R0 B RE 7= 4 R SO K T R 1 R Y
hF - T RERE T — & TSR RO RS, Bk, B #iStESE
WECE R A, W AR BRI B o R R e e R g ROR A  BY . R LM R, Pak
Z0LE N R B AR A LA R N RS R R BT AR PET - BT RER
RN RITEIARPEEE FREP S ERYFEMRBNE T URBET - & T
R AR R . R R EE SRR X (E<<100MeV/u) B B T 0l 1 A V45 & 55
R T B [ 30 A 3 4 O AR 3 By R

AXFEHNEEERERREAN ABEKT - FRENNFEEEAAEX
(45MeV—150MeV) I , ¥l FIf3.3% Pauli £z BHX B AN FRIMRMEXNE T4 T3
F MR (IQMD) ™ 5T BB TR P AR S F RO R ALK B, EER TR
B, MR- T 5 KA TR BEE KT 3fm, 3 A3l B2 XK TF300MeV/ B, 7T LS

2000 - 03 — 22 Wil
* HERFEETAHR, BE AR ¥R S (19775057, 19847002, 19775020 ) Fi o HHB 22 B 5 & BT Bh
244—250



%33 B IR AR E B TR P AT T R AR R L BN 245

BEEARZT. RITHERM &R XD P& SOE FERT A ZHE B B & T BT &
BT &S, 3itERA, REERRERX (E=100MeV/w) BT — & T REE & & # R AL
BB B TR BOEBRIRAERIBRA BB W, B FE RSP T -
R EBRBTHRE, N FEF - B TFREERENRARKEARE. TEERRA
PR, 7 E>100MeV/u REX BT V48 & 4 F — BT X T Pauli # .31 & # X A0
WP RE. BT UERTAS R E N, 8 I 5 5 A H B3R BUR K%
FRE AR,

2 EREIHMEXSH

AT P R BLHEAR 5 9 TQMID'® ML S v 5 0 43477 B F W48 7 BTP A0 T R
1 IQVID FHREE A
U=U%+ U™+ U™+ U™+ 0"+ U™, (1
H b % BE ML 69 Skyrme ¥ US %

_ (e T
-l eale)
o BRETHE, p=0.16fm > R THE; UM RECH RAH BB R RN H

Yukawa ¥ UYE R

exp{"|r1—r2|/m} (3)

Yk
U = 13 H
lri~ry 1 [m

HEMXHE U™H
U™ = ¢, In2[ts(p, — p2)* + 1] - 8(r, = 1) (4)
WEH U™y
(r,.-r)> (p-p)

Pauli __ h )3
v = Vp(PoQo exp 2q5 2ps 8"{”; ’

|+l T - FFRETF - BT - B}
s s, = | g (X BEHHIMB, U KRBT - BT

Bl 18 76 - 3 7K - 19 Pauli BLEERONE , 33 RATA TAE® , 4% Pauli 389V B ir s it
REH TR EPERTEROESEHBNL. )RS U™ N

Usymzcw)__;oppﬁrs’ (6)

(5)

+1 FF
ﬁt{:l T3 = -1 I}ﬁ?‘
F R AR E N

,NEFRE R E 4 BB C=0MeV H1 C=32MeV. 1P ET - &

a"‘d=af”(1+/\;}%> , (7

XE SREK EAAET - EKTRERE, A= -0.2.
i Skyrme-Hartree-Fock A ZEMBUR F A EHHRE R LS IR L Fin.



246 ERYHES5EY HE (HEP & NP) £25%

%1 EHBSW
C ‘ a B Y t3 T, Ts Ve po 9o
/MeV MeV /MeV MeV MeV /MeV 2 /MeV  [MeV-c! [fm
32 -390.1 320.3 1.6667 7.5 1.57 5x107* 30 400 5.64
0 —382 320.3 1.6667 7.5 1.57 5x1074 30 400 5.64

3 HEERMITIE

2R 2z st 3 BB TR P BT A A T R S 8 R GO BE AR R BT R R W, FE SR
BEFRHE K IR, BT P85 R 5T h F — R T Hoxt F RIOLIEST BRI 48 R 3 K FAr & B R
WML T - B TFRBERE ~ARE. RENTFHRN T FENETFHIE K fo~H
WA T, BT K fl o~ TR R FRERMSRAR, T UP FRE R TR
NJ/N, #EHBRAE. H N,/N, R R8T RGBT R, X2 b TS
R TFHETEASREREZREREZ AP FHRBHRAFERNER, BRFEF TR
ZHEITERH P FERTZ LSRR PR AR, WA B S5ELE
I L3R R B R AT R B AR

