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presentation of research results on light- and heavy-ion induced nuclear reactions in terms of micro--
scopic simulation method, while wide variety of other topics were also presented such as nuclear
structure, properties of nuclear matter and high-energy multi-fragmentation experiments. Nineteen
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1. AMD-VIC&3 Au + Au SERRRIES
RibR - # /NEF B

1 BU®IC

BFH7 08B MeVUTOFHZANF—FERTOEAFT VYRR TE, BFE - BEETOBMEOEE XK
BLT, BA2BEAFMECS. Az, EREFOEHEOEFMRNA (TU—) 2L LILLY, RiE0
B TERENIBEERYEORES B (FICHEERE) FPFEREINTEL —F, RCOMETEHREN
TMWMER, F0%, BEORTEEE (p) IVEVWEEITEELTW, 2ITREFRPRETE (757
AVM) PEREEINGY, IOSERBRRKGE LT UTEESHEEEZ LERITO NS, BWEORELER
DEFEICL > T, REFEVFALY, BHEES SFE0T77 72 ) LRERS (BF) wotElizh, K
ERFFRPOBLARKBFIERRLADEVI LI, BARFETTIITAY MERIRI 5. #HITW I,
TSRV VEREBBBILICLD, BEEBYEOUELHATELTHS ).

B4 VEHETE, BENL2ATHERENTEL LT TR, BHENEPREEE LR TEREL
EBRETRET LI LTI LW, F072), B4 AN HERRIREINTELY, ZEBERRKTE
RETEZLDRIELAELY, SERRELTE, BIZ—HTY 5 X5 —0OFE L WEYWEISGHT 58
BTHRLZCISAT—DERL, 207 525 —BEEFHENRLOTHHP0, FOBRNUERITS
T2, ZIZTH, BENBHFEEOF TR - L b EFHENEROS W RKAHLSTFE I FE OIFRR
(AMD-V) 2BWT, YWAu+AuDEEBRRICHT L CEBRTELT L ERT.

2 AMD-V O#4E A

FeoBME, PHZANF—EETOEA 4 ¥ LGB L-HEREOETFRWEE L BET LI ETH 5.
FOBRARICEARE A3, MHREPREERET 2 ONT, FELEDF Y YA MNEFKRL TN E
WHTETHA, bbIA, 0L 2EFORBEBOBHERF ERCBCILEIRETHIH»0, 5
FX VY RNDPOBEDT ¥ Y RANOREDOBRE FNENDF ¥ Y FVATOREEEL 24 KD,
EF ¥ VANVATREREBELEFEDTHELEL, T, TELFY VY AVEOTFEHRIEETEVWELRET
EBETH PRELAETY YANVOKEERIZ, EFNEOKEHCI OXREVIBL T2ITAE 2562w
P, FORBERELRZTNEZ OV,

2.1 AMD KEBE & EFHFHER
AMD T, FRFNOF % 2 ANEHF T AFERDO A L — & —~T5I3% (AMD REIRI%)

8(2) = det|exp{ —v(r; — Z:/VP) + 522 }xa5)] (1)

TEY (1] IIT, ERROBKZ = {Z:;) BEROPLT, EHOWBH v =016 fm™2 LB, R¥Y - 7
AVAEVRER xo, =pT,pL,nT,nl Thb. ZoORHAREIHFMEKFESREDLE LD BEHRR

) dZ;; OH
zh; Cz‘g-’jv'? vy (2)

KEoTEDD. Cipjr (0,7 =x,9,2) BOIINI—MTHIT, HIININI =7 (BHHEEREE
Wwa) OHFETH 5.

AMD EEIRI [ (1)] REBMICEIS, BlLEEFHOERRES L A HB T TEDTRBRTE,
BEALOEFHOBEIIVE—FLARS X~y THFH2) 1 MeV ORETEETE L. 2% ), B4 4
YEEODREPHREICENLBETFRE, TORRETEETES.
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2.2 WENL _BZTFERERE

HERP L EBHLER (2) IFTATH Y, FLOF ¥ YANNOFRBRFFET 2T THL. BEALD
SFBNEEE 2, 3] T, B—0X L — & —THRORONEIHREL LT, BEHEHTFHIIEA S
hT\w3. AMD[1] Ti,

_ 0log(®(2)]2(2))
W= ;( V@) B Q=" 7 )
KEoTEBRINIYHEEREW = (W} 2T, ZETFEHELYEAT L. QMD]2, 3] DA LEHKIC, B
AT OMBHMENES I 512, FA6ONENAERE L HEOWEREIC L3 o THREMIZELS
B3, WEEEOZEIE Y U B EERA D 0T, THFHECSYY Ty 2N IIEHNICEA IS

[1].

2.3 EREEUC L ZHERETR

AMD T3, ﬁﬁ@f%@ékﬁké%&w Lo T, —HFEBREORKMSERE TDHF 3 Y ERTI
Zuv, LHL, #hb kwof AMD #% TDHF Lr‘]#o“cif‘?ET%@Limwi‘:xﬂi&m “TDHF li F:N
ST 2 F ¥ Y AVOMICAEPTORAFITETLES L I B LBER Eo» o TH S, Fheld, Fv
YEINOEBRBELIET 20TRLL, BEL N EBHLFL-L2ERNIEBR L LTEAT S [4).
KA ICBTLROH BT v 320V AMD EERE S(Z(2)) oholT (EHR) kIid, HEZEEON Y
AR
[
ful,t) =8 exp[~2 Y (20 — Xra(t))?] (4)
a=1
PRET B, TIT, 6 RTOMARZEMOER {x,}a=1,..,6 = {VVT,P/2h/V} TEALT., Bl {Xiota=1,.. 6
BYBEEE W, ThHo, ReEO—EFHEE f BELWI fr DNTH S, X, PEMERIZ AMD 0:EE)
FREATHRD LB, EED AMD TRIEROBIIEEEINTNS,
L2, bokERZ—FAHOBMERE, TDHF %7243 Viasov 5525 [5]

df, | Oh Ofc Oh Ofi
5 Tap or ar op "0 (5)

TEHHTES. 2T, h=h(r,p,t)id, AMDEEREKS(Z@)) CHLTHEISA—RHFNINV =TV
(D Wigner Z&#t) TH 5. Vlasov FRRICH > T, BEHOEOREMZL

ﬁMQE%/@mﬁnamcm—xﬂmn@@m (6)

ERDLIEDPTEDL, FROBERERAAI LR LZ2VT, BHEBOME o2 ¥ BAT L7201, Fuls Xp, (t)
WKOLE Xko(t) 25X AHTEILTE. RTAL Y AXRBETDE, TOWHLER

X)) =0  BIU  6Xpo ()0 Xks(t) = [02]as(t)8(t — ¢) (7)

RWFREZE LD, LEL, ERODMELHERBEE LTI ZLRTERVWOT, 6 0EOEA
B ¥ o TcESHRZ /-,

WBEE~DOO L K §X, % Z~0OWLEIIERL, TREBHCHBICETRT 2—hEETFORBE O, 0
WAL LTEEELT, FNEHHFRRCHERNREL LTRIMA5 L

"2 Cesra” = o, +;[6Z;,, w7 +Zﬁmaz;a)] ©
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Figure 1: 150 MeV/nucleon @ 197Au 4+ 9"Au RULEH LD D 2 A XY P TOEROKBRE. AMD-VT
Gogny NEFAWVWTEHELAFRTH 5.

E%h, WHLE O KELAIRNF—REOBEN LI HHET DI, ERETEALL. TORF uyp 3T RV
F—h2RETHIC, WOEIEFELTERD S, BN2HHEOAZRETA57:010, REEE

On = (Sr (Lph (Srx 2 (L), (Spiy) ©)

OMEEFVIMA 2. Lagrange #¥ B, 13T O OERY BEEEF—FIRO L) CHRET H. 28, Rici
RLTW2WY, WOLE O X AIANEF—REOHENEITHHET L &3, MHAEZMTHFEPOE (R
BFOBZRL Z, BEL—EIFRoT. 7

FOEERBIGEVE 313, BFESALOLEL/AS0Y, AMD % Viasov FRXOEDD 2012, ME
KEDICE 267%w, XERETRWLEIE¥O TR TRZ2L2WOT, @R 1 THREREEETETOK
EIKHEFED L EDEIPIT 7z,

3 Au + AufFzE

AT R VF— 150 MeV/nucleon & 250 MeV/nucleon T, 197Au 4 97AuHEOFE ¥ AMD-VEANVT
Tol., TTTR, RUEGRTOEREZERT 5.

AMD DFHEIZ, HERFERMONBHOZDIC AU+ AU DL I REVRIRBATAI LI TE L d
729, EEDIOMELTHRELLSEN-TEUEBRVLI LI -T, 9Au+ PTAuBHROFENE
BL7z. EHER, RCNP L KEK DRA— v—2 2 ¥a—FkBnTiTol.

K1 ¥, 150 MeV/nucleon T? 1¥7Au + 9"Au RFREDDH B4 XY MBIV 2BROREAERORET
ERLTWE, ZO0RFEIFFHELTOEP I N Ckolkdbl, BIZEFHICHRELENEL IS T AN
ERLTWAI Lhbhs,

B2 Til, CORRTELEIS AV FOEE - BHWOSHFOHEREYERT - L EBL TS, 7t
BAG—VD7 57 TECBRLTWAE LI RRABZTTEL, EROBAPENDI TS 72 Y FAHE
ENBPERLAEAS I 7 TRTOERBEL HFECICERALTWAI L bbb, B, PROKEV ol
FOLZEES, PHEEB7S AV IOZEEDL LCBHRIATVWE, I, BF ERF ZERFOEL L
KHoTWVED, TNEFERTLLDICE, BFVEEELTA=2R A=3DRFE2EL LI BREER
THALEDFD o/, TOEHEBRIIOVTIE, JOBESWHELCERT 2.

B3, AFTANF—% 250 MeV/nucleon i LIFFEDOERTH S, 150 MeV/nucleon D & & L [F
BRUCERBEIICHRSATWEY, ARNZAVE-PLEPEL BT  EBFOSEEHIBATE S N A ERD
HHIHTLRZA.

ZZETIARL AMD-V O#RIE, BFHOFHAEMERL LT Gogny 71 [6] Z AWV REERTH -
7z. Gogny i3, B EOEEHR K = 228 MeV KRG L, FOBE0FEYBIIED 2 EHERFRLF
O, FhAHL, FERRELOREFEAEFERER A0, JoMEER (SKG2H) 2758
Tole. TOMEERRFEERRE K = 373 MeV (A G L, FHEOEHERFR IRV, ZOBEORER
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Experiment AMD-V

Figure 2: 150 MeV/nucleon ® 197Au + "Au R AHRTEL LTI 7 AV b OSH. BT 5713, Rehko
BRBEDIIRETIIIA Y VIGBEINIDPERL, REAT—VDT 5737572 VOBHOSER

Multiplicity

Au + Au

E/A = 150 MeV

b<1fm 3
Gogny

2¥RY. AMD-V T Gogny DBV TEHE LR EERELEBEL TV S,

Experiment AMD-V

Muttiplicity

Au + Au

E/A =250 MeV

Figure 3: 2 LR, #2721, AHTAAF—77250 MeV/nucleon T3 5.

AMD-V

Experiment

Multiplicity

10°

102 f

b<1fm
Gogny
%6

R4
. o
10 12

V4

Au + Au E/A = 150 MeV

b < 11im

SKG2

Figure 4: ®2 Y @#. 7-7°L, AMD-VEHETHWHEARNSKG2 HTH 5.
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0imk 30imvc

Figure 5: @1 A4, 72721, AMD-VEHETHWIHEAE?SKG2/1TH 5.

BE2E4 CRT. Gogny HOBEWICHEHRSINA (H2) ol LT, SKG2 DB E0EERRITER
FF EFELTVALI L bds. BTFRPERFLEFBAEFMEN, cNFRPHEET IS AL MNE
NEHENTVE., OESHEERCLI RV, BEORBEREZR TLLR22. Gogny A0BEOHE 1
TR, BRLTVAIENWELEEIORNID TSI AV IR TETVRBIIRBRBDIIRL, SKG2HOBE
DOE5 T, HMIPSRBBFRPBEVWI S TA L METNTET, RECERELENZVWEDEI B> TWnb,
RAMTEKER- 77572 Y FRPLZIFHRLTWEOT, AR (3 2 ER T LI P EBOTHER
TITAVINRTEBIERI RN,

4 FEHERE

AMD-V i3, $EEHFICORRICEELZBERTH S, AHE - BHERL 7 572 ¥ FoRBICBW TRHHL
PEEENDLETTRL, PHRE - RIRBIEROF v VAVSHEET L V) EFHR L EICHOES &
EDTED.

7 Ay + AU HEOSEBRROERT— 213, ThETQMD 2 X OEPOBETRERIA TR Do
7 b 5T, Gogny HE AW/ AMD-V ORMETEIFEFICICHEREN:. Lird, NOBEDHBEER
BV TAS LEEERICEL PREVIENLD, ITud, SERBREEOMEC X > TEPEORKEFRER
PRETEILMEBRERRLTVEDITT, FHICREREY. 4%, FHEOEHERFHICIERLT, %
YEDTWLLEDTD S,

F72, YA+ OTAUDRIE, BRVENT A VAY VERBELXED. ol ki, PHFOZEELE
KEWOILH L TRFOZEEVIORETHLIER, t Lt He DS EFEORELBEVR EOERT— 7123
BATVE, 551, FHEEIS VAV IOTAY =T PICEBT A 210D, HICETRE To
PEWEOREFRKX (MHLA VX -0BEREE) 2EI L, SHOBEKRVEETH S,
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2. BEAAVEHRETDIZ 7 A MERDEE LRE
Densities and Temperatures at Fragment Formation
in Heavy-Ion Collision

Akira Ohnishi

Division of Physics, Graduate School of Science,
Hokkaido University, Sapporo 060-0810, Japan

In order to clarify whether the liquid-gas phase transition is relevant to the multi-fragment
formation found in intermediate energy heavy-ion collisions, we estimate the densities and
temperatures at fragment formation in Au+Au collisions at incident energies of 150 MeV/A
and 400 MeV /A within the Quantum Molecular Dynamics (QMD) model with and without
quantum flucutations implemented accoding to the Quantal Langevin (QL) model. The
calculated results show that the IMFs are mainly produced inside the unstable region of
nuclear matter, which supports the idea of the fragment formation from supercooled nuclear
matter.

1 Introduction

B4V N BT 5 ZEHRIOE . BPEOWAME - RAEEERCE I 2 )BERAZE L TEBT
EBrPdILNGV—CDTATTIE, BAF YNNI BT 5BEBHARDOFAORE L E#EL Z o T
X230 THY ., e RERN., ERI2ETEANRL TE 2, REHOIHOBER T, Fisher ®
HH (1] 5 BLNABRMERRTO T F7 AV FOKE S (=HREK) DERA (Power Law) 7%,
KA R BB L DFESORL o7 inclusive 27 F7 AV MERBOHIHL CTERY I H., B
BEFIEHMEL. LV FRoTVERD H o8, BFHTEHHE (Quantum Molecular Dynamics;
QMD) ZEDY I2Vb—V3VEEICL ), BEEPOAIBREERI LICRLR ). 26 0FHL
L THN 5 inclusive Z 513, Power Law RN Lo T A L HICRZTHBARATH 5. L 0HEHME
WKHALBELBECIPICAZRTZ LEL. S22 0"BRIRNOEXRLIES o7z, (HAWiX, Lo
EI)RBBIT L —BOFRERBODIDOTHo72hdMNh i v, ) EREL TiE. 47 DIFIZLT
DVEAY BB BUHZORE - BEBICL S event T L ORI, BAISKWE 757 20 KBS
NTVBHEFE (Zoound) BEW L ABRBEROEBRNFAEL TOHEBERT L DT 57 AV Mo f
DPE. BELFEIAINF —OWEIC L Z2ETFHEO L) —lHRORE. 2L DHFEITKRLIE
A [2,3,4,5, 6 BT, FBHTEZEED—D2O—2 0T 5737 AV ORKrs., BR
BEOATIER | Fisher DERTHENL X7y —Y) v HEEE EBRTIEHE S, L WwWHIRATITHE
ATVS [Tl —FEROUTD., T4 -7 LHEEPSHBEY ., ROV A APKREVE ZOMER
B BB ICIRZ B Percolation BE R Lattice Gas HRE 2 ¥ 2 HiA BRI L HAadbe st EFENE
BL. ER7— 73 RECHBLAD 8,9, FELL TREMTRHITNE D XHALEERD
Microcanonical &M% BLY & 2 M ERSEREL . BETHOBRBOA TR R, w470 - 75X
¥ —ORFICER SN A% Y [10]. "ERR OERIATICD KEZERVPRON S,

BT, BAEZELIO [NFOYSHRADY I ab —Y 5 VRS ] OBMEDE L (PiLd
—&) &, ERO X ) LERBRE FOCETEICIC B 24 LR BEREY ., et FHLREL Wi
BRHEERLAWTERL LS, V) HRESER-TWS "BIH%R Thrrni kI,
DLBA, ThHD 2 DODVBEEVICFEL 230 TR L. BIhZErs BRBROTL L B
T HEVEEARRL L TRBT 2 ECORBIFHOLSRL 70— 0 BB BNEr O BRTH L
Vo MEBRERFELILETHL ), 22 L, BRETRENTROIFIBFREFED 5,
BIZiE . "BIHE OMB» S O, EHEEEED X ) 2 NROBROAZES L) BB X
R7 MU L ., REEECEHA S -V TBI 5797 AV FOEFBR, 7. SREBELET
B ABTORERPEWNE —DORMETERTETHLE V) A v b EFEHC, RO LD RER
RELLTORLPORL . 5 VEBETFHRBIC BT 2BWEOHMER L UM TERIGT
BN2BERERD &) Z LA HEE and/or FERNTHI LV IFA) v 5D 5,

_6_
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COBIETIE, BFHRET RSB B TRESNENE - BF TV Va vl ok,
FET FHIRBTORFEOUE LA, TOFFHTOREFEROBRIBICE D L T KB EN 55
FHOLPICTAZLEHAEL T, SHETOMET., KT EHRETOEEE ZXINF —DH
R, HERETOTII T AV oM. BAUEREBWEBRIERPL DTS5 AV FER, ZEICDo0W
THNTEL 11} 2HLABRELTHP o TELILEL T, BEFEOERFERTOETHETY
REEP O BRTOTRETVRE~OBVEDL Y 2 TR T 2 LTRAEL ket BRT 285
A=FIHT B (2HROBFBRHATEEZV) ETRLEFSVLETH AL L, FLIORTELEFE
AFVBEPLDT I AV NOERREDERE KIBICKETAZ L., REBHITFOSNE,

IO DERE. BHEPSEFRENELERT S, H5VEBNFCBIT2ZTELEOHK
HEBLPICTH, EVI)UFPH IR 72& HEFMEL TWAY, BB, RAICRR
KEZHE— ZEFERIBRYEOBEAE - FHHEBICLVFIERIINZO2 7 — XELLATY
ALiZnziv, 22k, TOLI)RMEERICESVWT, BEFS VYV ANVEROBERATIS S
AVIEEDEIRBELFETCERINTVAIDPANTALERYEE TS, BICEETAD
X TIT AV XL L THEDEORRERBROFTEREINZOPLE H by Tz, RETERE
PHIEHTBRCRELTVASRE — BAR 797 AV M (A% L3 FHLT) ARORE - &
BETERINTVEDOPE S, L\ 2H5TH S, Preliminary Tiddh 255, SFEOERVRTO
1%, IMF (Intermediate Mass Fragment, PHEEF) REL L TAREBRTER SN B, BEF
% LCP (Light Charged Particle, d, t, 3He, o) {84 2 BB TEREIN S, &) BENEBRE
BETEHILTH S, BERETR, BEDOERTITDONL TS LI KRWEBTERIN AETFR
LCP 2BWTEHRT 2. LI T Lk ToTwivied, EBRTHELA TS "B LolBut
PR TIED 2, EOKRIZ. MIZIET7 AV N —7HTREZA5EC. HeLi & DiRE
BE A5 Z L OfsREERL T 5,

