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Introduction : Nuclear fission 

 Complete nuclear physics lab
 Dynamic Process
 Viewed as -> Nuclear shape evolution 
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Introduction : Energy Balance & Observables 

 Complete nuclear physics lab
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Therefore:  

TKETXEEreleased 

Fragment’s kinetic energy (~80%)
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Therefore:  

TKETXEEreleased 

Fragment’s kinetic energy (~80%)

Fragment’s excitation energy (~20%)

prompt neutron emission (~10%)

prompt gamma-ray emission (~4%)
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Actinide 
Region

Introduction : Candidates for fission  
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Actinide 
Region

Introduction : Candidates for fission  
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Z

=2
8

N
=5

0



10/20/2021 Journées de Rencontre des Jeunes Chercheurs 2021, La Fayette, La Rochelle 9

Ichikawa et al., PRC 86, 024610(2012) 

Valleys in the landscape -> 
shell structure -> nascent 
fragments…

Introduction : Potential Energy Landscape

236U
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236U

Ichikawa et al., PRC 86, 024610(2012) 

Asymmetric fission  

Symmetric fission

Primary fragment

Secondary 
Fragment

Introduction : Potential Energy Landscape



Transition from “Asymmetric” “Symmetric” 
region of fission at A=226
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A N Andreyev et al 2018 Rep. Prog. Phys. 81 016301 

A = 226
Asymmetric

Symmetric
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Scope of this work

Energetically favored
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Scope of this work

Ichikawa et al., PRC 86, 024610(2012)

Energetically favored
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A N Andreyev et al 2010 Phys. Rev. Lett. 105, 252502, 

Scope of this work

Energetically favored

Ichikawa et al., PRC 86, 024610(2012)
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A N Andreyev et al 2010 Phys. Rev. Lett. 105, 252502, 

Scope of this work

Ichikawa et al., PRC 86, 024610(2012)

Energetically favoredPresent work:
 Study of fission modes of nuclei in the N=100 

region.
 Very first study of neutron and gamma 

multiplicities in these regions at low excitation 
energy.



Reactions Studied
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Beam Energies : 
187 MeV
173 MeV
159 MeV
148 MeV E*=41 MeV

E*=76 MeV
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33 Liquid 

Scintillator 

Array



Tof, Q, A, TKE, Mn and MƳ event by event
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33 Liquid 

Scintillator 

Array
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Event Selection
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35Cl + 144Sm 
179Au* [41 MeV]

Analysis
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Mass Distribution : Decomposing Fission Modes
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Mass Distribution : Decomposing Fission Modes
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Mass Distribution : Decomposing Fission Modes
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Mass Distribution : Decomposing Fission Modes
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GEF input for 179Au*, E* = 15 MeV =>  99.7% first chance fission

Modes of fission Fission modes
(GEF)

mode contribution 
obtained through fitting

No 
resolution

4 amu
resolution

Symmetric Mode 24% 21% 11%

Asymmetric Mode 76% 79% 89%
10/20/2021
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GEF input for 179Au*, E* = 15 MeV =>  99.7% first chance fission
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GEF input for 179Au*, E* = 30 MeV =>  70 % first chance fission + 26% second chance + 4% third chance fission

Modes of fission Fission modes
(GEF)

mode contribution 
obtained through fitting

No 
resolution

4 amu
resolution

Symmetric Mode 45% 21% 11%

Asymmetric Mode 55% 79% 89%
10/20/2021
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GEF input for 179Au*, E* = 30 MeV =>  70 % first chance fission + 26% second chance + 4% third chance fission
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Test of fit procedure
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Test of fit procedure
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Neutron and Gamma Multiplicities
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Neutron and Gamma Multiplicities
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Neutron and Gamma Multiplicities
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Conclusions

 Charge measurement and good mass resolution are required to shed 
more light on fission modes in N=100 region:

 VAMOS @ GANIL

 SOFIA @ GSI

 Ongoing Analysis -> Correlations between observables : Mass, TKE,   
Mn, MƳ
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