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Hindered fusion reaction

Reseparation Quasi-fission Fission

4 X

g, =0, XP., xP \

SUr

e What is the size of the inner barrier?
e How large is the dissipation?

e Correct dynamical description?

e No reliable data



Let's look at this more carefully
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Despite correctly predicting og, correctly, the
values of Pgy (and W.,. )differ significantly
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The best known part has the same discrepancies as the less known part!



What's the problem?

* The best known part has the same
discrepancies as the less known part!

e |sit due to uncertainties?
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Survival probability
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* B; < B,=> Fission dominates:

e Parameters entering the fission width have a great
influence

* Fission barrier is most sensitive parameter

* Nuisance parameters:

— Damping energy: 11< Ed <19 MeV

— Friction coefficient: l<B<5zs™
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 Nowadays:

— Tables: Moller et al, M. Kowal et al...
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Partial conclusions

 Fusion hindrance and fission barriers are both
unknown

* Can we assess them separately?
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And fission barriers?

 Fusion hindrance and fission barrier dominate

 Fission barriers are difficult to calculate and to
measure

e Focus on AEshell
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Mass fit and uncertainties

e We fit: Mexp - AEShe”

-> LDM coefficients are obtained by simple
linear regression

-> Uncertainty evaluation assumes that errors
are Gaussian

LDM =(M,,, -AE,,,)+e
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B,(A,Z) = [avA + av,( 1 ) ]A 4 [as + ast( Y ) ]A2/3

Z? Z? A — 27| Onp(A,Z)
+Clcm +(lcdx +(lW A +Clp A1/3

G. Royer, NPA917 (2013) 1

Estimate Std. Error
ay 15.63700 0.02364
Ay -29.53200 0.26727
g -18.55500 0.12740
g 46.97700 1.67080
ac -0.71636 0.00211
Acgd 1.40110 0.09989
aw -42.°77700 3.56280

ap 6.92040 0.38306
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Qa AmEzPp AmtP SCE
Table 4. SCE correlation matrix
1.00 099 098 0.98 097 097 0.96
0.99 1.00 099 099 098 098 097
0.98 0.99 1.00 099 0.99 098 0.98
0.98 0.99 099 1.00 0.99 0.99 0.98
0.97 098 099 0.99 1.00 0.99 0.99
0.97 098 098 099 0.99 1.00 0.99
0.96 097 098 098 0.99 0.99 1.00
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-3.5762
-3.3073
-3.243-
-3.947 -
-4.7514

-0.584
-0.588
-0.591
-0.595
-0.599

-5.409-

-0.605

-3.68710.058
-3.576=x0.101
-3.307=x0.121
-3.24340.138
-3.94740.154
-4.751+0.169
-5.409+0.188




Conclusions and perspective

Limited predictive power of the models

Hindrance and fission barriers dominates
uncertainties

One should assess them separately

Necessity of dedicated experiments to improve
the prediction of dynamical models



“In this world nothing can be said
to be certain, except death and

taxes”
Benjamin Franklin (1789)

Thank you for your attention!



LOW zZ

Injection l

Fusion /

| SADDLE

Deformation energy

A/’"—\i'"'e""m' LENGTH

\ Redisintegration

Swiatecki et al, Fusion by diffusion




PHYSICAL REVIEW C 83, 054620 (2011)

Fusion hindrance in reactions with very heavy ions: Border between normal and hindered fusion

Caiwan Shen,' David Boilley,>* Qingfeng Li,' Junjie Shen,'* and Yasuhisa Abe’

Radial fusion hindrance @ = _~====--




