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2.2 Fusion Hindrance Model Extrapolated to a Symmetric 
136

Xe + 
136

Xe System
by K.Siwek-Wilczy ska1), I.Skwira-Chalot1), J.Wilczy ski

Synthesis cross sections syn for production of 

super-heavy nuclei of 102  Z  113 in cold fusion

one-neutron-out (1n) reactions, had been measured in

the new-elements discovery experiments at GSI [1]

(Z 112) and RIKEN [2]. In these experiments closed-

shell 208Pb and 209Bi target nuclei were bombarded

with projectiles ranging from 48Ca to 70Zn. By 

calculating the survival probabilities of super-heavy

compound nuclei Psurv and the capture cross sections 

cap for these reactions, one can determine "empirical"

values of the fusion hindrance Pfus:

Pfus= syn/( cap • Psurv) (1)

On the other hand, Pfus can be calculated 

theoretically using a model based on the

Smoluchowski diffusion equation. It is assumed in

this model that after overcoming the Coulomb barrier

(the "capture" stage) a rapid growth of the neck 

between the colliding nuclei brings the system to the

injection point in the asymmetric fission valley –

outside the saddle configuration. Starting from the

injection point, the system may diffuse uphill and

overcome the saddle due to thermal shape 

fluctuations. The probability of this process is given

by the diffusion formula [3, 4] containing two

phenomenological parameters [5] characterizing the

injection point: the degree of equilibration of the

entrance-channel mass asymmetry f and the separation

distance s. Values of these two parameters have been

determined using empirical values of Pfus [Eq. (1)]

obtained from the analysis of the mentioned above

cold fusion reactions.

It is very important to verify validity of the

diffusion formula for fusion hindrance in case of 

heavy symmetric systems, for which much stronger

effect of fusion hindrance is expected. In the present 

work [6] we carried out calculations for the symmetric
136Xe + 136Xe system. We found that fusion for this

system may be severely hindered by several orders of 

magnitude, especially at low excitation energies when 

thermal fluctuations that help the colliding system to

fuse are small. Nevertheless, the expected formation

cross sections, syn= cap•Pfus•Psurv are still of

measurable magnitude (see Fig. 1) owing to the fact

that the Coulomb interaction barrier for such heavy

symmetric systems is low with respect to the ground

state energy of the compound nucleus and thus the

capture cross section gets reasonably large even for 1n 

reaction channel. 

As seen from Fig. 1, we predict that evaporation

residue cross sections for production of 271Hs and 
270Hs isotopes in 1n and 2n channels of the
136Xe+136Xe reaction are of an order of 10 pb at an 

energy Ec.m.=320 MeV [E*(274Hs) = 20 MeV]. The

cross section for the 1n channel is predicted to be still

larger at somewhat lower energies of about

Ec.m.=315 MeV, but this increase is less certain

because this is the region just above the energy

threshold of Pfus.

Fig. 1 Predictions of the cross sections for 1n, 2n and 3n

evaporation channels in the 136Xe+136Xe reaction leading to

formation of 271Hs, 270Hs and 269Hs isotopes, respectively.

We have carried out the above calculations

anticipating results of an experiment on the
136Xe+136Xe reaction that has been scheduled to be 

done at Dubna [7]. The cross sections measured in this

experiment will immediately verify validity of

extrapolation of our diffusion-model of fusion

hindrance from the region of moderately asymmetric

reactions (where it was tested on cold fusion data) to

the most symmetric systems.
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