®20% B 128 BEREYHESEYDHE Vol.20, No.12
1996 4 12 j]  HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS Dec.. 199

EEFRENRTAITH RS
B SLRERL
Al kEE BAE

(P EB B RWEBBIIR  2M  730000)
19951220 W

i =

# R T B A £ s Wit EO AT - BT REAE, MR YAr+
WA{E=25MeV [u, b=0)#fTT ETH T 5 A FHS W8 T RO %
%ﬁ%%%w.m%ﬂﬁ%%ﬁ%%*%ﬁﬁ%%%$k%&m%%%¢ﬁ
o, & BATAREEA BT F TR AT AR T RS, TR LA AR R MR —
TR R T AR TR RAR, BT EA A TR TR KA,

Earin W T KA, FAERE, BT BRTIRERE, WA
1 5l -

AKX M — B P R B TP R SRR, MEEHRERNNM, Mk
HABAEMEE. UfkA Fermi SR A, LB b & IACFHEHHF RN/ 2)
FRTBARENRHRL(N,+N) [(Z,+Z)0' 7 XFHRARFEERER T —
WP RSB 19 RIS RIS, SE40 R 4 A SRR /DT 100MeV Ju £47 R, 5
FERFHRBREL Y F— PR - RTREREN 3/ TENTERT
i1, R R AR RN IR, TR Bl TR ATEE. A
i, BBUEAUL R R, XHBERNIEHBRREMTA? XA E

TER — BREEE R, R A m A N | ZRGE T EEAER. ER—
AT RNE B R R SR . B TR ¥ R TR, FRREEE AN Pauli i
WX =AEEH RN, WER N | ZERER PR, TG E
RMRE R 0B, Fxt, RAEARERERELERNNHY, mT
T 5 B T R — TR (R 56 R 31y 27 R A BB AL

WHER, RITHETEFAFIN%(QMD) MR, HEEE T RALEEH b,
TR — BTHIEAER R, BB T RAREET H HE O A EAE B0 A AL B4 X R TP

* BRAKMEES R PERER LWIZ- 1298 £33 1).
1091 — 1096



1092 B Y B 5 B 9 B H20E

2o FIRBT — # TR R T IR RLNE A 5 A A S5 36 48 B A 2 5010 T 50 [ iz i
AHRHE Gugnon 2K, HEHEREN: FHHI(N /2 w>WN,+N) /(Z,+2),
MFRAEA F T o ) RS TSR 709 & 51 L BEM X A9 4% 1 — % 7 8 8 1 % op
FTRBRFORSHAHN. ALFEAHTRFHEH.

2 HMEHHR

£ QMD #BIh, BB T MAREETR RO X R CTUS, RS0 H HAE
BE vk
Via=p? + 0= pic +p vkt pcon 4 pom (1)
S VLV, VO SRR G AL P AR A S A AR
VIS VLRV S IRER AR AR |« Yukawal I ) AILAE AT B4 M T A8 i A0 %
PREETL. V' A VY i BT R L SCRRIS] R S0 0t g e

U2= % Zt,, L, Tﬁw exp[—(r,—r;)? /(41)], ()
FECRER:
Uc?;FeTz 5 (U +2,)0 42, )1 —erfelr,, //AL)] . 3)
i r

PLESFrh COXRRRERIE R I ERA/ M A BB ESHRERE, A
BOYR[HSEL. DB FREEX T R ST m. erfc () HARERE, L Nk
[l Gauss WHRE, r,=|r—r|, i

={ 1(/F),

() (4)

R I HIRIDLRE 2 43 8.

RFBF ~ BT RS ERA TRMER: —FE Cugnon WBHILTER, ©
=ARRAIIEA A, 5—FMREESRBRNSEMER, CREMVMEN, HLHR
T4 |

XF p—n RifE:
_ 502}4 N 90%9'2 +6.9466(mb), E<40(MeV)
0"‘:
2323280 + 18%2'0 +27.147(mb), 40< E<400 (MeV) (s)
34.5(mb), 400 <E<800 (MeV)

Xf p—p 2 n~n fliE:



%1215 BRSO ST SR AR AT 2 S A TR BB 1093

_ 11;‘}8 + 3°8Eg'5 +5.3107(mb), E<40(MeV)
oo 93%724 _ ”248 +22.429(mb), 40< E<310 (MeV) (6)
887.37
+0.05331E+3.5475(mb), 310<E<800 (MeV)

Hop EQERERPEETHASEE.