2 BFILTaNER

ZOMAETHVEET VI, BFAFENF (QMD) [12] 2FicL T, BEF 7 v V2 VERIC L
NEXONBETEOEEMIANLDIDTH S, ZOFEL VWHFIE Refs. [11] ESRWLTHE(Z L
LT, 22Tk, FIESTERIC R o 2HE RO, FOTAFTORERRBIZEED LT &IT
T 5,

BFI VIV 2anVBEOERL 2 5 88AERRE. X0 L) it5x1bh b,

p = f—BMP-(v—u) +g7- ¢, (1)

Po= vt fM - f +g7-¢, @
_ oH _OH . \9

f = =~ ’U=55, M = (g)° . (3)

1478, 27 ORI EEEESER, SR BPTRZEET (v) (TS ) EBICN Y 2 B
R BEHRBOEEGRDHTH B, Tz, f RFMETFHRD (ZHR0) WRODH exp(—~F)
EH5ZONBELT, f=0F/0H THzx b b, TN FROFOZAINF —OBRTES &N
BATE 2HAHLEERFATE §=1/T. EFEERACBVTRERAOSE _EERI T
D AAZZED (L) Tk B = (1 - exp(=D/T))/D (D = 0%/H*). BT/ HMEEERABVTH
BOEPEAT o BAIE, = (H—E)/od L% BMRENT A-5TH b, ZOEBHERICE
D, ERHEOREFYE L o72d Dk, TRETNOFKEHERL BT 5 LRFHIREN B,

BFT VI anVEERCL 205 TR, REBHRES TS L, M T, EBhECEL
T
< 0pi == —p(M? - (v —w));, < 0p;dp; == 2(MP);; (4)
EVIIBLENRTUTanNVIEINEILNE, DI RBLENEIONE L, FIZIEAREE
2T A—F DEBSEEY B R HAHA, BOEX IV I OEEYRL., 22 2057E
BYVELBIZLICENTIT AV NOEBRANEBI A, LW 7557 2V OERBHENTH/In
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Abhbe bBOA, 2EDFEREYMY) ANIIZEICR, BEDOY I 2L -V avOFETHIRELE
BEEL. RO LI L7577 AV FO&ERIZEZ VEL. —RCERDEHERKXWEAICIE
THRATRAKOBHEANDZANVF —DERITEI NI Wi, 757 AV D&, 5k
BWEBOBEIIEL b, chid, ChETICOLITLIEHEIA TR 0FEHHEOREND—DT
H5bo

ZETEENLEROR, TIVF 5L N APFEERICBNTY (BERO) BEROL A
VE-BFERRESN VI ETH DL, TR, FHRETIIRD L ) LRRFECHET 5, &F
FHEMY (TANVF—BEARETCZV) EROE TV TERAT 2HBAICE. RV VOEREE
F exp(—BH) % 2k& L THRE 2 VD, exp(-BH/2) &\ )" Ef HETF % FRICEH S TH
LYBEOHFEL ROLLENDH S, COEMAEETE. FCEROZAVF -2 T 5&E %
L7z, FERIZ (B LIBETFEHTR) ZOMHEL Y PEVZAINVF -2 BRI &R B, &
DEIBFEROEMIT, HRLIOG/HEEEATD . EROBIICORRTILETH A2, EE
REIAIAVF—HFEFrEL I8, FYEEOHSEEI RO ZBICEEREZZRIIVALI L
ﬁ%?tééo:@%Qﬂﬁﬁﬁﬁ¥ﬁ‘%ﬂE—ﬁ)twiﬁﬁ&ﬁﬁ¥t&%tb\ﬁku\ﬁ
HEFMOFADEHEEF CORDPLZIR) FVEToTW2,

BT, FEESTHEM - B o kELHEL T, () HEFEHTOT Vv H Tk 52 51E
BHERS ., EROROBEREL EL (R T A0, (2) FHOSEGET TRRIS LWL X
* 52 5475 g DR HIZE ), BEEORBIE B2 >TLIIDOTRZVAA, 20 D
HiFohs, RS, BEBTH IR 2 BRLELGEBTETWR VB, M2E. (1)
IZBEL Tid. Lipkin #E % & 0BT 535412 (TDHF 2 & OFHSEH TR RS A TEE:)
HEEEEDOBRES TR ERUEL L R EPMASUBOMETREINDDH S [13]. 72 (2)
kﬁbfﬁ BWRTREPICT T AV POEEFEL TOTFIICREEKEL TR LI TH S

BRI ERT - S OBELRRBICOWTHRLZ LI L), BLX DR - BT DWTHR
abr'@ o FAERITAEBEERL AREPOIEROT VY VT VICHEEL BAICHRNLAEDS
KRFMTH. BEDHETAERETELL TV LRITRTH L LEZ TS,

3 &R

FECTHEASINART IV YV anvHERIC, 2R0EEEEL N T AutAu DFZED 150 MeV/A,
400 MeV/A DY 22l = a3 v %707z, SOV Iab—Ya v OBEREERELERL 720,
Ref. [14] % EIWCRBEL Td %o IMF multiplicity. 777 A~ F OFEL M2 E . factor 2 OHFEMA
TERIBE(C-RLTBY, HEWI(CBEEXRBLTWARDLEZTINS I, 72751, t, He
®$&§Komfﬂ%ﬁ?—5%3~4%uMaWthLT£U\C®ﬁ%%?®%§ﬁ®%§
W ol 9% coalescence G EBWT I AV b OEFEVBENAELBbLL, 25 LV 3
L—vavo—flik Fig.l 0LkHIRdIOTHY, %&@kbwr(ﬁm¥ﬁifﬁxétﬁf%)

K DTFT AV P HEHETWEDONAZ S,

3T, 2 LEHREDOREIZBI ABELBENSE DL I ICEL TUTKDPRARTAL I,
HEETORELL TR, SITRTIZT7 A FHOBEFHD D% (BETH% low DEDH D) E
BT A VF - LEHT 5,

3 my D
5T =51 ), T :

ELTERL TBL BF TV Va2 NV HEMZROBREOBEIRMIMNEH 230 TH 5,
CORENERIHEERNZHELDH 5725 )7, EUENLZENIERTELZESL ), T, AutAu
HETHEFNEDE ) RBEEEEERALLTTIS T AV N e B20OPERLIZON, Fig. 2 Th b,
B4 {57200, BUBEOAREERIR (Soft Skyrme ABEEHTOZMENAELEAT., HRE
FEEL TAREHOLRBEY 25U 23 0) 2 HwThH 5, EREKRET IMF(3 < Z < 15)
WEENBEF% back trace L TEEHTOFEEE event T I2E o3 DTH Y, BB L&HEF
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Au+Au, 400 MeV/A, b=1 fm, y=0 fm (QMD) AutAu, 400 MeV/A, b=1 fm, y=0 fm (QMD-QL)

e

b =0 fmvc | I =30 Teo 11 ome 1 =30 1 =60
=) >
c© + O { & | o0 ¢ 0 | B
¢
i ] 1t 1 4_
[0 0 | =150 o Jhwo T T Tem 4 efmso 4 °
° . ® o o0 &
?%i@,@ P 5’60% 9@ oog °°§ oéé@ ®
e ® ] &1 F %‘ 1 T
o &£ § o? 4 ? ° ) Y ’ ® e o&o
P ks T -f o it T @ T V] <>°
- A 2

Figure 1: Au+Au (400 MeV/A) BEIZBITS xz FELTOEMFEES M. EOKIX QMD .
HiE QMD IZEF I VI anNVHEMATY I2b—2av L ERTH S,

DEHTH 5, BRENWE L2, EEFOFHIEFIGRE. BEF T o T LDIEHL T, &R
BT IMF KEINABTER. FEEHOP TC—HEWEEZETHrOBIWEIC L VEEL -7 S
FAVIMPERENRT WS, 852, 797 AV s O&EEBY, [RREBTO 7557 A % back
trace L C. T ORI, FBFORINE L% ko hBa (=FHRBZHFT)] L EHL T,
FOBOBELBEERLZOFEARLTH S, oI LR VEBWEORLERAAICERL TWVE,
DT LiZ. WEOAEREMIBITBAY ) —F VARBOBRE FEL 2\,

=% B EE TR WA LCP ODABRARFELVWERTI VY AICHLE - TEY ., &
- FHOEER L IR CARINTVRE L HICAR S,

(p, T) trajoctory in Au+Au Collision
20 =

IMF Form.‘lgoint.s ‘o ' /./,'//*::f}
IMF Ave. Traj. G
sk Tot. Ave, Traj. - / -
L
3 -
= 10 }- './"' = -
P
R o -
5 80 3 o 9
e o )
1 3 I 1

0
0 0.02 0.04 0.06 0.08 0.1 0.12
p(im®)

Figure 2: Au+Au (150 MeV/A) BHRICBITHIERLBEOREREE, .0EH% (b <1 fm) © 10
events I DWW T OSTERE, EHT., BRIRET IMF ICEINABTFOERINTOEL T Lo/ D,
HE. @R0FTH D, $7-. BRI IMF PSER SN -BETCOBELBELZ RLTWA,

4 FEmEEED

RPETIR. FFEHRECIBTI2L -V aVEIBICEY, 797 AV MNPED LI RIRE L EBE
THEREIN TS DOPFITHRIZ, Preliminary Tidd 205, sHEOERIRT ORI IMF3EEL
TALERZT. #%F% LCP (Light Charged Particle, d, t, *He, o) iZ 84 2 BRETHEE IS, &
WAHAZETH B, DL, ERTTAVI—7HICEVRERZALRC, HIiE. Hedt (b2 H
VARBEIIR ., BENTISESAOERE. LiBe i d T, FEFHICA B TOREL LI &
Ko TwhEEZLNE, #NTIE. EBRTLIILIZTHVWSO NS Heli Hid{@Zf@lloTnwaAD7E A
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Table 1: 757 A M EEBOHBELIRE

Einc [ <p>-(@m3) <T~MeV) <T'»>(MeV)
OMD LCP 0.08 9.3 5.8
150 MeV/A IMF 0.06 5.3 1.9
LCP 0.09 11.0 7.4
QL IMF 0.07 3.2 0.6
oMD LCP 0.11 16.3 12.4
IMF 0.06 5.1 1.7
400 MeV/A
. _LCP 0.09 12.3 8.7
QL TvF 0.07 3.9 1.0

IBITAV P =THIC L BREE., B LEFHEREL T
Y (*He)/Y (3He)

Y (7Li)/ Y (5Li)

AB = B('He) — B(®He) — B("Li) + B(°Li) = 13.3 MeV (6)

= gexp(AB/T) (5)

L5 25N 5H%, 3He ® ‘He HHEBHNBVIRETIESN S /20, OLi ® TLi PSEL N 2IRETODEE
il R T 4He #SHIXMICE RED SN D, DF D, BED (He ® LiMES N AEENOLE 5 &
DY) BCRBOOLNBZ LIt b, BEDERDOENIC LT, Heli THlo 7-iREL Hedt THI-
ZRELYDEC (16 LOX I REFBECIY EHMICRFEHSIN ) 5,

7z, IMF OABBEICEL T, Fig. 2 ORBEEtEAZ2 L, BTELEREDNVAAZY I 2
L—3 37Tk, 150 MeV/A T 400 MeV/A Tb . AEEMOBPT—EEVEEY & T2 5B
M ENRELZ 7 I AV I FERENT VB L HITAR D, (K720 IMF 2 TE 55 51
BESL BT EOEENIAVF —DEME LB ICHo TV, ) LaAL, BEEFIY AR Wi
A1CH 150 MeV/A Tix LEOEFBE L FITH 545, 400 MeV/A TREIUGESIZLE AL AXT,
HECIZPBO LI, BLAYRRCERSL TS, BEORFIE. FEE RCNP Tirbh i
B 4&#® (INNOCOM 97) T Aichelin Z5HFAL TR AHBRLERTH S [15]e &) L HERIC L 3
BOPERTAHRR SO THNT, BRACHT2M. — FERFIEWEORE - KHAEEBITLD
FIERIINBDOP 7 — OEBOERICOLPELTHAL ),
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3. BIE- I I BT BANA —BDER

EH >, &HE ¥ K B, BH &#° ,J.Randrup?
1LALK - 22 88,3 4L%F K - #11§,4.LBL

Abstract

Although one double hypernuclei was discovered in KEK-E176 experiment, its species
was not fixed and there are two interpretations for it. One is }4Be (a) and the other is
138 (b). The property of A-A interaction is repulsive if we adopt interpretation (a) and
it is attractive if we adopt interpretation (b). In this study we analyze the formation
of double, single and twin hypernuclei form stopped =~ at rest on '2C with microscopic
transport model and clarify the dependence of the formation probabililty on the property
of A-A interaction.

1130 ®HIC

TODANTERBICEE LY TV - N4, BEFT TR LALHEL2IZERTY
ZWVA-AFHEEERICHET S, —DFREL 2o TWnE I 20, B LERONF»HLEA
PRGN TV B, TN - NAN—FE, K~ +p = 2 + KT TEBRINEHNFE2EF
D7 - PEPLRNEET.E-+p oA+ A ZRALT, BEFRICZODANTE2HEDL
AT LI Lo TEBREND, SAD, FTN - NAN—BEERTAIRIENLRETH S
BIEE-RIGTH 5,

TN NAN—BOFERFNL, 1963 FELE, bTP=DBEON TR, Fhbid, &
TV Ta ¥y (BAEILA) e BWABEE- RIS Lo TH LNz [1, 2, 3, 5]o 1991 FITiT,
KEK-E176 EERIZB W T, H 80 FDO=HF25, TNV YV a VHIIZEIEL. £FORH 30 @24
BWEF (12C, %0, UN) IZEIEL., =<V Va Y 2O EONA BT OB L —EO
TN NAN—BOEBRPHERENT, COERICBOVWTRRENLY TV - N —FD
BHEICOWTiE, UBel BB W) ZOoDHERIREENTED, BB TIE, HEZ A VF—
AT BA-ABEEEROFE 2 RT ABas PWREOEL 2 ) A-ABMHEEERIRIN, BET
. AB\ZNDEDSIEDEL %) AARBEERRSIINICES L) Rk otfmIHBOoNT
W3 (3, 5lc AEDHRTIE, VBellB T, ABpa "B E 2D 1963 ££12, Danyz Hi2Lk o T
BONLEBRERICFET 5, I, BF-BTHEERB LUTEFNARO Y DOEET 5
*BRT SHEEMERIC SUQS) IFrfEL R L CEE 72 & N7z Nijmegen Model D % Model I
R EDEZBAAFHREERESIINE 20, BEOBRIERIIENTHE L
EXAHNTVS [6, 4]0

SOFT N NANR=BOFERFUTMA T, TOERTR, Z° + 2C > {H + JBe L
ILDDY YT N o NAN—BEFEARICERT 2HEHERTHE, WHRLZY AV - NA/3—
BAEZBBRNEN TS [7,8 Iz, YUV NAN-BHBEOFERXTE TRV
SRR ENTVS [5]e TOERTH, TV ¥a YATOMRBRT O, LBBORE %
LTWBDT, EBEBENICBNTRATR RN S—BHPRA SNz 00 2 EREH L &

BET %L ERPORBENDINA N—HOERRERIL, E-OBIET BB BVHICKR

*E-mail: hirata@nucl.sci.hokudai.ac.jp , Fax: +81-11-746-5444
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EBLLBE. TN - NAN—EDPI~10%, VA ¥«  NAX=FENT6~20%. > 7 NnA
=KW 2T ~B0R BRI 2D EEZILNS,

[RAAEOFRE) AME T, ERKEBEEKONTHI2C ITHD | BkE-RnicBi) 35
TN VA7 V2TV NANR—BOERE DL, N OERERN, Ad-ABHEE
VEROWEIZED L) WERKEFT A0 EHLENIT 5,

INFET. BESRKBICOWT R ST EHRR . EEER [10] REAEE (9] 22
RIS EDSTRESNZD DDA TH oz, KICEBIEBICREEBLLWFEE LT, #BEMY
Rab=a EXRHY, EA44 VRIICEB SN TR ZHED TS, XHE TG, HEN
YIial—=vavERLY), BEEREICBITANANN-BERE ST 5,

2 MW aL—2aliE

UTFIC, AFETHOHMBEN Y I 2 b—-va VEEOWTERR S, ZOFEIR, KISEE
AULEMAN BAR (~ 200fm/c) Th B RMIFHRR £ BBT 5 BEAEEER L SRR
FRTOKT, R REZERT 2 HEtREET VOB E N TWD,

2.1 WARAVEXIRES - R L2 FEH¥E (AMD) -

T4 L, BPEAE 2 Ry A RN ERER % IR FEII¥ (AMD) [11] 21 &
LCHSET 5, AMD T, A BROKBRME . — KT R o) DR HL S,
19) = g detlpy) 1 £ 2 TRIET 2, = 2T, —HFWHME i) 12, FERBAL (7 2
WR) EAEY - TAVAEVEHEKORTH S, FOBHRBREE. LROKSELERH
AT B TRE, 5 [ CHBYBHN ) o g 1o s Z kic ko TEAR S,

INiE. REBET ANTFOMNHEZRICOWTOEREEL . /35 A—% 2IZ2WTOEH)
FEIALLTUTDO L) I2E T 5,

*F, 1)

ZOEEFERIT, FEER2HIGERH TS ABOKTFOEHZ2IRBR L TWAEZETTHY,
IR TR, RFOHEELENIFED LB TELV, L72Ao> T, AMD T, FEiC
DWTIERIZ, THEEEE LT, EFAFER LIS L6,

2.2 AMD ESHFEROUR

AMD X, R nZRETERICHD ARTWAEDT, BVEBORERE- f2I1E7 5 A
- A HENRCRERTAIENTES, LHL, AMD IZX - THIFHARZHAT
A&, BRLAETFEZIGEFICEVE, BATIIRA L) BESMES L L TERIN TS,
T, 0Ca+10Ca EZE (35MeV/A) ICBWT, AMD EHEHRETT VEMASDEY 3a
L= a v Tk, ERTHREOLNA TV IFHEBRFOEBRECHFREEEZFERTE 2vnEn)
BTHLPITE>TWA [17],

