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Ø  Introduction to the fission process 

Ø  Fission observables 

Ø  Open question(s) after 75 years 

 

Ø  Where do shape isomers come in 

Ø  Opportunities offered by ν-Ball 

Ø  Some first cases 
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Source of neutron-richest isotopes  



Ø  Fission fragment yields 
²  Pre-neutron mass distributions 
²  Post-neutron mass-distributions 

Ø  Fragment kinetic energy 

Ø  Fragment excitation energy 
²  Prompt fission neutrons 
²  Prompt fission γ-rays 

Ø  Fragment angular distribution (anisotropy) 
Ø  Ternary particles (LCP: α, 6,8He, 10Be, ... 34Si) 

 



Fragment mass number 



D.C. Hoffman, Nucl. Phys. A502 (1989) 21c 



Ø  Fission theory not (yet) able to calculate 

realistic fission fragment characteristics 

Ø  New concepts are being developed (CEA, 

LANL; very CPU demanding) 

Ø  No predictive power, yet… 

Ø  Phenomenological approaches quite 

successful (GEF, …), require experimental 

data 



Ø  Fragment characteristics well 

described when built upon the 

idea of fission modes 

Ø  Where are fission modes formed? 

Ø  Does each fission mode has its 

own barrier? 

Ø  No experimental evidence !!! 



Details in: A.A. Adili et al., PRC 93, 034603 (2016) 



A.A. Adili et al. (to be published) 



Ø  Detailed information about the nuclear 

energy landscape around the saddle point 

Ø  Barrier parameters: height and penetrability 

Ø  Number of barriers  

Ø  Transition states (fission channels) 







“Macroscopic-microscopic” or “shell correction” (SCM) 









Metag (1974) 

isomeric γ-decay 

Half-life systematics 



Excitation function 



Something unique and intriguing! 



Inverted parabolas (Hill-Wheeler) 



Desired information: 

Measurable quantities: 



ΔEB(II) ≈ 0.5 MeV 

Extraction of barrier parameters 



, T1/2 ≈ 200 ns 

EII = 2.2 – 2.6 MeV 

„The double-humped fission barrier“, Bjørnholm/Lynn, Rev. Mod. Phys. 52 (1980) 

But, we can do better! 





Known transitions !!! 



Fission detector needed !!! 



HPGe detector used 

HD-DA Crystal ball (NaI) 
used for 236fU and 240fPu 



EII = Sn - Eγ,max 

En  = 721.6 eV 

En  = 661.4 eV 

238U(nres,γ): only single γ-rays 

Details in: S. Oberstedt, F. Gunsing, NPA 636 (1998) 129 



Ø  1st step: choice of reaction 

Ø  Population via (d, p), (α, 2n), (n, n’), (n, 2n) 
Ø  Population is weak: 10-6 – 10-4 (10-3 at best) 
Ø  Enough target material 

 
Ø  2nd step: shape isomer γ back decay 

Ø  Tagging on delayed γ-rays with high energy resolution 
Ø  Coincident γγ cascades with high timing resolution 
 

Ø  3rd step: shape isomer fission studies 

Ø  tagging on the populating γγ cascades 

Ø  measuring fission fragments with 100% efficiency 

Ø  permit use of a DC beam 



Ø  235fU: EII and γ-rays from SI population and back-

decay known > benchmark of the ν-Ball arrangement 

Ø  238fU: EII and γ-rays from back-decay known > 

demonstrator run 

Ø  239fU: unobserved, EII = 1.7 MeV 

 

Ø  233fTh: unkown, T1/2 (iγ) < 100 ns (no fission branch) 

Ø  232fTh: unknown, T1/2 (iγ) < 10 ns, isomeric shelf 

determined in photo-fission (EII = ?) 

Ø  237fNp: T1/2 (if) = 40 ns, very low fission branch 

Ø  238fNp: unobserved, 500 ns < T1/2 (if) < 10 s 

 



Ø  Fission isomer characteristics 

§  Half-life 

§  Partial half-lives: isomeric fission, back-decay to 1st minimum 

§  Branching ratio 

Ø   Fission barrier parameters:  

§  Barrier height:  EA, EB, … EB(S1), EB(S2), EB(SL)… 

§  Transmission (curvature parameter):  hϖA, hϖB  

§  Nuclear structure above super-deformed ground-state 

§  Isomeric fission fragment characteristics 



Ø  Precise data on fission barriers may advance 
fission models 

Ø  Calculation of realistic FF distributions 

Ø  Cross-section modelling 

Ø  Experiments are difficult and require major 
development on e.g. target mass, beam 
intensity to maximize reaction rates 

Ø  γ-ray detection efficiency (number and size of 
detectors), efficiency of fission trigger … 

Ø  Use of a fission chamber boosts the efficiency 

 



If we can make  
significant progress  

in this area,  
it will be with 

 
ν-Ball @ LICORNE 

 




