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FOREWORD

This annual report covers scientific research and progress of HIRFL project
carried out in Institute of Modern Physics, Academia Sinica during the year
1985,

29 scientific papers published in this report are concerning to the theoretical
nuclear physics and experimental nuclear physics with heavy ions, Among them,
I would like to point that new data of the deep inelastic collision of the light
nuclear systems (N +3*7Al, "3'Ca, *2tNi)enable us to study the dependence of the
characteristics of DIC on the bombarding energy and the projectile, the structure
effect of DIC and the relation of DIC with Alpha particle emission etc, All these
interesting results inspire us to carry on further investigation such as incomplete
deep inelastic collission in this field,

The research on application of nulear technique has been performed by using
the 600 KV high voltage equipment and the heavy ion implantater, 2 x 2MV tandem
electrostatic accelerator designed by IMP has extracted its first proton beam on
September 18, 1985, This machine will be mainly used for applied researches on
PIXE and mass spectroscopy as well, Technical service to national economy such as
content monitor of crude petrolem etc, has primarily got cost benefit,

During the year 1985, construction of HIRFL project was progressing steadily
as before, The assembling of injector SFC and its magnetic field measurement have
been finished, The beam tunning will be started after rf conditioning with required
vacuum, The lower yokes of sector magnets of SSC have been mounted on sites,
The finishing work of the monolithic vacuum chamber has been completed by spe-
cial designed tools after welding together of 8 pieces in the accelerator hall, Fabri-
cation of remaining parts of SSC is now under way,

- The design of 8 experimental equipments at the beam line terminals of HIRFL
Ahas been pa"rtly‘ finished and ordered from Chinese factories, The design of beam line

--from SSC to the' terminals is also under progressing,

From AugUSt 13 t0 17, 1985, the Third Chinese Comestic Workshop on Heavy

"Ion Physics was held ‘in our Institute, During the meeting, 34 Chinese physicists

from institutes and universities presented 22 scientific papers,

The Director of Institute of Modern
Physics, Academia sinica
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1-1 MASS DRIFT IN HEAVY ION REACTION

Ge Lingxiaoc Shen Wenging Liu Jianye Wu Guohua

A simple model by which the mass drift can be expected in heavy ion react-
ion is suggested, The drift of average value of mass distribution with increasing
dissipation energy is very small because large damping effect associated with the d-
egrees of freedom of mass hinders the driving potential in the process of energy
equilibration while in the process of fast fissionthe driftfof mass distribution in-
creases rapidly and reaches the equilibration which comes from the effect of driv-
ing force, Fig, 1 shows the results of AA/ AA,.. (ANA=A,— <Ay, NA,= (1
/2) (A,—Ay)) as a function of intereaction time'in which the results extracted
by experiments were compared with calculation results based on-the solution of
Langevin equation® ineliding the damping associated with the degrees of freedom
of mass and driving forces, »

The competition between the damping and driving force with intereaction ti-
me is not clear for us but simple estimation in the two specific cases in which
the driving force has been neglected or the driving and damping force have same
magnitude supporis the idea above,

In Fig, 1, the results extracted by experiments!’ for *3U induced reactions
on¥S([]), *°Ca (0), **Ca (+), Zn (x), 5%Fe (x) and %Ni (.) are shown,
the solid curve is the calculated result which seems to follow a general curve for

the different reactions,

AA/BAmax

References t(107%1s)
1) W, Q, Shen et al,, to be submitted to Phys, Rew, Reports,
2) S, Chandrasekhar, Rew, Modern Phys,, 15 (1943) 1,
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1-2 MASS DISSIPATION PROCESS IN HEAVY ION
COLLISIONS