AAERBL, 4 AR E=25MeV [u, RFISRERISHATRS, p—p fin—n
{1 488 4 7 0 2% 3R AR Cugnon S B T AH RE BT 89 3 6%, T s B n—p Al 52480 1T X
Zyfgn—ns p—p #3465 RALLEBR AR K8 F — BT Rl E T LB 5 B A
TR .

xR R b Pauli FRZEM Bk HFRAERES, EMERT, UETFR
PLOHIRE— A A/ B4 BER(H IR T BRERMFIALRE A BB, R N EIAER) . A)E
HEMIRB T T I0SEALSR, GRS s P

WA RS E N E T M T AR, W R4 B R
i RN 0T, SRS AR IR E D AT RIFAE 300fm / ¢ BYTEH.

3 WEERRA

FALA LB QMD A, ¢ “Ar(25MeV /w) +*Ar Xtk RE BT T R EHITHE
(AT R B2 502 30 MR S F RS IS ). B S8R A Cugnon S UL T, 7£
C=0.20, 32MeV { 3 MR T THE, B8 T(N | 2) 5 HRHaEAE 1) DL H
B F B R (B 1) ECR A S RERK S EE, /£ C=0.20,32MeV
) 3 Mg T T8, FREE T(N | 2) . HIBTEE AL 1(0) A0 A 8% 7 5 et
)AL 1),

ST E PR, ROEHNHEY: BTFHREBEENT p, [ Mp,=0.16fm ™),
HASHEEFHEEAT 3.5tm. EHNBERGZREG RIS E, RS TAL
HIED, XU T B AP S TR AR MBS B E A (E 2). ShEN A
PR A

Q..>=2p}-p}-p}> (7)

X BRI RE RIS ERT p, /7 0BT I B R

ME2RLES, MadHE ~110fm /c MAEREMNEE FHESHRHNEREC
EFE, KNRIPAHEREC X TR, BT ES, RIARMHEXWET
— K TR A E O A R R g k.

ME 1@, (D TUFR,. 5T C=20.32MeV, FHRTH(N | Dy B KT T
BEW(N |2 s FHUEMTF C=0.20.32MeV, (N /2, HaTREME HAY
C=32MeV bt, WRFRARCIEMHLEHET - ZTRERE. W(N | 2) .. WiEEIEF



1094 w R YW HE 5 8 Y H 820 %
2.5
0.050
0.045
20F 0.040
0.035
0.030
g 0.025F f
1.5 0.020F
0.015
1 \\‘—*w .. 0010
P 1.0} L 0.005
7~ ! > 0
N é ~0.005
z @ Boooast
~ 0.5 . = : ®)
N 0.040 F
r/\\_\ © 0.035
< 0.030
0.025F
1L.0F 0.020
0.015
0.010
0.005
0 =
0.5F —0.005 . . . .
0 50 100 150 200 250
t (fm/c)
®) L .
0 . 1 B2 FRESSETHESAHIRE
9t . i EE AR
8t . (2) dERPpErEm N-N &5,
7 (b) ERMER XA N-N &f.
6 — C=0MeV; ——C=20MeV;
se o ZZeete C=32MeV.
4
3
2 i
1
£ 0
P-4
9
8
7 Bl EHOETHFPRLESEE
6 fy B TR Ak
5 = C=0MeV; - n, C=0MeV;
4 —o_p, C=0MeV; -« C=20MeV;
3 -- 1, C=20MeV; -o p, C=20MeV;
2 ~ C=3MeVi - n, C=32MeV;
1
wo- p, C=32MeV.
0 L A (d) p
50 100 150 200 250

t(fm/c)




F 28 WRFI S B TR R RT BT A R I R G BB 1095

BHET(N,+N,) [(Z,+Z)(WEF R ). FRBARILAES), XFRiefm e T - ¥F
R AR (N | Z) o E B K, (B BREEEE(N | Z) g BRI (7 BEAR K IN BT
— BTFREREEAN TN | D XAREAE 1) F1(d) AR H, R B
Bicge(C=20.32 MeV) B 7 p F IR ST T 5T H &5, ot FR RE 1K 5 T Rk A St
Bal, TP FREBAL, XHEYRRE(N /2Z) BT, BAMEL ) FI(d) EhE
E, AR IR T — % TR BT [ B 7 R R A IERIPE P aR;i
TR STE NER, T RAT IR R BT — BB A, (N | Z) g B8/
T.

