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Report of the Seminar on Nuclear Physics at the Energy Region

of the JAERI Tandem-booster Accelerator
(Eds.) Akira IWAMOTO, Hiroshi IKEZOE and Masumi OHSHIMA

. Department of Physics
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 2, 1991)

A seminar on new experiments to be studied and new experimental
apparatus suitable for the JAERI tandem-booster accelerator being under
construction was held at Tokal Research Establishment of JAERI in the
period from February 28 and March 1, 1991. More than 45 participants
from Universities and JAERI attended to discuss the following items:

1. Nuclear structure studies of high spin states and unstable

nuclei.

2. Nuclear reactions at low and intermediate energies.

Keywords: Heavy-ion, High-spin, Reaction Filter, Recoil Mass Spectrometer,

GARIS, Tandem-booster Accelerator, Seminar Proceeding
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Nuclide SF1 SG SF2 SF3| Ein(Bin/A Eont(EanVA
MeV(MeV/n}| MeV (MeV/n
¢ 6* 116(9.7) 235(19.6)
Table 1.
5 10+ 182(5.7) 410(12.8) Energy performance
expectxed for the booster.
ssNi 12+ 215(3.7) 500(8.6) :
12¢ 23¢ 750(12.9)
hy | v 20 271(2.1) 754(5.9)
2P} B+ 22¢ 300(1.4) 736(3.5)
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Fig. 3. The velocity and x,y-position distribution for the 127 beam
at the image point of the analyzing magnet of the booster.
It was calculated by random trace(ref. 3).
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Caption to Fig.2

¥e have carried out the RPA calculations based on the crank-
ing model using a large configuration space composed of 9 major
shells, In order to predict the properties of elementary excita-
tion modes created on the superdeformed rotation bands. Both the
52 Dy and "2 Hg regions have been investigated. We have obtained
strongly collective low-frequency octupole vibrations with
K=0,1,2,and 3. It is shown that the properties of the K=1 octu-
pole vibrations are especially sensitive to the static pairing
correlations. Thus, they are expected to play important roles 1In
the superdeformed spectroscopy for the nuclei around '2Hg, where
an appreclable amcunt of the
static pairing correlation
remains at finite values of
the rotational frequency.
They are also expected to - 100 ——
appear 1n the Dy region, K=0
when valence particles(holes)
are added to the super-
deformed closed shell nucleus w,,=0.15MeV
152 py, On the other hand, the . 5,,=0.44
K=0 octupole vibrations are A =0.808MeV
always strongly collective, "
independent of the static 40 —— 4,70-830Mev
pairing correlation.
The Coriolis-mixing effects
among these soft octupole 20 —+
vibrations have been
investigated as functions of 80 I h i
the rotational frequency. et eyl
This figure is an example of
the RPA strength functions 60 _| r= -1
{(in Weisskopf unit) for the K=1
E3 operators with K=0 and 1,
calculated at Bw x=0.15 MeV
for '2Hg. The equilibrium
deformatlion calculated by the 20
Strutinsky method is 0.44,
and the calculated pairing | J

1y

gaps are 0.83 and 0.81 MeV
T T T T T T T 1 t
for protons and neutrons, o 2£LP“+‘**ﬁgo

ly.
respectively Excitation Energy(MeV)

80 —— P -1

40

Fig. 2
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3. High Spin Molecular States
— Resonances in the 2*Mg-*‘Mg system —

YASUHISA ABE YITP, Kyoto Univ.
E1J1 UEGAKI Dept.of Physics, Akita, Univ.
Dept. of Physics, Akita, Univ.

High spin resonances ‘observed in X#Mg —** My scattéring are studied by a new
molecular model, in which collective motions of the composite system are described in the
rotating molecular frame of the di-nuclear system. Calculations of interactions between
the deformed ** Mg nuclei show a staiale pole - to - pole configuration. Normal modes
at the equilibrium are solved and various molecular levels are obtained, which appear to
be in good correspondence with experiments. To clarify a resonance mechanism and a

nuclear structure of the resonarnce states, spectroscopic studies are being made both from

experiment and theory.

§1. Introduction

Many high spin states have been observed in rare earth nuclei, which are inter-
preted by so-called superdeformed configurations expected from shell structures in large
deformations. How large spins a nucleus can sustain is a long-standing interesting ques-
tion. The rotating liquid drop model (RLDM) gives a simple guide for the maximum spin
Jmaz- For lighter nuclei, Jmar = 0.8- A where A denotes mass numbel:.2 Of course we have
never observed a nuclear state with such a high spin. In very light nuclei, i.e., p- shell and
sd- shell nuclei, we know up to at most the SUs cut-off spins, which are far smaller than
the above liquid drop values. But recently many high spin resonances have been observed
in heavy ion reactions of the systems Mg +2* Mg, ** Mg +*® Si and 85{ 42 S5i. An
example of the data is shown in Fig. 1 for the Mg +% Mg system® The assigned or
speculated spins are very large, for example, 36 ~ 40h in the ¥ Mg +%* Mg system,
which are almost equal to Jmar of RLDM for the compound nucleus 48y In this sense,

the discovery of these high spin resonances is surprising. These states would provide us

.with another studying ground of high spin states of atomic nuclei.
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Fig. 1

Characteristic aspects of the resonances in the 2* Mg +%** Mg system are summarized

as follows,

1) very narrow widths &= 100 ~ 200keV in very high excitation ~ 60MeV of *Cr.
. 2) much denser than the sequence of grazing partial waves.

3) correlated among many inelastic channels.

4) mass-symmetric decays = 10x mass-symmetric decays.
From these observations, one can expect that

1) a di- nuclear configuration with symmetric mass partition plays an important role

in the resonance states,
2} many excited molecular conﬁguratibns participate in forming the resonance states.

In order to describe such states, a new molecular model has been proposed. As shown
in Fig. 2, we introduce a rotating molecular frame, the Z'- axis of which is parallel to
the relative vector of two interacting nuclei. Collective degrees of freedom of constituent
nuclei, such as the orientations, are treated as internal motions in the rotating [rame.

After the separation of the rotational degrees of freedom of the total system, there remain
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several internal degrees of freedom to be solved. For that, we employ the method of
normal modes. In other words, the new model gives rise to more rotational bands than
expected from the sticking configuration, due to an interplay between the total rotational

motion and internal motions of the di-nuclear system.

Z,(az‘ 31)

Fig. 2

§2. Formulation

For simplicity, we assume that ?* Mg nucleus has a symmetrically deformed shape
with the constant quadrupole deformation 3, = 0.575, consistent with B(EZ2) value. We

start with the Hamiltonian referred to the rotating molecular frame.

H=T4+V
T-'—l- Rz-i—-l-wt-f-w
—2¥ 2

1 1
+ 5&.’1 . Il(ﬁ) -wp + vaz_; . Jrg("."g) s W

+wt- [Ri ~Ii(m) e + Ré - I3(72) - wa)

where V is an interaction potential between the ions and is calculated by folding M3Y

effective interaction’ with the density distributions of >* Mg nuclel. w and I are angular

velocity vector of the relative vector and an inertia tensor of the total system referred to
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the rotating frame.

I'=I,(R)+ Ii(p) + L(p)
uR* 0 0
Ip(Ry=| 0 uR* ©
0 0 0

L(¢) = Ri - Ii(r) - B!

, where I;(7) is an inertia tensor of the i-th constituent nucleus in the coordinate frame
of the principal axes, i.e., a diagonal inertia tensor. R; is a rotation matrix connecting
the molecular frame to the principal axes. The third line of the expression for T is the
Coriolis coupling. Expressing the angular velocity w; in terms of the time derinatives

vector of the intrinsic Euler angles,

wi= Vi 8;
41

;= | Bi
i

, where V in the transformation matrix. Then the total kinetic energy is rewritten as

1 L
T=§Zgij q; 4;

, where q; = (R, £, B2, @, b1 82 03}. The coordinates v;’s do not appear due to the assumed
axial symmetry. Two Euler angles o; and a3 are transformed into one of the Euler angles
of the total system 83 = (@) + a3)/2 and an internal degree of freedom o = (@1 — a3)/2.

The quantized form is obtained in a curved coordinate system as usual,

12 1 9 g
T = —— _— gl P
) \/anl_ g(.g )Jaqj

where g is the determinant of the metric tensor g;;. The above kinetic energy operator

consists of the rotational and vibrational terms and their Coriolis coupling terms.
T = Teot + Tuit + Teor

, which is rewritten as follows in order to define an approximate but solvable zero-th order

—10 —
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Hamiltonian.
= T,.Oot + Tt?ib + Vadd + Tc
1
0 _ 2 2
TTOI_ ZpRz(Ml +M2)
1.1,1 1 1 1 1 .
+ ) ] - {MF 4 (—ikhg2))

—_ = — + —
2[4(10 * pR? " sin? B sm?gg) 2uR? da

1.1 1 1 1 o)
fuf gl - My - (—ith—
* 4(10 + uRz)(sinzﬁ * sinzﬁg) 3 - (=0 50)
R 1 07 1 1, 0
0 _— _ [~ Y —
Tvib"‘ 2[p332+(10+#R2)(6ﬂ§)]
Rt 1 1 1 1 1 1
Vogg=——[2 (=4 —5)+(++
add 8 [ (Ig + ,uRz) (Io pRz)(sin"’ﬂl + sin® B,

_ where M; is an angular momentum component ¢ the rotating frame and 7, includes To,,

and the remaining coupling terms.

As the effective potential, consisting of the folding potential V, the additional po-
tential V44 and the ceﬁtrifugal potential in T2, has the local minimum for the internal

vibrationa] variables R, 81 and B2, we introduce the molecular-type basis wave function,
Oy ~ DY (6:) - xx(R1, b1, B2) - €.

An example of the effective potential for J = 36 is shown in Fig. 3 as a function of
the variables R and B(= B1 = B2), where we can see the local minimum R =~ 8, and
the saddle point to dissociation. We expand the effective potential at the local minimum
(naturally the pole - to - pole configuration), L.e., we have the harmonic terms and higher
order terms. In Fig. 4, calculated energy levels for J = 36 are given, together with the
intuitive figures of the normal modes. Degeneracies are resolved in most of the levels
except the left-most column (no degeneracy the radial excitation) by taking into account
the mutual-orientation dependent term. In Fig. 5, molecular high spin levels with K =0
calculated by the present model are compared with those of the experiment in the energy
region 40 ~ 55 MeV. Preliminary calculations of the decay widths of the molecular
states give order of 100keV with the R-matrix theory. Qualitative agreements with the

- experimental features are encouraging for further investigations.

Ambiguities in the model stem mainly from those of the interaction potential in the
inner region where two nuclei overlap and then the folding model, neglecting the Pauli

principle, is inferred not to be valid. We introduced an effective repulsive force in addition
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to the usual folding potential, so as for the total potential to simulate the proximity
potential.b) Fig. 6 shows spectra of the molecular normal modes with two different choices
of the inner repulsive potential in addition to that simulating the proximity one. A striking
feature is that the spectrum of the normal modes is quite stable against the change of the

inner repulsion, though absolute energy positions shift accordingly.

In order to facilitate closer comparisons with experiments, spectroscopic properties of
the levels are now being investigated.”) More experimental data are desired such as spins

and partial decay widths of resonances, and y-decay widths etc.

0 r—T— 7T T 7T T

60 -

A (degree)
[&'D]
S
|

=30
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Molecular Normal Modes for the #Mg+?'Mg System

Eem.(MeV) J=136
60
K=0 /"—
55 - ) /@ "L—/= (2)
_\ @

e/ L
SO—E__;L;E:E

45 ._< <
B1-, Br-excitation

and high v-excitation

40+
A
B;-, B2- mede [.excitation
(butterfly) mode
A
radial mode :Ea E;:.S E ,3
twisting K-, v-excitation
rotation mode mode
Fig. 4
K=0 Spectrum for the 2Mg+2Mg System
Ec.m
55/ —
42
50— -
45 —_
40 exp.
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4. SORBREE7 U A YN ER— T X B
FA MAE R

B Y REOEFIEELEOWER. GBI/ VRV F—LDEH LK,
OHERIRBACESLTET VWS, D7V RFAVF—N G, MRAEVREL SR
BiEd s RIFEBcHEEh320~3 00 BEVDER(AET IR, FHO
BREEL2F - LRCRBLAyHEREEECH» L, EHORHEFILICGe 2 BGOFD
BESROTERS YRS AKXV EFENE, COZ YRS AE—LEHOLER.
EACVEREIPORBINZ yHORTHTCRLZTORANEREL. KTHEEEY OB
e, BEFEREOREZS, 152 Qe R&UBmBE 6o Lk, BE. HTHE
BEOWEIE., XOBEERIA FAVv FPHABELURLELAEEERMFE~ERL 22
B,

Bir, COFABOEFEBEOH T IR I ARECHENEE (S S, TTH—
. BOBRRSEETS 2, BEFEOESBAROR T OBEkTF L TE{L+ % shape
driving force OBHEBTFESL TV EN, ThHHG4BOBEGL EORICH  » BKE
Vo HEM 130 oFE TR, BA K YRBIBT b P bikic h11/2 KM T B A,
% ® Fermi B DG BRI 2O TERM D shape driving force 2£EU 5 & TFHan 3,
Bt BTk Fermi HHECQ ~ 1 BOTHETFH % prolate KEF s ¥, FRPHFO
Fermi @i ¢ S5WTH b oblate CEH SR B HEEA2HKNE, ¥6IK. COHEMK
OEFBCRETNTy V7 P EBEEDLNEBBaMHZ0T, COy V7 FPEITE
R e Fa— T 2Mb - mBA4BOERR=ZGHFEEHFTHI2 b LANT L, RiT,
B2 yREBLBIABF YU TFHEERAOABERTEZ, BFETH IR, FfETF
Etic@ AR, SR EVRETHEREILEBHSATHWEN, —F. BF - &
BIHoOMHEARAL D VWTORERINDPSTH S, BRI, RIEOHLABEOHATES
- TVWAREICHENERE NS5, < hid. Routhlan (H&%R» 5 RHF
ORI ANE ML) OBBERERVETO 5 v+ VREOTEEERRCRY.,
unfavoured band 2% favoured band £ D EL K2 HROETH 2, HRAAHOBREI.
[ERE Y THERRAESN - BN, A YBRRECBLBRONTHEEOESVEE DL,
EIAE T3y v BEOTFHEIRICLELANFRTH S, COBBRFERRAR
B, ChETBEr 2™ Th SoEBH IS0 HiEo cHA S ATV, CORGEAL
ST ABIMCs OELEOHEE NORDBALL 20T, Hio l0EFERREHNE
BEINEHTLHAI N IEIPDLTHI IR » o