T REIEh A7 2 0 RN P B TR LB RN R b AR T R A B 4R 4, Al 4B
RAMT T - BT ASER MESEANRATE. ZREZFANERRITPE LS
NN, S T RB MR, —EBRER T - B FRENNFRNAEEMNRER,
REAMNGERIEEEYFEID —EWEHNA. 13> Sn+™Sn & E =
100MeV/ulti H- 8 3 87 , 76 & Fh R 5 3000 1 50 F %R 5358 B A o 808K 28 Ak (R 8 3
C=0, 33MeV 7 33p/ 0o )4 N./N, BRWUL TR , BABITA N EBF S AT T8 R 4HHE T
Rl HE 3850 07 %o A BT BE B B AR Mo , A SHRE R R B KT 100MeV/u.

AT A R L e AH % 4 IQMD &Y
AP R ER FRERLE Zn+ " Zn(N/Z
=1.53),%Zn+%Zn(N/Z =1.67) F1—Ff
; B FRAEKr+ “Kr(N/Z=1.11) &R
| FEASEREN E=35—150MeV/u i %
THI A R 5% F R AR ELE, K a
BET - B PR3 I EMERILGE
@1 Sﬁmﬁg\gﬁ(a)ﬁﬂzn_*_mzn; (b)762n+762n; i‘%ﬁﬁﬁmﬁaz. @ 1 %&TULSWW
() Ke+ ™K, % E=120MeV]u 1 5=1.0fm 9z AL E= 120MeV/u #1 6 =1.0fm &

L7 I B A A MR RESA Y XEFERME
BTFHMbERBHRAHRYTRSAER

(e)

p

Semem e

ey

© et rrrde

B E =120MeV/u &t FE HBRHNILH .

B2AHT 3/ RERELAZn+%Zn(E),* Zn+Zn(F),Kr+ *Kr(F) X FEA
REESNLEBHEER N E =45MeV/u, E = 120MeV/u, E = 150MeV/u i 6 =1. 0fm B
MBI TE RS N./N, 8 3 Figo:



3 B IR P REE R TR AP T R ST A AL RS ORE 247

(1) U™(C=32MeV) + o™ (BIXF FR L + R OLHEAE XA FREMERE ) , LK

(2) U™(C=32MeV) + o™ (BP3t R H + B L X W FRERE 0, =0, =
On) s EZR;

(3) U™ (C=0MeV) + o™ (BP T FR 5 + BN XM B T REBRE) , AR

3.0 25 21
271 45 MeV/u z; 20l 150 MeV/u
2.4 2.2 1.9
ENE W S~ 2.1
1 R/ 18 1
21 2.0 8 "
181" 19F L
""" ool 18-, r
15 % 4 S, 1.6-.—
1.2 I L L 1.6 ) I YR 15 i L I
80 120 160 200 80 120 160 200 80 120 160 200
2.4 1.8 1.8
22 h
17h
20 \
= ‘}\ VT TN N
3 18 16 ‘.,
Z 98k Feecess o e e
15
14 e et |
12 14 1 1
80 120 160 200
11 1.15
1.0 F
0.9 | 1.10
08
. 1.08
0.7},
Fo
08 1.00
0S5k !
o4l 1 1 s Y1) TR l 0.95 L " *
80 120 160 200 80 120 160 200 80 120 160 200

t/(fmec-1)