Bl ik, BEIAVE-FHIMeV/A THY, ZRFT, AMDPEH SN TEL
AF T ANV —DERE R TFEIEIANVE-DORIETH S, Lizho T, BBRERR
CHFBHICEZ 5 23V F—BHEILRneHIc, ThETEE L/ AMD ORMBESRLD
BINCRBEBbNRD, LoT, AMD #*¥B L., BT A VF— B THHEMERZ R R
TE2XI T HLEND 5,

zZ; =
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F 42, KA. Randrup KL D RESNTWEETF T ¥ Va Nk (13, 14, 15, 16] IXfE-
T. AMD E#HEX (1) X R 5, AMD 13, ROEHBREINT A—F (21,25...24) I
M E OH T ZAERD L E N RIS Lo THRO SN B REERTIC L > TRBR T2, L
TehSo Ty TD &) ZRESNBEERTIE, L AREEKFOESFRBICI TG A—F
(21,22...24) RROLELTH, WEIBEEIE, "INV =7 VEETAORAREICIIZD
B, 2Fh, TRAVFEFENEZS X303 %63, TAINVY—HifFEc A>3, =
ANVF-EEMEE DELSTEOS LW TED, TTT, BEL 0N, R, HHEHIC,
HHIFINF—IFEHENAHERL 5 D0MEHO(H, 1) 2 MIC Lo THRO DD E VI ET
b, BFT »Ianvikid, R, HFOBN:E8 48 L CETHAFHCIET 5.] =
EERERE L. FEHRE (L = 00) KBWT, 3(H,t = o) 13, BEFHEIHZICBT 2T ERICHK
BlT 5 LET D, Thbb, HFHF, RO RINF—=—F0 b L TEH L TV EHEITIT,
FHWRE(E = c0) TEFIZ O/ A NFHEIEREN, (H,t = 00) x< V|6(E— H)|¥ >
£ 5,

ZLT, B(M,t = 00) ihEo Ty TRIVF—FRHENIE S £ % AMD EBHHHR Y Ah
ELOELT, UFOT ¥ Va2 Ny HERANEINS,

i

o= Fi+ B gikgr F{ + > ginCy (2)
Kl %
oF
B = o ®(H,t = 00) = exp(~F) (3)

LROEHFRENIE, 1ERD AMD DEBHBRNICEBEL Y 1y givgi Fy L IBEET, i (2°
Mbo7=HicoTnb, BEIEICIZ, /A XEFETRTHT, MAZEICOWTOBERE
oz P VORHERNZFENRN ARSI TWS, AMD Tld, £@RD I RN —ERSHEH
RELAD, LEDOBEHFBRNLHVI L, THEIRFE TR 20 TR VF—PREIZES
EVRFEND, RAE, ZOWRL AMD % AMD-QL & &1 %,

2.3 HEtRREET )V

AFE-L12C I AMD-QL EBFEX TR EN LA PHEARE B THRBREEBI L,
BB . —ERH (200 fm/c) i iZ, BATPHREBICEEL TWBEEI LN, TOR
LB OBRBEE, JEREET VICL o TRBT 5 [12]

3 BI="RIEANDOWMBHN 123 L—2 3 EOER

BIEE"eOEERIE, LTOLSICLTT)e 9. TANVX— 0 DE R T2, 12C 12K
INENBHEEZRDD, ST, ERHFLECHOBFOEEDEL Y ICHo THRET 5, =k
FOFEIL, BEF _AHMEE-120) 2BV THELNIE-NFOEBRKIC LY 5HET 5, 12C
DEEIL, AMD DEBSEED,SBLNB12C OREREBOREBEIICIVEHET S, =
FiZE0H, PCHOBTFERIOL. FBEE" +p - A+ AZHEL T, ZODAKFERIC
BHbiht, 20@iEid. BRZHCOTAMNLERIEER L LTHE I BL, T2 TR, A
BFBAEY - o7 Ly MCHBBEEAEY - ¥ 7Ly MICHEDGES% 3: 1 TEERLTY
b5, COBHT, REBRT 5T XTORF DT+ VHHRE S,

IhE TG L LT, AMD-QL I & ) BIEE &R IC BT 2RHFOHMNESZEHRL .
BB, MFREART ) B EEREICELRIE, FOTEUBRE ORI AL F —
WL BRER T RETSTVIC Lo TR T %, LEDT Ot X %, ZHEREVELITH Z
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WCED T TN, I, TN e NI EREABRNAN—BDOER Y VI 21—}
THEIENTES,

[A-AYEE fE ]

A-A*EE{’EJEH & L'Cbi‘ two—ra.nge@ iy ZE“.*EE{’EH%@\A(T{,TJ') = E%=1 1)%2 exp[—(%j-)z]

AA

EHVTW 2, o) Ealicown i, KEK-E176 EBRICBVTRRENS 7 - N4 15—
BILOWTRESRTWAZ oD@ RICHE> T, FINNEHEEERE SR 5359 2% 1 LK
T REEEHEZ SR AT A= 2% UTDO L IEo 72

N5 X —4 1 NG A=%D
5P (m) | 1.032 qﬁ?(ﬁn) 1.034 | 0.82
2B(MeV) | 11512 o{(MeV) | -30.12 [ 450.0

INHLDNT A —F i3, KEK-E176 EERTH O NW2ABy, DIEZ AMD RBE DB 2=
BATERL TS,

5 92— a3 DFR

\

BT, YIab—varpbBon/-BRIIOVWTEET S, M1 ¢™2i2. YIab—
TarvhbREONET TN - NANR—BRET VTNV -NAN—BROERERSHERT A~A
HMEERBSINERNOBET, I TN - NAN—BOERBESTHRICKIZEVERLNS,
A - MEEERBPRINZEE L,  HRS Her COEEEMPIA S A - AMBEERIR
BIANF-IIBWTRELBRFALZRLTEONA N—BEIFEEETTIALETH) . AMD-QL
DR T AEHERICBVWTEATLE) L, HERBEETVTHIERS 2, T, N4
N—BEeEDEREREZ I LDRIZFRENEDLLE LI, YTV - NANXN-BOERE
5. A-AHEEROMEIEET 5, Thbb, A- ABEERSHIAGZ O, ARFIR
BENIZKLK, YTV NANRN—BOERBEIINELS Y ROBEZ LT ARFIIBH S
hod L, YUT NV NANR—BOEFEITKREL 2D,

DT A-ABEERPSINTORATH. Y7V N 8—FE LT, I¢Be, LiBe,
12Be 12B 2 LORBHE NS TN - NAN—FDT, ERINPLTVEWV) ERFTTW D,
BNL T, Z- + 12C — 2B + n RIG%F B L TI2B 2 ER¥ 5 EE (BNL-E885 [18]) ™7
bRLTWBEDT, REOT — 5 BIFOERENF NS,

IANVF-HIFEDOES £ ARTWS AMD-QL Tk, VA ¥V - NANN—BDEKT
HHBRICBVTERT A ENTES, M3, 12C + E- = SHe43Li& W) U 4 ¥ - A
N—BPEEER TV IHTERTEEREERTH S, HICBWT, A BTFOMNEDH
BEZRLTBY, xit, ARFOMNECHFEZRL TS, HERLT T 57202, Pk
FOMNBOHFEIEEL Thb,

t = 0(fm/c) TiZ. SHICKHFHERLTWE, Thit, BEKTHZC D 3as TR —
MELRELTW, ZOMTIH. BEIEo O, OEENRENT, t = 10(fm/c) &L
KBWT, SHed S ST WA REF b5, '

DV A Y NANBERIBWT, TRAVF-RIFEORO EFLD L) REFZRL
LTWAHaR57:0I0, TRANVF—HfEL LRV F—-BHEEOZDORHZER L H 4 1R,
t = 10fm/c FE TR EVEFICKREICERLTBY), o WXL 2 Vv F—-@mL.
IAY  NANR—BEFIMRESNTNDE b Prs,
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¥7-. AMD-QL D#RE AMD-QL+EEH B0 RITRER (. AMD-QL TiX, FEI
HERBIEVWEE LIBERA L CER SN, #8380 AMD O b o TWwiz# < B L - g
RFEBWHEELRET AL W) BEZEHTE WAL L BDbN 5,

NG A—% 1 NG A—5 2
(A-AHEER: 5I08) (A-AHEER: Fhs)
100 1 L L} T T Ll T le T T 100 T ¥ 1 T L} T 1 L] T T
Double Hyper AN Double Hyper 5
10} 2 E 10 2] .
.t MHQ.\ "“NHA*XMB- 1 AA i’AMB
§ 0.1 F h aald y E 01t RAL;A
g 001 | g 001 kb
20.001_:}{::{%}}}! i0~001i!?§i57'4-4.i‘r
£ [ Single Hyper - .% Single Hyper -
g 10p iHe - !." 4B E g 10 f . ‘ZHe A B
' 1 o £ J . * 1F 40 /
] aH 4 B
01F 44 ali ,Be 4 o1} AL Be y
001 F ] 0.01 |
0.w1 Il 1. L L L 1 L H L L i o.w1 . Y 1 H L L 1 1 1. L 1
34567 8910111213 345678910111213
Mass Number E 1 Mass Number [Tg] 2
#£1 .32 arprbBbhiNANN—BOEREER
NG A% 1 7N | oA | TN
ADM-QL 27.6% | 3.6% 62.9%
AMD-QL+-#ETEREE | 27.2% | 3.3% 58.8%
NG A—% 2
AMD-QL 108% | 3.5% 79.6%
AMD-QL4+#EtEE | 78% | 3.1% | 75.1%
Exp 3~10% | 6~20% | 27~80%
tm0 (frrvc) te16 130
50 1y ) [ A T T T
45 L AMD-QL(repulsive,iwin avent2)
% .
tes t=20 t=35 g
=3
k3]
]
2
1«10 =25 g’
[
10tm w
0 1 1 | 1 1 | I [} i
0 5 10 15 20 25 30 35 40 45
t (fm/c)

K3 AMD-QL "HEREREICL S
VAT NI BER
(*2C + E- — SHe+SLi) mitad

M4 (A)-EOBERE
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6 FEHERRE

HAT, BHEBNYI ALY a VBRI o TRC IR ABIEE-RIEE O L7z, BN
Iab—YarvEE LT, BEFHEICHEo T AV F—HFHEDIE S DR REE) Ah-H
BRI ATES AMD-QL L HFHBBEEF NV EfASbE A EHV. ¥V, YLV, YV
TN NANR—BOEBEHEROA - \AFEEEREFRICOVTHER, Y32 b-2a v
BTN - NANR—BROEV VTN NANR—FOEFHERT, A - ABBEEROREIZK
ELEFTHIEFDbh o, T, BHBRICBWTY A Y - N IS—FBERIFTRINVX —
HRECELECIoTRESN L Z Do 2,

AMD-QL OEBHFRNIZ, T Y VanvHFEATH B4, TRICEFNLBEREH L BEHIE
DEFELRET 51T5gld BRI LT TIE, ROITEFNTELR WV, KFEEL L TiL, #ik
SR FREOREIANVE -0 p +12C OB ABRNER*BRT 2 L) Igr kv 3
EWVn) ZEFEZTNAE,
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4, sFRANAINN—KIZBIT B 7 +— 737 JHE

Friak¥E B BNER
FiakE B HARELZ

Abstract

To make clear the differences between the singlet and triplet forces in AN interaction, we
investigate that how AN interaction is concerned with the binding energies of s-shell A hypernu-
clei, using through the effective forces. We shape the effective AN potential to reproduce both
the experimental binding energies of three- and four-body A hypernuclei. It gives the maximal
numbers of phase shift of the 31 - 32 and 19 - 20 (in degree) in the AN scattering at 'Sy and
38, states, respectively. In the case of five-body system, 3 He, we conclude that the quark Pauli
effect is crucial.

EE, AN HEERZER T2 S SERERPRBINTH S, FRH1E NN 8ELOEER
F—F2 AN CBITABEFEORONAERFT—F 3 I{EHRT S, L LERE LT AN HEE
BICBETAIERF—FOREDDIC, B2 AN HE/EHOFMAMEIERICE-TED
FLTHb, TDEHIICAN HEEHAOBHIERT - ¥ ORRPKELRBELZoTVED, F
7e—=HF T, A ZEALEBNANRN—BOBEESEN»D AN HEERICHET LML 20FHEZ5 &
HMZI) & T2RAE, FECENTHS LEPFETEL, ZITHEIX, AN HEEHICBIT 518,
&3S DFIHOMEMBREICEBE L., 2 KOHEIERICBIT 5 FDENVD, siD A NA 73—
DEEIINE—IZEDEI )b oTLBDPZTRLIEICLE 2T, BONANS—HBOEE
IANVF—-ZBETLH L)% 2 AOAN HEERHL L TEED LI LD DOBRLETHH2, ¢
LT A EEBHET S,

F4ix, AN 0 2 REELICBT 5 S-EOMMZE (1S, 3S1) PIRD BLOEBWIFICEB L7
VDT, FORFYIINVDIBELTERT Y INIDEER T LOF ¥ ANVEEDFREHED A
AEEIZbDLLT, BlHDEDPLREEHEHMET Ve VvEaEZ S, /2 NN OFHFITON
Th. 2 EOELD S-IEDONMHER d. t, 3He Ro 2 EOFBEILANF—, FH_FELEE2BH
T5Z EFHERIN TV S Minnesota K7 ¥ ¥ ¥ ) [3]

1 1 11 ]
Vi = {Va 50+ Ppvi+ 50 - P b Lus S - Py} (1

Vr = Vorexp {—'HR"';'ZJ'}
Vi = —Vor exp {_ﬂt"'?j}

Vs = — Vs exp {—HS'I‘%}

P7: AV TBER T, P ENMZERERET

u : exchange mixture parameter
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ERVE, FUTFNDINT A—5 L3 BB, AN IZDWTh, 7L —3SU(3) 0D &
TOH NN & AN OEUMEZIREL., BF U Vv VOBHZRRELL (D) ROBE L B, /35 A—
CFDEIZE. B4R TD 011 @ spin doublet DZFVF—DE (H11 MeV) IZIEB L., 2
NaefhE LT 35 RD s-BANAN—BOFHEIAINT— By, 2BRTAHIIRLDEHEH
FHINN S A= —F L TEHEZ 5,

S HIZ, singlet & triplet DFNHPED X ) REESTHL DLV ) EEWLBEHRETIEHT
721213 spin-isospin DB Z BFEICER L TEAMELRBICHELENDH B, 207200k
FELT, BT T RAEELY BV BEGHESEELAVE, COFERRAEEEZEUEVE
TP/ —aVEHRZEICHASN, ZEERKBOLANE -2 FEECERICKROLNL Z LA
BRI TwS, RORBRUTOL Y IIBRENS,

K
U = chfbk
k=1
2T,
@ = A{ow(X)xx(J M) (T Mr)}
72720,

1 A-1
(’p(x) = exp {—-—-2— Z A,-jxi-xj'}

t7=1

X(JM) = [[[Sh 52]5123 53]5123) ceny SA]J;M
NI Mr) = ([[T1, Tolrzs T3l1igss - Talrats

HEATH Ay B—RRICEEELRZ L5 &0 ) EHDOAFFEEN, FERADOTHSFTIZH 0 THRVED
FFEND, THITHIELICX o THEDEEDHAT {x1,...,xa1} KEDT, SFTELRERZ
DHMAEFTEERNCL YD AN EEZ LT ENTE, LVEREBETIVIVWERESZRATA L
WTEREEZLNS,

L) BRETEEEAVTESSELZTv., EREZBRISIIHILIDLELTELRL
RFVIVYNDNTG A=FEy PR ITHY, FhEACTERELANT -2 ROERIEK 2
THbo 3. 4 BDEERETDO A DTHIRINVF— By, 4 KOEREOFHEL ANV~ E,
¥ ECERLTWAI bR S,

ZOEHIRXLTHELNLEZRT YV v MIZBVTH, KL LT JHe iI2DWTIFEREICHA~
BAIRETA LI LHERE LD, 0L, ERPICTFE SIS By(RHe) 12 L TEERESR
FIAEWEV I RER, 20 EUERIPLHORTVAZ L TH B [4]e FDZ LITHT HERE
LTTFYYMHR T LOF v RVBEELRENELONTELD, SERL NSV EBRT S
7=V OBEHEFEELRIZELTVWADTRAVIALEWVWIUBE TIDRERZEZ, 20

K 1LAN BF v VMILBIFT 535 A—F D,

Vor evl Ve tmevy Vi IMeVl KR =] K¢ =2 Ky [fm—?)
200.0 109.8 121.3 1.638 0.7864  0.7513
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FHRECENICANZOT, ZRICOVWTHEET 5,

‘?\He RHERT S 5 O0ONYF VA, FERGERICELADON TV AREYZ 25, &
DX RBEIIE, BN AV OBRFBEBRBEVICER )FKEL, FORTEELLTOY + —
POEHEPHNTL BUREEVH D, 7+ —VEEITRIND &) ZRAREF/35 X —% 8
D (0s) DIRENEATEEZ B &

5
exp{ ;g} = ¢p5,(123)...4p,(13- 14 - 15)exp{ 222 ;r?}
% 15 02 + — 7 DEEIMRIE 3 207 #— 7 TEIZ 1 DO F Y OALREEZEICRET 5B
B ¢Brre.rbBs L BNV F Y DBELEE £, =r; (i=1,...,5) TEPNIHEH L CHELTT
ELZENFTES,

LZAT, CDIIBRETIE. 74— T7VL—-NTLZHT— LAY YONREHHES
ZRLTH. Tu s A0 +— 237V —NCOoVTHAUREL IV F—REXFRICEET
AHIEEFTELRV, HIb, 74— L RXNVONTYEBICIAEERESE LT,

= A{poxono}
b Al DN

3 5
po = exp {—Z‘ﬁ > (ri— I‘G)z}
i=1

CDEIRDIDEEZDLILNETEL, 2B ABREFTE I+ -2 O VERIFFOLX
Vo )EBLES L?‘H"‘@'ZN)'C\ u@l?&u&@iﬁu—%f 5@/{%1@1[45{)(!53%&&
5, 8T, #Z2°T u_@c]:')& J.I:.’[kﬁ %%(g_j' (?ﬁﬁ:'}"

|@0){Po|
{®o|®0)

ZEZHL, IANVT-OHMFERZOREFRCZB LI ICETEII LIRS,

(B|H|Y) _ (B|P,HP,|T)
@y (R

Pp=1-

EBRICHEZ T2 oTABE, B=0.86fm XL T By DfEIZ 4.98 MeV 2°5 2.74 MeV T
BYT5H, LPLIHEEICHBILICL o THLNABEHBEEOT -6 BIEKREORS Z RV
DT, L) ERZEZRD B ICREEEDESEES,S 552 LoBEREOERS RV

£ 2 PREIANLT -~ EFEIANF— [MeV]

By(3H)  Ba(RH)  Ba(3He) Ba(3He) E.(A\H*) E.(}He")
Exp. | 0.13£0.05 2.04£0.04 2.39:0.03 3.12+0.02 || Exp. | 1.0420.04 1.1530.04
Cal. | 0.8 2.23 2.22 4.98 Cal. | 1.14 1.13
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TEWT, WAL TILEYRD S,

&, = P, Py
(@o|Ds)

=% {@o[®o)

CDES% (B Hhk=1,...,K) BV THALOHELLVELTAS L, B=0.86 fm DPE
{2 By DMEIL 3.63 MeV &%, CCTRBFOMEFLEEELEI TR =08fm & LTE
B COERRILEETALLEI By DEFEDLIIZEDLEPERLAbDH, B 1TH 5,
BA06 M UTDEZATIRIOHRIIIEALERTELN, FRULDEIATIIRELE
{ T Edbdb,

SEBES NIRRT Yy v, 5 ERICOWTIE quark Pauli 1R % ZB L, 3 425 54
FTOEEREL 4 FICBIF2 1T OFEREOIANVF -2 I(ERTAIENTELEVE
o 1272l 2 ROMENER L L TARZEICIE, 5IHP LBV LMEENERT — 711
—F L% %>TLEoTWV 3, ZHIZOWVTI, 4 AOERBEICEZECEA TV I HES RN
Wh (CSB) 2ZBRTHILICLo T, ZAEIMETEIMRENN D 2, BHWOEMTH 72 AN
HEERD 18, & 38, DI HOHMNBLZEE R B7:0IC S-#ED phase shift # T2 &,

5 ~ 19° — 20°(3S)
§ ~ 31° — 32°(18g)

Eb,

5 s
$4t :
=,

PE— A
5 3 Exp.
2 - .