=Ry R HE NORDBALL 2 WVWTA v ¥ — 4y BEIBHEERET - 12,
NORDBALL it. Fv=2 =2, A9 x—F ¥, 74 Y5V F /v Dx—, 55, A
sy T, 4w e, BR(EER. MK, WEK, HAKH) LoEBRERFRL L T,
TRYN—HUREO=Z— VR F-THRALBERZENLLOTE S, v HEREHEL
LT1580BGO 7¥Favry 7 bry— ] Ge ¥HERHUFEH VA, Thold.
8=3T°1c 5 &. 79I 1 &, 101°kc 4 &, 143° ks &, ThENEBE L, £/, 1 0HD
BaFo o v FL— 2 itk D r BEEELHE LA, MCs oBEEKER. 7 v F A LHEM
ERICE - TR E N 66MeV 0BC ¥ —aE VT, WIn(PC4n)'*Cs KiEIx L b 4
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e Lto =% v b &UTES 200pg/cm? D self support @A » P9 4 7 4 4 V3 HE
12 (stacked target) @M L 7o CRETOAS v E—aBSETR, BEmg/am?0E 05 —
Fy rEFRLEREZ /-5 rETESTRELLA, HAESERShTH 515
TTOBHB &Ny #i2. Dopplershift it X 2 MO EX b 25217, HRIERT cEHY
TH-o7o LHL NORDBALL BB 2 VR4 A F—NV TR, H40 GeREBONGZGE
HphE o T, Doppler shift it X BIEB DB/ E 0, 22T, By —-4%» FPEERAL.
RE#E s~ bRTEDF, XTO 7 BEHEY T Doppler shift €2 & T,
EOQOEFREVERE VY REOBRMBARICL S, SOy BEBHAF-513. U2
FE— FTHI0x10° ERERI 7~ 7Ici#E L, & 5. Doppler shift attenuation
methode (DSAM) ic & 2 FEHRFE DA T, T00ug/cm? D 1 ¥ ¥ v Az dmg/em® D #4 % &
# L 7z backed target 2B L TRIBTRERETV, H50x10° BERELHE L. UL
@ NORDBALL it X 3 HBIEMA T, ASHERVERBREHAOER LA ERFEMESR £ ~
S — RN TIF - o ' '

Fe s RFOHBE AL MCs DL <A R F—-LE2H1 IKRT, COBRFTLHETH
ZHAEAECYEEERFFCEETHIN, SRV YRBACEM T Y FREER
NETED, COBERAE YHOTAKER 21Tt SHONYy FOFTO3 LABRLy
EHMESBONE, CONY FDNY Fay FIZE2 © 608.5keV BRI T, £ED R E Y« ¥
V74 RASHEHBRTNOERP LT THIENE- 1, CHS0EE Y FORT
AL #E % B %8I alignment plot #K 3 el CORim/v v FREFBERM SN D
A, v P33, 4 (ER) &, oY FE, 6, 7. 8 (FR) TR, TONY FZE
PROTERARENEN S, CORRORTHR. BT, PHTE b (R11/2P0 vy
FREERRITH, ol e bEAEAERMw ~04MeV TR IZEBRBAELSH
BThh-TWd, NV F5. 6., 7&81. CO>50dETORE (vh11/2)’Th 2
BHhE¥ oo, . BEAEFA ~0.55MeV THIO TN Y FREEZREIT Ny F3 &4
3. ey ) OPBRICXDE v FAZE (AB crossing) & ZWI &2 5. (v h11/2
X7 hll/Q)EMTH2ESERTE . CORTFEMURERE YOy FAy FOZ
By e Ry FqTHEEBRBEBL —HT 3,

K4 i DSAM £B 0227 kL %EiRT, 974dkeV & 869keV @ 7 i3 . $ D stopper
HTREPCREINAB. =3T3 v ¥ —0FVWEFCERS D, FiK 143° TEVA
RESBHAlEh, TDORANS P E, stopping power KL ZBEFETOBEDE Y F A
AreHBEEERREL, B ZEEEAVWTEELAMERE - A Y FERSERT, &
o fitting O, BRTCERLOY L PV FPFRAY Y REOWERET — A v PRI ER
ABRLBCERTIEIKBEELL BonhERBER,. ER s/ -7 cBrET 5 &
B~025THD, CORBOBBHLRELIRS—RT 5,

Moty bRUETI 7 vOFAHO (v h11/2 x 7 h11/2) Effic>wT, Al =1
DEMTAALF—EZE2 LT, COXOHCsDF— s ORAITREN LAY T, B
TANF—OREREHEIFEL TV IESARCO» S, BREY B THEEFHZLTY
T.HAEYTHERGEZENNPL L, oLy Y 4aBUETETR, ILEALY VD
F— s PR+ THEY. AREEARNCHELE VAL, ~H, 57 v TRIOFERE
AT VWENES,

COBEFIEROBRNGHEICE .. ZMIEXTHRER ., shell filling effect . BF + &
MFHEEFEAZESSIS, TRECEHILATVWRWEHRETH 5. K70, Z@IENHIC
ERLfs s s v /RN OERITEL, ERELERL TR L, £ 7 -5 7

— 16 —
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%, JEE &M RF ©fE (Lund convention) i & B &, HETHREFHEIEFERETE 5, L
HL, BEOESVUHEOREVAL=03MeVETT, BRMIEZBEEZRETEL O,
chid, 75 v+ v VBHEEN. I</,+L0RAF YOEVHEETRREVELHTEVS
BHGEACHAENERTH S, HEFERSI. TRV LHRUC LRI LR
o THD, SBREIDFHRN THEELF -2 FRLTWLEY S 5,
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5. [OEd 3 & & TOR; 7-— R EEA
FRAPMIEER 0 B2

BEBFEEj2=—7 - MU F 4~ x 5053 HTHEBRKOREK Y FiI.
AEAFEEINBARTICR T 20FRFNREBET Z, 2 =—7 1) 7 4 —H
BT BELNECEBVYWVBRTHTHAD, 1T - i =BHORERENSI - =38D
KREHI O HEEHAREx A AF - fi&H 2 favored () KB, BEF %
unfavored (u) REEIE R, CO O DREHEIEERFYH (r =exp(-iz a),
1 =a mod 2) TRYUEHTWEOT, DEBERCE->TRLARECHATH
LHEOIFANF—EERHEERWEEIT L, EEHHOKEESRE | KN TORE
BEFONBrBmIKET LY., 1ENTFTRETR-_»OoREHOzxLVF-D L
THESTZHLBEESHOFENFEST 5 I ERM L, LI BM Y FXE (H
FZW (rhiys2) "= (xhyyoe) P (v igse ) ) BO3HERTFRETRIOD
rAAF—0 L THEODE (UTFHEFE LTSN BEHENcBAS AL
COBEBiH, EQ(Q: NYF o~y FTORTAHAESHRO zS) ORE 2%
WIPoBHick-Ti&RReENkry >0 (HEMFHOBENRLT 5L 5Tk
HMEHMTR) cHRT 30 LTEERNCERETEL B, ERAKCR2E
ﬁ?ﬁﬁﬂiﬁ'r<0Dﬁﬁﬁ%%l%EC?‘&%‘Kénrt\éigéicbf‘ét%iﬁﬁiﬁiﬁﬁiﬁlj
ANTVWEOT., PEOFEERIBOIBIABEROLTRA+TITH L, BOK
LT, BEBFLEY v EHLOREHBOAETH I, RLEALTr <
0 TH-Th. | BEEFRECRV Yy~ RURKESBERESTIHTALEHES
+ 30T, @R 37" (VZ7rLv 2B ooy rRERCIDOERNTR
Eho 2EEFHRECT b tREBFN vy RBE-FOREE{LEEL S
BEn ANZCEMNEBETHAS 5.

DED kS cHHEBBECOREARE., (EHMEAHLEEEIZVWRRHLTV D)
EEHRF Y+ VHADOIBEFORN7 r VORBEE LA 08— KBEROR
WMEEH L. POoBBEHNTHESIY, —F. BEABOBEREITESL I Po &
DIBSEBTLIERPAEPEQ (a2 hyi.2) "+EQ (v 112:2 ) "o RE 2
R TRETH D, COBSBEQHNTOREANBPEQENFOET NI~
THLKEVWDT, nividlaaviZ—20OXYFO RIS uRNEAEATD
ﬁ%ﬁﬂmﬁffbéoc5uot%T®%%ﬁﬁ®%Eu§Eﬁ&?®%éi
WEB¢, BEQEEFRE-TEsRCENEr>0ERICLDbDELTHRHAS
NTERY, THOBEQENFREMIREREEFIEE ST ADHITIOFE (
"spectator”™) THH, TR NLF— A X7 PARBEEOMEBRLEIVWEERLS
DThd, SHEMABERE cmMATY v RBEIHEQEER T (Tparticipant
- % 7- 14 "odd-particle’) L OEAEEABILLTE, FHROBGELC T
LI Th b, EQEETFEOIFZOHERTFPRDT - FLEOFKEBBFILEINT
TV, — RSN EEEHEREF LA LTCEBY 77 Ly AREDOLDR
BoREF+ AN Vv EHORTOMERAZEELAZRETHL S, £ THHER
HEERE LT, BF-dHEFHEEARACE- T3 v+ v /BB TOHFH
- DREEMNEIETFEINSIHZ, HESFERRZEZEL TH <5,

a) 1991, 4. 1 X0 EHBEBFTAEVEFEFHNE
b) LBEAASDENFEETHE -~ FLOoES2BIIMES>UBLAELTS
2. BEOHBEr VW TREMEMANBELEITE S J.
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BEktiicid, r=0FhiR+002735 v+ 7Bl THRLEL2ERT
REOZERTO (RMrvy FLAWL) Q- QYo TF-dTHFHIEEFRAZIHE
Ltz BMAZTZHRUAOS i B2BB5L3 KMy, HEEFAOBIRIECEE
HEEO2{EE L. COMEAEARCOZMTHAERLENAERZRE 2. K
TogTiss v+ 7 E#loEE, HEAAOHBEROAETERLAER,
LEXZFERBLTCHAMALAERERL 10 '

154Tb (beta=0. 15, gamma=))

T T ]

100} - .

[~ " 1 _ :
or e 1 E1. 'ThToEENBOMNEE:
L ] FREZHEAEFEOMK & L
r 1 Taoa LT b D,

-100 L1 — PP Y L
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frequency (MeY)

M1lR\EMBALLT, ZHEPDLCHVIEELLEERIN=8 s {IAFOHL
5 1SR BAT. BHEBRF vy VEROVWTHELAATS 2, WXL
T2 S5 vty r0s (cr) TRIEEHABRIBICETH 5, RiIZQo- Q. HEEH
OPHABAERLZEZET S (diag) &, BEXEYYTH1I00keV, BREYTH
2 00ke VIEERSBRMEL L TERF -/ ToNERRER(HEAT S, Ly
LERBESRTI TER TS (full) &, BEFHIHEUHEN, v8b5, 73~
+ VI DBDOHECRRZEERARESLTVAY, HAEXRPEILALERE
EEFHTLE S, :

CCTERF S EOhBERAT, WA, AMNABRBZLAOBEREFALTS
50ﬁﬁ%ﬁmﬁ%umﬁttxzw#—-97+é5i&°cnm%ﬂﬁmﬁ
BERO I ROYRED EEUNKBEILT. Q. THESIENEI 5 L RER
BB TE %, R LEEBESBoZ{BRI BN ABERoBERRQ '
= (Q.a4+Q-p) /Y 20BREREALTVWEN, S0BaREQIHFOX
ﬁﬁﬂ?ﬁu&%?éo—ﬁ\#ﬁ%%ﬁi?%@Lfﬁ@&%ﬁﬂé&E&ﬁ
SMNEI D, cONBENWEMMEIE I LR, (RKBEOBFOLIPEQKS
MAEWEDIC, THEFEOMEFEAICL -T2 2AF-2THF2LIUELR
GEBLYTLHE, LEHETSE S,

AUOERF— 7 OMELCRES. TRoHERIZ, Q.- Q. HEFHAOHRR
AREVWHEFARY TREEIEOSHERATAUBENSEILERLTW 4,
MMkl y >D00EFOARAETQ,r Q HEMEAZGET 2 EWnH o EH
EFiohd, T, FENFHEANzFAVFE— - 27 PAEBRSE, F£F7 ¥
P NOER (B, 7) 2Bt L ThRDARESRERESEELHT I &F
AEewR b, L LBREBERBsCHOAZ LI BE, B (E2:AT1S=
2) ODAEXXE B8k, B(MI1) ofsEKkEkR cBUVHEZEZEA LR
2, CHECTHESEORAOENBE LN TR A~]1 6 0REOEHHRHLT
HBHEREEROERRIR ALY, HoBBHEBE THEEXLTA2EEN 50
EHAf ot F— s bR TED OB B, H2idB (M1) /B (E2:A1=2)
m&UB(EZ:AI=2)ﬁM6hTU5m‘“mu%?éﬂﬁﬁ%fiéo

splitting (ke¥)
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124Cs (beta=0.24, gamma=10deg)

T T I T T

100+ 4

splitting (ke¥)

2. ‘flesTcofBESROTHME:L
EEETENEAEREOMHM L L
Tﬁ:\'bf\:ﬁoo

0.4 0.5

_100 ) ST T |
0.2 0.3

frequency (MeV) :
COBTHREBF. TBRFELEEBETF ML BN HLY, BTFOLFHECH
Bied o DT "spectator MK E 2, BREBERI»SRIHREERET S
r.SoMATHREAE VEBTOEBYERBRTCER L, 22 VF-DIF
EoWWEB (M1) OFBKFHRIBTECHELTL S RSN TL 5 H,

1240 F— 2 TR, TFANF—RBBVWIEESREEZRTORLB (M1) OEREK
EUHRTETCEHL, COJELHERMBPTHLIL TV 5.

Wl o hOBIEHTATRANTEOREER &, Tparticipant™0Q %
O, ELT. Qo/1 MRKEVHEREE IS v+ v/ +Q. Q. HEFAKRLS
HEELIEREOTFAMNKEL, COC &, HHTOB (E2:A1=1) %
HEARBEOBAOBEOBERT LHESLADERE, 927 Yy yOHEER
LN EEAEETCOA Y TR LOEANEETHILEERRLTWS
EEbLN B,

3L SEBTORBEABEABELT. BERTOBRT-THEFHRHEEIMFRE
Y B0 5 vd v rEBADBIMESTA L, Qo Q HEMFHIERESREY
ET2MBRAEVE, HIQ./1 HAkEWHEEOF - 2 HHET ZRRBERT
NTHB, CORBUR. BF BT - #Hy-REOHEAGDREZAILEND
ZOEERBLTWEEELTW S,

X B
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6. IBPMIC & 3 2H% 5 X U B OE
HH O EE, &) 5h3E, KE FE ERAFEFD

1) B3

HEEHRAT ARV Y7034 R (Interacting Boson-Fermion Model.
IBFM) Tli. HEHEAT IRV U oH3BEZKOSKEBEFETHETE ]
BEEof Y32 LKV NSHERS CENTES, NILF 27 VU

amaoz:vgm@ﬁmmm\ﬁVy@As»b:7y\E?@E—ﬂ¥1
INE—, HEFOR-KFIIAE— RV Y -BFHREEER K-
M FREERE. BF - PHTFHEELFETH 3, SEORETE. FEFH
R ERERESOME . BAMHERV., HROFFLTHS '°°Th &
HTLHABIR TR ->RHTEORPHERERSEL k.

