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Why scission neutrons ?
The hypothesis that all prompt neutrons are emitted from the evaporation of the 
fully accelerated fission fragments does not reproduce PFNS with enough 
accuracy

Another source of neutrons is needed: could be the scission neutrons (see 
Kornilov Ref)

There exist many ternary light charged particles (emitted at scission): p, t, 4He,… 
‘Ternary neutrons’ (scission neutrons) should exist and could be the most 
produced ternary particle: no Coulomb barrier has to be overcome for their 
emission

Study of 252Cf(sf) PFNS where the Mannhart evaluation is a stand ard

Our aim: Try to reproduce PFNS by using the Monte Carlo code FIFRELIN 
(developed at CEA-Cadarache) by by including a scission neutron component 

(neutrons emitted at the scission point)

Context
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Poor experimental knowledge regarding scission neutron due to the 
difficulty to distinguish evaporated neutrons and scission neutrons

The existing results on scission neutrons are very contradictory

Franklyn, 1978 20% 235U(nth,f)

Bowman, 1962 10% 252Cf

Kornilov, 2001 10% 252Cf

Gagarski, 2012 8% 252Cf

Chietera, 2014 8% 252Cf

Vorobyev, 2009 5% 235U(nth,f)

Marten, 1989 <1% 252Cf

Budtz-Jorgensen, 1989 <1% 252Cf

Context / Experimental data

1

Some examples 
found in the 
literature:
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O. Iwamoto, Journal of Nucl. Science and Technology, vol.45, 910 (2008)
Contribution of scission neutrons: between 10 and 15% for 252Cf(sf)

N. Kornilov, Fission Neutrons (Springer International, Switzerland, 2015)
Contribution of scission neutrons: 10% for 252Cf(sf)

Context / Evaluated work

2 Many attempts have been already done to incorporate scission neutrons, within 
the deterministic models (Madland-Nix or Watt or Maxwell). See for example:

3 Theoretical work : characteristics of the scission neutrons 
calculated from the so-called ‘sudden approximation’ model

60 80 100 120 140 160
0.1

0.2

0.3

0.4

0.5

0.6

 

 

S
ci

ss
io

n 
ne

ut
ro

n 
m

ul
tip

lic
ity

FF mass

 From Light Fragment
 From Heavy Fragment

R. Capote, et al., PRC93, 024609 (2016)
For 252Cf(sf): ~ 19%

These results 
represent an upper 

limit (reabsorption of 
unbound neutrons not 

taken into account)

N. Carjan, et al., PRC85, 044601 (2012)
Calculation for 235U(nth,f): ~ 33%
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Calculate post-fission observables (spectra and  multiplicities of 
the prompt neutron and gamma particles; energies released): 

useful tool for nuclear reactor applications

Investigate correlations between fission observables:
useful for our understanding of the fission process
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‘Reference Calculation’ (without scission neutron)

“Reference calculation” performed with the Monte-Carlo code ‘FIFRELIN’

O. Litaize, O. Serot
Phys. Rev. C 82, 054616 (2010)

D. Regnier, O. Litaize, O. Serot
Comp. Phys. Commun. 201, 19 (2016)

O. Litaize, O. Serot, L. Berge
Eur. Phys. J. A. 51, 177 (2015)
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‘Reference Calculation’ (without scission neutron)

Excitation energies: E* 
from a mass dependent temperature ratio law RT (A)

Mass A, Kinetic energy: From experiment

N. Varapai, et al., Proc. of the Int. Workshop on Nuclear 
Fission and Fission Product Spectroscopy, 2005, 

AL, ZL, KEL,  E*L , JL, ππππL

AH, ZH, KEH, E*H , JH, ππππH

Known for both FF
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gs

RIPL3
offcutE −

nS

binE

iii π,J,E

Experimental levels (RIPL-3)

Additional levels sampled from 
the level density model used

gs

RIPL3
offcutE −

binE

De-excitation of the FF: A, Z,  E*, J, ππππ
(Hauser-Feshbach formalism and 
following the Becvar’s procedure)

competition n and γ
conservation laws: energy, spin and 
parity of the initial and final states

‘Reference Calculation’ (without scission neutron)

γ−strength function: EGLO
Neutron transmission coefficients: 
TALYS with KD optical model
Level density model: CGCM
Level density parameter: Ignatyuk
with shell corrections from Mengoni-
Nakajima
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“Reference Calculation”

‘Reference Calculation’ (without scission neutron)

A nice improvement 
was obtained by 
using Mengoni-
Nakajima shell 
corrections 

(See Talk given by
O. Litaize)

Nevertheless, the 
agreement with 
Mannhart is still not 
perfect
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The Three Source Model Revisited / Presentation

The three source model already proposed by Kornilov:

� N. Kornilov,  A.B. Kagalenko, S.V. Poupko et al., Nucl. Phys. A686,187–203 (2001)
� N. Kornilov, Fission Neutrons, Springer International, Switzerland, 2015

Watt spectra adopted for the 
evaporated neutrons 

The ratio of the neutron 
multiplicity for L and H 
fragments was ½

Two arbitrary components 
were introduced to describe 
scission neutron spectra

FIFRELIN calculations

FIFRELIN calculations

One component determined 
from physical grounds

Kornilov model Present work
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Case 
where one 
scission 

neutron is 
emitted 
(bSC)

Phase 1:
One scission neutron is emitted. 
ESC : energy required  

Scission-n multiplicity:

Phase 2:
Then, after fission of the nucleus A-1, the 
evaporated neutrons are emitted from the fully 
accelerated FF having less excitation energy:

{ }>−<+>−< )E 5.0(Eν)E 5.0(Eν  b SC*
Heavy

EVAP
Heavy

SC*
Light

EVAP
Light

SC

Case 
without 
scission 
neutron 
(1-bSC)