00 02 04 06 08 10 12
B [fm]

1: (0s)° DILASY IS8T A—% B E2EZIZBO S +— 237 YHROEAL
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5. 8B DRI BT BT DORHE
FEHfmERmatrry— BRERS
Abstract

The break-up reaction of the nucleus on proton drip-line is investigated. A time-dependent Schrédinger
equation for the relative motion between a weakly bound proton and core nucleus is numerically solved
by treating the Coulomb-nuclear fields of a target as an external field. The theory is applied to the
break-up reaction B + 2%Pb — "Be + p + 208Pb.

1 EU®IC

PRFRBEEOBVREFEIFHTF N AT - BRZHE TS L ERHERNICHS PICE o T
%, ARICBVREFERIERICT L TAIGFNI—HEFNFESIATHUEY, ZOHRTHEB KIXEOW
HCOTRERBBERLKG=2— 1 U /EIEICMb 2 KI5 Be(p,7)®B LBE L TRREVETH 2,

B, DBRIEERSB+25Pb— "Be+p+28Pb 45 B A KIS Be(p,7)8B ORI EM % T 2 RA 2D
% [1]o ZOFA, B FBIEOS — 0 VB TECAREATFEBRINL THE-SMT 2L X5kt
T. 8B+%%%Pb—"Be+p+2%8Pb %3B(y,p)"Be L A—#R L. ZOXKIETH % BA K/t Be(p,7)®B DWFE
REENASORRP LB T D, FEIHTIBHOFEN, — v HOFSTHSTEATE LR
INEL, T, BRBROBRS ORREBEEARHRBE TR LT A EN L SATW D, R4k, S8
RE®B—"Be+p DIEMZERIIFR LTV, SRR T 2D OHR BREEOTHREHL 2T
52Z¢EEHBET S,

2 Fi&E

8B DR FOSBET I N X —13 0.138MeV LFEFIT/NE VD, T OKILEK Be LIEFORKEEL 1HE
FAU-HTHBEEILNTV S, BATIAFEEB BEEBe & 1 BFOHERTHILEET S, 55
AR FOEBHOREBICH L THREFHENI) BRI EFENCEETH S L Bbh b0, BFHEN
FEEAVTHRRICOBIELT ) BEOTVWNTTHIEHIBTFLIETLFT Y Yy VERS L
T2, AEHOBLERICET 2BF L EEOMM EE I T ORTERTE 2,

ingt.\p(r,t) = [— -;-';—Vz + v(r) + Vext(rat)] ¥(r,1) )

o(r) REERT Y V¥V TRD 2 DORFOMET S,

vus(r) = —VEO/L+ R
Z'Zce2 r\2
—p-Cc- - = <p<L
vooulr) = 2R2[3 (R)] 0<r<R
Ol _-
_%‘_C__ RSrSoo

r

R=2.4fm, a=0.6fm & L. BEFOEEREY Op KRB L 22 L, HEZ RV F— 0.138MeV 2BHTE LI
VISR %, BB T 2595 LTEET 2,

Veu(r,t)= Y Ver(rer)
Bep,"Be
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AGHEOBBRERS L BB TOMOMEERER X, MEER TS 2 M TFOEREL ¢ & LTUTOREEL
R

Vor(z) = Ubau (@) = V& 77 (2) — i (WET ofT (z) + WP 7 (2))

MR EERZRERORER L. SUSESERRMT 2. 7% & KRN0 L) CEBRBROBERS N
LCHEENZ 2EDEELRIRLITIZLICL T, ROBHERBELYXEATE 3,

N 1+ hy(r)At/2iR

tem(rt + Af) = [1 - hl(r)At/2z‘h] ’

[52,,5,,,,,,, —iAt/RY " Bau(r ) {tm[Yaule'm') | vprms(r,?) (2)
Ap m!

B-WERNECHT S, SHERARNINVI ST VRETAEETH B, By, 5 R V), TER

L7zBORE. 230 EABECRELTRETAETH) ., ROEETHELNS,

Bau(r,f) = / 48 Vi (1, V70 (8)

F72 hy(r) BABNIN =7 Y OBERSOHEEFTH ), rICHT % 2 KBS OHEE L,

B2 RP(e+1)

ha(r) = = 2p dr? 2ur?

+ v(r)

E_HEE1LEERID, DT hy(r)=0 & LzFEEMNBIPBORE L AETH 2,
FHAZAFHZANF -1 EFH 720 46.5MeV TDEB DI FREMKIBDBIT 21T 072, O RN F—

FERBICBVTIR, ERELLET 57 -0 VRN X3 ANEORIER CHEOERS S DT HIT/AE

Wi, ASHEOBEILERICBITZAGREEERERH T 2L LTRY, HBOEEL v~03c TH 5, AH

E-ERERORF Iy VDNRG ATRERIODDORFAL,

=x1I
8-T Vo[MeV] Rg[fm] ag[fm] w,[MeV] w,[MeV] R[fm] or[fm] Rc[fm]
p-28Pb[4] 50 69 075 75 27 78 066 6.9
TBe-205Pbl5] | 220 6.5 1.0 35 0 9.0 082 65

fEL. "Be-?®Pb ORT ¥ ¥ ¥ VIZEAS TR V¥ — Eor;=210MeV DA DCLI2%Pb Db DEMRA L
Fro ZRIOBMBALICEALTiX, BEAY Y23 Ar=0.4m. BIEEROGKEIFFERTEACBWTEE
MBAERELZVWRAKE L D, B A Y ¥ 2iXAL/A=0.0025 MeV™ 1 2BAT, BAEIZ Lbnae=8 D&
DETERL. N5 Ana=8 O (ES BIE) ¥ THEEICED 0 L(N)>9 DHDFSIEBETE LI Y
NENZLBHEPDTH D, RADFECBVTIE, EHABCSERROES THITRTHY, 7=
EHREADRRET v A NVETER) ANFENFTEETD %,

3 #HE

T PR (he(r)=0) 1T, BAOKMBROMEMELBEAROBIANVF —FHERIBICR L
Bwoha7 42— VEMBREBWTELNIBREYLET 5, 1 CTRARKLBEOEOMEIER L
LT NEDDAR, C:7—uvHnk, NC:HH, O 3:BEB) OFHEEITV, SRS BT 5, HEHK
OPAYIRENIR T, L2 O WHEDDSHERRTH D, 2 BEOFEOHERIITIZ-HLTwEZ -

b, RADFEOELMERERTE 5, RICTHT, W#EUDOHREATNINV =T Y OEESL
PO AN ERLHERZLET 5, HAOLOBEICETEDOENI/PIE VA, 7 -0 VHERFZEY
ANTZHEITR, BUFTKREL 25 BDD %, FERT Vv Vid r=6.1fm 12 F=0.85MeV DFED
y—uvEEEFEoTWS, COBBNBRTFOSEOWTICEoTnIETFEENS, B I VX —
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RIS ANHEI R T 2HELH2. 2HEOHABENTFOBEEROTBEHEN T 256101, HER
RETCRRBOHEERZ EEICHIANS ZLPEETHI2E0b2 2,

RICETOHEER 2T AN/ L NC OBE&TORMHEIES, S@ER, RIEROHEERE
FHER2I1TRT, HEEK b A 9m DTORRTRIBNOAIET 1 | 9fm<b<20fm DEHR T3 2D
KEASRAE L, b2>20 TRIGENRBIED B2V,

SEEEROMNIANVE —SAEIR3 DL Ik d . FAOBEIBHRER 2T T MICBEELT
W3, 1 Thbd»rs L), 72— VHEAROAZER L-EHEIR. BHEEEDVN S RERT, ER
X0 B BHERTBRICHET 2EEMICH 2, AFHED p EOBTFIZ7 — 0 VEERELDEEOFED
7202, MEFNO—FZICBIT 2 s FOREFROZMBUEI) ZFoTnini Zwn i, BiEE0OHIC
BEHFETCEE-TBY, HEER 0mM BV TABHOEELSIITWE I Lthd b,

SE N
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6. RN ba-FENIIZEIC & 5 F AS TS OBI%E

BB FiERE
Rk ANF=E
HA SRR R

1 @EUO®IIC

AFRRPEFV 7 2T -~DIBHZERL T3, ZOHKR, KABEATH
ELEZRFEROPHETF L. LSIHO Si FORFH L OMRIGIC & ) 5d Lk A
FUNBROBHEHERTZILICLY. LSIOATY ~EEAWIT 0 — 1 EBLL
TLEIHERTH S [1]. ZDHEZOBEHALD=DITHE, PHETF & LSI ROETH & 0%
Bt 4RI ASTT R IVEF— 20 - 500 MeV DOHE D n+2851 KISIZ & 2EKA + v 0EE
SAE. LRVF 54, AESHEOWEILETH S, LSI # T, BRHMESIL
typical Z2BEBEDS 1~2 um. V7 bR —DBETIEAONALBEMEIBB L% 30 £C
DETCHZZE,H. nt+B8i KR TRETIEL DA F Y OA, Si R CRAEEE
PEL BRI ZBWENFLSVEVREREA &V OERIBEETHL I EhbHI 5, nt+28Si
FROBRBERT—FIRZ LT, MErOBRMOMEIVLEL LS, FLLELRZD
Ry BFAFNCE 27572 Y PERRTARTE 2 &) RERIAHETH 2,

AMD [2] [3] %%\ iEZOIEER AMD-V [4] it, BA 4+ Y RBICEAESN, B4
CVBRBIZBITBE T AV MERERER TE ZHRBRMBNML LT, Z0OEWUIREN
Twb, &BIE. AMD, AMD-V OBFASRIEICHT 275 7 2 v MEROERD
HEYBAFRL I L 2ERT 5, FAEBRICHERNET ) RE LT, BEVLEBZICHT
37— & DIEE % 180 MeV A&t p4+27Al KUS [5] 2P0 kT3, 2 L CRBICHEE L
T, PEFV 7 b 27 —BROFRICTOV T LBRERTEL,

2 RMAESFEHFE (AMD)
21 AMD

ABFRICHT 2 AMD BB, BENTA—F Z 2PERPLETEH IR
BRE 1 BTFoEMESREE L. AV -7 —fHRTERENL,

(Z) = det [exp [—u(r - -\%)2 + %zi’]xm] (1)
Z=+vD+ K (2)

/v
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SZTi=l, A\ Xa BAEY-TAVAEVBETHY, D. K EZhFhiv X
ERPLOGBEEHETH S, (Z) N7 HHMBRET, HFHEFESFEREL &
PREZROEEFRERIL YRR S NS,

, . oH
‘Lh%: Ci‘,JTZjT = 07;‘; (3)
< ®(Z)|H|®(Z) > &

H= < &(2)|8(Z) > (4)

<e@ye(z)> TV 92307,
ZZToT=2a,92 HENINI=TUYTH2B,
BT OWHREBE W 2ROX ) ITEAT %,

Wi = Z(\/_ D, Qs = 5z < H(2)2D) > (5)

TR VBT HEREOERITRICE Y . BT - BFEHEMHARE WD, BT -BF
HEWERE L CHRZHTOHEWEREHV., BFHMEEER L LTEREKED %
&t Gogny NEHV D, F0ERBY . BEESHEIC L VEMEOZERELHEEL,
@) K-> TR Y T ab—Ya v R{Tholtk, HEAEYI 2V~ a V2T
Do

2.2 AMD-V

AMD @ 1 BFEBBEEE, ¥y AERRTEUENRTH B0, EEOWLEH) Pk
b EOMENERICKEE N TARVWREAEFHD, 2040, BHERNY I 2V -T 3
VT, THRBRIAVE-2FOC L LT, BEREHAEEL S S W Em
o, AMD-V Tk, EROILHOIRERD Viasov FRERIC & o THARA AMD
T3al—YavERETAI L), CORMESYHERET 2,

0fi [ Oh 8fi Oh 8f _
—5?+3p Or Or OJp =0 (6)

I T—ho5HAEE £ & AMD BEEBRL VEIEI NS, 7 h ik Wigner BRT
DINFNINVI=TVOHEFETH S, HREERDODIHH t =t T f; ZEHEL. t=
to + 6t TO f; % (6) RITHED &) ICkET 5, £LTID f ¥ AMD EEBIICER
LT, 20L& ZMIEE, A NVF—RFHL. Pauli oHEBIZM-T L5102
N5, '

3 EER

180 MeV A4t p+27Al RICOMHTREREZ R T, K 1,2 ICHEHHER OBHER D

AMD k AMD-V OERSHDOEHESEL. B 120, 220, 320 fm/c ISR Lze AMD
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TIREZEE (100 fm/c LUET) 12 A=1, 24-27T DA F U PEREN DD, ThUBEITEE
ST E A EZEN R L. AMD THRHEEI BRI WEBEPERCER TS, —F
AMD-V THREMZEL & b ICEHEEIERL T IEIRINTV S, 120 fm/c T A
=1,2,4,18,21 - 27 DA F U PEREIND A, 320 fm/c THEEE 27 LTDIZEA
EOEEDA T VHERENTNS,

K 3 BMER ORI N -~ OBEEZEORMENLEZR L, I TREBZANV
F—IIRDOBIZEHET %,

E a>5 B

(B E22% @
FIERR A D5 UEDT75 73> MSHLTio, B ) AMD ORIV F—
REFZLE iz A EEL TnhnZ L2thd s, —F AMD-V TikHE{kE
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@ﬁﬁMkaﬁ?%k\1%thl%p#Udﬁme\ﬁ%&@ﬁﬁl$W$—ﬁ
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. BRMIC AMD-V 12 AMD IR E2 52505 @ER TS Y EREICEVES
522 (M6) o A=9-15 DFEETH2ME. A =23-26 OFHTH 10 %. AMD
XY b EBEISGEVWERRTER 5 A T3,

2.0 I —
180 MeV p+ 27Al
30}
—©— AMD-V
% 40k === AMD
£ !
% 50} 1
£ : : & 3. AMD, AMD-V iZ& 3%
<
m 60f N R g : BaER B B E S
20l ——o ] TORERT RN ¥ — O
I =1k,
_8.0 1 2 L 2 1 2
] 100 200 300 400

Time (fm/c)



JAERI-Conf 98-012

4 4
10 S — 10 ————r—r——r
180 MeV p+ 27Al . 180 MeV p+ 27Al
3
10 -_1 AMD .. 10 AMD-V o
-~ - t =120 fm/c
3 2 —_— 1 =120 fv/e Ke] 2 e t =220 fmlc
£10 | e— =220 fmic { E10}] .- A ]
‘E wew  t=320 fm/c g X t =320 fm/c ’,1..
'-o-?- 1 % 1 l-.l - :"-_!-- —'-,,:
510 | ; {1 g1t Lnfﬂh“ | .
7] g 80 ] ]
Q. o a o W et L
S10 | 1 §10F |1 i -
o - = :
-1 R I :
10 } | 10 | = : i
I :
2 2 1 '
10 'y 2 M 5 1 PO S x L.z ¥ 10 a2 o Kx ' L 2 P 2l 1 2 2
0 10 20 30 0 10 20 30
Mass Number Mass Number
M 1. AMD I & 2Ep0ERTD E 2. AMD-V I & 2 BjEERETD
HE A DORFEIZAL, HEDAOEERZE{t,
4 4
8 L+ T — 10 S —
s 180 MeV p+ 27Al s 180 MeV p+ %Al
10 AMD - AMD-V -

) . )
510 o 1 E
c i : c
£10' | ; 2
a K i 1 3
@ : : a o
v o] : ]
g10 | s 1 €10
(&] : — Aftordecay o
1] --=: Before decay | -1
10 -} H - 10
.2 ; E -2
10 HA I M SR TR S-S 10 A
0 10 20 30 0

- After decay
===« Before decay

b

Y 1 L 'S ' |

Mass Number

& 4. AMD 2 X 2%t

HEDHo

1 20
Mass Number

HES

30

E 5. AMD-V IC & 28 EHHE# D



JAERI-Conf 98-012

10 —T—r—T—T—r— r
. 180 MeV p+ 27Al
10 } After decay .
-~ 2
-° ]
10 |l -
& 1
510 } .
&
w 0
§10 - -
Q
-1
10 ¢ y
-2
10 2 PR | . PSS L& X
0 10 20 30
Mass Number
6. 180 MeV p+2"Al Kits,
HEHHOEBRER L OB,
3
10 B 3 L 3 ¥ ¥ bl L]
180 MeV p+ 27Al
2
0 Exp.A=24
1:10 3 D Exp.A=22
@ — AMD-V + SD
.g ; A=24 e==r AMD +SD
g
10
a
o
O 4
10
2
10 [ 1 1L 1 '
0 20 40 60 80 100
Angle (deg)
8. 180 MeV p+%7Al Kits A=22,

24 DEREA F v OBSRIER

-t
(=]

-h
Q.
-

Cross section (mb/sr/MeV)
nN

180 MeV p+ 27Al
A=22 O Exp.20deg. |
0 Exp.40deg.
a4 Exp.70dey.

— AMD-V +SD
==~ AMD + SD

10 |
o %o
163 Wdeg. |
70 deg. o =
10’ L xoon o
"% 40 deg
5 P (x0.4)
10 M X 2 | Y
0 10 20 30
Energy (MeV)
7. 180 MeV p+27Al Fito A=22
DEFA F ¥ D EHSWER,
3
10 e e e
180 MeV p+ 27Al
2
10 | © Exp.A=16
— O Exp.A=12
8 — AMD-V +SD
8 1 ===t AMD +SD
E
c
S
o]
[«i3
L]
[
(]
g
(&
A=12
2 {x 0.1)
10 1 M 1 2 3 2 ] i
0 20 40 60 80 100
Angle (deg)
9. 180 MeV p+%"Al Kit. A=12,

16 DA F ¥ DS RIE R o



JAERI-Conf 98-012

B 712 A =22 OERAFVicad 2 TEROWERERT. REIARALVE— 15
MeV BITFT, AMD & AMD-V D EEREIEVWELZS5 2%, HHA 20 EHAT,
AMD-V OFPEBRBEORERBBMBITEMEE L2 oT 3, 8,9 1T A = 24,22, 16,
12 DERA + v OMSRITEE ZRT, AMD, AMD-V 3£iC A = 22 DEAITIE, EEE
IEVEERE 525, A =24, 12 OBEITIE, AMD-V ©F35 AMD & ) SEREICE
WERZE B ENbRS

4 £&O

AMD R Ut AMD-V OBFASRIETCD T 57 A v MERICHT2EIEEH~2
X EEELT, 180MeV ASt p+7Al KIS LT L7z, BIFERORHETIE, AMD
TRERBIEINZEA LR WAL, AMD-V TREERIMINEN, B2 27 U
TOBEALDTFT XY MPERENS, HatAERTIZ AMD & AMD-V ORERO
BVIANEL, RHEIBB I FERERLEET 2, i, ERER. MoWHE

MEH L. AMD-V OF D ROEREE5Z 2,

AMD. AMD-V »#m 4 4 > Wil nEBm T — &%zzl%ﬁﬁ¢% E xR
L7=hs, BEH 23 Db+ VI LEEKMER Z 2-3 BFEDICEM D o T3 E0R
—FARo TV B, SBREICFOREREFA NV, BF - BFHEOMIC, BiF - « HE
PHEANSHROYREFARDL L EREZ TS, BITMOAST TRV F—ToOMF
AHBRIS 22T E,

5 i hMEFVI MNIS-HEOERIR
51 MEDHEIK

o, SREFROFH.T S, BEICBNT, 2% LSIEEOY 7 25—
FHIERITI L ERTHEIRL L &N/ [6]-[9] o T4 B, Logic ROEEICH
2HEFV 7P ORERERLBEL TS [9)[10] fEsk, LSI #EHic&En
BREHEFMYPTEE (UTh,Po %) oD oY T NLT— 2 RAESEZ 2 LD
NTHY. LI HROMER FEOHENE SN TE, Lo L« BUEE, T
FEPREVIEFRBEIN, LEVTERLLRY 205500 HEDIRETH 5,

FCOBEBTIMTE-ODOFEROBILENTE ., ML D D Los Alamos Ff
THOBIANVF—HEFE—L2 2 CHELT, BIAVF—NTFE—LZHV, F—
Fy b LTEAD LSI 7y 72 AVIMEERIThbhz &) ThokZ LK
Eva [7)-[11] (3&4 D 95-9T T3 EIChH7z) Los Alamos BFZERT TEBRZ1T% o T
%) o BBMICINDBEE LB TE2YI2b— 7 bFRENTETVS, FLed, H
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MFVI7 b VT I 2 L—% NISES 2k L. COBHSOBIIERETEZ LIS
X, 2oFHEEZRLTNS [9] [11].

