
Extraction of fission mode 
properties from fragment 

mass distributions

Credit: G. Scamps



Z=50

N=82

Nuclear chart: courtesy of Ed Simpson
http://people.physics.anu.edu.au/~ecs103/chart/
Fission data (independent yields): 
Brown et al., Nucl. Data Sheets, 148, 1 (2018)

Well reproduced by theory 
(constrained HFB, TDHFB, TDGCM, 
Langevin…) 

Interpretation in terms of shell effects:
- Protons / Neutrons
- Compound nucleus / Fragments
- Spherical / Deformed (quadrupole, 

octupole)



Final asymmetry fixed 
by proton shell effects 
in the heavy fragment



Axial HFB, Gogny-D1S
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Level density near Fermi surface

Shell correction energy (Strutinski)

ηn,p = ∑i f (ei − εn,p
0 )



Level density near Fermi surface

Shell correction energy (Strutinski)

Neutrons initiate asymmetry 
near 2  barrier
Gustafsson et al, PLB , 349 (1971) 



Level density near Fermi surface

Shell correction energy (Strutinski)

Proton shell effects fix final 
asymmetry in prefragment

Neutrons initiate asymmetry 
near 2  barrier
Gustafsson et al, PLB , 349 (1971) 



Level density near Fermi surface

Shell correction energy (Strutinski)

HFB of deformed fragments:
Z=52,56 octupole deformed
shell gaps in heavy fragment

Neutrons initiate asymmetry 
near 2  barrier
Gustafsson et al, PLB , 349 (1971) 

Proton shell effects fix final 
asymmetry in prefragment
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HFB, Gogny-D1S, Axial
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SkyAX code, HF+BCS, SV-min
See also Nomura et al, PRC , 054301 (2021)

E
 [M

eV
]

Pear shapes at scission
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Time-dependent 
Hartree-Fock-BCS



Time (10  s) Neutron single-particle energy (MeV)N
eu

tr
on

 o
cc

up
at

io
n 

nu
m

be
rs

Scamps, CS, Lacroix, PRC , 011602(R), 2015

(sym.)

Time-dependent 
Hartree-Fock-BCS



Time (10  s) Neutron single-particle energy (MeV)N
eu

tr
on

 o
cc

up
at

io
n 

nu
m

be
rs

Scamps, CS, Lacroix, PRC , 011602(R), 2015

(sym.)

Time-dependent 
Hartree-Fock-BCS



Time (10  s) Neutron single-particle energy (MeV)N
eu

tr
on

 o
cc

up
at

io
n 

nu
m

be
rs

Scamps, CS, Lacroix, PRC , 011602(R), 2015

(sym.)

Time-dependent 
Hartree-Fock-BCS



Time (10  s) Neutron single-particle energy (MeV)N
eu

tr
on

 o
cc

up
at

io
n 

nu
m

be
rs

Scamps, CS, Lacroix, PRC , 011602(R), 2015

(sym.)

Time-dependent 
Hartree-Fock-BCS



Time (10  s) Neutron single-particle energy (MeV)N
eu

tr
on

 o
cc

up
at

io
n 

nu
m

be
rs

Scamps, CS, Lacroix, PRC , 011602(R), 2015

(sym.)

Time-dependent 
Hartree-Fock-BCS



Time (10  s) Neutron single-particle energy (MeV)N
eu

tr
on

 o
cc

up
at

io
n 

nu
m

be
rs

Scamps, CS, Lacroix, PRC , 011602(R), 2015

(sym.)

Time-dependent 
Hartree-Fock-BCS



Time-dependent 
Hartree-Fock-BCS



• Random walks (Brownian motion)
Randrup, Möller, PRL 106, 132503 (2011)

• Diffusion path (Langevin)
Aritomo, Chiba, PRC , 044614 (2013)

• Wave packet evolution (TDGCM)



• Random walks (Brownian motion)
Randrup, Möller, PRL 106, 132503 (2011)

• Diffusion path (Langevin)
Aritomo, Chiba, PRC , 044614 (2013)

• Wave packet evolution (TDGCM)

• Scission point model

Scission line

e.g., mass ratio x=Afrag/Atot

Y (x) = e− V (x)
T



• Theoretical mode
Valleys in the PES 
(or minima of V(x) along scission line)

• Gaussian mode
From Gaussian fits of the yield

• Effective mode

Scission line

Y (x) = e− V (x)
T



• Quadratic potential 
Y (x) = e− V (x)

T



• Quadratic potential 

• Quartic potential 

Y (x) = e− V (x)
T



• Quadratic potential 

• Quartic potential 

Y (x) = e− V (x)
T



• Quadratic potential 

• Quartic potential 

Y (x) = e− V (x)
T



• Temperature dependence
MeV

0.5-0.5 0

Y (x) = e− V (x)
T



• Temperature dependence

• 1 asym Gaussian mode

0.5-0.5 0

Y (x) = e− V (x)
T



• Temperature dependence

• 1 asym Gaussian mode

• 1 asym + 1 sym Gaussian 
modes

0.5-0.5 0

Y (x) = e− V (x)
T



• Fission of Hg



• Fission of Hg
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• Fission of Hg

-> asymmetric to symmetric transition
-> damping of shell effects with E

Y (x) = e− V (x)
T
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• Fission of U

Fragment mass, amu
60 80 100 120 140 160

Yi
eld

, %

0

2

4

6

 = 9-11 MeV
n

U(n,f), E238

Fragment mass, amu
60 80 100 120 140 160

Yi
eld

, %

0

2

4

6

 = 14-19 MeV
n

U(n,f), E238

Fragment mass, amu
60 80 100 120 140 160

Yi
eld

, %

0

2

4

6

 = 26-40 MeV
n

U(n,f), E238



• Fission of U

Y
 (

ar
b.

 u
ni

ts
)

Y
 (

ar
b.

 u
ni

ts
)

Y
 (

ar
b.

 u
ni

ts
)

En=9-11 MeV

En=14-19 MeV

En=26-40 MeV

x (mass ratio)
0 0.2 0.4-0.2-0.4



• Fission of U

Y (x) = e− V (x)
T
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• Fission of Th
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• Fission of Th

x (mass ratio)
0 0.2 0.4-0.2-0.4



• Fission of Th

-> appearance of symmetric effective mode at high E

Y (x) = e− V (x)
T

x (mass ratio)
0 0.2 0.4-0.2-0.4



• Fission of Th

-> appearance of symmetric effective mode at high E

-> Damping of shell effects or bifurcation on the PES?



Y (x) = e− V (x)
T