2) EAMHE

WMEEBT Z R VEH (1 BM) OSU (3) BROEERBNY FEE
0. FhUEFETIUFEAMALERT. FHEDIZ. Hamamoto BT » HEF
BAUTEEULLOLARREREC L 5B NI BFMTHHEATE?
BEISPRBR, R/ VE. BF LT HFOMOMERRE. B¥ONE
BNEBHEFH- SHETEROMN. WBFREBFHEERLNA T, 2V
AYAETEDR. THEEEAZHPTIERE>TTIIAI »ZINF—%
BT L HMT ARERITYL. NP - BAETEUEARC I BFMTbLIE
ENEnrEHTX3 I PEXNFETHEIDON R,
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3) BEOBAOLHE (E{BHHHE)

HEE '8EThey QRADONYF +— DN Y F %, '816dse OB &PFE
FEREASEREUTHR -2, S 1BM20SU (3) BROZERENSY
FERV. AILFS7IW 15460 ORBRIBN S#D . ZHIE hi B0
BEE s HBEORMTFRMA R, RV Y - BFHEEEMAERY Y - ditE
FRMEHAL. ThELCHIEU L SHD 3%, BT - FHETFHEERE
UTU Schiffer & True & 2 HRAWMEEE 2RAUTH R,

HEORNEREE I HOL SR> TW S, KR THALHEN1 15
FOHEBIC T unfavored signature (u) DIKAED favored signature ()
CHUTHEHE T T 2REXGHENE Y. SHOFE TEE
Chmbot. UpUSHE HEFACES AN, HEGRETFAONTY
WRORM. 2YFYNOREH. N—F  HYINYFOBERERRY AN
REHEBITSCERAD. MRTEBC EBUMESH S,
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3) R. Bengisson, J. A. Pinston, D. Barneoud, E. Monnand and F.

Schussler, Nucl. Phys. A349 (1982) 158.
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7. R - SR Y VIREETOEAILE
HIK-E HE A

abstract:  ASF T & U ¥ —150. 180, 210MeVO Mo+ "SFIoHh 6t S 2GDR y #
ARy MVEy BEEEOMEBEE LTHE L. £4DFEEINL oA
~R# FACa L, Single LorentzianTD 7 4 v MO L 2 T LM £ 47% - TGDR
R A — S ORI ANVY - RUAERERAE EHAR . FOHERCGDRORS,
ONRAESHEOEARICL - TH T 1 ELL v 2027,

LI

INEBFOFTZIE- T, BERREEFEOHEIF NP OHIH SN IHE
HTRPRFOLINF - AR VRV FOEEELE KRG, RIS PV
LEDHEIN L HVFERCANLRTETWS, BREIAVF-DPHERTL L,
BEHROBEFHEOME XL TV 2R RITER L. FFBITH % iR
ROt 2EHEVETLHETFRESATHNEY,, 0L HRBIBWTR, #o
ACYHEATHE L D CoblaeBEOEEIHL T EBEINY, N AE
YIEBWTR” BRRICE O LW BEEIEE S N AR S h IR ICHIR
B, 0L LEETIRCEFEONECETAMELERNIE, EA4 4
VRS LVER SN EAEP OB S NAGDRy MO AR FVEHIET
Bl o T T hbhTETWVEY,

LPL, EFHOBRIANE-EKT S E LB ICGDROIM S 2BICHK
LT ENINITOEROERET - TCETEY, 2070 T0EET
LBVWETFHOER#GDRy AT AL —HIICHRET S5 L IEHEL
SsTWw2Y GDROMPBREIANEF It TERT I OREHZANVE-ED
EBRBLER, AEPBICL > (3R SNTRALERFERSD SN

B, ThLLARGEOPRICLBLDEFLLNTWEY,  HAXE, TNy

— DT V—TIREER~1MDE DR OCGDROFRFEM LIES, 5, G
MR ANVF-LHICH DT RANF - F TIREIT 225, Ex~150MeVELET
HMRENLTVwRVWEREL, COZAVF-—FUIRTHEBHOBREL L
TELERQAAEHECLENMETH D LB/HRTITITEY . (1)

BRI CRBRIAVYF-RUAEHEOMNEL 58 L TGDRy # % Hll
FLAFERBYEY, BLdSBEKEOGDROGEL ANV F-RUFAEDE
WEW TS o, BRE~ 13000 L & L ¥ —80~120MeV DR b it
SNBGDRy #% y BEEEOEHBE LTHET L ERE T2 o7, AWRK
CBWTR, BLNEEEREICWN TS AR PV L TSingle Lorentzian %
Wiz 7 4y ML A FHEBEBITOFR Y HRE L7,
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FEER

EBRIHAREFIHERSY v 7 AMEHRRICB N TIT o720 ASTTH
JU ¥ —150,180,210MeV D'"Mo+ S UL (HEE " CeDhRE AN F—TENREN
80,103,125MeV) 2 L 2N AGDRE T AV F— & Y — AT L T
OERICT =4y P 520ecmOLE I BV -BaFRE S THET L L b, £
LD y BEERE 225G A DB E CHlE L TAEHEOHFER L E
M L A ERERATHEE EBaROEEAINC L VERELL. FHEFR
HBaFR B 2 AT IAF v 7 - Vv F L= Dverof T L YV RE Lo v
BEEEHIEROMERP0% THol, BMRJRLAEDEZ, EBEOREEHOR
B LCEYTFANOYI 2 b= a3 Pl E VBN RSy MO
M,” b7 BoRREBHOEN,” OBfETHE, L YN, =9&105HER)
BI~3012. Ny =15& 16D 1~6013FIE§ 5 2 L b, K4 DNy DIEILS
— FEPTTERLNSARS PLVOBIEFBIZRT .

Single LorentzianZ w727 4 v b

EBOEREOLNLANRS FUPLCDRNAT A =Y ERET H0ITE, #
FHERNC T R ICODROBERI & M AR A TEBERT v TEILy AN
FAESELTITE, BENICEORBEARS P VEFERANRS PVERELL
CTRELRV, IITHEBEIALVYF-RUEESHEOET(LICNT 5GDRY
52— OELOKEPLEMERS DI, ARNEAVWTHBLANVEF-BGR
UCE»rFomrtsldtiLrs, '
Br
YeE)=Aie 1+ ApeEr/T (5,2‘55)25%1"2
NOBIRELDARY PVIBTHEy <IMeVOT— ¥ HHLREL. DOJE
I L T2, 1~27TMeVO WL 22 F A Thiz, HB3OERIEIT=23MeVTD
T4y FORRTHD, HIRUHESHEL<I>—EDOTTOEOERIZLD
GDRA %7 kMO, REE—EN T TCOLI>DEKITL BGDRANY v
DLELO¥TF ¢ (ENFEOFHEE2KENITTEETLDICANRS FVikexp(Ey
MEVIEFEHITC) RLAEBDOTHL, IhLoPrL, <I>—ZDOTFT
ExaHASEL LEGDROMIMAL TV b, RUE—ZENDT THLI> %
KEFTHGDROMIEDH T HELL W LD o7z,

Feo
o4 AT F U F—150, 180, 210MeV D Mo+"SRIGH & MGDR y #i %

yBEEEOEKRELTHIEL:. EBOBRBEONALANRZ PVEHLT

Single Lorentziank AV 7:fiE % 7 4 v P &4T %\, BEI A V¥ -RUAET&E
FRENROYMKICITT HCDRO LD ONOEAEFHTH /e FORKR. B9
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4 RE B O A
FEtHERICE TS (IR Lo REIC

LD TR BAEETT TH %,
I OFEREE OB T KON L, SREBIRA, KEF, PHRLER, FHF

HDARBEE., ARKOFHHR -, ILKOEAFHOEROBAC L VT bR,
SCHR: 1 Y.Alhassid er ak; Nucl. Phys. A469(1987)205
2)  S.Cohen et af; Ann. Phys. (N.Y.)82,557(1974)
3 J H.Gundlachet ak, Fhiys. Rev. Lett. _6_§ (1990)2523
4)  DXR.Chakrabarty et af, Phys.Rev.C37(1988)1437
5)  MGallard ef af; Nucl. Phys. Ad43(1985)415
6) A.Bracco ef af, Phys. Rev. Latt. @_(1§89)2080
BJ o> L
Ei: A~1108E T s s temofE s 2 V¥ —&EE (FH) o LRRMEHCHES
RENAREAC yOHEME (XES6.L N ER)
B2:Ev7Anvoyialb—Ya itk ni§ons” B a i BOBM,” LT Bo
1R OBN, " OBE
E3 : AStERIVF—150MeVTDEN, DAY vy ERHENIIHTHRAL 747 b,
4 : ASET R LF—150MeVNy=1L120ARS b v (H) L ED~RAMT 4 v+ (ER)
% ASTE 3 U ¥ —180MeVN,=11,120XA } 74 » b (S#R) tHBLEbD (&7
EEETFLHGTHE, ) BEIINVF-DOHERIfEo THENFEL TS &
G5B .
ES : AS T 50 F—150MaVNy =15,16D A7 b (B) EFDORA LT 4 b (H#R)

CDR Width (Mev)

EELAHIFLE—ON,=9100<XA M7 4 v b (FEH) EERBELALD (&THE
HRTFL M THD, ) AEPHROMAIL > TitBshmidd i BILL Tk,

Respanse of Multiplicity Filter
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8. °'SmltfEOiEE
NI BE GIRERRE - D

1. L ®ic

Z=N=500 80 gRFEHCHLTEET, Lr2EFRETHA O LEHR
LFHshTvs. EBRNCARRETES 58, RECORHEOBTRARMBORAR Y
XL, BEOLIAER I ABOIESn 74 v F—712®Sn 7w, GSIT®o f
HZEEBAIL T3, EZ&:’G‘%%?J’JEJH"{B? . 5 v a8 EERORBHITDO,
BREOSESHSricasN>255. UFTREOEBOFEFHIFTEL OB

WTHET B,

2. ZN>50 EBicB iy s BT HRHE

proton drip line 8 A : ETHALER S W SAKH SN 3BT AHAS L3 ZC
5., C0LOBBFHEH ( proton radicactivity ) BEEF THERR I LTV 3,
FpS3b2o8l0MEe MWCs & Pl vis. ChSOoBEMLTERNRAIES M

B, REBFOoz 2z ¥— FE, BXUBRE T 0FGMTH 3.

Nuclide | E, (keV) Ty, (us)
13Cs 958 £ 4 337
1091 811 +5 109 £ 17

IOF—5DHEFEDPDER, CORBORBELME LM TEE, HET (1ds, 0gr2)”
MEHNTOERELUTRLA, COBLIEFT 2 0¥ — it Ac(Ogryr — 1dsyz) ~ 0.5 MeV
EL, 2BHFEHEAEERE L Tid Schiffer-True 2 HVWTW 3,
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MeV
Predicted Decay Scheme of '3Cs and %1
6+
1 .
+
4 5/2+ T]/z = 80[_&3
2-4-
E, = 0.96MeV (fitted) E, = 0.83MeV
+ +
o & 0
112Xe . IOSTe

MicRkLikdie, FFREOF¥BHIERECR~ PCEDL TR LY, BEBHL
frlVA LD, CHIRIDVRHBFRIMELECOVAEERT S EHEXRS.

XS i E iz 1Sb & B, = 0.86 MeV T Typ = 5us OBFHH 2T %S0 2
Byl FRENS, LALUESSRBENCEERSATE ST, IR
PIFTWE,

BlEo &k dic s ot proton drip line #8E -TH b, HFRHBcBEELAHRE
ERBICEHMETH 5.