52 FlEFVYITMIT—BIFYI L —% NISES

NISES ¥ AMD TfERE L7z nd+288i RIS T — % N— A ZESWTE Y., AFfmiiv
F— 20 - 500 MeV O# 30 FANY bH»b%2d AMD Y Iab—YaviERETFT—% L
LTEATY S, 180 MeV A p+27Al K> AMD ORI BH & 2 HEsE+ B
T250D, F—BIPBRENTVZ, FRLIZT—F R—RAZDAEEOR—BHDH 3
EEZbN3D, -

41X, KE Los Alamos HFERT TH T R EMINEER LT\, NISES 2°
BERRBRAET - 2FHT I EE2RLA [11]e AV ETFE—-LDARY M UiF
800 MeV LI T T E DT A2 M- BIR 2o THB Y . BB AIEE,
B G A ANVF~D 4288 RIBICE 255 28B L2 DTHB, HRELTHRL
DF—FR—ARFBEEZEADOD. ZREHBROPHET LT Si BEP THET 2 &40
BMNERICHLTIX, #CFZRVERLS5 22 EERRLTVS,

ERRIZFE 41X, NISES % CMOS SRAM, Latch HZEoh#F v 7 b5 —#8
FERE L7zdh 23 URRBEORE ChEF Ly - Rl T -y ¥ FHTE2 L
Rz [10], BEET, dHFv 7 25 —F2 Z0BEORE CEIT T 3 DI,
NISES affiz IBM @ SEMM [12] #3% 27513 T % (SEMM Tik Cascade + Histi
BWEFVERAVTYS [13)

53 &

NISES 1&. 4%, #HFV 7 b5 ~FOFER FZOMNED/2DIT, BBWICHE
HERTOLDBDEEZ TS, LALENS, ERICL > TR 10 % BEOMED
HEEFY 7 LT —RHMESLELZ b DS H Y, NISES OEL2FHEMEDH EAE T
NTw3, % AMD, AMD-V 2 HVWTERET — % X—~2ADBEOM L 2id o TY
TEEXFELTV S,

7z NISES 1k, BB CoORBRREHIB YV CREIEBRED/-DIZRLBIZ LD T
%, YEMEDHHLVIFET LY ba= 7 A0FET, LrdPiEbhaHB T, BT
BOBBIRITIzo72 LOTOFETHB LRI, REHZ DX HBT. KFREER
R0 TWAEFREOFENESHITRTRICYDEIIB - ThALdol, SHBEIL, K
FEYEIMS THEES AR > TR T ERELDD. BUL L,
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T FHHENTHMBSEEUS & AP I RILF—F-HEEL OB -progress report-

AMKEXZRBERRE ®BE —N

Abstract

The semiclassical distorted wave model (SCDW) is one of the quantum mechanical models for
nucleon inelastic and charge exchange scattering at intermediate energies. SCDW. can reproduce the
double differential inclusive cross sections for multi-step direct processes quite well in the angular
and outgoing energy regions where the model is expected to work. But the model hitherto assumed
on-the-energy-shell (om-shell) nucleon-nucleon scattering in the nucleus, neglecting the difference
in the distorting potentials for the incoming and the outgoing particles and also the Q-value in
the case of (p,n) reactions. There had also been a problem in the treatment of the exchange of
colliding nucleons. Now we modify the model to overcome those problems and put SCDW on
sounder theoretical foundations. The modification results in slight reduction (increase) of double
differential cross sections at forward (backward) angles. We also examine the effect of the in-medium
modification of N-N cross sections in SCDW and find it small. A remedy of the disagreement at
very small and large angles in terms of the Wigber transform of the single particle density matrix is
also discussed. This improvement gives very promising results.

1 Introduction

AHBFBIEOZIC A S THLEAEPER I D £ CICE Z AKGERAR L THITEHEER &V 9, #iE
BHBRICII L BMEE B5EE (Multi-Step Direct process; MSD) & £ B A1BRE (Multi-Step Compound
process; MSC) MEDHFENEENEB, AR I NVE—RBHIBREBVESICIIMSC DFHFIXERT
B ENTE, MSDMELARGHEIELARS,

MSD i ESSHR TR, BT RNX—%2FKole, RICESIZRBITHTF &, £ L 82 LHEAEN
IRNVX IR TARTF L ERENTED LEET D, BIEORTFEY —FT 4 7 3—F 1 7/ (leading
particle; LAFL p. L BE) &EFES, £ L TMSDOHRTH, 0L p. OBMICOREE TS, THbbLEH
Bahamicik, L p OMBRREIATRATOIERFENA TS, T0 & S REmHE 2 aiba
E 7K (inclusive cross section) & RS, B4 BHZTREWHERBIXL p. OEHOSL % BE U - G548
Th b, EHaITHERTFOBEHEAL7 MRRONEREHET DT TH 52, FET 20k
AT bAOHROEED 5 N0y (FIAEEREBR L) Clx22,. EDLIRUOERLEBLERLD, »
ELHTELRBYTH D, TN RBH TR, RFEOKIRBOMICIIAEERS2L, > THRERZ
RYFNELTOLERH D, BFEOERBEHKIICIY Vo0, SENEERER&RTHFICE S
THETIHERIELEERENTEL T, RERACHAIA TS,

o B3IV 5 FARAERY 4 1 g h 4% (Seni-Classical Distorted Wave model; SCOW) LIS
LOTHY, HTEERY BT HFNCERT IEHUOV LS TH B, TOBETKawai [1]10 X > TS
ENT-HHEIEL, B¥LuoKawai 2JICE o TER(LENT, E0%. HEEOMITRUHEBOME
&R )5 Watanabe-Kawai [3] I2 &> THERMBEROEEMI M I, T 07 Kawai-Weidenmiiller 4]
Ik - T2 BERRURIC T A ERLMTORE, TOMICLTELOHRBMEL S22, RIEFI B
BRECERICANEHER RIS TS 5.

SCDW 1 DWBA O &EERICE ST Y, Elics UCUSERERMIELEZ AV, £ LTERTH
LNSHEBREREMHANSD Z LITX Y, adjustable parameter V5 Z & 22 < WEEOMRHMEZ HE T
B LIHERH B, £ L TSCDW OHER I EEILRRE (SEOWEH) 202V R<ERLTERY.,
BHERDTND, LBLAENRSZNETOSCOWIHE, WS o0 0HEGEHICEERBEZFZATNS, £
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ZC4AE, PEkD SCDW(LLF previous SCOW & FES) o U CTHARMIH R EM X 5 Z L T LR U7-fE
AR L. X0 BERAICIEY AolR (Zh % off shell SCDW L IER) DERILE1Tolz, EOERA I, 1
E{EHE L B+ 5% Love-Franey [6, 7| DAHEEREZ BV, £7/-SCOW i 2B EDE LT
57, Amos @ G 1751 [8, 9] AV HE (LT 2 % in-medium SCDW EFEER) $1To72, SHIT,
W3k SCDW Tidiitl B D FRiH & #5 TERE % KIBIOR/NHET 2 LW O ER H - T-85, SEEEN
BT L THEMES RO —EERT Uy M ERWB I LICE Y, CoBEomE o7,

ZIZ T, EROHRBRUR L, ZOFRIOVTRRS,

2 SCDW & TDEBHR

2.1 Previous SCDW

SCDW X T 17510 DWBA BEA O HIR U, SIEANEEOHELIT), TOB, EHBIcx L TRT
PHPGEELE TV, RFICH U T Thomas-Fermi BAL R WA T 5 Z LI & v, SIENNHERIRE S
A=FERND T LR ERFERRIVIARKTEI LIS, RBERIGERICH L Tk Green ik
iI2&t U C Eikonal il [10] 2175 Z L1k D, FHROEALA TR L 25, FHMIC W TSR 2]- [5] &
BROZ &,

2.2 HEHRMNBBEOHER

AR L7=SCOW X EREEZ LRV BLERTAIZ LN TE, RHZWMDTWS, X LINETD
SCDW (previous SCDW) Tid. exchange term % implicit 72/ T ¥ v, FBEHRT 3 28T DEH
AN X —OFBRGFT B HEL (on-shell HEL) ZIRE L TV e, ZIIXERIOERMEL WD BT, mﬁf
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KEWIEERELRBEDTHB, £ (b) »bix, BEPEERIRY AND & BEHEESAMIPPRE
KRBT ERPMD, ZhiE, AmosD G ITAERVTREF CO2ETORENEREHALES.
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8. KEK-P SEMEERFIICOAS =1L F —{REHE
Incident energy dependence on KEK-PS target
multi-fragmentation experiment

J. Murata!, M. Haseno?, F. Kosuge®, R. Kubohara®, T. Murakami!, R. Muramatsu®, Y.
Nagasaka?, K. Nakai®, H. Ochiishi*, Y. Ohkuma®, Y. Shibata®, K.H. Tanaka®, Y.
Tanaka?, Y.J. Tanaka', Y. Yamanoi® and K. Yasuda’

(MULTT Collaboration)

! Department of Physics, Faculty of Science, Kyoto University, Kyoto 606, Japan
2Nagasaki Institute of Applied Science, Nagasaki 851, Japan _

3 Faculty of Science and Technology, Science University of Tokyo, Chiba 278, Japan
4 Department of Physics, Faculty of Science, Kyushu University, Fukuoka 812, Japan
S Institute of Physics, Tsukuba University, Tsukuba 305, Japan
6IPNS, Institute of Particle and Nuclei Studies, KEK, Tsukuba 305, Japan
"RCNP, Research Center for Nuclear Physics, Osaka University, Osaka 567

The MULTI Collaboration has completed 8 GeV proton induced target multi-fragmentation
experiment at KEK-PS by the end of 1997. In our previous experiment using 12GeV pro-
ton, unusual side-ward peaking toward 70° in the laboratory frame were observed for the
angular distribution of IMFs (intermediate mass fragments) [1]. We can fit the energy
spectra using “deformed” moving source model:

o NVEezx (E) 1 (1

dEdQ T e BB 1 1 )
9* . 9* 2

N = N(H*) = Ng + Nj€$p[—£——éo_—;2i] (2)

sind* = ‘/—EE/‘E-sinG; E*=E+ ‘;‘Mf,@2 - 2\/E%Mfﬂ2c030 (3)

The ratio R between the side-ward component and the isotropic component were
about 33% for Ep = 12GeV and 13% for Ep = 8GeV (preliminary).

x 9‘—9')2 .
R o Nfexp[—(—z?;'é—]dof 4
- foﬂ NodG* ( )

This change indicates some drastic change of the reaction mechanism may happen between
8 and 12 GeV, which is the complete penetration on incident protons through the target
nucleus. This penetration like phenomena can be seen in the isotope yield ratios measured
at 12 GeV as a function of reaction angles.

We have also deduced nuclear temperatures using isotope yield ratios [2]. As a re-
sults, clear correlation between isotope ratio and target mass were observed, implying that
lighter target has higher temperature. In addition, the temperatures showed anisotropic
U-shaped angular distributions, which means that relatively high temperatures were ob-
served for forward and backward angles. The U-shaped distribution could be understood
as an evidence for the trace of the fire ball which penetrate the target nuclei with the pro-
jectile. Using a simple geometrical model, we have calculated the radius of the “tunnel”
as about 2.3rgfor 12GeV induced reaction. The idea of this model is due to the fact that
the temperatures for central events showed steeper target mass dependences than A:!fget.
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The same isotope temperature analysis is now under way for 8 GeV data. If the full
penetration of incident protons can not be realized in 8 GeV, the U-shaped distribution
will be changed to the backward-peaked distribution at 8 GeV. As a preliminary result,
the U-shaped angular distribution was somewhat reduced but still existed.

The analysis on IMF-IMF correlations are in progress, also. Strong two-body correla-
tion is newly discover in the IMF-IMF angular correlation as well as that may be deduced
from real many body correlations.

1)K.H.Tanaka et al., Nucl.Phys. A 583, 581 (1995).
2)J.Murata et al, Universita degli Studi di Milano N.111, 208-226 (1997).
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We study thermodynamical properties of hot and dense hadronic gas an event gen-
erator URASIMA. In our results,the increase of temperature is suppressed. It indicates
that hot and dense hadronic gas has a large specific heat at constant volume.

1 EU®IC
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Abstract

Space-Time structure of freeze-out of produced particles in relativistic nucleus-nucleus colli-
sions are studied in the framework of two different cascade models, either with or without higher
baryonic resonances. While higher excited baryonic resonances do not influence the spatial source
size of freeze-out point, the freeze-out time distribution is shifted to be later by these resonances.
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Parton-hadron cascade approach at SPS and RHIC

Yasushi Nara
Advanced Science Research Center, Japan Atomic Energy Research Institute,
Tokai, Naka, Ibaraki 319-11, Japan

A parton-hadron cascade model which is the extension of hadronic cascade model incorporating
hard partonic scattering based on HIJING is presented to describe the space-time evolution of par-
ton/hadron system produced by ultra-relativistic nuclear collisions. Hadron yield, baryon stopping
and transverse momentum distribution are calculated and compared with HIJING and VNI. Baryon
density, energy density and temperature for RHIC are calculated within this model.

I. INTRODUCTION

Event generators based on perturbative QCD (pQCD) are proposed such as HIJING (Heavy Ion Jet Interaction
Generator) [1], VNI (Vincent Le Cucurullo Con Giginello) [2], in order to describe ultra-relativistic heavy ion collisions,
especially, at collider energies (RHIC/LHC). Although both models reproduce many pp and pp data, there are large
discrepancies'in AA collisions between these two models, for example, absolute number of produced particles, slope
of transverse momentum, The main differences of the modeling between these two models are following: VNI is a
Monte Carlo implementation of parton cascade model (PCM) in which the time evolution of heavy ion collision is
simulated by the parton cascading. While HIJING assumes the Glauber theory in the description of AA collisions
and handles the soft process based on the string model. Namely, the treatment of the multiple parton and hadron
interactions is different. Second, the cut-off pq has to be introduced to avoid divergent QCD cross section for py — 0
and this value is model dependent. In order to understand particle production mechanism in nuclear collisions, the
role of multiple interactions as well as the sensitivity of model parameters should be carefully investigated. Hadronic
microscopic transport models such as RQMD [3] ARC [4], QGSM [5] and UrQMD [6] have been successfully applied to
nuclear reactions at AGS and SPS energies. Thus, the purpose of this work is to include hard processes into hadronic
transport model by using HIJING formalism and study the effect of multi-step interaction on particle spectra at
collider energies. ' :

II. PARTON-HADRON CASCADE MODEL

In parton-hadron cascade model (PHC), elementary processes are taken from HIJING; The hard and soft processes
are determined by HIJING formalism [8] and PTHIAS5.7 [10] is used to generate hard scattering as well as initial
and final state radiations. Only on-shell partons produced from hard scattering are propagated. For soft interaction
of hadrons, the string excitation is assumed with the same probability for light-cone momentum exchange as DPM
type functions at the c.m. energy above 5GeV. At low energy (/s < 5GeV), 1/z distribution which is the same as
FRITIOF [7] model is used. If excited mass is larger than 2GeV in baryon case, it is assumed to be excited string like.
The strings are assumed to hadronize via quark-antiquark creation using Lund fragmentation subroutine PYSTRF of
PYTHIAS6.1 [10]. Therefore, at hh level PHC is essentially the same as HIJING.

For the description of AA collisions, the trajectories of all hadrons as well as partons, including produced particles,
are followed explicitly as a function of space and time. Space-time point of produced partons can be simply determined
by the uncertainty principle [9]. Formation points of hadrons from the fragmentation of string are assumed to be
fixed by the average of two constituents formation points [3]. Low energy baryon-baryon, baryon-meson and meson-
meson rescattering are also included assuming resonance excitation picture in order to treat final state interaction
of hadronic gas. Extending the particle table of PYTHIA, baryon and meson resonances are explicitly propagated
and they can rescatter. The rescattering among produced partons are not implemented now, however, constituent
quarks can scatter with hadrons assuming the additive quark cross section within a formation time. The importance
of this quark(diquark)-hadron interaction for the description of baryon stopping at CERN/SPS energies was reported
by Frankfurt group [11,6].

III. RESULTS

In Fig 1, I compare the data [13] on net proton and negative charged particle rapidity and transverse distributions
for S+S collision at 200AGeV/c. PHC improves the HIJING results [12] and the agreement is good for both net
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protons and negative charged particles. At this energy, this model is reduced to the hadronic cascade model if we use
the cut off parameter p) = 2GeV, because the probability for hard scattering is very small at this incident energy
( average number of hard scattering ~ 0.1/event in S + S collision ). This model can work also well for the lower
energies.

Figure 2 shows the charged particle rapidity and transverse momentum distributions from three different models,
VNI, HJING and present model in 5+8S collision at RHIC energy. It is seen that absolute particle yield in PHC
calculation is not so different from HIJING, however, PHC result for the transverse momentum distribution becomes
close to the parton cascade model prediction. The difference between HIJING and PHC results comes mainly from
the treatment of multiple collisions of hadrons and quarks.
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FIG. 1. The tapldlty and transverse momentum distcibutions of net prot(;ns and ﬂegatlve charged partlcles (Tr ,j ( ,p) for

S + S collision at 200GeV/c with centra.hty 20%. Experimental data are taken from NA35.
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FIG. 2. The rapidity and transverse momentum distributions of charged particles for S + S collision at RHIC energy
(b = 0.0fm). Solid, long dashed and dots histogram represent PHC, HIJING and VNI results respectively.
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and VNI results respectively.