B2 REEKYZn+%Zn(E),"Zn+"Zn(F), Ke+ " Ke( )R EH LS N/N,
By B ] 8 s o 7

AUES, M FHRAMASER, SEEEBXETF - & FRi#Es) HE80E EEE
FMEEREX , N,/N, B R S K8 T X R 8 M F — B 7 R 18 T 0 7] 67 52 4K #i
X NL/N, WERARE. XRABTF - K FRESRAERBERXNAMN HFRMETF
MR JLEILFHR. REET - & F RS0 B AIEK B T B F R s 8
MRS BEHFRBHE, B RSP FMEFHILRILEER. X7 &Y FOLREHX
MET-BTRHEEO M EERER FREAE RN, B 3() A T Zn+*Zn(E =
120MeV/u #1 5 =1.0fm) 5 & 2 MR & 3 HFL T (U™ (C=32MeV) + o, U™ (C=
32MeV) + g™, U™ (C=0MeV) + o) R P EHER A ZEHE N, W EELTRE.
B3(L)RMAERTETFHESAERE Q. WKNEIFEALR. TLUHEBER , KT -
Bl 4 7 T 1) () S AKX N QL R



248 _ By ES &Y E (HEP & NP) 258

0.0 " PR AU R RNV R
0 50 100 150 200 250 300
t/(fmec™")

B3 () PERERABEN N F(0)ETF3hE S ORAE
Q.. Mt [ WAk 7R (B e R A I 2)

MR 2 BT LLE BN AR S B F R SR T RS SR AR R R T B R
REFEHPFRBUETFELMER, TUERTFRE  Zn+%2Zn M Zn+"Zn H9HY
V&S NN, WREREVESF - RFU(N A+ ND/(Z+Z,)K, A 4(a) 2 3 1
W RS E = 100MeV/u, b =1.0fm, U™ (C=32MeV) + ¢™FH T N./N, K [E] 3
W, EFTFRELEY Zn+%2Zn,"Zn+"Zn M N,/N, BIILREKWH{E 1.53 M 1.67
*,TH N,/N, BEERERSE T T - BT R mmmEm. & 40b) ()55 ()
RIS F T T 4 & 5t h T8 N, FIR TN, BB I L AR, 7T DU i R P T AR
TEEEAER AN, EHE NN, BERKHTE XEFRSFREEVH
Hilscher " ¥ ZE R BB X W B 33 o BT Bl 4ig — 3.

3.0 60
I L
2.5k S0+
N |
2.0F N, 40
i 1.5 =30} e
= -~
1.04 20 S
: 7
0.5} 10F /7
0.0 ! L i I 04 1 L ! L 0 i : 1 i
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
t/(fmec") ' ¢/(fmec') t/(fmec")

B4 3NRGHTHERN NJN,(2), PFHE N (D) FETFH N, () WS FIB AL
~T6Kr+™Kr, "8 Zn+ % Zn,——Zn +*Zn.

(BT Grop FREE R K Kr+ “Kr, RIOFRRAGER S FF T RET AR, BH
REM P THRE R TEAERE, — FERBREX  F e R, R — R TR
B A A d R TREE LR RS B EN ARG TR AR IR, R
HE S LR, RS R A R F 2 R R TR R TR S, M T XS



H3H BB AR E TR PR BT 2 5 R AL BERON 249

H5ECEAHESASEFNER, FRUTERHN NN, PTREVHRFF - KT
k111,

B5(a) A Zn+¥Zn REE E
=150MeV/u,b=1.0fm 1 U™ (C=
32MeV) + o™ B AT 3 MESL T : (1)
%5 Pauli HF M BHAE (LX),
(2) A #E Pauli B(RK), Q) A EHE
Pauli #FISIBAHCH (BLK), B P&
A4 N,/N, et EEALIR. XH
Fh#ST FEE FREBMERTE BT R
BEAHW B m"™, B3 F N/N,
BA 8 E .

B 5(b), () F(d) 4 B R—* Zn +
%7Zn,E = 150MeV/u 1 C =32MeV +
R M SH b=1.0m M6 /
=5.0fm B #) N,, N, #1 N,/N, #yif TR B T T
EEAL R, RERFH R N, A /(e t/ltne)

N, b8 o 3w B EN,/N, BS5 (QfFERS NN, £3HARLEHFRLT
BE b BIAEIL AR K, Ayt AL R, FUR ST NL/N, (b) JREFE N, () A K

Pl EBE8Y Pauli % SHBAEXHEM  FTBRN(DE U (C=32MeV) +07,56=1.0fm
BRSSP HFRETF SR EILEIL (K8 6=5.0m(BL) W T K5 FERALE
TR

(a) ()

2.5}¢

(e)