2. Z<50< N B [ Bk

REGS /v — TR ES>TEPIHCHEARSATVWIONCOHEEKTSHS S, CCTRETF
i St EEEE C$ 48, (0gs2)p — (097/2)n @ Gamow-Teller B# @ B 45 quenching
OHBEIOMETRENHLER S, BEFTDOAK 2Cd - % » 19Cd - In ©

F— s EEHIEHFHEETFEVLEBRTEFALATV 3,

- 30—
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3. Z,N <50 A 0B k1B
COEBOBTIRBT, dHETEb Oggp 240578, FRAEY - T4V ¥—0F
ENFHESNE, ChRzEkoBT - CETHEEMCEIDZA L, FRET =T 2=
ANF~HIRECTACEREEL, SHIRTLERE Y REOPIHEZ XA F—0O
INEBEHOBEBONE. COLIRRKER YV ERTHET IHITRESIVWI LS,
A decaying isomer &7 3. HMEMHHETCTHENZ IOLIUFAE Y TAY v — %R

DR LR,

JINTRNI N ERRERSN. NRRNINRNINNTAAT]
LARARERE AL RLER] LRARARE] Ty
JILLLLHLLL
T
2t BYE
2 2 E In
bt o e el
ST T LR AL
ES 14+ | 8% |16t | 227
S 2 2z | Cd
LaadLNLERUNRANNNRUNDRINN
AT T T
ES 23+
ES 2 Ag
[ATERV NIRRT NN AR RE SN RN A A RN EDARUSONSRNEANES S
HETTTHIT T T T T T T T
£ 14+ | &Y
= z | Pd
ke s LLISINARINNRNNOTRRNINNINNRRAT
1S LA LU LR LLLLRRRE =
[AELIRTNIVREIRRSESN NI RR AN RANTNRN] ATTRTINE: o
L RN EARER R R LAY L
Ru
N= 42 44 46 48 50

COI3BVWLoHDT AV w— DR T % A4 F— & particle threshold Ll.Eic 72 5 %,
centrifugal barrier @ &4 T penetration probability #/h& {2578, ¥ iz © 3 decaying
jsomer it 2 EFMaxng, x5 Vinw PInokdic dripline 28ALBICBENT

LHAEHEERLTA vV v—PEELFZLFEI NS,
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9. LYl EAKREKOPHR
FEAE TH B

(FEREATZH)

10. 7 7 FF4 FEEBUCE 1T 50ctpoles T
B AZE

(R AR

11. CARPDIEZHIBHRE & sdiklh FEFKE O~ DICH
A TR B

(RREATEL)

12, BFARERNE — L958
BN RER, HEAE A EE

(ARG
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9, LYl ARETHDOME
BERASE TR B—

(FEREALEH)

10. 774 NagITE 1T 50ctpoleRTE
Fot EZH E

CEREAIRIL)

11. CARPODILEHIBHSE & sdiis @RI D#%I e~ DI
A WE OB

(RRSREEH)

12, BIFARERE — L9528
B, R RE 4l EER

(EREAREZE)



JAERI—M 91—115

9, L—H - kA3ALKEZEOWE
BEAE PR E—ER

(FERERIEHD

10. 77 F+ 4 FeEEIZB1F50ctpoleZXIE
[REF F2H R

CRREARIRD

11. CARPDIEZEHIBARE & sditls F-BFIL D%/ 3EDILH
Ay WE OB

(R AR )

12, BRFARENE — L8
LR, B RE AR R

(RREATZ )
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9, LYl kAR LERDOME
FERASE TR -ER

(FRREARTEH)

10, 77 FF4 FEERIz 51+ 50ctpol eZ T
JREF fZ2H &g

(FRREAIZHD

11. CARPODYe2MBA%: & sdikls T &FL O AN DICH
sfAE PB OB

(AR

12. BRFAREHE — LEE
BRI HEAY AR L%

(FREARIELH)
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18, HEPFRIPSA AV o AEERL & — L5925k
B{CERT AR BE

BRFY v /4420 baVEROALERY — AT 4 VRIPS. RUEnz v
PAREMYE - AERIIOVWTEA L. BHRPSOEREIL, M ELAE— A8,
FPCACVREBELEAREE -2 0B TH L, CORELFIAL T, 19904
D1 AME, BIC107 -7 EL DERT b TS,

§1 AEEHY—LbTA{/RIPSORE

RIPSV s, ABTHBMREIGI £ o TER SIS AARREZ 2 IE R CUES#E
L. MEOHVWIRE—AL LTHRT A BN ETIREEBRE LTV
T# 5. RIPSOZHE. Rlken Projectile-fragment Separator DBEFRTH 5.

RIPSOEEEE # B 1 i, HEAAREZRLIICRT M1IKRT LT, RIPSD
Y— A5 4 i, 20 _EEEHGDIL, D2), 2EONEREMEAQI-QI2), 48
DNEBRBERASXISXODP BRI, 2R L7 7uvF v IE—LTA Y
AR T A LA 4 Y AFEOBRE L S TwAE, €E—48 74 VFILE FLF,F30
AEFEY -4y P b 0EFMCHE S WAREES € — A, ERADOPHT
VER S bE% i, BERESWIEREB G SIS,

RIPSDT 4V b — 7538k, magnetic rigidity X T 20 &L 2 A VF
FOMALSPEIL Lo THbNE, AREBE— AL —KRE— b LIZIZA—DEER

Vb= TONZICET CSBHER S D, & OS5 ANZORBRE FIREEYD
BHEOLEFDIC Lo TLTLAESTRE . S ERCALIEL D, PH
EEFUCT AV F—WEM 7 + 1 (energy degraden® BB T 5. T H)V ¥ —HFE
BPA VD b—TOASZSEKEL TR 2740, FIERLUEOSHIERICL - T
Azs/zlj"f:£=f<ﬁ}%ﬁi?§i¥mé s, ui:&ﬁ%@jﬂj Ltﬁ*gﬁ&‘:p:l o T, FiEE

D achromaticfF 231 5 & 9 AR T FFo 72 { S UE D b @ (achromatic energy
degraden) S H WV H NG,

BAITOES, VA UTOEAS 4 v E— A2 HWIAREHYE — b DEL
BELFPNTVE, FAEEBY —LDTRAVF—iL, BFH 0 HI100MeVELTF OF
M A VF—FERTH 5. | -

§ 2 RIPSDHHFEFE

ABEB RS AV A ARERY — AT 4 vix, BI1980F A 5 KELBL
FF D Bevalaci %3 IS /AEIGANILAFC BWTHBB L TB Y. REEPLEENLAER
SR T D RS SR TWwE,  EoT, 1990F 1 A»bHE L D
RIPSiI. B MR D ARLEEZ Y —ATA Y ETI T LW TES. RIPSOERKET
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BonI EEEZERL, AMREHE - AoMREmMET 2B vIE6 o7,

I, PEEFEEC—L0MEFMEIEL D, KERT 7279 v 2H
IR E 7% magneticrigidity 22 L 31 L7z, R 1Z2E, PHET ANV F— AFHEH
RS OB 4 kinematic focusing 254§ LT TR VWA, RELZT 7275V R
BY—ADMEEMES TS ETHENTHD. KE % magneticrigidity X, —KY
— AIZMERKE % magnetic rigidity 2R OHR R BRI L ER (AR T2 LTHED
THHTHA. RIPSDEE, FU Y754 vEEOFHETERBCH LTS, I
BOBBTIBRLANVF—OFEANTRTHE. i, LHEVI—F v D
FER L DBV kinematic focusing®FIHEFR L, THFERME —r0iREE
mEsgs,

H2IL, AEVRBLAARE Y - A0 Z TR L. ThIZ A
B EOICAREFIHET A2HET, #0420 —AR 1 Y H—2HEHS
—&y PORICREL. MISR Chickh OEMATOIENTIEE 21,
ANEEBY —LDOAE VRBPHFETES. |

BWI, AREBEC—LADMELED D NE ZWIET 2 BT 7-.
FOHIC, ABDORERTRAVRESINTNS, M1 8K, RIPSHKEL T
LSy AERREORD, CORBIMETROLETERERTH L.

§ 3 RIPSOHRE

RIPSOMHE L D 5 ¥ — 456K %2, By FEARBICIOWTER 2 IURT. #FH
L72—X ¥~ Al 100MeViu NP0 112MeV/iu @ PN, £EBY —# v id 1.1
g/em?® MBe, —RKY — A DFHEEIIH 100 pnA (6.2 x 10'MBsec) TH B, £ 2 THEH S
NEDIE. 1048 sech EICHETE FY v 75 4 Y EFBEH ®He, V'Li ,1*Be @
F—ABRETHL., THHERIPSOE I ORBRREICLZDDTH LY, MFORUEE
DFFE] 2 1F3 GANIL LISEI 1T 5 170 secD P Li )T H, 2H7EL Eoora) Licsd
T3, COMREEEL, B TARICERIC L2 AREBEOHAEIFHFFINT
Wk,

BRSO AR v AV YEBELA-ALEHYE — A DERIE,
JBELICEDERIZL - T, *OEDHESFRMICRE Y. RIPSEH, B,
AT F N F—FE, -7 v PEERYE., A BEEKFEEEGR, 0B
ERHEIANEF BT B E S LRI N TS, BENTEEER
KEL, 5B H20%IETE. TOBREFHVT, KELHEBOREEE I T5
BE—AV FOHIEF P EOIGH L2 EXVHIRFI NS,

NEBERAOC L AIGEHIEOREII2VTIE, Y—AARY FOF — Vi
SOLEYHBE Sh, AEEHE - L OMEOCWUEFEIER SN TS, BITEEK
ENTWAET AV b= TOBEOSHREE AAAIZ, FWHMTH 100TCH 5. FWI/IOMT
2, #50TH5.

§ 4 RIPSTHWAFREEMC — AELR
RIPSO LA ELFIAL T, 190 1 H» 50 1 EMCB VT, BRIC107
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— 2R DEBRPITONTCETWS, Fhbid, FXROEDEFTHEHTIL LHT

X5,

1) Ao EICET 5%,
MEEAWEROBEEIC L5, UL, VBek FodlF o —HoBESAD

HE., ERERECOMERAEIZ L5, AP T A u -0 Y 7 FEIE— FORF

%

2) KAEYECET 55,

fﬁ&%@b:iﬁﬁ"% Key Reaction D InEo#lizE. #xiL. 13N(p,7)14OJ5_LﬂE3
b, RGO LoD BREEHRKIGH 5D,
3) A RBLAARERY — A 2R,

NMRE# A7 4B, 1B, Be, Bo%o@&A €t — 2 v F DflE.
b DEBROYBHERI OV TE, FFRZCE VT, AEKIC L 2BENE
2NTWVD.

§ 5 ABOREEHE

REFEE LT, ZKREGERICE 5 BT RBEZOBRREBODE A FE
ANTWE, SR, PETFREEE ARG L - THEL, TOREREDNS
B S RAWENF T HOMNTFHBEIEEIT) EBTH L. BEREIER
i%. invariantmass I Lo TRO LGNS, BE, TOFELODOARS PO —%
—ORBESEFPTHE, SOy b7 v Tk, CEIOWERA., WEKFHRLA
7 drift chamber & W EF#H H O plastic scintillator hodoscope 7* S S N T\ 5.
BOINERL LT, PUHFHNO-BIEENFPSHFIN TS V7 FEIE—-FOE
EEAHE I TS,

by —ODFEIR, BRI A NVF-DARERE — 22 HRR (HEHGT 2HAA
THDH., chiRFE i, BERSRPREEYECHET e ~OEAZEB LT
Wh, BFSNE MeV S TORENLETH D, CHIEZI vy Y AeBALS
. RBELLTY - ABEOREZBVTLE). COoRREUET LD, FA
FIERI ARG RO ED % H A L, RIPSOREFREFELH GF3DEF)ICE torrDHe
HAEFETHEEFETHTHS.

JCHR
1) T. Kubo et al., Proc. 1st Int. Conf. on Radioactive Nuclear Beams, ed. by W. D. Myers,

J. M. Nitschke and E. B. Norman, World Scientific, Singapore, p. 563 (1989).
2) T. Kubo and M. Ishihara, Proc. 2nd IN2P3-RIKEN Symp. on Heavy-ion Collisions, ed.
by B. Heusch and M. Ishihara, World Scientific, Singapore, p. 40 (1990).

3) R. Anne et al., Phys. Lett. B250 (1990) 19.

4) K. Asahi et al., Phys. Lett. B251 (1990) 488.
5) %6 2 ¥, H. Miyatake et al., Nucl. Instr. and Meth. B26 (1987) 309.
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% 1. RIPSDFEALER.

Configuration Q-Q-Q-SX-D-8X-Q (first stage)
Q-Q-SX-D-5X-Q-Q-Q (second stage)
Q-Q-Q (third stage)

Angular acceptance 80 mr, circle

Solid angle 5 msr

Momentum acceptance 6 %, for full angular acceptance

Max. magnetic rigidity 5.76 Tm, 65% larger than that of the cyclotron

Focuses F1, dispersive, 2.4cm/%, end of first stage

F2, double achromatic, end of second stage
F3, double achromatic, end of third stage

Flight path length 10.4 mto F1, 21.3 m to F2, 27.5m to F3
from production target
Isotopic separation A/Z and energy loss
Goal of mass resolution (F2) A/aA > 100, for achromatic energy degrader
Beam swinger | max. 15 degrees
#2. Bopkr 1. RIPSOHEHE
BRI — A DB, ]
fragments I/lo I [pps] _'“i'[n._]
16C 2x10° 1x107 -]
13p« 7x10° 4x10°
l4g 2x10® 1x100
158 8x107 5x10°
Hpex  5x10° 3x10°
12B¢ 2x10°8 1x10°
l4ge 1x10° 6x103
OLi* 6x106 4x10°
1y 6x10°8 ax10* \ produsion a0z sapee gt
get | Q1-Q12  ;quadrupole magnets
SHc 6x 10-‘7 4x1 05 %E’mu SX1-5X4 ; sextupole magnets
To=6.2x10"'pps (100 pnA). T

Fis: 100MeV/u 1B0+Be(1.1g/em?), *112MeV/u PN+Be(1.1g/cm?).
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14. Explosive Nucleosynthesis in the Univese

S. Kubono

Institute for Nuclear Study, University of Tokyo,

Abstract: Recent development of experimental studies of
some explosive nucleosynthesis processes in the universe is
discussed, which include the rapid-proton process and the

primordial nucleosynthesis.

Nucleosynthesis plays a crucial role in the stellar evolutions and
also in the formation process of the early universe just after the big
bang. Figure 1 displays several nuclear reaction processes which take
place in stellar sites, and some of them in the primordial site as well.
At low temperatures, the possible processes undergo for a long
duration, but the ones at high temperatures go very rapidly. The
density is of course a crucial parameter here. In high temperature

Heavy Elements
© Synthesls

(K) n
160 i [e-process| [r-process;
:'l Si-burn.(a -process) |
9 /| O.Ne-burn,
10 : |C-burn.

