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Reseparation

Coulomb	barrier

Quasi-fission

Inner	barrier

Fission

SHE

Hindered	fusion	reaction

σ1n =σ cap ×PCN ×Psur

•	What	is	the	size	of	the	inner	barrier?
•	How	large	is	the	dissipation?
•	Correct	dynamical	description?
•	No	reliable	data



Naik,	Loveland	et	al,	Phys.	Rev.	C	76,	054604
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One	– two	orders	of	magnitude!



sCap x x	Psur=

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

What’s	the	problem?



What’s	the	problem?

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

• Is	it	due	to	uncertainties?

σ1n =σ cap ×PCN ×Psur

PCN =
σ1n

σ cap ×Psur

Experiments

Models



Experimental	uncertainties
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KEWPIE2	code

The	main	physical	ingredients	including:
• Hauser-Feshbach or Weisskopf approach for the evaporation of light particles;
• Level density formula derived from a modified saddle-point method;
• Kramers factor, the damping of fission process;
• Collective enhancement factor for level densities;
• Damping energy, accounting for the disappearance of the shell correction at

higher energies;
• Fission-barrier height equals the sum of two parts, i.e., Liquid drop potential

energy and shell correction.
8



Survival	probability

• Bf <	Bn =>	Fission	dominates:

• Parameters	entering	the	fission	width	have	a	great	
influence
• Fission	barrier	is	most	sensitive	parameter
• Nuisance	parameters:

– Damping	energy:

– Friction	coefficient:	

Psur =
Γn

Γn +Γ f

11< Ed <19 MeV

1< β < 5 zs−1



Nuisance	parameters
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Fission	barriers

• In	the	past:

• Nowadays:
– Tables:	Moller	et	al,	M.	Kowal et	al…

Bf ≈ BLDM −ΔEshell



Various	models
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Various	models	(2)
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Summary
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Partial	conclusions

• Fusion	hindrance	and	fission	barriers	are	both	
unknown

• Can	we	assess	them	separately?



Same
compound	
nucleus

Survival

Need for	specific experimental programme:



And	fission	barriers?

• Fusion	hindrance	and	fission	barrier	dominate

• Fission	barriers	are	difficult	to	calculate	and	to	
measure

• Focus	on	 ΔEshell



Experimental masses

• Can	be obtained from Qa



Mass	fit	and	uncertainties

• We fit:	

->	LDM	coefficients	are	obtained by	simple	
linear regression
->	Uncertainty evaluation assumes	that errors
are	Gaussian

Mexp −ΔEshell

LDM = (Mexp −ΔEshell )+ e



G.	Royer,	NPA917	(2013)	1



Correlation matrix
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Results



Results with no	uncertainty on	the	last	
nucleus	of	the	chain

With uncertainty Without



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

24



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

taxes”
Benjamin	Franklin	(1789)

Thank you for	your attention!



Fusion	hindrance threshold

Swiatecki et	al,	Fusion	by	diffusion



Borderline	between hindered and	non	hindered reactions