Li¥Junqing Zhu Jieding* Liu Jianye

The lack ‘of mass-drift towardsisymmetry at low TKEL in heavy ion collisio~
ns is of great interests recently,the transport theory 'thus faces a challenge for its
conclusion under the action of a driving force during the collisions, The solution
of Fokker—Planck equation, however, is analytical in the usual cases!’ which is
based on"an approximation of harmonic”oscillator potentials, The solution can not
describe any quantity which is sensitive to the details’of the dynamicalfpotential,
In this work the master equation is solved numerically,”The distribution functiin
P (A, E*, t) which gives the probability of finding A nucleons in fragment 1‘ at
time t and at the excitation energy E* is calculated,"The transition probab—
ility W (A}, E*; A,, E¥) is evaluated by means of statistical spectral method® |
Only one nucleon transition is taken'to be important, The N/Z ratio is considered
to reach:equilibrim‘ very promptly, The liquid-drop energy including shell effect
in driving potential is calculated according to-Ref,®), The energy loss_is treated

classically,
The calculation for 26Kr 4 166Er is
T T
carried out, The mean chatge <Zy of L e

fragment 1 as a function of TKE is
shown in Fig, 1. There is no obvious
drift for <Z> untill TKEL raises to 100
MeV, below it the excitation energy
is too small to create a sufficient
"~ active valence space to supply consi-
derable element diffusion§ and drift
(when'o? =7,585,02=1,142), When

TOTAL KINETIC ENERGY, TKE*
- o

T
%‘L"_LJ_‘__‘_L: A

3 . “ * : ) e st
TKEL exceeds 100MeV «<Z> is drifted N EAN CHARGE (7)
faster than data, It may bff flue to the Fig, 1 Mean element distribution for ¥Kr
defeCt Of the mOdel but lt_;'&must be (S.ZMGV/u) +1G§Er rcaction.- The
pointed’out that a.very long compu- doted experimental data is taken fr-
ter time restricts the adjustment of om Ref,4) .,

parameters, If we reduce the strength of interection potential so asito reduce the
transition probability, <Z»> would fit the data better, )
To summarize, by taking the details of the driven potential and the : coupling
of dynamical process with diffusion process into account, the diffusion model gives
(Continued on P,7)

* Lanzhou Uinversity,
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1-3 A STUDY ON DIC BY HEAVY IONS

Wahg Zhenda -

According to the double-well potential defined by geometric shape of asymm-~
etric dinuclear system the Fermi-surfaces &, of dinuclear system will fluctuate ar—
ound the top of barrier between target and projectile, which leads to the wvariation
of neck shape, as the distance between two centers and temperature of dinuclear
system KT change gradually, According to the double-well potential picture and
considering the Fermi-distribution of nucleon f, ,(e)filled in single particle leves
of two nuclei, the quantum tunnel effect of nucleon through the barrier between
two nuclei P(g) and the blocking effect due to pauli principle, the nucleon tran-
sportation number NZ (KT,r) from light to heavy nucleus and N* (KT,r) from
heavy to light nucleus during the average interval of nucleon collison with the
wall of barrier for one time can be derived

+ o

N, (KT,r) = jgi,h(s)-P(e)-fL(e)[l—f;,(e)]de Ni(KT,r) = Jgﬁ,h(E)-P(S)-f,,(e)

x [1-fp(e)]de.
where g5 () is smaller single particle leves density in two nuclei, The mass.
transport process can be described by Fokker-Planck-equation, There are followi-
ng relations among diffusion coefficient D(KT,r) , drift-velocity Vi(KT,r), fric-
tion coefficient f (KT,r) and nucleon exchange number N, ,(KT,r)

D(KT, r) = - [NL(KT, 1)* + N,(KT,1)*]+ At-!

Vi (KT,r) =N, (KT,r) -Np (KT,r)At!
£(KT,r) = [N,(KT,r) + NL(KT,r)]+ce[m(a’(c) — c})JAL™!
where a (c¢) and ¢ are parameters of

. . 100 200 ™
geometric shape of dinuclear system TP
described by the improved cassinian | 610 MeV#Kr+!348m I

oval curve,

In heavy ion collision a part of
incidence orbit angular momentum
will become intrinsic angular mome-
ntum of two nuclei, Because the nu~
cleon transfer will lead to angular

momentum transfer the angular mo-—

mentum diffusion coefficient D, (KT,
r) and drift-velocity Vi (KT?r) can be derived
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1-4 THE DEPENDENCE OF THE ENERGY AND MASS
ON THE CONDENSATION  PROBABILITY vy, IN THE
COMPLEX PARTICLE EMISSION PROBABILITY