HCNO [rp-process]
ICNO' ’ IHe‘burn.l

[3 o -process|

—
o
i

L}
i
L

Temperature
w

7
10"~ [pp-3(B) /

.| o:2(LD} * s-process]
1 ofL B/

’
’
’
!

Time.

Nuclear reaction processes in the stars. Density is also a

Fig. 1
' crucial parameter to be considered here.
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Fig. 2 Nucleosynthesis in the rapid-proton process.

burning stages nucleosynthesis often includes unstable nuclei. Here,
nucleosynthesis process is always a competition of beta decay and the
reactions such as radiative capture processes in unstable mass region
on the nuclear chart (N-Z plane), and the rate of reaction processes in
high-density high-temperature sites usually exceed the beta decay
rate.

The rapid proton (rp) processl), which will take place in high
temperature, hydrogen rich sites, is expected to involve many proton-
rich unstable nuclei, as shown schematically in Fig. 2. However, the
nuclear structures are often little known of these nuclei. Actually, the
proton drip line (the limit to hold protons bound in the ground state)
in the sd-shell (Z = 8 - 20) region has been experimentally clarified
very recently. Under these circumstances it should be worthwhile to
check experimentally the key nuclear reactions for nucleosynthesis
scenarios in nuclear astrophysics. Some scenarios are still based on
rather fragile bases in a sense of nuclear physics.

Recently, considerable efforts have been made for investigating
experimentally the breakout process from the hot-CNO cycle,1-3)
which leads to the onset of the rp-process. The main sequence of the
breakout process is said to be 150(a,y)!9Ne(p,7)?0Na.1.2) For this
problem we have investigated the nuclear reactions of the onset
process, i.e., 19Ne(p,y)20Na and 20Na(p,y)2!Mg by using indirect method.
The nuclear structure of 20Na was studied through the direct charge-
exchange reactions (3He,t) and (p,n) on 20Ne, and many mnew levels
(with excitation energies and the spin-parities) were identified,
including the 2.637 MeV 1+ state which could be an s-wave resonance
just above the proton threshold. This new state was found to produce
at least two orders of magnitude larger reaction rate at the
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Fig. 3 Nucleosynthesis flow-diagram predicted by
inhomogeneous big bang models.3)

temperature region of interest. Consequently, the ignition
temperature of this process is found to be lowered roughly a factor of
two. The next process 20Na(p,v)21Mg was also examined by using the
reaction 24Mg(3He,6He)21Mg. Here, the nuclear structure of 2IMg was
completely unknown near and above the proton threshold in 21Mg.
Large level shifts were observed in the levels in that energy region.
The s-wave resonant state assumed in the previous theoretical
estimates was found to be a bound state here, giving almost no effect
to the reaction rate for the nucleosynthesis. In total, the thermal
reaction rate in the temperature region of Tg = 0.1 - 1.0 was found to
be a few orders of magnitude overestimated in the previous
predictions. The detailed discussion will be found in refs. 4 - 6).
Another high temperature nucleosynthesis which has been
investigated extensively is the primordial nucleosynthesis which
would have occurred just after the big band in the early universe.
Figure 3 displays a nucleosynthesis-flow diagram predicted by
inhomogeneous big bang models,”) which predicts finite metallicity.
This is in contrast with the fact that the standard big band model
(homogeneous model) predicts almost nothing for heavy element
production. One can study these models by checking experimentally
each reaction process which would be involved in the models. '
In the inhomogeneous big bang models,7) the postulated
dominant - flow path, which bypasses the A = 8 gap, is
4He(t,y)7Li(n,y)8Li(c,n)11B(n,y)12B(B-v)!2C. In this reaction sequence,
. the 8Li(a,n)! 1B process was studied recently for the first time by using
the inverse reaction !!B(n,x)8Li.8) Several resonances were observed.
We have studied the properties of the nuclear levels in that energy
region in 12B by using the direct ?Be(a,p) reaction. A 64-MeV o beam
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Fig. 4 Nuclear levels observed in the 9Be(o,p)12B reaction, and

the resonant states seen in the inverse reaction
11B(n,0)8Li%,

was obtained from the INS sector-focussing cyclotron, and the
experiment was performed with the QDD spectrograph system.

Figure 4 displays the nuclear levels observed in the 9Be(x,p)!ZB
reaction, where the 8Li + « threshold lies at 10.000 MeV in 12B. These
states are well corresponding in energy to all the resonances observed
in the 11B(n,a)8Li reaction® except for the lowest state, which was not
well determined in their experiment. It is natural that the triton
transfer reaction («,p) on 9Be excites with reasomable cross sections
the a-cluster states in 12B.®) The most important temperature for the
81.i(a,n)11B reaction is around T9 = 1, which is a typical temperature
for heavy element synthesis in the primordial universe. There are
two states excited at 10.418 and 10.572 MeV (+ 11 keV) in the
present reaction in this energy region. The latter state corresponds
well within the uncertainty to the resonance at 0.58 MeV, and is very
clearly excited, e.g., about 200 pb/sr at 10°,

The observed level width of the 10.572 MeV state is not larger
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Fig. 5§ Neutron decay spectrum from the 10.572 MeV state in 128
excited by the 2Be(a,p)!?B reaction measured at 30°.

than 20 (+ 10) keV, which is much smaller than < 200 keV in ref. 8).
However, the width of the 10.418 MeV state is as large as 130 keV.
The angular distribution obtained for the 10.572 MeV state was
analyzed with exact finite-range distorted wave Born approximation
calculations. The shape of the angular distribution is fitted reasonably
well by the calculations assuming J® = 0+ or 17 for the state. By taking
into account the Wigner limit of the «-decay, this state ‘has most

probably J® = 1°.  This spin assignment is consistent with the
assumption made in ref. 8). The angular distribution of the 10.418
MeV state has almost identical shape to that of the 10.572 MeV state,

suggesting also JT = 1" for this state.

The astrophysical S-factor -obtained from the previous (n,a)
experiment was 8400 MeV:b at 0.58 MeV, where the width < 200 keV
was implied. This value of S-factor, however, would be modified to a
larger value as it is correlated with the width when they were derived
from a resonance scattering experiment.

A part of this work will be found elsewherel®)- Recently, we
have performed more direct measurement with using the projectile
fragment separator RIPS at RIKEN. The cross sections of the
4Ye(8Li,11B)n reaction were measured!l) at the thermal energies.
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The next question in this problem is the branching ratios of the
neutron decays from the states of interest in 12B. Only the neutron
decay to the ground state was determined from the inverse l1B(n,a)
reaction. It was suggested in ref. 8) that these contributions could be
less than 10 % of the decay to the ground state. This branching ratio
also has been measured here.

A 50-MeV o-beam was obtained from the INS cyclotron, and the
experiment was performed in the beam course of particle-gamma
correlation chamber. The leading protons from the
 9Be(a,p)!2B*(n)!IB™ reaction were detected at 18° with a counter
telescope of silicon detectors, and the decay neutrons were detected
by three sets of NE213 liquid scintillators placed at 30°, 50° and 75°.
The energies of the neutrons were determined by measuring the
time-of-flight, and the gammas' were clearly separated out by taking
the ratios of partial and total integration of the light outputs.

Figure 5 shows a part of the experimental results, ie., the decay
neutron spectrum from the 10.572 MeV resonant state in 12B,
measured at 30°. One can clearly see that the sum of the intensities of
the neutron decays to the excited states are almost the same as that to
the ground state. Therefore, the reaction rate of the 8Li(a,n)!1B
process should be increased by roughly a factor of 2. Detailed report
will be found elsewhere.l2)
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15. Some Qak Ridge Experience

H. J. Kim, JAERI and ORNL

Heavy-ion beams routinely provided by the Holifield Heavy
Ton Research Facility (HHIRF) facility of Oak Ridge Naticnal
Laboratory are summarized in Table I. As many of you know, the
25-MV, folded tandem and the isochronous cyclotron can be
operated in coupled mode to provide more energetic beams than
the tandem alone. As can be seen from the contents of the
table, there is a considerable overlap between the beams
routinely provided by the ORNL facility now and the beams to be
provided by the JAERI facility upon the completion of the
booster project. Thus I believe my Oak Ridge experience may
be of some value to you, in sofaras it relates to research
activities you may pursue in near future. The variety of
accelerator based heavy-ion research activity conducted at ORNL
is well documented, e.g. Physics Division Annual Report. Thus
I shall share with you my recent experience with a particular,
new experimental device in some detail, rather than talk a
little about experiences with a number of different devices.
The new device, HILI detector system{l], which was designed
specifically for reactions induced by energetic heavy lons, is
described on Figs. 1 and 2. With HILI it is possible to study
binary (or fusion) reactions in coincidence with light
particles emitted {or evaporated) in greater detail than
heretofore possible. An example of such a study is the recent
measurement of evaporation residues in coincidence of n, p, 4,
t and alpha particles for the 79Br beam on 27Al target at 11 -
15 MeV/A. Figure 3 illustrates how the contribution from
complete fusion reactions can be disentangled and separated
from other contributions by studying the multiplicity of light
particle in coincidence with heavy fragments (evaporation
residues) for the 79Br + 27Al1 case. Many man-years of hard
work from a group of dedicated physicists was required to
design, construct and commission this device. 1In particular,
as can be surmised from Figs. 1 and 2, a fairly elaborate and
complex data acquisition and analysis sub-system is needed as
an integral part of HILI if one is to take full advantage of
all the features incorporated into this device. I can not
place enough emphasis on the importance of the role (often
times neglected) played by the data acquisition and analysis
system: ion chambers and hodoscopes are useless unless signals
from them can be shaped, processed, sorted, correlated, stored
and displayed {on-line live display) in a timely fashion.

{1] D. Shapira et al.,Nucl. Inst. Meth., A301 (1991) 7e.
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Table | HHIRF Beams Provided for Scheduled Expariments

BEAM MAXIMUMENERGY MOCE®  BEAM MAXIMUM ENERGY MCDE®

{MeV) {MeV)

1H 25 T Sty 216 T

7L 128 T.C secr 230 T

SBe 158 c S6Fg - 850 TC
108 168 C S8Ni 1010 TC
1B 169 T.C BORN; 228 T
12¢ 300 TC 83Cu 189 T
13C* 67 T 85Cy - 290 T
16Q . 405 T.C 84N 280 T
170" 381 C 70Ge 154 T
180"~ as56 T.C ;469 306 T
19F 190 T 5Ge 305 T
23Na 117 T 73Br 1000 c
24Mg 200 T.C 81gr 604 c
25Mg 132 T 7459 164 T
26pMg** 200 T 783e 169 T
27l 196 T 7838 320 T
285 333 T.C 805e 285 T
23gj 150 T 8254 315 T
308 264 T 9ng 500 T
3tp 136 T 93ND 276 T
323 :725 TC 107Ag 374 T
34ge 170 T 1084 733 c
36g " 165 T 1 15(:3" 499 C
35C| 703 TC 1125 570 C
37¢| 187 T 116gn"" 684 T.C
40Ca 601 c : igSn 240 g
44Cg 205 T Nd** 700
48Ca* 200 T 150Ng*" 760 c
4535¢ 200 T 1508 m** 701 c
48T 280 T 156Gd" 885 c
4871 581 T,C 197A0 591 T
45T 235 T 208py 982 o}
50T17° 250 T 238y 119 T

* T = Tandem alone; C = Coupled mode.
** Beam provided with separated isctope probe sample.

gas ionization hodoscopes
counter

multiwire propcrtional
counter

/

Fig. 1. An exploded view of the HILI detector system showing its three major components.
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Sy, (BFoton2E50nTLL, )

(il Z2FFror rESGE*HEL.

(iiy (HhadxnRB\IcLY., HEROFRET S ETHDS.

WMEGL, COFFEL-RES. HESRRORRITNEHILES. ThENTIHEED
+RHDrEXLHNDN, WHANTHZISN?

ABGARISE. O RRROFRLLED THNLNEBREEITH Y. XK. BAOCEHGARIS
THEDALFIAFEBRTE, 101Sn 0£EBENFEERZTSATVLD. PP, BEHCLRE, T
QOShEBRICRAPHUESHK., £, BERISHEOF R Tin-beam gamma spectroscopy
tENUHARFREDHNLAS,

MTFTICEBda*dd:

() GARISIX. HBELIXRHEES D,

() RSERKE., LELE, E-LAFBrREIHKCRUFET IS, acceptanceangle
FTEBHT. KELTIHENIHD., LRORTBEFDLVHTHD.
inversereaction . (MATEZWMBELHISH, JRUEBHTLL, FEE - LA KT/
EL. MOLWM<NUD,

(i} GARISOR&AIE, RESMEIFIBLWIrTHS., LL, WERHDF-—rlaBhEDd
“YrHLY, CORBEIAN-—TEBIZLHSWL, WO F—PT-SNBZEHAS
THDB., LHAL., BEDENFBEBLTE, BoLs5HR,

(v} GARISIZ. HHBMRBETHS. HELYEBELOY, ERCRECHMIILTH S, AT
EO4B. tnI3UTRL, ARICKATEDS, :

V) LROFRE. 2=-—-2THd. (Tnhix, RLT. oMHEUHAREERTILHOTENY
Ly, )

$£Er LT, BHGARISOsetupa#lERLTHE L.
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[RIKEN Gas-Fill ed Recoil Separator (GARI@

MY . -
B Gas-Filled Reg-.‘o-u

(0.5 ~ o torr)

=14 MZ e 8‘1‘, 4 UZD( ; o= /3 ~ 2/3 )

focal plane
Beam r-‘ s PPAC
Stopper 2 1 = ARG 5 -
- L N e
- - T: s -" 7 4 el :l
vl AL R B -
el vl v, L £ ar "ol
115 ," 'R - "-
- - s’ o - '. ’ -
.'.’ - . - LA £ hal
- - -
53 ) parmacnt B -
'.- :.’ wae Be . "
IR ALE 7y B
e e - [ =

Path of
Reaction Products

D: Bending angle : 45 deg.; Radius: 1.2 m

Pole gap : 15 cm
Max. field : 1.5 tesla
Q: Bore radius : 15 cm

Max. field gradient: 5.2 T/m

(1) Efficient collection of reaction products

- Spectroscopy for exotic nuclei -

(2) Injector to IGISOL (ion-guide ISOL)
tp, avoid “ F(CLSM& eSfect ”
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18, MERICHERERRE D728 ® “Reaction Filter ”
HAE WE #Eih

