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Chronology of PFNS evaluations 
➢ Before 2015 ALL PFNS evaluations based on neutron emission from FF

➢ Evaluated data files (in ALL libraries) were based on Los Alamos (Madland-Nix) model

Exception: Mannhart evaluation of 252Cf(sf) PFNS based on experimental data

➢ 2015-2016: New GLSQ evaluation of 235U(nth,f) PFNS undertaken. The measured 

spectral-averaged cross sections (SACS) in the 235U(nth,f) PFNS of 90Zr(n,2n) was used 

to adjust the high energy component of the 235U(nth,f) PFNS.
• A.Trkov and RC, Phys. Proc. 64, 48 (2015). 

• A.Trkov, RC, and V.G. Pronyaev, Nucl. Data Sheets 123, 8 (2015).

• RC et al (Technical Report of the IAEA CRP) Nucl. Data Sheets 131, 1 (2016)

“It doesn't matter how beautiful your theory is,
it doesn't matter how smart you are.
If it doesn't agree with experiment, it's wrong.”

Richard Philips Feynman, 

Nobel Prize in Physics 1965
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IRDFF validation in 252Cf(sf) reference neutron field
A. Trkov et al, “IRDFF-II: A New Neutron Metrology Library” Nucl. Data Sheets 163, 1 (2020).

2020

The IRDFF library addresses neutron 

dosimetry needs for fission and fusion 

applications for 0<En<60 MeV

The library includes 119 metrology 

reactions with covariance information

(and low uncertainties)

Cross section evaluations validated vs 

SACS measurements in 252Cf(sf) PFNS

mailto:R.CapoteNoy@iaea.org
https://www-nds.iaea.org/IRDFF/#XS
https://www-nds.iaea.org/IRDFF/#XS
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Measured SACS ratio in 252Cf(sf) and 235U(nth,f) PFNS

(SACS ratio to reduce exper. uncert.)

SACS ratio uncert.

below ~5%

Except for Bi(n,4n)

2024
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Measured SACS ratio in 252Cf(sf) and 235U(nth,f) PFNS

(SACS ratio to reduce exper. uncert.)

2024

SACS ratio uncert.

below ~5%

Except for Bi(n,4n)
Evaluated 235U(nth,f) PFNS in excellent agreement  with MEASURED SACS ratios:

Excess of non-evaporation neutrons above ~10 MeV. What is the origin? Scission neuts?
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➢ A. Bulgac et al at CNR*2025, IAEA, Vienna showed a fission movie of the density evolution during scission 

(calculated using state-of-art TDDFT theory). It was striking how quickly the juxtaposed protrusions healed

and that gave Randrup the idea which was implemented in the model described in this presentation:

➢ J. Randrup, RC, R. Vogt, “Catapult neutrons from neck snapping in fission”, arXiv 2604.10790v1

➢ I. Abdurrahman, A. Bulgac, et al Phys. Rev. Lett. 132 (2024) 242501

cited P. Mädler, Catapult Mechanism for Fast Particle Emission in Fission and Heavy Ion Reactions, Z. Phys. A321, 343 (1985)

1) Neck rupture neutrons emitted at scission (~10-22 sec) 

Scission neutrons suggested very early in fission studies (4 Nobel prizes)
▪ H.L. Anderson, E. Fermi, and H.B. Hanstein, Phys. Rev. 55, 797 (1939). 

▪ L. Szilard and W.H. Zinn, Phys. Rev. 55, 799 (1939). 

▪ H. von Halban, F. Joliot, and L. Kowarski, Nature 143, 939 (1939)

▪ N. Bohr and J.A. Wheeler, Phys. Rev. 56, 426 (1939)

▪ …

2) Catapult neutrons emitted just after scission from FFs (~3x10-22 sec)

Scission neutron studies

mailto:R.CapoteNoy@iaea.org
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TDDFT scission neutron studies

I. Abdurrahman, A. Bulgac, et al Phys. Rev. Lett. 132 (2024) 242501

Two types of neutrons emitted at scission

1) Neck rupture neutrons (emitted perp. to fiss. axis)

2) + Catapult neutrons (fly in front of the FF 

along the fission axis, higher-energy spectrum)

The scission neutrons had energies up to 16−18MeV, with a 

mean energy of ≈3MeV, and their multiplicity was 

conservatively estimated to be 9 − 14% of the total.
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Timeline of neutron emission in fission

Scission neutrons (not used in current model codes) and may include:

1) Neutrons emitted at scission at ~10-22 sec (neck rupture)

2) Catapult neutrons emitted just after scission from FFs (~3x10-22 sec) 

Neck rupture +

catapult neutrons

Current models (evaporation)

FIFRELIN, FREYA, GEF, 

CGMF, …

mailto:R.CapoteNoy@iaea.org
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Two parameters h0, 0

describe the bulge

Modeling of catapult (slingshot) neutrons - I

In cylindrical coordinates, reference shape c/a=1.8
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Bulge given by two parameters h0, 0

Bulge shrinks to 5% of its initial value in ~3.4x10-22 s

Modeling of catapult (slingshot) neutrons - I

See more details of the model in J. Randrup, RC, R. Vogt, “Catapult neutrons from neck snapping in 

fission”, arXiv 2604.10790v1 (under review in PRC)

Increase in potential energy due to bulge

For the FF, it is as if its surface had been pulled out locally and then released (hence the term “slingshot” 

introduced by Abdurrahman et al in Phys. Rev. Lett. 132 (2024) 242501). Thus, when the neck snaps, the 

created surface bulge is suddenly being accelerated inwards by a driving force:

mailto:R.CapoteNoy@iaea.org
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Modeling of catapult (slingshot) neutrons - II

Boosted neutrons may get reflected back from 

the nuclear surface via elastic scattering 

(green) and eventually may escape (red)
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Catapult neutrons – results – table

c/a=1.8

Total contribution includes both fragments, likely with different c/a

Deformation <E> catapult

[MeV]

 catapult

c/a=2.0

(more deformed)

9.66 3.3

c/a=1.8 (REF) 9.14 3.2

c/a=1.6 

(less deformed)

8.65 3.0

c/a=1.0 

(spherical)

7.7 2.7

Dependence on deformation:Dependence on bulge 0 and h0 

h0 = 2.0 fm; 0=0.8 fm
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Catapult neutrons relative to FF evaporation

Catap > Evap

at 9 MeV
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Summary and conclusions
❑ The catapult neutron emission mechanism is universal, and exhibit weak energy dependence

❑ The dependence on the specific fission fragment is relatively moderate, though some general trends 

appear. Thus, for a given initial bulge height, a wider bulge increases the multiplicity but hardly affects 

the energy, while a higher initial bulge, for a given bulge width, increases both the multiplicity and the 

energy. This finding supports the speculation by Mädler that fission events with lower TKE (and hence 

a more elongated neck) will produce more energetic catapult neutrons.

❑ Catapult neutrons exist (as suggested by Mädler in 1975), at the level of a few percent. They have 

energies far in excess of typical evaporation neutrons, a key characteristic that should make it easier to 

identify them experimentally.

❑ The calculations support the conclusion of Schulc et al. - Phys Rev C109 (2024) 054616 that very 

energetic neutrons are emitted during fission, and their finding that the measured neutron spectrum 

dominates over the standard evaporation spectrum above ≈10 MeV is consistent with our results.  

❑ Further TDDFT studies are encouraged to confirm our theoretical results.
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