Wu Guohua }Miao Rongzhi {Ge Lingxiao Liu Jianye

A lot of work has been done on the study of complex—particle emission prob-
ability in the pre-equilibrium statistical medel, In all the work, the condensation
probability v, is taken as a free patameter and determined by fitting the experim-
ental data, v; is a constant for a given reaction, In fact Ys is a complex function
of the mass of the composite system A, the excitation energy E, the emission an—
gle 6p, and the energy of emission particle &5, ise, vs(A, E, 04, €5) , In the
composite system, P; nucleons distributed on P; nearby energy levels around (E
-U/P;) condense into the B particle with energy &;, For these levels the life ti-
mes are shorter and the widths are larger as the energy &, is higher, The numbers
of levels which can contribute to form the B particle with the energy &, are incr
eased too, when &, is higher, the average energy of nucleens which condense into
the £ particle is higher too, the relative velocity of these excited nucleons is lar-
ger,so the collisioﬁ probability is larger too, Therefore we assume that Yg =va(A,
E,0, e5) =75 (A, E, 6p) g, ‘ ,

We calculated fche energy spectra (do/de) for 18 reactions using GEM code,
Making the calculation results fit the experimental data, vs (A, E, &) can be

extracted, Then let d

dgzm,EW(n, ey t,e* and used GEM code to adjust the value
n

of x up to the best fitting with the experimental data, The results are that for
all the 18 reactions, x=(,425 is the optimum value, From the latter do/de, wh~

B Y

e e e S AV P RN AR

, _ 1 N.(KT,r) 1 N (KT,r) L ‘
Dy (KT,r) =Lj? [1-(1-52 T+ -a-50 I At
‘ h L f
‘ 1 Ny(KT, 1) 1 NL(KT,r)‘k
Vi (KT,r) =Lifl = (1~ =) RN, [ oAt
‘ h L | v

where Li is incidence orbit angular momentum, In DIC by heavy ions transport
processes of the mass, charge and angular momentum can be described by Fokker~
Planck equations respectively,

Referenées
1) P, R, Cﬁriste‘nsen et al,, Nucl, Phys,, A390 (1982), 336.
2) R, J, Mcdonald et al,, Nucl, Phys,_, A373 (1982), 54,
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ich include &* in, we can extract yvg(A, E), vs is a function of g0425  Using this
vg form,the agreement between calculation and experiment is better than ever bef-
ore, especially at the high energy part of energy spectra, For the same composite
system the yg(A, E) are nearly the same, When A increases the vz (A, E) incr-

eases too, For the o-decay nucleus *!°Po, v4 (A, E) is larger than the other ob-

viously,
Table 1
reactions composite excitation - ve(ALE, e ve(A,ED
‘ systems energy E

ue (uC, o) Mg 48.7MeV 3.1-107* 0.76+1074
27A1 (1C, a) K 63.7MeV 4.2:1074 1.6-107¢
maiCa (UC, @) 52Fe 66.2MeV 7+1074 4,7-1074
%4Fe (p, @) #Co 33.5MeV 4,1-1073 1.0-1073
*Fe (p, @) o 38.4MeV 8,7+1073 2.1+1073
| SeFe (d, @) $Co 38.9MeV - 9.2+1073 2,2+1073
5Mn (*He, a) 37.9MeV 9,7+1073 2,3+1073
%Co (p, @ 56.7MeV 8.6+1073 2.1-1073
56Fe (a, @) 60N 57.4MeV 9.1:1073 2,2+1073
$7Fe (He, @) 58.6MeV 9.6+1073 2,3°1073
$Zn (p, @) 55.0MeV 1.2+1072 3.1+1072
Cu (e, @) 07Ga 55.3MeV 1.1:1072 2,8:1073
188n (p, @) 55.2MeV 1.8+1072 4.5+1072
u5In (@, @) 19S5h 55.3MeV 2.0:1072 4.5¢1073
97Au (p, @) 198Hg 68.8MeV 1.2:1072 3-1077
29Bi (n, @) 47 .8MeV 1.3+1071 3.5-1072
206Pb (g, @) 210Pg 48 .4MeV 1.2+107¢ 3.3+1072
20Pb (3He, «) 49.2MeV 1.2+107* 3,2+1072