I #}idic

chhSEF s v F LA T2 - MEBREF-TTELIRYER. ARRTFOT R L
FoTEATEFHEDI-20 MeVOREEL T, 19795 BNLTH» N/ Symposium on Heavy
jon Physics from 10 to 200 MeV/amu™ THERCHRI WA BEREFEFKEICITIS XS
HEAX VRIEBFOERLOLHNBEAIEEEDLhEY, B(EAE. " HREKEND
CEE” ORYEERT AR Lb I TEY, METRINTIRANCAHEREMA
Bichhd &b o, IRFLOVILOMRI ARSI RFBREINTVWILVALTL
3, PLARKEFOzAAVF-OBEVEER. B4 4 vRIEEEAELTOHBEIPID
ISP ->TWVNT, HENS A5 - %FE-THMRI>SSVWESHT ZHISERT T,
Hb., HE5 A7 - BAHKTFLEEABOEROEIT LV RSV E SITE T 2 FIHAAL.
HEXBEAERLCOVOLE & AHBEMAL. BTBITREREOERRIE. B
HHENT A —BNEL R EERBEIIHMAREEETDI 2T BRNUBSIA
BB EERIARETFOZALE —BHETED 5 MeVCH5VRES ERIFIRRDILA
By, NEROEBHH SHBCRFATERVEREREROL LT

Deep Inelastic Collision

I 3
Quasi-elastic Collision Deop i
. Inelastic Flaatic

Complete Fusion

5 Complete
Massive Transfer ’ Fusicn
Multistep Direct Reaction
Breakup

Breakup-fusion 7 [mpact parameter]

Hot Spot X 1

Sequential Decay
REAXMBEZE(OFHLVES, ABENEAINTEE LA, 1981F K, AEXKFETHLN
frr v R a - AR TEAKEBOHHS AL, ChoOFE £Feynnan Diagran 2 W
THGHBCAELELIERIONE Lz, EREBLCT, HROCEROPARGS QRS R
EhrgroBseRELARE2R a0k, 1B RLAL I KBRAE R
NYBERARGCMET 2R ENREIARBEST A - OB LTRAET ILES S
NET, Tk, HLHBABREFHES A5 -OBVICL > THET 5 "Reaction Filter”
LLTEDLEINBONBEETLLINT TR, Y v VvHIRFTORRERG L
KESWT, ChETREAOATENRBANAERODVTELHTAT, hbhs, H
MT&EDBTAEREBE%S Reaction Filter E LTHEAREDIODVTEATHLILERE
WEd,



I Reaction Filter D EH

CHETICHEHE A7 —OHEHEBILHICAIONTEALYERL L TRRIECHIT S

X537 bDHBHDET.
1. EHROBITR

JAERI—M 91—115

Linear Momentum Transfer from

BENOHR AR

Correlated Fission Fragments

e Momentum Tronsfer

Larg
(fusion, incomplete fusion,...)

Small Momentum Transfer
(inslastic scuﬂerlng. fransfer, ..

EasREEoME AR
2. BLRHKN FOSER
3. %R2BoF -AETE
y R OLEE ‘
chs3-ooPBRONELAEIL
SWTHTRETEHTHE T,
ENCSWOEEE (linear
momentum ) MBEMBICHEITLL

®—'6< 5<IBO°

> 8,5~ 180°

&2

Bid, HEN3A - OREXLEETHRCEL LM hESd, COBTERR
B, RIGORRCHEE W 2BRBBE OB~ EHREEZAET 2 LIV ERESL LV
%t BAZOEHREED DI, REBOH " HELARERIOP R HM

T35,
{5 LT, Texas A&M Univ.

P,/ Pheam
0.5 . o

e+ g 3

do/dQ, df, (mb/sr- deq)

VIIO 7 | .\

E/A=T.4 MeV

1 ! i 1 1 )

s 1

130 140 150 160 17O
8, tdeg)

.l
120

X 3

180

EE‘Pﬁgmzﬂ'jﬁ@tabihg}‘Ii’iﬂ“«‘Di‘ﬂ'o FECORLEENANTELE R
@ Wada et al. i3, BB " Incomplete fusion”

EBEF T
WHERIBIR2LWTOREERT-TWET
(Ref . 1o COHERAIKLS, BOH
DEEREMFohI2oDRERBEOROK
HMENLERZLATHEOR S (folding
angle)2R(B S EicL-7T. BITESE
PRBELICLSHRET., tOREORM
SEEH2icRLET, BRIZED &,

HFAEEBTEZY Y - AHEIKEH
WTWBRHARHTEORNELRTH &
i 180° THARTLLE, ERERT
BHALEHxAMN 180° Xh/h&ECHB
LA2FIFAT A LY T, COFEDNE
CHAESER. HHOEHEBITORE
Ut rEBHRES, COFEE
{# - CFatyga et al. X, BITHHEO
[P EDLIRAM T 2 L F — T -
TELT s LS. TOKER
ZE3WRLET (Ref.2)s EVAKT
FNF-THEMUTEEEBERIES A
HzaArF-—BEL{RBILE-THRAK
FOEEEER > TV HKBTNHE-ED
RTetdd, CcoFEBEaFER
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ESWTLW2OTHENEHEEXSVOTTY, ENEELTERBIEALZ DOV GHE
LEVWEBLEOEBLBONATWEELEIRABEDE S, -T. HLBEBETRHENK
FRBZOICEKRDBLTVEE A,

BB FOSEER, BRENIEELL L, 44 VEAILTOFHRPERBEHECEC S
NIERZRE (DFVFERS A -DBPEILBAERDIRE) . RE{ARBTHAHH &
HiZshtd, Pz 2AF-BEA A YEILOWUEc L {{@dbh b, Boltzmann-lehling-
Uhlenbeck BUNERI L YO BRHE S, BRTFZHEENFR I A5 - cEREHERET 5
CEERELTWVET (Ref.3 28M) . L L., BN FEShASEELHE Y
A4 — MBI, EBCELhIASRIGEEABE YL LRI -RHEEROFE
GEMN. TAAF- LEVESKL-THRVEHINIOT, BECBRTOLER
HRES A4 - OEHESI T NEDEIDRFABIEHLTHIDEBA, PHEFOD
ZEFICOVTiE. B/A=LL 5 MeVT O NetURIG KR W TRIFE S P B FREEEHE
W<tz folding anglek BEREMMER > PR IO TVT, HFHDD T F A F
— 15 MeVOSEE T it FEHEHEH "Reaction Filter & LTHOGBET L &S
STWET (Ref. 1) CHERMLTHEBREFOSEFCELTR., ChETERMNCHX
15 A7 — EDHEBENOATWHEP - O TKROFHMTLLHELLBRE LD cHBE
BET-TAaELA, BNTFR2EFORTER, RENCFHRLREZRBELVEEIRHAH
&bi?ﬁ\#ﬂDkﬁ#bﬂﬁ&ﬁ%&?-iﬂ%%%ﬁ?&f%&Eﬁkﬁ%%Di
ER

yBOSEFHE, R2EOR->AEHR L FEFHEIHEBEE 0T, 1 FEFEEZAE T
AlliE-TLAEHB T LCETHRODTZHE THE A7 - OEREBZC
LR ET, FOFIERDWTSEREL(BRIEAB y THEEORECL DI Y
URIAFE—ADEIRKREL» L dn r REB T F - S NBZRBPROLBEIRED
3 o

M IvAYHTATOER: HBNTFEEEVSERRBITER

fliciiafkoie, BRNTOLEFERINFECERRIETHRE T 27 -OFHLEEV
SVTWVWERB A, FITEARGHEHESEENFGVWEEDLN Z folding angle®E 2 A7
2tk T. BERNTEEFED "Reaction Filter & LTOFRMETA~NTAEL
fro EBRIZ I VA VMU KFEOKOEEE YA 7o b (- T¥Ar+23%) £/A=35 MeV
L1AN4238) B/A=50 MeV iKW TITWVE Lo BLVWEREMHTDWTIHE Ref. 528 L
TH5H3 &l BEBSIROWTHIFTETZ L, BRF(I=1-3) 0FEFELH
Ficid"Dwvarf Ball-Wall"(Ref. 6) N B 7 v v b v AEO - THR S hAKEITIE
Dplastic-Csl(T1) phoswichBRHEEHL SR EZ/NMRO L BRHESFSTH V. BSERFOHAIE I
it 2D X-Y-position sensitive parallel plate multivwiref@HI 28 (35% 18 em®)Z H W
Fll, COEROERBONABLIENOHER, 011y LRHESHAHBEUTFOSE
FoMEK4icRLET, HOERCBZOLDEBETETRAPZ AR TFOHETE
PLoHOETEBIFTEET, COFicBWT—FLED/ 20iie~ 5-170° 28BS
WWEHORBRHBE24T RTHF-TONBRTEER. APTO/ FAME0~35-170° 2EBE I
"Dyarf Ball" 7 2@~ EHZR, TLTRTERD/CF A6 ~5-35° 28BE D Dvarf
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Wall” Zi2@-THonkELEETT, COMM PG, BIFAEO ~5-35°

AF/P
1.0 0.5 0.0 1.0 0.5 0.0
s F | LB A T R T  E s S S Sy B i S S -]13
wy 4 2y BAr + U 12
Tr E/A=50 MeV -1 E/A = 356 MeV41)
g5 —175" F=5"—175" 10
&r + E
- 8
>T T 47
P + 5
45
3r 7 44
2 3
EN I 12 -;"
= ir L i 1 41 ©
) T T =
= 6r T 8= 35" ~175° =
=N L a e
E T + ’ 7T 3
2 o4t + 6 =
= - 5
3r 1 4
- 3
2T T 2
1L + 1
4 +8 6
- 5
3r 1 4
i {3
2r L 2
1 1 1
3. { 1 ! I 1
120 130 140 150 180 170 180 100 120 140 160 180
By (deg)
B 4

KU WBRFORSFERIKBEBTERRCMEL IV L, FHESLIVRKE
A (O ~35-170° VKRS h2HBRTOSERRBTEHR & 3 ZRIMEAARI R <
L LERIIDEF, HEREETNER, 200N EREOHMMEIEATY OES S
o ETd. EE. AIEINANBEFOSEERM > T folding angle® ATy — b
EHhTAHEE, BrSEESGTHOMTHI2BER»RVBOLRVWEMHERLET, O
DIEREVWHRAL L, HBRFOLER R, BRICONTEHRETOKX & Leentral
collision % EEBEITO/NE fiperipheral collisiond SR BET 2 CoWVWIREBHELS S
FAMEELCORDPUDEENS B I EERBLTVET, BRERLEZE T, JOF
BOBIH DAAT T 45— ORBLETH 00T LT,

vV FEHEMAT

DlEokdic, chITEFEERBICAVCSHh TE . HEHED Reaction Filter” i
SNWTEEDTHAELAD, THEARALOOREEELANS bRIEKREEZ2ET 2
DRLERHE T A7 - EFsEMERHELT(CLTVES. LA L, b o HHF
T??bnéféﬁé5&&5@Am*ﬁ?@ﬁﬁifﬁ}b#’—ﬁi{ﬁl‘\ﬁﬁiﬁf@i,{;g-y}i‘m:@a}%
CRIEHT A CRBOE,I L DOEROLETT. | DHIESHIFLHED D Sfolding angle
ERICHESALENELOMEATEZ VL, 2 2HOoER FOFERMERECAL
IAANFE AN TREEFZOLODNASCAVOTRIBERECRELT(NEIILED
FH A, 3OHOHE" yEZEE” ToVWTRSEARBELL BT RATLAS, REE
DROBEGHRBCERT I AHDICREFATEIHKIINHEBEOHESLETT S, ITE
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ELERBHZOLORILUNDDODAREESESSET, C3ZAL AR LVF-HE
WRIEDIB A&, FaXEEEicevapolation residue PR 23 &, s, BEBEOEELEHE
ABEMNET AHESDIL0EH /L Reaction Filter” £ 2 & Ebh TS, BEEOE
FLERPHBICHET AL, RARHTRESI ATV AL ARG FER S
FERoOMBEASERRENTT. SRROBELT, chETI(FLNTEALBHEH
BloaogsRsh. ThELBEHOFNIAOCRESN D X 5 7Gas filled dipole
magnet2H L ANELPBINDLORBINELLEE T4, "Reaction Filter” &L T
EAfodici,. ROLXINRGEEMATHLESSD ET, Tfisz‘ A 0msr Bl E.
FEscliE ce s EEEEMNLLLE. T LTEBRSREAL/A & 1/30LITFTETE, L
HPLIAFET TRETLTVWABAROHEFH cXIMTHiERkTvwo T, HEESZ VR
BEBERICIVASINVE-ABBBTCELLIICHTTNER LB VEST, HAE., 7
2 NVE- N ERBETHEARSEMAELRTEICER L > TBER v FOWR
BEETLOEW SANLTITICEBHEBTL & 95 "Reaction Filter” &L THHA 3
B FEROFREIHETICEG,. ChhoBEFHDI0 HeVETROEA £+ YRICHER
EREIKTILDEERCEELEEVE T,

EPE

R. Wada et al., Phys. Rev. C39 (198%) 497.

M. Fatyga et al., Phys. Rev. Lett. 5% {(1985) 1375.

C.A Ogilvie et al., Phys. Rev. C40 (1989) 654.

J. Galin et al., Nucl. Phys. A447 {1985} 519c.

M.B. Tsang et al., Phys. Lett. 220B (1989) 492.

D.G. Sarantites et al., Nucl. Instrum. Methods A264 (1988} 319.

