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2.4 Macroscopic Dynamical Description of Rotating Au + Au System 
by N.Cârjan1), K.Siwek-Wilczy ska2), I.Skwira-Chalot2), J.Wilczy ski [II.2]

Events with more than two heavy fragments have 

been abundantly observed in heavy-ion semi-

peripheral (fission-like) reaction 197Au + 197Au at 15 

MeV/nucleon [1]. This raised interesting questions 

about their origin and about the time-scale at which 

they occur. As a possible explanation of this process, 

the surface instability of the cylindrical neck that is 

formed along the path from contact to reseparation of 

the rotating Au+Au system was investigated [2]. For 

this purpose the Los Alamos finite-range macroscopic 

dynamical model [3] was used. The calculations were 

performed at relatively high angular momenta, L = 

100 to 300, for two types of dissipation mechanisms: 

two-body viscosity and one-body dissipation. Various 

initial nuclear deformations and initial kinetic energies 

in the fission direction were considered. The resulting 

dynamical evolution in the multidimensional 

deformation space always led to multifragment 

scission configurations suggesting that ternary and 

quaternary break-up can occur during collisions of 

very heavy systems, such as 197Au + 197Au.
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2.5 Influence of Entrance-channel Shell Effects on Fusion Hindrance 
by J.B ocki, J.Wilczy ski [II.2]

According to Ref. [1], there is a striking difference 

in the evaporation-residue cross sections for two 

reactions, 86Kr +130Xe and 86Kr + 136Xe (the cross 

sections differ by a factor of about 100). In Ref. [2] 

we investigated to what extent this big difference can 

result from shell correction energies in 130Xe and 
136Xe nuclei, because due to the N=82 shell closure 

for 136Xe, the difference of the shell correction 

energies between 130Xe and 136Xe is quite large, of 

about 7 MeV. 

In this study [2] we calculated fusion probabilities 

for the 86Kr +130Xe and 86Kr + 136Xe reactions by 

applying the method of the fusion-by-diffusion model 

[3], but instead of calculating the up-hill diffusion 

stage assuming the standard phenomenological 

parametrization of the injection point [3] (which is 

independent of shell effects in the reacting nuclei), we 

calculate the injection point in less schematic 

approach, namely by calculating trajectories on the 

multidimensional potential energy surface using our 

macroscopic dynamical model [4] with one body 

dissipation. 

We conclude that although we observe in our 

theoretical calculations a clear effect (a factor of 6) of 

the influence of the entrance-channel shell energies on 

the probability of fusion, this influence by far is not as 

strong as it follows from experiments on the 
86Kr +130Xe and 86Kr + 136Xe reactions [1]. 
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2.6 Entrance-channel Effects in Suppression of Fusion of Heavy Nuclei 
by K.Siwek-Wilczy ska1), A.Borowiec1), I.Skwira-Chalot1), J.Wilczy ski [II.2]

A set of 28 reactions of heavy and superheavy 

systems for which measured evaporation cross 

sections syn are available in the literature was 

analyzed [1] with the aim to extract information on the 

fusion hindrance factor. 

By calculating the survival probabilities [2] of 

heavy and super-heavy compound nuclei Psurv and the 

capture cross sections cap for these reactions [3,4], 

one can determine "empirical" values of the fusion 

hindrance Pfus:

Pfus= syn/( cap · Psurv) (1) 
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Fig. 1 Two-dimensional dependence of fusion probability Pfus on 

the Coulomb interaction parameter z and the excess of energy above 

the mean barrier, Ec.m. B0. Lines represent a rough interpolation 

between points extracted from data for 28 reactions. 

Systematics of the deduced "experimental'' 

hindrance factors (or in other words – fusion 

probabilities Pfus), based on the dependence of Pfus on 

the Coulomb interaction parameter  

z = Z1 Z2/(A1
1/3 + A2

1/3) (2) 

and the excess of energy above the interaction 

barrier, E  B0, is presented, see Fig. 1. 
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2.7 The K=9/2
-
 and K=11/2

-
 Rotational Bands in 

183
Ir Fed by the High-spin Isomer 

by R.Kaczarowski, U.Garg1), S.S.Ghugre1), S.Naguleswaran1), D.Blumenthal2), M.P.Carpenter2),

B.Crowell2), R.V.F.Janssens2), B.Glagola2), T.L.Khoo2), T.Lauritsen2) and D.Nissius2)
[II.3]

The high spin states of the 183Ir nucleus have been 

investigated with the use of the Argonne-Notre Dame 

Gamma-ray Facility at ANL, Argonne. An analysis of 

the prompt and delayed -  matrices allowed to 

identify, for the first time in 183Ir, a high spin isomer at 

an excitation energy of E=1647 keV and with spin 

I=17/2. A halflife of T1/2= 21(1) ns was established for 

the isomer. The isomer populates primarily the level 

structure above the already known K,I =9/2,9/2- level 

at 646 keV. This structure can be understood in the 

terms of two rotational bands, strongly mixed by 

Coriolis interaction, built on the K=9/2- and K=11/2-

states [1].These band-head states usually have been 

attributed to the 9/2-[514] and 11/2-[505] Nilsson 

orbital’s. With the aim to check this hypothesis two-

band Coriolis interaction calculations with the use of 

the program (similar to the CORIOLIS program 

described in ref. [2]) have been performed under two 

different assumptions: 

i. The K=11/2- band wave function is a “regular” 

11/2-[514], h11/2 Nilsson configuration (only with a 

slightly different deformation) and interaction matrix 

elements between K=9/2- and K=11/2- bands are the 

spin-dependent Coriolis matrix elements  
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ii. The K=11/2- band has significantly different 

structure of wave function and interaction between 

rotational states of this band and K=9/2- rotational, 

band members is only due to accidental closeness 

(near-degeneracy) of states with the same spin value. 

In this case it was assumed that the interaction matrix 

element is constant – independent of the spin value. 

The program performs a least squares fit of the 

calculated perturbed level energies to the experimental 

level energies adjusting values of free parameters: the 

inertial parameters A9/2 and A11/2 of the two rotational 

bands, the difference dE of the undisturbed K=11/2-

bandhead energy and the experimental K=9/2-

bandhead energy and parameter a11/2 which allows to 

take into account undisturbed level staggering in the 

K=11/2- rotational band.  
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The additional parameter – the value of the 

internal Coriolis matrix element <K|j-|K+1> (see 

above) is taken into account in the first case (i), while 

in the second case (ii) the constant interaction matrix 

element VC=const is the additional fitted parameter. 

The results of fit to experimental level energies 

(see Fig. 1) are significantly better for the second 

assumption (ii). It seems to indicate that the wave 

function structure of the K=11/2- rotational band 

differs from the wave function of the 11/2-[514], h11/2

Nilsson configuration. The fitted value of the 

undisturbed moment of inertia for the rotational band 

built on the K=11/2- state is about two times lower 

than the respective moment for the 9/2-[514] band. 

Considering that moment of inertia is roughly 

proportional to the quadrupole deformation parameter, 

2, squared it indicates that quadrupole deformation of 

the K=11/2- state is about 1.4 times ( 30%) lower 