RN

WA

(Continued from P, 4)
the results of the lack of mass drift at low energy loss in heavy ion collision as
well,
References
1) A, C, Merchant, W, Noréenber, Preprint of GSI-81-27,
2) S, S, M, Wong, Sa Banhao et al, ,Chinese Journal of Nucl, Phys.,2(1982),
97,
3) W, D, Myers and W, J, Swiatecki, LBL—-Report, UCRL~11980 (1965)
4) A, Gobbi, the preprint of GSI,
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1-5 TEMPERATURE-DEPENDENT OPTICAL POTENTIAL
AND MEAN FREE PATH BASED ON SKYRME
INTERACTIONS

Ge lingxiao W, Norenberg Zhuo Yizhong
(GSI D-6100 Darmstadt Germany)

The understanding of the absorption of a nucleon in the nuclear medium wh-
ich is characterized by the imaginary part of optical potential or by the mean fr-
ee path at various equilibrium temperature is of fundamental interest in nuclear
physics,

In this"work, the optical potential and mean free path at finite temperatures
are derived by utilizing those effective Skyrme interactions which have been tes—
ted inygiving{the “good”joptical potential at zero temperature, Consideting both
the real and imaginary parts as azwhole it is found that among all kinds of Skyr-
me interactions GS2 and SKa are the best,

The optical potentials and corresponding mean free path at various temperatu—
res (including zero temperature) are calculated in a unified way, We have performed
the calculations for symmetric and asymmetric nuclear matter and also for local
densiiy approximation,sThe part of results are displayed in folldwing Fig, for con—
stant density approximation,

T T T T T T

constant density
n+Ca

GS2

T T T T T
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1-6 STRUCTURE OF QUASI-MOLECULE IN HEAVY
ION REACTIONS

Wang¥Zhengda Cao Wengiang*

In DIC induced by heavy ions why does not the evident drift of centroid of
mass (and charge) distribution along the direction of driving force (Fig, 1) ap-
pear? The reason maybe associates with the quasi-molecule structure of asymmetric
dinuclear system, The nucleon exchange between two nuclei can be regarded as
the motion of valence nucleons along the molecular orbits which can be not form-
ed by only one of single particle orbit of heavy nucleus (or light nucleus),
Because there is the relation in which one of single particle leves in heavy nu-
cleus must cOrrespond to one of single particle levels in light nucleus to form two

molecular orbits
2

1nb,‘(E,') = Z: U”-(Z)(Pj(a) (1
ji=1

A number of single particle levels in heavy nucleus have to remain and can not take

TKEL (MeV)

1\“ By 1 166E
{u

300

500 3
00 4 o

100 120 140 e
S @A

Fig, 1 Fig, 2

part in forming molecular orbit so that the extra transportation of nucleons from
heavy nucleus to light nucleus is stopped, It also likes the valence bond in diat—
om in which the each bond of an atom must correspond to one bond of the anot-
her, According;tojthe picture of asymmetric dinulear quasi-molecule how to.und-
erstand the centroid of mass (and charge) distribution in quasi-fission by heavy
ion drifts toward the symmetric center of two nuclei suddenly? Based on asymm-
etric W-type potential the deep of well of light nucleus UL is smaller than that of
heavy nucleus U and the hight of barrier between two nuclei B, descends§as the
distancejof two nuclei decreases, When two nuclei close to each other and reach
the criticaljdistance at which the difference between the top of barrier and the
bottom of ;well corresponding to light nucleus is equal t0 the energy of oscillator at
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