S
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19. BB %13 2 RBHEHE &0 14 OF1 ]
RO 1§

By v Fae 7—2 8 —MEBHAEEB L LTEOELIR OEREBEITNEHKD
WTHNETH B, SEHOLI BKELORREEABEL LTHRELLY, 200N EE
DU LroE LTRBBEESTHEERE LV,

BH7—RA5—Rs v FohbOEA4Y (830~150am) 2RHYETHNETE S
Yo rHEIRTVE, COBRBMBOLr—A0MERELTE F v Fhe 7T -7 =0
FOE— BBV CEBRTVS, COBEOY—A2H-THIRIERE LT, BE
BHALERIEFHOARY P X3 —, Subbarrier ETORIEA #=X 2 DHHK
REMRDLZ, ChEOWETR, HIEIREZEFHZOERNERBI LD XLBZERUTTS
O, o TREBE—2»5PRILABLTAELETRERS R, EARBMERKET
S BB, WA RRUCEIEFERZAET AP RRBBORRIEE— 2Dy 7 75
YU PR ERPEGROTCESIONEETHL, TLETFHORTES L EHBREMET S &
%, ¥ROAE-EELTOFHETRBAND S, CO2o00BEFHZHL IO L LTHE
HERMFERBALN S,

CCTRRFEIEE— 2O RHAEN B TVWAED-MD-EDY 47 2FA 5,
(ED : &\, MD ' ®t) . BBRE/ g0 E0b02EBIE5, (EZzRxAVF—,
QREH) o« COEDE—LATZNF—LRET ZNF—OERARZTVWRIERBRRICE — &
BODRHMRELE D, BV —7 v PREBOWAH A A VOEENRIh YIS, ZO5EA.
RBEL R A F—NIVDT, all TR EOERBOLDBRBEEZ I T -2 HRAOEND A
KELRD, ARZ I A= NOAGOUERES . ARWEHBEO/NTVRIETRHER
BEROVOT, BOWI—F 9 VREBEVAHA A V25 THEICEFATZ, 2 0B
BOE— 2 AAOERYRRIERE-TE1 BHRASTULEIOTEMETHETE 5,
I CORETREBBOIZVE—HNAST VD, Focal Plane TRAEDAE -EHIK &
D TEFEE2RDPTBEAEALD B, TORM, ¥ — A@E e NHEENINT EX
RETEARRIEE -2 50T ENLVEBICES, X EDOBEDEKR S,
B 77— —0OBRBzINVF—RRELLEERUEBOAANF—-RBE//a~9 MeV
DFEEITEV, COBE, BEORIELTRep=2E/akbep=18MVeL
B P=4AmiFBEe=A5KV./mTHB, COlEV=+—2DORMSOHE (e =
30KV/m) #GS1OSHIPOHE (e=40KV,/m) RENXTHEHL,
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0 FAHREBRESWBEEVZEEA ST, BRREE— 2B EDOEBRIAN T
BE TS, COEEE—ANBRIE Y s TEDOZERRRERL S 2RV, Bl
P—ahEAOMDEEDREBL T Focal Plane W AT %, INETESLNRTEE
i5koic, 1) EDORAAEL2AKE:%, 2) EDOBEIRAY v} (4mm. B
X30cmBE) 2535, ¥LRZFOIFLEAy V2R LTEY—ADHEAZEROT I EHN
=R % (F '

FTHEIRZED-MD-EDORMAAEN25-50—-25E0LEDGI0S2—FPK
IHUHBRERETHS, HEOHELILTAUSA (10ms r)  #E 2 A ¥ —EH
+20%, BES#MEIO %, £EIMUANZEATCYWS., EDORE 1S5 ¢cmT, Focal
Plane OFRIOQ—-Vv v XOHNBERW3I0cmTH5., FEIx, yLd 10BETA A
—YH A R xFAT2mm, YARATI OmmBE, H2S4HE10mm/ % HEH#H
G300 ERTITEB, AL - A0OBDEE Focal Plane OHETI 0713 d 3
CrAEERLTVE, COBOETn bBEOBRERREAGERE S,

1) K. Wollnik et al., GIBS - a program for the design of generai ion-optical

system. Physikalisches Institut, Universitat Giessen, D-6300 Giessen, Germany.
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20, TRl NVF—-TOERAS 4 Kt
—Dynamical Effects in HIC{10~20MeV,u) —

[FeiEs CHE &
Giessen® W. Cassing, U. Mosel

MSU S. Hannuschke

e 2 A ®—(10MeV/ u~26eV/ WD EL & v HRILIE, EBERT, 3B BAEEOH
MEOHE., i, AR NVIFVEOEFEH/BRIAFTIVARZRILEDTE S HE—
OFBRTHE, FPOERERNEFO—R., BHHEOREHER (E0S)  ZLCREG - /AE
EOBHERCORVHEFBORBEH2EB3IELHE, Cho OB, XE&EYHHE, FH
PR LCh, EREHSBURTEXIHERFEETHZ, LALERS, B4 A VRE
ToO VHFEINEEER- BEEORER, Ribho T{RonHHMEFH LMAEEL
Wi, ERF— 7y HoEHE FOSERIIsHERY, 2O XV F—fHE TR, BHER
RETAIEHIE i EHLELOBEAVARETEIHTF-BHTHRLN, E4A A VRED S
AFIVABRETZEERBTHB, 2T FHBEBT B THEOYROA -2 fL
LM cOBMBHBYIav—vaviHVT, B4 A VYRIBORTBETETITORTY
5[1,2], COVE— T, B0 S v F24ERO T 5V F—(10~200eV/0) DHEIH 13
B, BPFHEHILIBERBE2VT, BROBUEMNL Yy I 2v—v 2 v THLAR
FAF I AaABAET2VTHET S,

BE, PRz AL F—DOEBEA T vRE2ERTE Y I ab—v a2y T, EEHTE »o
botdEifFbh Tty aBANREAsR., —AoHEMoAEARIYTSE VUU
(Vlasov-Uehling-Uhlenbeck) AN TdH 5[1,2],

o .m0 8 R 1
L3t * o "ar ar Utr,t) 6p1] flrpsit) = Ladeen
S E— § d3py d3ps §dQ Iv ]_d_O'_ S {(pys+p2—pPa—Pg)
(2m)3 2 3 12 40 1TP27P37Pa
{ #(r,ps;t) T(r,pe;t) [1-1(r,pes )] [1-f(r,p2it)] (1

- f(r,pest) T(r,po5t) [1-f(r,past)] [1-f(r,pqst)] }

e U ORBERKET 2 EHE, do/dQRERER O T F B AL mH |
Vi BEET IBFOMGEETH S, COHBRAR, MHATEMTOSHEMEE ((c,pit)OD
ERMEERPHART B, AU, Viasovi EFFIHh, BRICKTE T 2398 U, )ik 3
L2 BL ., B0 = 0 BTE THFOHBGERO ABER R 8- Tvd, AR ZHOH
EIC, on-shell O vk —Vv v 'V EEBF-BFHERZLLT 5, -T. TOHER
RBRETIYHERE., BECEETSIESYE Ul e BEEPCOBT-HFHERE
de/dQO -2 TdhH 2, BE COI2B3HMIRA AT APIAXEINBN, SVEANRS
BROTBTCRBELNEELZE-THY, BAOBMIKET S GiTHEH (TDGMT:Tire
Dependent G-Matrix Theory)[3]Tid #—MiciBib &Ehd, T TCHETIHENEV

FNE—RHLT, BRXIETFEOEREREARSERT 2 TPMHESERE O L2026
CMatrixERIE LUCRAL. THB., BP-STFHER., 5 RET-h T B E SR E
BradcmMsicicdd sl4],

Eraxr¥—d44vRIED RENERIEERO—2TH 3 HA 4 v EHIFHERE
2. TOHF L HSRMNBEEER, BARARR E2HVT ZOoBRABEEMBT I TCE L,
VUUDES G E _RAOHRIFOMRLECEEECHEMITEALS < M fER
BohBE, TNOOREOHEBBIFET -HLTEDL I, W 2LDOBAOERZBNL
=51, Blids 19°Mo+1 %Mo, 14.7MeV/u, b=8fn OREHEH COEEORMERBETH %,



JAERI—M 91115

B41. !00Mo+100Kg, 14.7MeV/u
b=8fm
x2EETCOBE S
B [l i B (34 0Tm/ ¢

e

gy o

BT ]
1:;E| L1

f+

L [fzgl,l.tr:

il I e n S

maa

i

NLEE NI DL

IEAMF—2R ST BB L sk o0 I COBGRAOHIALAK HUS2R TV L,
VUUODOHRE, x4 ¥—HRBER R TS HEAA-AEER T 3 0 F —HE(TKED
OMEZIHEETA, VIURHMBANTRSZN, HRHABBROY I 2v—va v 2O
T *2?0)%%%&5;&%);@%\ I*}D#-—ﬁiﬁ@} HeX 252 0EMIcHEHSLZ &M
TEDH, 23, HEEKROMME LT, KB LAETFOEKE TKEL2 7wy P LB O

2. %% 1
. ﬁﬁ&¥ﬁ Vo £ ™Mo + Mo bei 23.7 MeV/u
L e St S S B R S
oo - TKEL a0
soF + NL, ] ~
i Js00 @
-y 60 ] =
= A
00
“r | &
I x
20k <200
o iz 0

b [fm]

55, FWLLBTFOEKE, Z20B0BL:2HEIB Lo T, ThcEELE
HERLUEEBEFOEBELTCERLTH S, Z20B0MRKRARE LHREROHEEZR Y

B3. BIE@RFORBIILL

I Z I FE—
“Mo + ®Mo bei 19.5 MeV/u

300 LA B SR S L L S
250 - —— BUU -
% 200t i
= L+ Data T
— 150 ﬁi— -
] F 4
WE. 100:- j
i Jﬂﬁ ]
j 1 ) E I | ]

¢ . 1
0 0 100 200 300 400 500 600 700 8OO
TKEL [MeV]
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HZEEODOERERL, BTPZzxA¥F—020 02 LEMNLEEL, ZEOHYNETO
TEhWEHEMRAZE, b, ZREOMAWNERH = 2V F—OBER, EFORBMIIK-
THLRTVRZ LHAES, Sk, ERANMOELHEIHNCRBRINGHBTOEL XK
BALTWEETHIE, BAXOER»oFHish2EEBHHONY 7 v A, TKELOBE
LTSy PERTVWERERBOER IHET S, O &2F T, 2 AVF—EW
HEORTHRAY A0HERET B L. Vilcynski-plotd X ERTE 5, RMIEHNMR
HOLDBRELEE L LT, K3z, TKELOEEE LT MIEHNRHE S aRFH
BEHI T AL X —RFELTHE, EEAVIUOBRT, 25— ~"—fEOA 737
AMERBETH D, Fio, K42, TKELEFERHELE 7RO IV F—ART7 A TH
B, BAAVREIELLDrBANZ MV SOo0HARGINE, O LOBI0MeVLITO
ST, 2hiz BEL -EBOBRHARENLS O v, 1MV OB GDR» 5Dy
5, 30MeVUL FOMERIX, A v 3=V Y P EBF-PHTHEEOHBEA» 507 HTH
5, VUUTI Avae—Vv v BEPF-EBEFEHEOBEL2BEI CEATE, ECh00
yRERRTESE, BAOER(ES)Z eVl LoBzxavEF—ry ROHF 2L (BR
LTWwd, ltoct iy, EHELET-HFHEOYR L BEBEEINOIKES VU
UDBRKH» S, B4 A Vv ESERBHRIEOY 47 3 AN BMAIE, A5, TKELEHEAOH
%, FOXLANF—BEROAH=2Za, ¥, RIEDHOBERE2H - TV 3HIFEHER T
Brard¥—rBE2H-NCHEBTE S,

El4. 92Mo+52Mo, 19.5MeV/u 25D J O T T T T T T
TROTZINE—ART PN = 10" H TKEL = B00-700 MeV _|
] =T
! 5; 10 by —
= 10t A —
m 107 _
< w4 -
=
oot —
5y xS I IR A I B M
1 T [ T [ T I T | T I T I_
= o TKEL = 400-500 MeV |
=
= 107 M -
= -2
10 M —
- —
;i 104 B
2 o
w1t ﬁl—
PN i B ELE RN BN I
= 16" TKEL = 200-300 MeV _|
R
= 107 _
s -3
= 10" H _
m 10 H _
T g0t H -
=
< 10" M —
T N S B v [ =
0 10 20 30 40 50 B0
E, {MeV]

HMARETS AET 2AF—MI10NeV/uR#A B L, RIGDY 4TI A nlEEE
KT B WAL, BABDLODalTOANI PARLTFEINZHB ) YOR
-3 3N THARELEBHERF vy v W AhLTMA IR A7) ¥ X OEHE Y, €OHEM

LTy FAFT I AVRBMESRBAER R ERBRINTE AN, FNABRTIL Y, V
UUTHARIED ¥4 F I aA %2 R<a & 5161, BISE. Nitho, 10.9MeV/u, b=0
ORIGETOEEORMRE CH 5. 150fn/cli CORMIZ, BT AL F— v B 7P
HRTRREEN D, ZOMEHBRFAFLET = 2V F—BEBORRLE L —FT 5,
BTPHEN TR OBROEYEVEM, MABBKRARLLTIAF IANVBER 2L -
FEBLZEETEY, BHEARBRIT-TOVEY, Hbk ¥—aAHAEEREEERT



JAERI—M 91115

Ni+Mo 10.2 MeV/nuclecn
T T T T

k{fm}

b\’\'\

7 '

: /}'\\-"‘-\Q:

E
- 1
—_ 4k g
£ . {a}
* T Q T(I}O ZC‘}O 3‘00 ‘0‘0 500
— - N . o @ 1, o L] L Q time {fm/c}
-9 -20 -0 8 o 20 -2 -1 Q2 0 20-20 -0 0 g 2C -2Q -0 [+] e 20
z{fm) z (fm) z (im) z({fm)
BU5. ¢9Nj+10%Mo, 10.9MeV/u, b=0 6. Rx, Rz DOBEERIZEAL

X2 EETOBE A

HTOMAKOEROBMEREL2 72 FLTH B, REMNEVRHMENTVEIOHD R
2., VUUTHRLNEITIW/cORF VY + VOELL alRTORMAYPEFMETS &
[68] E—AHETI1.8MeV, ZRICEBAMTIS. 5MeV, ERMERX I INeVTH S 20 ¥ —
AERAREIRBET LT NEERE BT 3, LALEBS, RETEHTIEE
BEOEREYRY R IFERELHETER Y, WTFRER LTS, 106V ull LOME
RETR RIEO YA F I #ABlE42BEACTET 54ERSD, F0 W, @&
BOBRAKBEL 2NV —, fBOA =X 250ME2ERTZ LTEREER-TLAT
55,