The baryon stopping problem is one of the important element in nucleus-nucleus collisions. Net proton distributions
calculated by various models are compared in Fig. 3,4. Figure 3 shows the results of S+S collisions, while figure 4
shows the results of Au+Au collisions. Similar prediction can be seen in both light and heavy system. PHC model
predicts no baryon free region at midrapidity, while parton cascade model predicts transparency. PHC result is similar
to RQMD and UrQMD calculations [14,15]. It is important to mention that if quark-hadron interaction is switched
off, PHC gives the same results as HIJING. Interaction of quarks with hadrons modifies the stopping power as well as
transverse momentum shape. What is the important difference between VNI and PHC is that first NN collisions are
the scattering of the coherent objects (hadron) in PHC and after the hard scattering, partons are treated as classical
particle like VNI, while in VNI, from the beginning, partons are sampled and on-shell as well as virtual partons are
evolved in time. o 7 :

In fig 5, we show the time evolutions of thermodynarmic values, total density, baryon number density, energy density
and temperature as a function of proper time for Au+Au at RHIC together with the current estimate for the critical
values. Total density about 20pp is reached after = 1fm/c, while baryon number density is around 1-2py. Baryon
free region can not be seen but baryon poor region exist. This is the different point from AGS and SPS energies at
which large baryon stopping is expected from both experiments and theories. Energy density is well above 3GeV /fm®
which is the critical value for the phase transition. Temperature is estimated from energy-momentum tensor and
assuming equation of state of ideal gas. Transverse and longitudinal temperature is not equal value indicating no
local thermalization. This might be due to the absence of rescattering among the produced partons.

IV. SUMMARY

In summary, a microscopic transport model which is the extension of hadronic cascade model based on HIJING is
presented. The multi-step interaction in AA collisions changes the prediction for the final hadron distribution. It is
interesting to include rescattering between produced partons to investigate thermalization and equilibration of parton
system. This may be also useful for the understanding of the discrepancy between models. The calculations presented
in this report is all done by the parameters from HIJING. These parameters predict negligible contributions of jets
at SPS energy. On the other hand, it is possible to use parameters with which pQCD is dominant contribution in
inelastic collisions like VNI. Both hadronic and partnic cascade model well describe particle spectra at SPS energies,
however, recently flow and anonymous suppression of J/¢ have been found at SPS energies for Pb+Pb collisions. In
the next work, we will study these topics both partic and hadronic scenario on the same footing.
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FIG. 5. PHC calculations in Au+Au at RHIC(b = 0fm) for total density, baryon number density(top), energy density(middle)
and temperature(bottom) for central region as a function of proper time. Horizontal lines indicate 1 and 2po, 3.0GeV/fm® and
150MeV respectively.
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Abstract

Positronium molecule, Ps; has not been found experimentaly yet, and it has been believed the-
oriticaly that Ps, has only one bound state with L = (0. We predicted the exitance of new bound
state of Ps;, which is the excited state with L = 1 and comes from Pauli principle, by Stochastic
variational method. There are two decay mode with respect to Ps2 (P); one is pair annihilation and
another is electric dipole (E1} transition to the ground state. While it is difficultto tell y-ray caused
by annihilation of Ps; from that of Ps since both of them have same energy, Energy (4.94eV) of
the photon emitted in E1 transition is specific enouph to distinguish from other spectra. Then the
excited state is one of clues to observe Ps3.
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EhE4bEIC L VEBEEERCERL. NIV o7 v RAN—F5 v S OFWEZE OISR b THE
Tdhhb,

EiEEE * ZHT 20— RHCEIHFIERREZ AL, Ll Z0HE, HFEIFIFRKEVRPHE
BEHEIKEVE, THEROFEFL THOBL R b, TREBT DIl = TN Ty, TEHE
NBEFO— ISV RT P NVEBA L, & = (T1,22,,&x—1) EYIVEETHE, Zhi BT,

1
= AP R exp(~3842) a0 (0) s ®
EEERZL LRI 22T ARBRENFICET 5 RRUEE T, xou (SBETHRAEVIRE, A
N—1x N — 1 HETFICERETH Bo ui Aiyliyj = 1,2, N— 1) £IEHESTG A—5 — & LT
o TORBEIBSERALE LIV HL, BIZIE. 3EKREEXIDE, v=uz +uyz, THY.
2K _ (eK+L) W2kl 2kt Bi, 1, Bryiy
(o) = Var B h,zh%:,zoo Y B+ 1)1k + 1)
21 2! 1
( ”:Pi 12 = )(110120|L0)1?k‘$2k’ V(1) © Vi (22)] L1 (2)
Y%, ZIT on s
_ 4r(2n 4+ D!
Bt = orien + 20 + D)W )

ThHhbo RN (2) £V, 7a—r0~Ry b VER (GVR) BEFTENERDEREGDLETE(IEHTE, u
R A—5 =0t oT, BUECEIELREONE I L bI D, Thit, 3KRCESTEERORTH
NRTHEXDIETHD, TNRT TR, R (1) BEFEERICHF L TEEOBEER 2vwid, K
DF ¥ v EANEFENDANBLEN RV, —2DF X VEAVDAERT, FFBEBIG A—7—DEYHFLIEZNT
WANWALREMERATES, £L T, BEOHEROFEEIAHELZHR I BIITHIEROTE 2 HE
27 %,

FRIINT A= — 3T VT ALBEINEHOEBOFIPL AN -2 BB THDDITRE S
N5 (SVM)o —2F2RTEBR LML, BNTAEELRELL TV, ZOKIINT A5 —%
BRIULILI-T, BEEREEADER(ERLOT, PRVWATCHEBEL*EATE 5,

Ps~(emete™) DEIEE LTHRADHENZ LML A THAS, K LPs™ DLANF—L ZOWHEEETY
HEYR L. BECREIEREEEOMEL Y ANT VS, ref[5] DT 2N F—{EiE 1 2 112 EOREEEL
Hb, TNEENRDERADERIIINFELDBETH S, 7V ¥ BEROPIEHED (5(r;;)) = (¥|é(r;—7;)|T)
N ((S(’l‘,’jk)) = (‘I’ld(’l‘, - 1'_7')5(1']' - ’I‘k)l‘I’) k%ié ?h—\ @chti\ (5(1‘_.*_)) ‘i%%k I%F?E:J'—ﬁ“ﬁ‘l Lf_\iﬁ'b:b
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LHEELERT 5, BT AEE (CQ) ¥FAVKADFETIX. 7N ¥ BEOBFEIOEEREORE
WOBBR LIS EPRBINTV S, TAVF—PHEVEETHEIA T2 20bod, #LVIH
BoOBFEIZ 2. SHOBELDI RV, LEL, (6(r-q)) H2EFHEROHEEEL RED 201bh
B (Dgy o B(r_p)))s THIF2, 3H7bPIIEHALRDTCGICLBFHETHELET LRV,

£ 1: Ps~OPHEE, (au.)

KTH —E (6(r-_)) (r__) (r2_)
our work 300  0.262005070 0.0001714 8.548579 93.17851
CFHH[4] 225  0.262005058 0.0001710131  8.54699 93.121
CE[5] 800  0.2620050702319 0.00017099850 8.5485806553 93.178633849
| () (5(r—)) -0 )
our work 0.0000361 0.020722 5.4896323 48.41887
CFHH[4] 0.02073302  5.48881 48.390
CE[s] 0.0000358996  0.020733190  5.4806332525  48.418937227

Ps;“LFEE#ED Do P ld HEKE, BIEREBLIICAE VIZ S =0 ICHATVE, HTFEF1L I
BET. 2L 4PBEFICHIET S ET 5, FENFRERLDORE b singlet ICHATWE DT, A ¥ V/RE
LT :

[8153(0)5254(0): 0) = [ ) — [ 41d) — [ 1) + [ HAT) (5)
FHvE, SOREYRETERBRTALNERRAE Y IRRDL I KETNE,

$183(0)s2354(0); 00)
= (s152(0)9354(0); 00151 53(0)5254(0); 00) 1 52(0) 5354 (0); 00)
+{s152(1)s354(1); 00]5152(0)s354(0); 00)|s152(1)s354(1); 00)

= Lorsa(0)525(0)00) + Lorsa(Dsssu(1):00) ©

£ oT, (ete™) ¥ singlet ICHELHERIZ 1/4 TH %,
P, DEERBEOFUMBER AR Lo TANF =2 B2 LA QAR B, THIEEORMEN
H5o 2 HFHROHEEE

Tyy =T55 x No/W = dro*heag ' (5-1) x No/W 7 (7)

% 2 Ps, nEEREOWEER, (au.)

Ru¥ -E (o) {r3-)  (re-em)  (rese-)
our work 1600  0.516003789  46.37474 20.11263  6.033207 4.487153
CG[7) 300 0.5159767
CG[8] 0.5160021

—(M/(T)) (5(r-2))  (8(ry-))

our work 0.99999997  0.000629  0.022093
CGl7] 0.9999724  0.0006347 0.0218511
CG[9] 0.022
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LEED [6]o Nkt Psy T (eF,e7) HOMAH O, Wik (e+e-) 72 ¥ ¥ singlet 1< OHETH
%o 2FTFHHMIZ (et e”) WD RE A singlet (CHALRLIEILZVWOT, ZOHE. Ny =4

dratheay (64

201.2 x 10*(6_4)(sec™?) (8)

P‘Z»Y

It

Ehb, TORCEK20DEERALT, 2RFHROBERE FaHL LT,
[2,(S) = 4.4nsec™?, 75,(5) = 0.23nsec 9)
PRLM,

® 313, P, OBERBICOVTORERERTH S, 1200 KL TD

HETHL, TINF-IS5HEEOBENH L, SIRETORE % 3: P, HIERRECYEE,
ERIBRICERFOT NS RBOEER (8) IKRAT S L, PRED 2 (a.)

FoF xR0 BBRIESKE 5,

_ -E 0.33440823
T2 (P) = 2.3nsec™!, 73,(P) = 0.44nsec (10) ) 96.085461
—%. PREED D SKREEAD Bl BEOBBIREROR 2 M- TR (.-} 80.173821
5Nh3, (re=e-) 8.8575826
3 ' (rete-) 7.5688189
16w (E, 209
e ==~ | 32) B(EL;1m — 00) (11) (B(re+e-))  0.011202
¢ . (8(re-c-))  0.000146
B(E1;1m — 00) = >_ [{00] 3~ qereY1u(74)|1m)* (12) —(V)/(2(T)) 1.0000005
I3 k=1
ZIT, E R El BBOBRICBE SNEKFOLANF~TH b,
ZORXLY ., E1 BROBEREFGI,
g1 = 0.466nsec™!, 75 = 2.14nsec (13)

%ol foT. ELEBH. SEDHEE—F 05 50f II%E EHTHY ., UM SBEZETHE
Buo BEE LT, Py(P) AERLTWA LT 5% 5, F1BBICE 2 BHERBNTE 5, 2N,
Ps, %ﬁ%ﬁ“';z‘) ODEENIYO—DTH A,

SEXH

[1] Assuminge=1,h=1,m, = 1,1 a.u. = 2 Ry with respect to energy and la.n. = @y with respect to
length. (R is Rydberg constant and ag is Bohr radius.)

[2] K. Varga, J. Usukura and Y. Suzuki, Phys. Rev. Lett. 80, 1876 (1998)
[3] Y. Suzuki, J. Usukura and K. Varga, J. Phys. B: At. Mol. Opt. Phys. 31, 31 (1998)
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Time dependent density matrix theory and effective interaction

Mitsuru Tohyama.
Kyorin University School of Medicine, Mitaka, Tokyo 181

A correlated ground state of °0 and an E2 giant resonance built on it are calculated using an
extended version of the time-dependent Hartree-Fock theory called the time-dependent density-matrix
theory (TDDM). The Skyrme force is used in the calculation of both a mean field and two-body correla-
tions. It is found that TDDM gives reasonable ground-state correlations and a large spreading width of
the E2 giant resonance when single-particle states in the continuum are treated appropriately.

1. Introduction

The time-dependent density-matrix theory (TDDM) [1, 2] is an extended version
of the time-dependent Hartree-Fock theory (TDHF) to include the effects of two-body
correlations. TDDM has recently been extended to calculate a correlated ground state,
using an adiabatic method in which, starting with the Hartree-Fock ground state, the
residual interaction is gradually turned on in time [3]. It has been shown that correlated
ground states of %0 [4] and *°Ca [5] can be obtained in this way and that spurious
components in F2 giant resonances can also be eliminated using such a correlated ground
state. To make the calculation of matrix elements of the residual interaction easy, we have
used in our previous calculations a simple 6 function veé(r —r’) as the residual interaction,
which is not consistent with the Skyrme force used for the calculation of the mean-field
potential. The aim of this report is to investigate what happens when the same Skyrme
interaction is used for the calculation of two-body correlations.

2. TDDM and adiabatic method

We first present the equations of motion in TDDM and explain the method to obtain
a correlated ground state. The equations of motion in TDDM have been derived from the
truncation of the well-known BBGKY hierarchy [6], neglecting a genuine correlated part
in a three-body density matrix [7], and, therefore, consist of a closed set of equations of
motion for a one-body density matrix p and a two-body correlation function C; defined
by Ca = pa — A(pp). Here A(pp) is an antisymmetrized product of the one-body density
matrices and p; is a two-body density matrix. In TDDM, p and C; are expanded with a
finite number of single-particle states {14},

p(11,8) = D naw (O¥a(l, )95 (1, 1), (1)
02(121I2,7 t) = Z Copapr (t)¢a(1, t)"wbﬁ (2, t)'lp;' (1,: t)¢§' (2I7 t), (2)
aﬁa’ﬁ'

where the numbers denote space, spin and isospin coordinates. The time evolution of p
and C; is determined by the following three coupled equations [1]:

4 0
zhawa(l,t) = h(1,)v4(1,1), (3)

thige = Z[( a,6|'uh/6 > Cfﬁsarﬁ — Caﬁn,g < 76['u|a',6 >], (4)
Bv6
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ihC&ﬂa’ﬂ’ = Baﬂa’ﬂ’ + Paﬂa’ﬂ’ + Haﬂa’ﬂ’a (5)

where h(1,t) is the mean-field hamiltonian and v the residual interaction. The term
“Baporp on the right-hand side of eq.(5) represents the Born terms (the first-order terms
of v). The terms Popyp and Hapy s in eq.(5) contain Cogargr and represent higher-order
particle-particle and particle-hole type correlations, respectively. The explicit expressions
for Bagargr, Papwrp and Hapwp have been presented in ref.[1].

To obtain a correlated ground state as a stationary solution of the coupled TDDM
equations, we use an adiabatic method: Starting with the HF ground state, we gradually
turn on the residual interaction. This is done by making the residual interaction time
dependent as

v— (1—e¥") xu, (6)

where time constant 7 is chosen to be larger than the period corresponding to the energies
of two particle - two hole excitations. The residual interaction used is of the following
form 8],
1
v —1) = £ r—1)+ —tl{k'zés(r —1') 4 8(r — 1')&*}
r + r

+ kS —-1)k+ —tgp( )& (r ~ 1), (7

where k = (Vy — V/)/2¢ acts to the right and k' = (Vrr — Vr)/2i acts to the left. The
factor 1/2 of the density dependent term contains a rearrangement effect. We use the pa-
rameter set of the Skyrme III force [9]. The spin-orbit force is neglected as in most TDHF
calculations. The coupled equations egs.(3)-(5) are solved using the 1s, 1p, 2s, 1d, 2p and
1f single-particle orbits. The 2s,2p and 1f states are in the continuum. The wave func-
tions of these states are obtained by confining them in a cyhnder with the length of 16fm
and the radius of 8fm.

The property of the Skyrme interaction as the residual interaction is also studied for
the decay of an E2 giant resonance. The E2 giant resonance built on the correlated
ground state is excited by boosting the single-particle wave functions ¢, (1) with a phase
factor corresponding to the E2 mode,

Ya(l,t= to) = eikv(r)(ﬁa(l% (8)
where k is a parameter determining the amplitude of the motion and V(r) is
V@) =2~ 2@+ 1), ©
The boost is done at tg = 57. The strength function defined by
S(E)=3"| <n|V|0 > *8(E — Ey) (10)

n

is related to the Fourier transformation of the expectation value V(t) of the transition
operator V' [1]:

1 jeo  Et
S(B) = — A V(®)sin =dt, (11)
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where V(2) is calculated with the one-body density p(r,t) as
V(t) =<V >= / V(@)p(r, ) dr. (12)
Other calculational details are explained in refs. [1, 10].

3. Results
The correlation, HF and total energies calculated in TDDM are shown in Fig.1 as

functions of time for 7 = 20 x 10~23s. Note that the periods corresponding to 2 particle
- 2 hole excitation energies in ®0O are about 14 x 10~2%.

0
-20 -
-40 - Correlation
-60 -
-80 —

-1004
-120 — \ /

-140 -

Energy [MeV]

1 1 1 ' 1
L} ] 1 1 3

0 1 2y 3 4 5

Fig.1 Time evolution of the total ecnergy, correlation energy and
HF encrgy of 60 calculated in TDDM with 7 = 20 x 10—23s,

As in the case of a simple residual interaction of the é-function form, a nearly stationary
solution in TDDM can be obtained for the Skyrme force using a time constant 7 which
is slightly larger than the periods corresponding to 2 particle - 2 hole excitation energies.
The occupation numbers of the 2s and 1d states are about 0.02 which is consistent with
experiment [11}.
The damping of the £2 giant resonance was also studied. The E2 strength dlstrlbu-
tions obtained are shown in Fig.2.
100 -
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Fig.2 E2 strength distributions of %0 calculated in TDDM (solid
line). Dotted line depicts the E2 strength distribution in TDHF.

The solid line denotes the E2 resonance built on the correlated ground state and the
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dotted line represents the result of the TDHF calculation. The full width at half maxi-
mum of the main peak located around E = 20MeV is 5.7MeV which is comparable with
experiment(12].

4. Summary

Using the Skyrme interaction for the calculation of both the mean-field potential and
the two-body correlation function, we studied in TDDM the correlated ground state of
160 and the damping of the E2 giant resonance. It was found that the Skyrme interaction
brings about reasonable ground-state correlations and a large spreading width of the E2
giant resonance.
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Backbending phenomenon in #Cr
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Abstract

A new mechanism of the backbending phenomena is discussed by analysing the yrast band of *®Cr where no
single-particle level-crossing is expected. It is pointed out that a full self-consistent mean-field treatment by properly
taking into account of the two-body interaction is crucial in explaining the backbending phenomena which occur

within the fp-shell without any intruder orbits.