X FREEA FIT & B AR TR &2 R T FREER — T RE MR 2
oA I AN, TR TERARAEE R, CROERESFSEORMR XE
54 2y o DA )R 2 R B M e BRI o A B g — A 5. Y4 C=0MeV I, BA A
UT@IB’J(N/Z)mjﬁ%&fFE’J(N/Z)ﬁeeE’JI‘M% X T B O REX B M HER AR
T R, SRR P R B X — A

X T RPN | Z) . KEVRZ %ﬂlmmﬁmﬁﬂaﬁ ﬁéaﬁ&ﬁ%ﬁﬁ%i@ﬂ&
EH. (ERTEASHE, BFRRRRA SRR, RURERKEK FAH e TREERBES B
B BT R ST IR, KRNI &SI — AR, PELUEH T RATAREL, EAEN
B 100), (d) FRIZE MR ER . % C=0MeV B, WA 1. (b) FEBI(N [ 2) o FEH
TR o B S TR OR i, SRR T SR X RRRE T R TR ORI
TR RN F — B TR RE R, TR TR LR T, ©
ST 5 R TR A, AR R T R AR R LA R IR Z . TR
RIBEAR MR T — B FREE AR A AT R R R,

ST (N [ Z) oo BB — BRGR 2 (SUA ph (RIS 4% T — BT Bl
BESEY, ® 254 m TG R AR, TILT 58T — & BB L
L0, KR BAORERTLA. 4R, AT KA DU . T2 58 R AR
P XMARMERERE, ARAEHEN T - B FRERORREEN. H5—
ERE, fEASCI T R AR Pauli BHEER T HEAT I, ARITEATAHF Pauli BLEERK
W BB R TR — A R, . Pauli LEEE M TR BUE E K
F AT R R/ T, T RN, MR T 0K Pauli HERA, I
{6 Pauli BLZER/D, FEIN FRE M T REEN, AT T ES SRS X 53 8h,
%T Pauli BRI FAFEA LR, XE— MBS RAR RRA BN BTITIR
M. AT E AT, FTAE R, 5T R B TR R R T R ST TR R
(g Xt FR B B B DL R AR IRV SR 6 () SRR 3 24 R+ .

4 B %
6 T TR 1 P T XPRRRE. B R B T — B TR I R LA %

g, AR YAN25MeV [u) +9Ar R FIIBEST, T LABRA BRI AT X
SR N [ 2) e KTRARNR G HRE(N,+N) [ (Z4+2) HERAR.



109 mEY HE S5 B B £20%

P A PRI B2 IR REAR S0 S RE B 12 P44 45 1 6] (3 e A 3 1 X B B £
(N2 8K, EHBIRT RS M TFRS. TRGEHEGE T - % FRER
BN AR T RS, MR FRENERERH, WRET (N /2) . 0
PECREEE SRR B, IR, Bl ERE 5 - AR AL .
ALABUR, BRI N | Z IR R R N3 i BB e 2 —.
ERTHELETERE N | Z 25T REIEE 2 .
2 £ X W}

[1] D. Hilscher et al., Phys. Ren., C36(1987)208.

[2] D. Hilscher, in Proc. of a Specialists’s Meeting on Preequilibrium Nuclear Reactions, Semmering, Austria,
10-— 12th, Feb. 1988.

[3] D. Polster er al., in Book of abstracts, International Nuclear Physics Conference, Wiesbaden, Germany, July
26—Aug. 1, 1992, p3.3.8.

[4] Kef SRT. KoK HEEWBSHM, 18194985

[5] &4 &S SRE BEYRSEWE, 1619265,

[6] K. Chen et al., Phys. Rev., 166 (1968)949.

[7] B&®, vREBTHEIY, PRREYFPITAENRL, p26d

[8]1 A 3R, B R s, FTFHEH, B-% B0 F2HEL 197, pls2.

[9] Bao—An Li, J ¢ rgen Randrup, Probing isospin dependent reaction dynamics using preequilibrium nucleons,

Phys. Rev., C, to be published.

Isospin Effects on Pre —equilibrium Nucleon
Emission in Heavy Ion Collisions

Chen Liewen  Zhang Xiaodong  Ge Lingxiao
(Institute of Modem Physics, The Chinese Academy of Sciences, Lanzhou 730000)
Received 20 December 1995

Abstract

The isospin —dependent symmetry energy, Coulomb energy and nucleon —nucleon
cross sections are considered in the quantum molecular dynamics model. The influence
of isospin effects on the emission of nucleons is discussed in the head —on collisions
of the system “Ar+%Ar at the incident energy of 25 MeV /u. It is observed that the
ratio of neutron to proton of pre—equilibrium nucleons is higher than that of the re-
action system and the symmetry energy enhances the emission of neutron but reduces
the emission of proton, at the same time, that the isospin —dependent nucleon —
nucleon cross sections favour the emission of both neutron and proton, but they seem
to be more beneficial to the emission of proton.

Key words pre—equilibrium emission, isospin effects, nucleon —nucleon cross sec-
tions, symmetry energy.