After fission of the nucleus A, the 
evaporated neutrons are emitted from the 
fully accelerated FF:

{ }><+>< )(Eν)(Eν  )b-(1 *
Heavy

EVAP
Heavy

*
Light

EVAP
Light

SC

TOT
SCSC
ν b  ν =

The Three Source Model Revisited / Presentation
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Heavy
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Light
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Light

*
Light

Evap
Light

SC νν

1rst component : evaporated neutrons 
when no scission neutron is emitted

2nd component : evaporated neutrons after 
emission of scission neutrons

(ESC is assumed to be equally shared 
between the light and the heavy fragment)

3rd component : scission neutrons 
with 

Notation: 

><=>< TOT
SCSC

νb    ν

 )(Eχ
*
Light

Evap
Light = Evaporated PFNS from Light fragment with an average 

excitation energy of  *
LightE

The Three Source Model Revisited / Presentation
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Ingredients needed for PFNS calculations

Choice of the scission 
neutron spectrum:

a

Calculation of the evaporated 
neutron multiplicities:

b

Calculation of the evaporated 
neutron spectra: 

c

SC
χ

)(Eχ
*
Light

Evap
Light

)(Eχ
*
Heavy

Evap
Heavy

>< )(E*
Light

Evap
Lightν

>< )(E*
Heavy

Evap
Heavyν

The Three Source Model Revisited / Procedure
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The Three Source Model Revisited / Procedure

Choice of the scission neutron spectrum:a SC
χ P. D’hondt et al., Nucl. Phys. A346, 

461 (1980)
KE distribution of ternary particles 

from 235U(nth,f)

1H

2H

3H

U. Koster et al., PhD 
thesis, 1999

KE distribution of ternary 
particles from 241Pu(nth,f)

20O

14C

All ternary particles have a Gaussian 
KE distribution type

For the charged ternary particles, 
their average KE is strongly 
dependent of the Coulomb barrier

Therefore, for the scission neutrons 
(no Coulomb barrier), the average 
KE is expected to be close to zero

is assumed to be a Gaussian with: 
<εεεεSC>=0.25 MeV

close to the value suggested by R. Capote 
in R. Capote et al., Nucl. Data Sheets 131 (2016) 1-106

SC
χ
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b Calculation of the evaporated neutron 
multiplicities for several <E*>
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The Three Source Model Revisited / Procedure
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c Calculation of the evaporated neutron spectra from Light fragment 

The Three Source Model Revisited / Procedure
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corresponding PFNS can also be deduced:
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Light Fragment

For the light fragments: 
The available excitation 
energy does not impact PFNS 
below about 3 MeV but has a 
strong influence above
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The Three Source Model Revisited / Procedure

For the Heavy fragments: 
The available excitation 
energy does not impact PFNS 
above 2 MeV but has a strong 
influence below

 )(Eν (A)Y
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eavy

eavyFrom the previous FIFRELIN calculations, the 
corresponding PFNS can also be deduced:

c Calculation of the evaporated neutron spectra from  Heavy fragment 
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The Three Source Model Revisited / Procedure

Choice of              and b SC

Calculation of E SC

Calculation of 
and

+ corresponding spectra

Calculation of the total 
PFNS

Agreement 
with 

Mannhart ?

No

>< TOT
Lightν

*
LightE

*
HeavyE

Yes
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The Three Source Model Revisited / Procedure

>< TOT
Lightν : Free parameter

><−><=>< TOT
LightTOT

TOT
Heavy νν   ν 

3.76

Choice of              and b SC

Calculation of E SC

Calculation of 
and

+ corresponding spectra

Calculation of the total 
PFNS

Agreement 
with 

Mannhart ?

No

>< TOT
Lightν

*
LightE

*
HeavyE

SCb : Free parameter
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The Three Source Model Revisited / Procedure
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The Three Source Model Revisited / Procedure
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The Three Source Model Revisited / Procedure
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As seen, the average excitation energy for the 
Light and Heavy fragments can be deduced:

Choice of              and b SC

Calculation of E SC

Calculation of 
and

+ corresponding spectra

Calculation of the total 
PFNS

Agreement 
with 

Mannhart ?

No

>< TOT
Lightν

*
LightE

*
HeavyE

The corresponding spectra must be calculated
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The Three Source Model Revisited / Procedure
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The Three Source Model Revisited / Results
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The Three Source Model Revisited / Results
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The Three Source Model Revisited / Results

Only 2% scission is needed to 
get a very nice agreement with 
Mannhart (between 80 keV up 
to 11 MeV)

ESC : in agreement with the 
calculation performed by 
Carjan

An overestimation of the total 
prompt neutron multiplicity for 
the light fragment (2.3) 
compared to the experiment 
(2.09) is required

MeV 0.25ε

2%  b

MeV 4.7E

SC

SC

SC

>=<

=
=A very nice agreement compared to Mannhart

evaluation could be achieved with:



International Conference on Nuclear Data for Science and Technology (ND-2016)  / 11-16 Sept. 2016 |  PAGE 30

Context

‘Reference Calculation’: PFNS calculated without 
scission neutron

The three source model revisited: PFNS calculated 
including scission neutrons
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Conclusion

The three source model proposed by Kornilov has been revisited

The evaporation neutrons are simulated with the Monte Carlo code FIFRELIN and the 
scission neutrons are represented by a Gaussian (with an average energy of 0.25 MeV)

A very nice agreement with the 
Mannhart evaluation was 
obtained by using a low scission 
neutron component : 2%
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 'Reference Calculation'
 3 sources model

All components are calculated 
in a consistent way in order to 
respect the total prompt neutron 
multiplicity (3.76) and the 
average total excitation energy 
(34.2 MeV)
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