BCridEE, THLBRNTLOBMG. ¥ LB TEREZKCBI} 2B TP TFHONARNOEE® 21ES L O
HEEDTVD, SOAFAMNYFR, J*=10] & J"=12F OB TNy IRVF 47 2RBILTBY, 72, B
I =167 FTHRICLSoTRDOLNT WS 1], Bl Caurier FC & o THIERIC L B Z DIV F OEh & Fiygig
L aide oBfSRREI N, Zo0RROMICRERNRRERSHLIFENIRINZ 2, T, HHEEIZONY 2
RYF A VT CREENC 1f7 RS AR FRETSAHEELTWwEEELRL TV,

Ny I RYF A4V RBPEBROBMENY FICRTEDCRR SN, F0AH= X233V AL I2BVEESR
RO AMEL SHYE L ORUREICL ZHHREEEROBRNC Lo TREASK TS [3,4, 5l LA»L, &
FABAER IR LRI B B Ui h 2 80EE, #MHEWE, RLUTHENREZRI SV, fEoT, ¥CroNy 2
RYFPAVTREFNEFBIAIZXATRI-TWAE D EEDbRS,

CONYFOBEBERAEE L DFEL (FARDEIC, BAGIRESBRE [6] £ Gogny-D1A1 [7] EAVWTI S ¥ 7 b-n—
M= 74y 2 (UF25Y 2 HF) BHEBRUI IV b-N— V=T 3v 7 - FTY2®7 (JATF2 5 2 b HFB)
HEEIT-oTr I 2+ HF(B) HER

SOMNNH —wllgn) =0, (¢ J]|d) = I. )

RBE, ATAMNRUATAMNERICH D IBOFREE NSV F (BT 1p-1h B, PETF 1p-1h e, BF&HHTF
D2p-2h ) ZNVFF—3IRx—Ta vERD, 7527 HFBFERU IS5V 7+ HF HE 2+ 5 B0REZH
RS FRNESG FEECERTEY 6 EORB TR,

M1RUHE ARTEY . AFA NV FREP-2hFESYFZOWTIF V7 HFBEEOKRE IS V27 b
HF StEOERIZIIREALEEZRLTWS, FOREREOLEIAN T — it 2348000 5 DFESA, 41 FA PNy
FOTI=00REPS I =4 fFHELPFEYT, TRULBRIANF-OBREBTRESIRALE 2K
Hbo 23Tl ATFAINYFONy IRVFT A VT HFRBRENTVEEEZRLTVS, THHDERPLH, 47
AR NV FREFRNY FOBEZCENHENRARENICES L T2 VWEEGP S, F72, &R [3] ® Marshalek
& Goodman([5] #fT o 7P EMICRT B 7 7 v F Y FERETR, BENSYFENY 7RV F T3 HEECEAERG RN
BRAEREL EOEERHOBEIRRO—2TH o7z, L2 LELOFE T, EHNEOASHEOHSHEOEL X

T() = (BOIZIW) — (ST ld)? @

2. TG Y- RB&ECado/(H3) Ty 75V 7 HFHE ICL o TRD AT A MV LAEDVF &
DRBIOVTHRERTAD L, RNV FIZEND IMeVUEAFA I NV FRLERTVS (1), T4, K42 R
BELATAIYNVFERTA—HRFN—3 T V2 RCOHABLBNRELRI LTV R WENSPD, D LoE,S
BOrONy IRVF 4 VT DBERIFER LIS R BB TEZ s TV AEET» 5,

*Present Address : IPNS, HEARO, Tanashi, Tokyo, 188-8501, JAPAN.
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BELATAINYFRRIFB—HFV—U7 Yk RTORRLRITEL R LT RVWENS P, BEOELL
BCr DNy IRYTF A VT OBEIDERL IS B o BB TEI o TV AENESTI 5,

BCrizfgF 24 . PHET 24 EPOES Z=NBETH L5, BTH L FHEFHENELAICHIRE B2+ ERS,
F72, Uy DB LY energy DEVRITE L LTEZ 2FFHRZOT, M, FEFHD 1y, OBEDO— R FHE
L&D EES L OBMBRICOVTEERT 3,

BCr OEERBIENHLZ7OL - ERZ LTEY) . 20— RFREBEEIERMH T M5 & AEHE/,
DEAEQEHD, PUHEFHLRH L 72 VIEAESICEO = 230BBEE PO RDEE LV 2 F v —5 D 2 KD
PEIFDY, FOTIQ =21 0EERBEOBEEEDP DL BB L2 XOPENEDLICHFEL T3,

In00WY 5 Y% Y/ H-wl i 3AQ =1 L2 5—HFHREL OMOFTFIER L PR 20T = £L0BBIRE
Kol 2L TR = 230BBLMERRT 2, 577 Y Vo RERBONBRIIONTY = 10 2 KOBEIFLH
BEOBBLHETI T CRRCEEES L T (. 2OREROAEHE T FEABAXRVHEEOREEZZO
2ONHEPLOFSFEo TV 5, TNORO = +30HPBRSAEHRICIFTLEFS LRV, BV A F v+
DYEIAEHESH L RAOFEICEH LTV DTEOFSIC R > T3 ([5),

—% . REREOHBHRORE S ET() ORA LIRQ = £30 2 XOREH L DFFIE o T b, TS, DRF-
”ﬂﬁﬁ@ﬁﬂ%ﬁﬁmmk;ofﬁahéﬁ‘ﬁﬁ@ﬁ?klb Q=+3 @%EHQ +3DFEEFYE L DHICAT
FEE Jum(D2H 2o L2 LEAROBERICL>TO = i:@%ﬁdk%&ﬁ@@mm%%#&uo@mmuit\ﬁﬁ
BEEDOAEHETON) Y ED 5 BRBREFH

Gl [, &) 1oy =4, S(Dlén) = ~i< 1o, 3)

2ROIBATHEP 5, ZOFFIERNOKEIVO = +3 OREIFFAREIEELEoTWE LTS, BIL, O =+1
DREREAEGR IOMFELEY, Q = £I0RERROLBRAEOEEL2BoTVEEI 25, IFHKTILE
HEROOBEAMETRZ %3, IS8 DERTREROUMRRZIZRANZEY, H5L 01525,

LAl I~8 DRy L EROUBAREDLI KDL, M5x R L, IDFEZE-TWATI=0TR=%; T
HolBEE, BEHGROMAVFRBALBDEDT. ROAEHROMALHEI 2 %2b, £ZT. I=0TR=+3T
Bot BEOBERFHFROAEHROMMEE S Fizk 3, LAL, Q=130 BEIROEAREOHE ¥ H->T
WB DT, ZOYEDKFOEEEHNIIROBFREICKERE(MES 2, B TF 41—, V73 F v —+HOHE
CHENFII T ~8 DEBIIBVT, KFETPOFTRMENL OREHNOBEAIKE (EDLLH, HAK IOHNE
HIBICR B, (LBRZOHELY m* L FRT5,)

RABZRESRELHCTERHIINY FRORBERD T 25, E5FNTFO—NFRENKOSAIGHEOH
K THEADOHEERADIEN UKL, 2OER. BOINFOEFHE m* P BDIEMIKEL, BoT~ 124480
THENZELIRE WEIEI D7 (H6),

ZOREFEMCORFTR—BTFLU—T7 VICEBERICREL R, 282 5F UHELZHORL IR LF—DEE
SHPED CORMBEER UL 1 @05 DEFEROFEFIKREVS, BERZLRIERVILTH 5,

L2»L. TOELIRBEBRNPELE LTENTL 5, Thouless-Valatin DEHE RO

o1 dw(n) _ ()| HIg) SNV B b
{(Frvm} = 22 = SO0 = ooyl [[Ra, i) 0w 16, Ry =B -wl )
KRWT, V=37 VRO 2 BORBHBEIEH % EBRT 5 & Inglis DAR
— M P —3,
ﬁwupjzj%m_gﬂw &) 1 —RTFAM-VT Y, (5)

um

BEONE, ZIT LnDiHRE |¢(1) 2B 5 EETRELAROL,OfFARETH 2, 2T JrviDE Jing.()
BT RT, ROEEEHICE R 5 2 hOREHEERAOKBOKRE SHFFTP 5, %uffmeEtﬁmuﬂ%
BBLTABE, HAEZZR22D00, I X6 OFRTRAWEDHIITZ—FEOMERL TS (H 7). L5
I~8 DFRIBVT, ThETEBRTH 572 Frv(D) & Jing (1) PHEDTLOERART OERICHRVTRE (KD S,
{Ting. (D} 1 I % 12 ERIFIZ—ETH BN {Jov(D)} L [ = 12 TR/MEIC R 2TV B,
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17. REERIED 3T TDHFHE

Three-Dimensional TDHF Calculation
for
Reactions of Unstable Nuclei

Ka-Hae Kim, Takaharu Otsuka
Department of Physics, University of Tokyo, Hongo, Tokyo 113-0083, Japan

Paul Bonche
Service de Physique Théorique, CE Saclay, F-91191 Gif-sur-Yvette Cedez, France

The fusion is studied for reactions between a stable and an unstable nuclei with
neutron skin. The reactions 16:2820449Ca and 160415280 are taken as exam-
ples, and the three-dimensional time-dependent Hartree-Fock method with the full
Skyrme interaction is used. It is confirmed that the fusion cross section in low-
energy region is sensitive to the interaction used in the calculation.

1 Introduction

Characteristic features of the structure of unstable nuclei such as neutron halo and neutron skin
attract much interest not only in themselves but also in their effects on the reactions. Concerning
effects of the neutron halo on the nuclear reactions, theoretical study has been performed with
various models and put rather different predictions on the fusion cross section 23458 while
the experimental study has become feasible only recently 7®°. On the other hand, the study
of the reactions of unstable nuclei with neutron skin has been limited both experimentally and
theoretically. The neutron halo and skin are different in many aspects. For instance, the number
of participating neutrons is at most two for the halo, whereas it can be much more in the skin of
heavier neutron-rich nuclei !°. It will be of interest to see similarities and differences between the
halo and skin. We study here the reactions of unstable nuclei with neutron skin.

The actual calculation will be performed in terms of the time-dependent Hartree-Fock (TDHF)
method in three-dimensions with Skyrme’s interaction. Such a three-dimensional calculation has
been done for reactions of stable nuclei, but they are limited to only few reactions, such as mass
symmetric one with a perfect spin-isospin degeneracy !!. It is mainly due to the difficulty on the
size of calculation. Of course, there has been no application to reactions of unstable nuclei, except
for the two-dimensional one without spin-orbit term 2.

Recent progress in the power of computers enables us to carry out a larger size of calculation.
Thus, we apply here the three-dimensional TDHF calculation with the full Skyrme interaction
to the study of the reactions of unstable nuclei 314, Since we remove symmetry constraints
imposed on the wavefunction completely except for the one with respect to the reaction plane, the
numerical calculation has become much larger and more difficult to perform. We stress that such
a full calculation has never been done even for the symmetric collision of stable nuclei.

We also state that, at present, TDHF is probably only a possible and practical means for
describing massive transfer and fusion of nuclei with neutron skin where density, mean potential
and shape of nuclei may change much more drastically compared to stable nuclei and core part of
halo nuclei in an unexpected way. ' '

We take here 16280449Ca and 160416280 reactions as examples. The nucleus 20 is a
neutron-skin nucleus in the Hartree-Fock calculation. We consider these reactions focusing upon
the fusion in low-energy region.
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Figure 1: Fusion cross section for (a) 150+°Ca and (b) 220+%°Ca calculated by the three-dimensional TDHF with
SLy4d and SIII interactions, compared to the two-dimensional TDHF with SIII interaction, as a function of c.m.
energy. The squares present the experimental data from Ref. 17.

2 Method of the calculation

Previously we have carried out the two-dimensional TDHF calculations by using a cylindrical
mesh!?. However, there are certain problems in such two-dimensional calculations: the deformation
of the system is always imposed to be axially symmetric, and the rotational motion is not treated
precisely. Such an axially symmetric method has been applied to calculations of reactions between
stable nuclei, and its results have given quantitative description of fusion cross sectionsS. In other
words, the validity of axially symmetric calculation has been examined in the case of reactions
of stable nuclei. Three-dimensional calculations have also been done and their results have been
compared to the two-dimensional results!!. Although agreement was found in some cases, nonaxial
degrees of freedom to be essential for a proper description in some cases: triaxial deformations
arise significantly for intermediate impact parameters and such nonaxiality becomes important in
the dissipative process that leads to fusion. In addition, changes of the nuclear mean fields and
densities should become more important in the case of reactions of unstable nuclei compared to
those between stable nuclei 12

In order to remove such problems, we have written the three-dimensional TDHF code !314, In
this TDHF code, nonaxial degrees of freedom are included, and the rotational motion is treated
appropriately. Furthermore, the full Skyrme interaction is included as much as possible 3. Such
full calculations have not been carried out for any kind of reactions even in two dimensions.

We use here a three-dimensional Cartesian mesh for spatial discretization of the TDHF equa-
tions. Each single—pa.rticle wavefunction ¥y (x,y,2) is defined in a rectangular box 0 <z<
Ly, 0 <y <Ly, ——L <z< L ) at cubic mesh points, (z;,y;,2) = (¢ — 2,j k- 1)Am
where i, 7 and & take on mtegers A symmetry with respect to 2z = 0 plane is 1mposed The mesh
size Aa: used here is set to 0.8 fm. It must be small enough to give an accurate representation.
On the other hand, computing speed and storage consideration favor large mesh size to reduce the
number of variables describing the system. The mesh size 0.8 fm is a relatively large value yet we
use high-order discretization of the derivatives, the seven- and nine-point formulae for the first and
second derivatives, respectively.

As written above, we employ here a Skyrme interaction'®. Among various Skyrme interactions,
we take the SITI and the SLy4d 17 in this work. The SLy4d is the latest set of the Skyrme param-
eters. It has been built up without taking into account the 1-body center-of-mass contribution in
the kinetic energy term17.
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Figure 2: Fusion cross section for (a) 0420 and (b) 220+ 180 calculated by the three-dimensional TDHF with
SLy4d and SIOI interactions, as a function of c.m. energy. The squares present the experimental data from Ref. 18.

3 Results of the calculation

Now we show the results of the calculation. Figures 1 and 2 show the fusion cross sections as-
functions of E¢pm.. Figures 1{a) and 1(b) correspond to the reactions 50+%°Ca and 220+4%°Ca,
respectively. In these figures one can see that the fusion cross sections are different between the two-
and the three-dimensional calculations. In the two-dimensional calculation with the Skyrme SIII
interaction, the minimum E ,, for fusion is 24.6 MeV for the 160-+40Ca reaction and 23.2 MeV for
the 220+4%Ca reaction. In the three-dimensional calculation with the SIII interaction, they become
21.6 MeV for %0+%9Ca and 20.7 MeV for 220+49Ca, respectively. Thus, the minimum energies
decrease by about 3 MeV from the two-dimensional results. This is because the full Skyrme terms
are included in the three-dimensional calculations.

These minimum energies for fusion decrease further down owmg to the SLy4d interaction
in the three-dimensional calculation: 19.9 MeV for the 10+4%0Ca reaction and 18.7 MeV for the
280+%%Ca reaction, as seen in Fig. 1. Indeed, the fusion cross section in low-energy region is known
to be sensitive to the interaction used in the calculation!!, and the SLy4d interaction enlarges it
compared to the SIII interaction.

Now we move on to the reactions 60+16280, Figures 2(a) and 2(b) correspond to the reactions
1604160 and 160+ 280, respectively. In the two-dimensional calculation with the SIII interaction,
the minimum E, o, for fusion is 10.4 MeV for the 10+10 reaction and 9.4 MeV for the 10+%0
reaction. In the three-dimensional calculation with the SIII interaction, they become 9.1 MeV for
1604160 and 8.1 MeV for 1804280, respectively, and in the three-dlmensmnal calculation with
the SLy4d interaction, they become 8.7 MeV for 160+160 and 8.0 MeV for 604220, respectively.
Thus, the minimum E. , for fusion decrease from the two- to the three-dimensional calculation
and from the SIII to the SLy4d interactions in the case of 160+16:28Q, similarly to the reactions
16,280 4 10Cq,

We would like to emphasize the lowering of the minimum fusion energy due to the 1mprovement
from the two- to the three-dimensional calculations.

Then we see whether there is an effect of the nonaxiality on calculated results or not. In the
two-dimensional calculation, it has been pointed out that the axial symmetry and the rotating
frame approximation cause difficulties on the dissipative process which is important for fusion 1.
This situation changes in the three-dimensional calculation. In the present results, various nonaxial
deformation are seen during the collision. Such deformation helps the energy dissipation from the
radial collective motion into other degrees of freedom and prevents scission after the collision. In
fact, by using the same E.p. and b # 0, the results of the two-dimensional calculation does not
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become fusion but the results of the three-dimensional one becomes fusion in some cases. This is
a great progress from the two-dimensional calculation.

4 Summary

In summary, we studied the reactions between a stable nucleus and an unstable neutron-rich
nucleus in terms of the three-dimensional TDHF calculation, focusing on the fusion in low-energy
region. In this calculation, we included the full Skyrme force and nonaxial degrees of freedom,
which lead the enlargement of the fusion cross section. In addition, we took the SLy4d 17 for the
Skyrme interaction, which also results in the enlargement of the fusion cross section in low-energy
region. It is confirmed that the assumption of the axial symmetry is violated rather significantly,
and the difference from the two-dimensional calculations is found in the minimum energy for the
fusion.
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Abstract
Quantum molecular dynamics is applied to study the ground state and excited state properties of
nuclear matter at subsaturation densities. The structure of nuclear matter at subsaturation density
shows some exotic shapes with variation of the density. However, the structure in our result is rather
irregular compared to those of previous works due to the existence of local minimum configurations.
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A x - BEORMEROLL Do & IEIRAE (PR RE) Ofl, BRER

SETHENF ISR B LI —RBOH L 01“‘ °

FEFREELTV S, BT-BTE. B Hhoe

F-ETH. ET--EFEOs -0 VHE

AL LY, BFOESHL I E—id

ARNTWZRN,

B 6 {EHE 0.1po DFADOHHHPEDO L AN F - BBEREEZRL TS, EOorRONBIKERI TR
F—IHER20~0DIDT, ERAONBNELITRAI—FFREW «HFTH D, T, KERY
FAY—DEEDITRAUCE>TVD, TOL) ZEERERDEFNTFRINTHE LD LIEERD
BADKRIZ ANV F-ORFIHREREIIR- T30 LBbhi,

ZFIT, HOREIDI TR -2 HAMICESRREMESTAD, ALKEZDI T2 — %HAIM
WZHENRDB 7D, BEE128(Z = N =64) O “BFH 2EEGHTED, FhERTICRTEICEE
BFRICSEEE L. M8EIRHS LEFTROLINF -—OBERELEERL TS, AHLFE S D
QMDEE T, X FRICITFAY —2HELLHFEOIINVFEF—, SARIFAF—RICEEB LD
DEBCEBGFHICLI > TZANVF—DEVIRELRD DD THS, QMD EHE (HR) LBFIRZ T X
Y—RBELOHFHLIHELERET S L, 0 lpgPBEETRIEFRI A ~RBOFIHKFLLD IMeV
BEIANVFT-PELZoTwE, 2F DR ICR OSNAABRIREMIEES P A VF—DORFRNE
BEREBICEoTWB I LG9 5, 0200 & D BVWEETRAIKFIRS IR 5 —BEOFHFL AVF—28
WL ZoTWVAEH, TNRHFEOHBIL, BREEN /IR~ L LTKEDOMHEKLTAVTVS
BB LBbhb, 79 X5 -0, BTFRRELRETAEEICIANVF-DBEVIREIBOLD
EThb,
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7. BFRICIVFAY—2BE
LiziE, MTREFRICEREL
TBRECEBBEBSHERLTH S,
B 0.1pgo0

I ATy Y g T
E —O—QMD (1024)

® 8. k: MEHHEOL AN F—

§' : —¥%—QMD lattice (1024) 4 OHIFEESHTZ AN —RE
% E . —d— QMD lattice (1024)+cool ] @ﬁﬂﬁ%?ﬁb f: i) 0)‘ % Enbigﬁ&
= 128(2:]\7:64)@7‘719—%8
1 . THEFRCEBLZDDT,
X EARTNIERGA LT 27250,
': B R E DI E—RREE,

l 05 — 0 %.0 — 0.‘5 0 1?0 l

HEL [pol BE [pol

8GR EDE HEERLAZDNDTHS, ZITHEHE x BRBELLLEBHBEDSH D
T, ,
(N = (N))?), (9)
a3 /V.- p(ar)d3r. (10)