BLE. 10MeV/us 520MeV/uDE A 4 v FHIFHEAHIL . ARG >wT, VUUT
BErhEV2HOREREA L, COZ RN F—AKOEA A VERTO2LOEIN
2ERREOEMELEETSSAT, RIBOF4 T I ANV BAEEHI A EMNEET
R hBEBCLBURAL V.,

£ R

{11 G.F. Bertsch and S. Das Gupta, Phys. Rep. 180 (1988) 189

[2] ¥. Cassing, V. Metag, U. Mosel and K. Niita, Phys. Rep. 188 (1990) 363

[3] W. Cassing, K. Niita and S.J. Wang, Z. Phys. A331 (1988) 439

[4] K. Niita, ¥. Cassing and U. Mosel, Nucl. Phys. A504 (1989) 381

[5] S. Hannuschke, diploma thesis, university of Gissen 1880, unpublished
M

[6] M. Gonin, et al., Phys. Rev. C42 (1990) 2125

— 62 —




JAERI—M 91—115

21, BAAVRICKEHEL, 777 A0 VOEE, EBESTN
FATE Gl ®ok oK W, BN 3

EBxixAF—>rohEL 2 AF-ORWERICH L TEA + v RISOFEBS SO L S @bl TOE(LI
2 ED LS IEESEINT WA R, TRINSIES TH—RICTEER T A C S WE F THREL IR TV,
Quantum Molecular Dynamics (QMD)iz & 23181, mean field &, 2 BFEEic &> THA 4 ¥
FIHER 5 B R AF—h OB A AF - TILVIERTENTH O, B+ YRIDOFE, FHic7 574
v RO & 575 fluctuation iciEK$ 2 BB LIRS D@L TV A, B2 R, CORBHIIERTS 3 QMD
2EA 4 YRUBOK 1 MeV/u 53 100 MeV/u ol x4 A+ —EERICEH L 2 b0 RER,
1. 75 72 v VEBES S RICREOME -

Rx it 190 + 150 oFoztEE. 1 MeV/u 5
Elabs 200 MeV/u 0 3 L FEER I oW TR
#%%9 350 fm/c OWFlicBiF 57 5 74 v VEBH DS
HEHE U Figl cHREFHEOERESIH T,
T 2 ¥ —D mass number Ar=32 o085
RS LB EERLTED, P Ar=1 oiff< i,
BEONS WEBSD 7 5 7 4 v F OARARL TV,

g2 (b=0 fm) DS, Ex A+ —Tid A~
Ro7ssryrBRoh. AR AF—HMENRSIT
SN TEOZTEH, HREONSTH~BITL TS, £
LT EapR 50 MeV/u imincid, i2EAEDT
7 A » b8 nucleon-like L DT> T3, D& D,
Fusion— P2 £ > Fusion #972K G (Incom-
plete Fusion)—Explosion ~ & RIGERESETLT

W
S,
TN T
(e
Bty 77/

_ = T S
WB I EARLTV S, \\ S )
: ey Py
S T S o)
£ :o,’::;o

Fedu@ze (b=3 fm) . ABEZ (b=5 fm) Dif
&z, Eap~ 40 MeV/u ¢k b=0 fm oifa s
KRB ERLTN S, LIABENL DG R
Fritb=3 fm it A;~ 8 07572 v+, b=5Im Ei?:dllf.dligtci?;;ltti:: efiiybd?—..p%?%egifio; ffr;gmﬁri
Tk A~ 16 D75 74 Y FHEREDNUBHICT Do oy i A Stending for the
CHLDKRT 37 A Y FOFEI L T 20, &V
Afx 3oL — TORICEEHSERLER TRV DY S
Participant-Spectator(P-S) Bz s b, HBHRE T

BEHgE R Eze (DIC) 1, HegtE (QE) ~B79 3. &




JAERI-M 91—-115

WA ETH A,
COESic, HRETB TS5 72 v OBBESHR S, RICEHEOAS = & V¥ —, EERIRGEOR
YW g 1137 o

2. K754 v oEHRNEE PROJECTILE FRAGMENTATION

7572 v F OEBESED &, BONETORISREOBMEEEERL o, P-S | DIC o & 5 i GHIE
B, AT 522y L OEENE (£ 7L EH T 3 UE ) | ST R AF SR LSS Bo

DIC Tit. BEMGESO T 5 1+ - SRS G S 2845, Wilczynski plot (BB ¥—
EEEAOREE) it k> TEEINTWS, Civk QMD ik - THE LERERICH 2 BUERBEOH Loty
%45 FRIEEICREENYC & TH LM, S P-S HURIGIZ 2 WTERE L,

P-SRiG& iz, BEBOER SRVESRRIGIESE ., AEFOIOHESR- T hs &
FELDOTHED, COBA. 7572 F DEENEEFT 5 boic Goldhaber modellPliss 5,

Yield x exp|—(7' — §0)?/207] (01)
: o= Cr()\/-‘CIE(A}:iroj - Af)/(Aproj - 1) (02)

CHhiBEEAR = A VF—ORIGTER T — 7 2B ERT 8, A=AV F-BEZBIRLANFH, 7
5 4 2 v + OFERRES OO { 5N TREWRRS ORPAE (25, REOTNHFES FSHS
hownd, B3 - o, P-S 74 BEERICH 5 projectile fragmentation ofi7fIGE QMD %o
EFAVERCTHRL, TOMHMIBIETEGT 2 L REEITHETS 5.

> 20.0
[ .
3
5 16.0
3
& 12.0 1 FI1G.2. Fragment momentum / nu-
~3 cleon distribution at laboratory angle of
Ay 8.0 6°. The reaction is **N (70 MeV/u) +
:E__ * 1200, 13Y
= 4.0
200 300 400

P(MeV/c/u)

Tk 13EN(T0 MeV /u)+11C BostEETV. HEILHOET O #1515 projectile fragmen-
tation B o WTEE LT, Fig2 kid o *N(70 MeV/u)+12C-1X mio, 7572 v 11X
OEBAIG TS o COHEILRE SICR~AERERMMARN TS 2., BRESEMO tall BHbh T3, £
BficiB oh o EES RO OiEh & Goldhaber model jz & » THEI M A2BEIE oo . Ajtcan
Fo g IEL BRENBT 574 v Ml R0, Br ORI & A BEIER. 2R E v kR v, Ei
14N(35 MeV/u)+12C ofiaid, BREOBDIC L2 peak OBB XX (. EHOMTHRIEMSNLK



JAERI—M 91115

[T RSSO A B A IR FICHENE IV, Fy=T0 MeV/u s Blap=439 MeV/u DA T EE
MERSIENG LA2EZ L E, CHIIEMOS| e 20 TE 5L Ebnd, TOLHICHRLY OSTHEICL L
BIESKET &0, BT 57 4 v VERBIETFEIAE (I- TV 5D EEbN 5,

7 THRA OFETOEEHRAOEOER & LT, projectile fragmentation ioikaifn &, BIERE
YERIH 53R % spurious SIS 5 SIRET 4. £, BREMHEFH KL 230 %.

Gown= VR4 =13) =03 ., - (03)

L. #hEBWTHEINEE., FHE S /e

Tadj = /0 — 05 y_n - At/13 (04)

00 2 = O'adj\/(Aproj — 1)/ Ar(Apro; — At) (05)

REET B EAHES, Table 112 0g exp & LT 69 MeV/c (Blp=35 MeV/u)| 90 MeV/c
(Elap=70 MeV/u)b] 2FwTetB L 00 2qf 2FFo Flap=70 MeV/u o0&, CofiEickos
By XS EBEERL TV,

TABLE 1.
The value of o 4qi(MeV/c).
Ag 13 12 11 10

QMD( Epp= 35 MeV/u) | 69(fit) 85 160 99
QMD( Eiu= 70 MeV/u) | 90(fit) 91 86 88
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22. EFFECTIVE NUCLEAR FORCE DEPENDENCE OF COLLECTIVE FLOW

&
NEAR-AND FAR-SIDE CONTRIBUTION TO EJECTILE POLARIZATION

A Ohnishi, T. Maruvama, and H. Horiuchi

Department of Physics, Kyoto Uiversity

abstract : Effective nuclear force dependence of collective flow and near- and far-side
contribution $o ejectile polarization are studied by the use of the Quantum Molecular Dy-
namics (QMD) and "QMD + external mean field model”. In the first part, the importance
of the exchange term or momentum dependence of the mean field is stressed. In the latter
part, the ejectile polarization dip in the reaction of **N +197An 1A 4+ X at 70 MeV/u.

is interpreted as the statistical average of near- and far-side contribution.

1.Effective Nuclear Force Dependence of Collective Flow!"

Since the first observation, the collective flow has attracted much attention as a
candidate to determine the equation of state ( EOS ) of nuclear matter and, naturally,
the effective nuclear force. Up to now, some effective forces are found, which repro-
duce the flow data in the high energy region. One of them is the simplified Skyrme
force which gives us a stiff EOS, and another is the Gogny force which gives us a soft

EOS and momentum dependent mean field™ . The largest difficulty to determine the
EOS in the high energy region originates from the ambiguity of 2-nucleon collision
cross section and the exchange effects. In the low and medium energy region, the
exchange effect is large and drastically changes, and the flow is considered to be less
sensitive to the 2-nucleon collision cross section. Therefore the study of collective
flow evolution in this energy region is expected to be useful to determine the EOS of

nuclear matter.

Recently, the dependences of collective flow on impact parameter and incident

energy in low and medium energy region has been measured. Bl The aim of this study
is to understand the effective force dependence of the flow behavior in this energy
region. For this aim, we studied the flow evolution by the use of the Quantum
Molecular Dynamics (QMD). We used the Gogny force and the Wada force. The
Jatter gives us a stiff EOS and momentum independent mean field. In Fig.l, we
show the incident energy dependences of collective flow in *°Ar +?7Al reaction at

the impact parameter 3 fm.{s

As the incident energy increases, the effect of the repulsive density dependent
force increases, and in addition, the attractive exchange term decreases in the case
of the Gogny force. In this energy region, the density does not become so large and
the effect of the exchange term is larger than that of density dependent force. Thus
the incident energy dependence of flow in the case of the Gogny force is larger than
that of the Wada force. So it seems that the incident energy dependence only by
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Fig.1 Collective flow in *°Ar +%7 Al reaction. The solid, dashed lines, and crosses

represent the QMD results with o, 5=40, 20 mb, and the data® , Tespectively.

the density dependence is not enough and the momentum dependence of the mean
field, or the exchange term, is necessary to reproduce the experimental behavior of
the flow. This fact is less ambiguous than in the higher energy region since the flow
is less sensitive to the 2-nucleon collision cross section.

2.Near- and Far-Side Contribution to Ejectile Polarization™

The projectile fragmentation is now an important way to get the polarized un-
stable nucleus beam. Asahi et al.® showed that this method is useful, and that in
the reaction of N +1%7Au —12B +X (40 MeV/u), the ejectile polarization is well
understood with a simple semi-classical picture on the assumption that the near-side
contribution is dominant. In Asahi’s picture, which relates the momentum of the
removed nucleon and the ejectile angular momentum, the ejectile polarization is a
monotonous function of ejectile momentum and its slope is positive and negative in
the near- and far-side dominance case, respectively. The polarization in the reaction
of 5N 4+93Nb —!2B + X can be also understood in the same picture on the as-

sumption of the far-side dominance. (5] However, in the gold target reaction at 69.5

MeV /u, the polarization has a dip around the momentum distribution peak.[s] One
of the probable origin of this behavior is the mixing of the near- and far-side con-
tributions to the ejectile polarization, but it has not been understood yet when and
where the near- or far-side contribution becomes dominant and the mixing of them
becomes important for the ejectile polarization.

We study the near- and far-side contribution to the ejectile polarization by the
use of ”Quantum Molecular Dynamics + external mean field” model. In this model,
the two nuclei interact through this mean field and the stochastic 2-nucleon collisions.
We use the Gogny interaction as the effective nuclear force and the target mean field 1s
constructed by the folding potential of the Gogny interaction. Since the total angular
momentum is not conserved with the usual treatment of the 2-nucleon collision term,
we restored it by the uniform rotation of the total system.
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FIG.2 The momentum distribution (upper) and the polarization < Jy/J >
(lower) of mass number =14 nuclei produced in the 5N induced reactions. The

dashed, dotted, and solid lines show the near-, far-side contributicn, and their

average, respectively.

In Fig.2, we show the momentum distribution and the ejectile polarization in the
15N induced reactions. In the case of 2%7Au target reaction at 40 MeV /u, far-side
contribution is negligible and polarization is a monotonous function of the ejectile
momentum. In the same reaction at 70 MeV/u, however, the far-side contribution
cannot be neglected while the cross section is small. The far-side component has a
large positive polarization since the contact time is long and the ejectile has enough
time to absorb the relative angular momentum. Thus there appears a dip as the result
of their statistical average. In the case of ¥ Nb target reaction at 70 MeV/u, the
ejectile polarization is dominated by the far-side contribution and the slope becomes
negative.

The computer calculation for this work was supported in part by the Institute
for Nuclear Study (INS), University of Tokyo, Research Center for Nuclear Physics
(RCNP), Osaka University, and Japan Atomic Energy Research Institute (JAERI)

Tokal.

References

[1]  A. Ohnishi, T. Maruyama, and H. Horiuchi, Contribution paper to
the Fourth International Conference on Nucleus Nucleus Collisions,
Kanazawa, Japan, 1991

[2] F.Sebille et al., Nucl. Phys. A501 (1989), 137

[3]  J.Peter,Proceedings of the International Symposium on Heavy-lIon
Physics and Application, Lanzhou, 1990, World Scientific, to be pub-
lished.

'[4] K. Asahi, et al., Phys.Lett. 251B (1990), 488

[5] H. Okuno, Master Thesis, unpublished; The authors thank Prof.
Asahi and Mr. Okuno for their kindness to show us the unpublished
data.



JAERI—M 91—115

23, GSICORID

(FRERIEH)

A

bRy BE M