-

4 HFEIE

FARMCEAEXREFAFHAFHET EFFRBEREMGB S TRIE AR
X 5 (45—150MeV/u) BB FRIBATEE R H N./N,. HEERRE B NMEENEX
W, SRR E B, N, /N, REHKET X FREERE, B F - BT REREKNF
AR e MR BT R 5 o FRUR TR LRILF AR, T E T8 ILE NN, BEZ
KW, MFERFRBRL, HPEHERSTH NN, LRBREMBF T - BTN,
+ NI Z,+Z,)K, B N,/N, Bi#E (N, + N,)/(Z + Z,) B s hn. (B35 F P F
R5,N./N, NFREEREMHE (N + N)N(Z, + Z,). FFERE NN, 3 F Pauli
P HBHEARERRESEHARE. B, TUERBENEREEN, B RENHER
FE S B 5T 70 50 50 008 B0 o 0 SR AR BBOR T R SR AL KXy An iR

# % 3Kk (References)

1 LI Bao-An, Ko Che-Ming, Bauer W. Inter. Jour. Mod. Phys., 1998, E7(2):147



250 WEYHESEY HE (HEP & NP) H25 %

2 Hussein M S, Rego R A, Bertulani C A. Phys. Rep., 1991, 201:279

3 LI Bao-An, REN Zhong-Zhou, Ko Che-Ming et al. Phys. Rev. Lett., 1996, 76:4492

4 Pak R, Beneson W, Bjark O et al. Phys. Rev. Lett., 1997, 78:1022

S Pak R, LI Bao-An, Beneson W et al. Phys. Rev. Lett., 1997, 78:1026

6 LIU Jian-Ye, CHEN Bo, ZHAO Qiang et al. Nuclear Physics Review, 1999, 16(3):165(in Chinese)
gk, bR, RS, RFEWHEITE,1999,16(3):165)

7 LI Bao-Aa, Ko Che-Ming, REN Zhong-Zhou. Phys. Rev. Lett., 1997, 78:1644

8 CHEN Lie-Wen, GE Ling-Xiao, ZHANG Xiao-Dong et al. J. Phys., 1997, G123:211

LIU Hang, LIU Jian-Ye. Z. Phys., 1996, A345:311
10 Rlakow D R, Wilke G, Bauer W. Phys. Rev., 1993, C48:1982
11 Hilscher D, Rossner H, Gamp A et al. Phys. Rev., 1987, C36:208
12 Polster D, Hilscher H, Rossner H. Phys. Rev., 1995, C51:1167
13 LIU Jian-Ye, ZHANG Shao-Guang. Z. Phys., 1994, A348:31

Isospin Dependence of Preequilibrium Nucleon Emission in
Intermediate Energy Heavy Ion Collision *

ZHAO Qiang® GUO Wen-Jun® LIU Jian-Ye'? ZUO Wei'? WANG Shun-Jin'*®
1 (Center of Theoretical Nuclear Physics, National Laboratory of Heavy lon Accelerator , Lanzhou 730000, China)
2 (Institute of Modern Physics, The Chinese Academy of Science, Lanzhou 730000, China)

3 (Institute of Modern Physics, South West Jiaotong University, Chengdu 610031, China)

Abstract The isospin dependence of preequilibrium nucleon emission for the neutron-deficient col-
liding system and neutron-rich system has been studied in the wide beam energy region. The calcula-
tion results show that the ratio of preequilibrium emission neutrons to protons is sensitive to the sym-
metrical potential and insensitive to the isospin dependence of in-medium nucleonnucleon collision
cross section from low beam energy region to high energy region, in which nucleonnucleon collision
dynamics is dominant, namely the isospin dependence of in-medium nucleonnucleon cross section ex-
cites neutron and proton to be emitted with about the same probability in wide beam energy region.
At the same time, the neutrons and protons are excited to be emitted with the same probability for
Pauli potential, momentum dependence interaction and impact parameter, even though their effects
on preequilibrium neutron number and proton number are obvious. The ratio of preequilibrium neu-
trons to protons for neutron-rich colliding system is larger than the initial value of neutron-proton ra-
tio of colliding system, but that for neutron-deficient system is less than the initial value. In this
case, one can compare the theoretical results with the experimental data systematically to extract in-
formation on the symmetrical potential.

Key words preequilibrium nucleon emission, heavy-ion collision, symmetrical potential
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