ELTRDZ, () RINTOF TNV i KELZFHT, V,RER—ENDELRY YTV cell Th b, a i
FHERITRIEDBAT—NV77 75T (N)=1,%BEICa ThE W 2 LD,

il

X
N;

i

a = (Vop) /3, (11)
o = /V‘ d®r (for any i), _ (12)
o _ [ex)dr

BEpDBE. TV ¥ AR PSHEE LA QUMD SHERBFRY 72 ¥ —RE L ) b HE—HEIE
., HAWLEEISEI L BRPFTIAINF - OFRHUREREICF > 28 o T RHTFH D5, 0.2p0 &
D% WHETE, 5 V¥ AhM5Er 5B LA QMD EHER, BFIRS TR Y —EBH» L ERGH
TERBICEVENHIENIANE-DRE, S bbb, L LERPINROEBIZZOEBEETE X
U HAR (FE—REVE) T2 LBbhs,
BhAIC ébﬁxyA&ﬁﬁfux—lkaamt#‘uﬁﬁﬁ”@QMD@ﬁpﬁ%ﬁlgnyt
IEBDEE, ZOBFHEEZDI/NSTIEF VY VDA77 2 VIHADIANF—BEREEL D &
IKLTWADT, REKXTVFARBDEN—KILLoTVENLTH S,
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3.2 HREE

RiZ, BMEL > THEFED X Y ICBET 2225, BRIEEIREEL Metropolis ¥~ 71) v iz
FoTlEs, IIBEE0Ipe D HBNEDEETH S, KETHITAI—BELLTVEY, BES
EFBLPEALRAL GRS —OREHIZRITTETRESMeV TIRZ T A& —HESR LD, $MeV T
E—HIC%oTLE ), HI0DFEHELZRILBENVLARL LD IBYEAN—BIRABTFHIH» 2,
BEN LO0poDIFE—FEMKRRTIR 1L L N/AEVDI, RADONTYVRF VI VDLDICT v ¥ ARG
LB Bl oTE PO ThHb, BENLEYFBENATIRF VY IXUBHELLLE), TUF AL
Me—F¥ %, T=0 MeV T=3 MeV

31.24fm

31.24fm

9. T EDOEEDRERITE BEIXO0.1p0. R FHIE512

6 T '512'pértidle'§|
[ —8—0.1p, |
] —h~ 1.0p, |
war 1 B0 FREDREKR L,
w |
2 b -
Y Y A a a 4
] PR ST T G YT WU SN T T T T JA U SHE W MY
%

_ 4 6
BE MeV)
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4 FE®

FADQMDIC X BEHEIE., FREP GERRT T, MRS, LEETTE 1 2OBHE A THR—BIIE
BT 2ENTE, THBECEEEL EORENFERIALRLLTCTOCOPRETH S,

FADQMD IZE BEETIE, ROEFVTFEREN TV EBEEOBPEOBEIC LI (P bD%
BRI A ENHELY, ZORPEEIFHATH o7, BWIFTAF—IRNERTIIRS Lo
HEBABN, ZPELINVF—DORFTNREREICHE - TwAENGPolz, ThidE4 OHEORES
ThHHPSHENZVY, TEAVF-ORFFTNREREFPREOPTERLTCLTRELH S, BHER
BTHRI-FROFHFENIFEHL TV BEL, AoLOFETY Iab—-MHRNWIZFOZZHO D
ICHRB DT WHrERT,

SE X8
{1] D. G. Ravenhall, C. J. Pethick and J. R. Wilson, i’hys. Rev. Lett. 27 (1983) 2066.
[2] M. Hashimoto, H. Seki and M. Yamada, Prog. Theor. Phys. 71 (1984) 320.
[3] R. D. Williams and S. E. Koonin, Nucl. Phys. A435 (1985) 844.
[4] C. P. Lorentz, D. G. Ravenhall and C. J. Pethick, Phys. Rev. Lett. 25 (1993) 379.
{5] J. Aichelin and H. Stocker, Phys. Lett. B 176 (1986) 14.
[6] J. Aichelin, Phys. Rep. 202 (1991) 233; and references therein.
[7] G. Peilert, J. Randrup, H. Stocker and W. Greiner, Phys. Lett. B 260 (1991) 271.

(8] G. Peilert, J. Konopka, H. Stoker, W. Greiner, M. Blann and M. G. Mustafa, Phys. Rev. C 46
(1992) 1457.

[9] T. Maruyama, A. Ono, A. Ohnishi and H. Horiuchi, Prog. Theor. Phys. 87 (1992) 1367.

[10] K. Niita, S. Chiba, T. Maruyama, T. Maruyama, H. Takada, T. Fukahori, Y. Nakahara and
A. Iwamoto, Phys. Rev. C 52 (1995) 2620.

[11] T. Maruyama, K. Niita, K. Oyamatsu, T. Maruyama, S. Chiba and A. Iwamoto, Phys. Rev. C57
(1988) 655.

[12] S. Hama, B. C. Clark, E. D. Cooper, H. S. Scherif and R. L. Mercer, Phys. Rev. C 41 (1990) 2737.
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19. ¥TN) T =R ENDERFHT 70 —F
&7 03T, V. Kondratyev! and A. Bonaseral

T BAREF IR em Lt Y & —

! Laboratorio Nazionale del Sud
Istituto Nazionale di Fisica Nucleare

Bne

The subbarrier fusion of heavy-ions at energies around the Coulomb barrier is studied by
using semiclassical mean-field theory. The pathes connecting entrance and exit subbarrier
fusion reaction channels are found by incorporating the Wick transformation into the mean-
field kinetic equation. The polarization and deformation of nuclei is shown to lower the barrier
height. It is demonstrated that preequilibrium nucleon exchange in classically forbidden region
gives rise to the nonlocal effects lowering the effective barrier further at small relative distance.

1 ZRETZETOM RIVEAR

ZRTEEMTO N VA VBREIYERIMZOZEOPOSHFICEY BT, BHEOBSIEFo M
BELRRE, TV 77—, ENTHRE. BoHE. Y 7NV T7-BREE V10D THhE, %
KOBEI. EMAL WKBETRATSLRERLMEONZVWI LG T0VAS,

ZRTHECHEL T BT HF 78 7 —HRESICHL TS OMENREENTVS (1] # o7
Fx v AVERR FNOREELLN L BEHAS, 7N 7 - BEAOWEROBE AR HBET A
WIZiTh Lz, T 2 TOEKN: RICEE ERES & ASHE - EZORNSEEEDORREE OEE
WRETHY . THOEAEGHED ) & THICIREN R Mz O Bhkehs K & 25 E% [T+ 2 &8 #E
HEOBERT P o1, LAL R ORER. AR EENBORNFFTEVGSICRBIESTEEH T D
ICKRZET, REMLREENERLVAILD S,

- CORLGEFLECETYRLOREIERMEDL TEREODH 52 JIREDBEE L L T Negele 0D
TN—=TI X )RAESNLERY D 5 2] TNREREOKRBKFD /N~ L —74v 7 (TDHF)
CESVWRERTH L, COBBE BRESEOMEIEDNR, 2OERNLT A7 7)) T {H<
ZEBgh ol —ERER RS . —HREEORE XS 6HE 325 OBSBEICERL
HELXBREBRICEFOBRORBEIEY, RABCOBEROBRMGEY AT 240, 77V 7HERXEE
BEOFEZMAGDELFELREL TESRRY 7NN 7 —BRE~BEHAL TEZ[3, 4,5, 6]
COBEENE AFRROTMHIFNTH Y, ERIZT 2 F ) A FEOESED LI REFIIEVE~EH
L, 20 ARTOAEMM S & ERLZ (4.

CCTCEHIOBEREY TN T —BEAIEAL T, ABLENB L OO TRROME
EIANE, TORTBRICHL T, BILZHOB TR EL 2581005 A HIREIEIR &< &
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RTBSF, ME—RFZEAT O N 7z DI BVFERURE T O BBBEROFETH o712 [T T I THA
PR 27— Ny T BDTOREICEL TR, BREROBIRE SR &HRE A EN
TELT, E<HOALFTOERMPLEL RS

2 1RE
WEALLTY IV 7HBREER %,
af(’;)tpa t) + {h(rap: t),f(r,p,t)} = 0, | (1)

ZIT f(r,p,t) E—HSHREAETH Y, BF {LYEETV YOy aXEhobL., T2 h(r,p,t) =

T+U(px) ENINVIT U THE, . 2OV TV7HERE., SRTFOHE, BIbSmMEEY AL

BRUEHBCHTAFVIEHMOERNSL I LV EBT A HEC LN BSIIHB LA RS,
NxA

flr,p.t =—Z¢5r—r1 8(p ~ pi(t), (2)

-~

A
-

A

TNEIHFLELYDOT A MRTHR], 4uAﬁ+& *hbo HERA (2) x HERX (1) tfRAT
LD FAMETIET 5 ROBEHHRBR B, ‘

p: = mfis
3

{ p; = —VU(r). @
BRESHPIRTLTELDIL, EEVWESELVWEAA VALOEMA Y ER 5, LT RIS

BRIIGTIEMAEE R L FNIIHET 2EHE P * EHT 5.
=/ drdp I‘( I‘ p’ /drdp rp ’pi ) (4)
B

CSITALBRENENEE :<0& 2>0% %7, FERX Q) TREINHIFTAMETOFERH
‘l}ék_tb 0\ ’j:o)_t%“'f

=4 31 iy
{ B _ijz e (5)
P =23 s(z)
CITsRBRARDELIIEHRINREMUTH 5,
S(.‘:,') = -1 for <0 (6)
= 41 for >0 ) (7)
ds(z;
) 9s(a) Q
KICRAZEEIE e 2OEHREREHST AL ICE)RD 2, ;
: 1 od
b= 3 {stebr oot pi ©)
1 . dzids(z:
= 5 {8(:i)pi+E‘—%'(’—)pi} (10)
= —E:b~gn+LJ@mJ. (11)
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RB)THELONETIVIFBREFACTIDORIERD L HIZEIT S,

P= % Z {—s(:;)VU(r,-) + %6(zi)p;p:.,:} . (12)

COKE, ZPEEFHEEFo WL L ER B z-WEErmE., BHEIZL D, DOEZ % Fu
EIEE, ZUWHBOBEXI PV E e, TET L.

P = e:% z {-—s(:,-,)V:U(r,-) + %6(2;)1)&} (13)
= e.F.u (14)
Foou= % z {—s(:.,-)V;U(r,') + -3;6(21-)172,-} . (15)

BREGIIRVWTHE, TAMITFOEHRpE 2HIN 5T,
pi — +P/2 +p} (16)

IITT7x NV EHORS plREFHNTHHLIRETES, FRPARK (15) DE2HEIEEHRIL
NTEKRDE I B,

1 2 2 1 2 2
ey 2 {;5(%)17;,-} =e ) {;1-6(z;)(P2/4+ Pai } (17)
$oT Foou R2BIZHT B T LN HRD,

Fcall - F[ucal+Fnorxlocal (18)
local 1 - 2 2 :
o = Y {0 + 28 (19)
2
~nonlocal __ .
F ~ o2mN 26("’) (20)
CORIVEABEDRT VAV ELTCROODEEHRT 5,
chfccti-vc = /Fcol.l dR (21)
FLTRTF I x VEERBEL L T
Vpot —_ /Flocul dR (22)
Y EHRT B,
CITEBETREIEE, N (19) &R (20) LIBTL AT N S HEBOEME 2H0%IZH 558
EHz BL TORFORPERLTVEILTHL, MIBRBREO7 2V IEHINEC T EHS

T, SHEHZBL TOEAZEL (D, —HHERBAESIEFTIHITH ). BINSHTR
BOERAERL T2, RCHONA X I OHRIBEERD 1) ¥ £CZEETH 52, Th
BIEFEB OB A T — LS BP0 ISEHO A r— L D220 5 DOBEAITEREY, &
D ARV IE M HELOS AT RBR SN A2 b LiLEvdt, 4RSI L T v 5 EESEIO KIS
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WKEL T, 72T AN PR SIEBERA—ET 2BEUMCRBR IV, ZOBE
I, ERDREEACE 2SI, B RESTMET EoEBFRNE 2 5,
FUOANVEBTRERFAMIFIOGT 2EHAEREFUTOL IICER 5,

pi = mri,
local 23
{ p: = —VU(r) - 255 s(z))e.. %)
COHE p KB HEULTOL LS,
) 2s(2;
pPi= - VU(ri)— Z(N,)e;
2% '
Z s(z)(=V. . U(x)) + - 15(2{)} (24)
HEATHP L7 0 CHRESTUTO L 12k 5,
. 1 . d
Bom 3 {sm o+ fote) i) (25)
1 . 2p%
= 'N£=§:{su0pa+>£;6®0} 4 (26)
= %ez Z [s(z;) {—VZU(ri) - -272%—2 %
2p'2 2%,
S (otes) | =000 + Zste) )} + Zto )| (1)

ZOXE s(z) =1 0ORAREFE I LEEBRIONTRDL H LA S,

P = e.(~ plocal o Fnonloca,l). (28)
—7A. A (14) &K (18) & N ERFHTOEBH AN RO L HILHEFT B,

P = g (Floce! 4 prontocaly (29)

K(28) &K (29) T HET A LT L b EFM» L ERE~EL S ICREORIER FERLTEX
UL PV EH D, THbERROL OS2 EL, R HEIEZ 20, COBEER
B, £AEHOEHEIZERFMI S EBBHOELICEBLCLUTOL )2 ERmr ST A L #E2 5
EFDOERDBS DD,
P — —iP (30)
P — -P (31)

3 o410 & *Ni+*NiDRICHT 2 FESTE

PR EIC AW [6) RS 200MeV DAF L ADERERE Lz, #RSICr—Ovy i
Fe HHRIAINF L0410 RIETHO 7 — O/ BRED EOI VT —OF —FIlE) L HI0F
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L T T 10 LY :
5 0 b Coulomb -

10
> 9
2,
>
B0
= 8
A8

7

11 12 13
R [fm]

H 1: BRERISIIHT AR T ¥ v VEEE, ER 1a TE00 + %0 OR%ERL . EREERICE
DELHBHRIRT oy, #RE 1 SHEHIEIEZ48MeV & 16MeV DA ANVF —DIHEDY
V7 3alb—=YarpofBohizbeo, FLTHVEERIE Bass F7 v v vk ERT, X 1b
TN + 8Ni JUCOBET, AFIZALVE —90MeV DFEDT IV 73 ab -2 a v DR
HERT, 93MeV DA% 1 SHEMT, 145MeV DH AR BB TR, HWHERIIEBHOBED
J—uvEFL X VERT,

DFREEFOZGNEORBLANVE —HE AW, TAMREFORI I EFE/ZY N = 10%2 1

Y. BERTE T OB 0% A §t=0.2fm/c ~ 0.05fm/c i2 & o7,

B 1alomd o, 190 + 0 O ETEHLEIFIET ART I v VEEEFRLTH D, ASTT 3L
FePB - VEBEOLECHoTHTCHoTOERTF VI YVEBEOBIRZITLALZHLLY, EB&
ELOEVWLRWIEPIDHLNGNS, PEFGOFIE LT ILIZRTDE, Ni + NiDIE
ARIHIET DRT v v VEBEE T, BVETFHICHL TH. 2BSET WO EROR)
B2 VBROURSBERERL, HFY v VEELASICTY 2, BICEKENT X IR
FTAOMBPEREL Y, FNUR 7~ OV ERDEOIANVE —TRRF vy VEBL B, 27—
OVERELTOZIANEF —TRRTF VIV BATIRIMHL I ETH S, BRETHLTADEEIC
RIERFAOHRII AL WHRICHIZL AL EEEEI W,

Bl X S IERArERE 2B DT A EBL T, PR HFRRICLVEL S, FILO L,
BTG ATH 77N TSI T R R B L . — B Lo AN ~THERY &< T 5,
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cross section [mb]

L b .‘-‘ - ;«;"”-
100 100 ¢ Sl E
10 10 ‘ :': 7
1 F '.". v
! N
0.1 _ .,': E
0.1 Wi
0.01 Ff § 3
0.01 } j
90 95 100 105
Energy [MeV]

7 8 9 10 11 12
Energy [MeV]

X 2: 160 + 90 7% (2a-panel) & 38Ni + 8Ni % (2b-panel) OB R EHIREME Y RT. ERIT SV

T, AETREILORF Y v L% A/ WKB &
TRTo .

145MeV D356 % $H#

7332l =3 avTRBRERT 5%
DR F AT RV F— 900MeV OFEE SHRT,
CORBFEDHNREBSFTCOLOBLBRTLERVSBERTH 5. FEFIENY T/ 7 —-EBET OB
MEOMAKE b1 TOTRLVWIEHZR L, —FHREBOBRL OB, WhW b extra push
BBRICHICT HOTRZVNEER 5, Bl ZOFEBANL . BEWRTRONLH7%) 7 — OB
REREINBOWIFINVF-COMHEOBL BT IRELI20TELVWIALFRL TV S,
B 2 12RO I0+10 (2a-panel) & °Ni+5ONi (2b-panel) DUHEHEZRL TH %, ERIEA
DEEETH ), RFRERETH S, AR 2L ITIEE 1b fsfi LNFEF Ty VEFol: WKB
FENL, TIV TV Ial—Y avEENEREZIEFICRELER

BEOBERLRL(H L, 0F
i)‘ZDo

[,'C\f‘ét_ ki)‘
4 T
WELZZOR, VIV T7HRALENBOFTEFHEAEDET, AFRELTPF XV
GEFETHENMTH D, ZOFER ., ROFCEPTOROEAN BRHENIY A b, fEsk
REBTVINVERIOBEUTHET HLEVEL LV ¥
> Z 0 T O RGF

Al Rl
— e -

i N AV e - 7 e
—OVEBIBTTHIEDRIN, 2EOMTORKF

DOERD X )
VAR T/“Kﬁ/i)‘ a).':;t_ =X I/

HETE DR
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FEFIC L o CL EBERENIEL ., FREH TN T —FRTCE 7OV BETEIZET X,
—HEREL DI AN F—TREEEBLTAILERL, TOHTNYT—TOEFYIXLVD
BTE., FECECT 7N Y ~RICOWEEOBREEL , —HFBVWIAVF -TOXRTF Iy
OEKIZ extra push TAVE—~DFERE LR o TVWLDTRZVIPLELTVS,

(1] see for example, Proc. Int. Workshop on "Heavy Ion Collisions at Near Barrier Energies”, J.
Phys.G23 no.10 (1997).

N

[2] J. Negele, Physics Today 38 (1985) 24; Nucl. Phys. A502 (1989) 371c and veferences therein.
[3] A. Bonasera and V.N. Kondratyev, Phys. Lett. B339 (1994) 207.

[4] A. Bonasera and A. Iwamoto, Phys. Rev. Lett. 78 (1997) 187.

[5] A. Bonasera, V.N. Kondratyev and A. Iwamoto, J.Phys. G23 (1997) 1297.

[6] V.N. Kondratyev, A. Bonasera and A. Iwamoto, submitted to Phys.Rev.C (1998).

[7] J. Blocki, Y. Boneh, J.R. Nix, J. Randrup, M. Robel, A.J. Sierk and W.J. Swiatecki,
Ann.Phys.(N.Y.) 113 (1978) 330.

[8] A. Iwamoto, Z. Phys. A 349 (1994) 265.



AR AR (SD) & TR

£5 SIEIGE

F 1 SIEARPLE X CHIDIRA F2 SIEFTE 45 5
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E Wl7z v = 7 A k vt 00| ¥ # G
BAHERELY L oE v K LBFRAA R eV 10° A H M
Y OB itle W mol TR | u 10° Ed v k
K Eir v 7 3 cd 102 | ~ 7 ¢ h
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% depp = A m | cdver 1 Ci=3.7x10"B %
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T Bq Ci IIIV,Q Gy rad " C/kg R e} Sv rem
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3.7x10° 1 0.01 1 2.58%10* 1 0.01 1
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