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Asymmetric fission (actinides)

Well reproduced by theory
(Lcaonngs;:/?rl]negl HFB, TDHFB, TDGCM, 31 actinides (n.f)
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Interpretation in terms of shell effects:
Protons / Neutrons

Compound nucleus / Fragments
Spherical / Deformed (quadrupole,
octupole)
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Nuclear chart: courtesy of Ed Simpson
http://people.physics.anu.edu.au/~ecs103/chart/
e Neutrons Fission data (independent yields):
> Brown et al., Nucl. Data Sheets, 148, 1 (2018)




SOFIA: Ac = Np = K.-H. Schmidt: Ac = D, Ramos: U -
Th -=- Th =& Np. ¥
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Nepod £y ratio of the compound nucleus




Shell effects along the
fission path

Bernard, CS, Blanchon, EPJA 59, 51 (2023)

Axial HFB, Gogny-D1S
> 236(J
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Shell effects along the

fission path

: : E (MeV’
Shell correction energy (Strutinski)

PES

OF;..

OE? .

Shell correction energy

Bernard, CS, Blanchon, EPJA 59, 51 (2023) 0 50 109 -

150 200 250
Q20 (b)



Shell effects along the

fission path
Shell correction energy (Strutinski)

Level density near Fermi surface
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Shell effects along the

fission path
Shell correction energy (Strutinski)

E (MeV)

Level density near Fermi surface

Neutrons initiate asymmetry
near 2nd parrier
Gustafsson et al, PLB 34, 349 (1971)
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Shell effects along the

fission path

E (MeV
Shell correction energy (Strutinski)

Level density near Fermi surface

Neutrons initiate asymmetry
near 2nd parrier
Gustafsson et al, PLB 34, 349 (1971)

Neutron

Proton shell effects fix final
asymmetry in prefragment
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Shell effects along the
fission path
: L E (MeV,
Shell correction energy (Strutinski)
Level density near Fermi surface
Neutrons initiate asymmetry
near 2nd barrier K |
Gustafsson et al, PLB 34, 349 (1971) S ’7”
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What about Z=507
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What about Z=507

256Fm
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Why octupole shell effects matter?

Pear shapes at scission .

=> Fragments that can be octupole deformed for no or little cost in
energy are favoured [Scamps, CS, Nature 564, 382 (2018)]
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See also Nomura et al, PRC 103, 054301 (2021)



What about TKE?

Scamps, CS, Lacroix, PRC 92, 011602(R), 2015
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What about TKE?
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What about TKE?
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What about TKE?
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What about TKE?

Time-dependent
Hartree-Fock-BCS

Scamps, CS, Lacroix, PRC 92, 011602(R), 2015
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What about TKE?

Scamps, CS, Lacroix, PRC 92, 011602(R), 2015
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What about TKE?
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From PES to fragment mass distribution

« Random walks (Brownian motion)
Randrup, Moller, PRL 106, 132503 (2011)

+ Diffusion path (Langevin)
Aritomo, Chiba, PRC 88, 044614 (2013)

* Wave packet evolution (TDGCM)
Goutte et al, PRC 71, 024316 (2005)

Chen et al, PRC 113, 024601 (2026)



From PES to fragment mass distribution

Scission line

Random walks (Brownian motion) 80 E (MeV)
Randrup, Moller, PRL 106, 132503 (2011)

Diffusion path (Langevin)
Aritomo, Chiba, PRC 88, 044614 (2013)

Wave packet evolution (TDGCM)
Goutte et al, PRC 71, 024316 (2005)

Scission point model
Wilkins et al, PRC 14, 1832 (1976)

Quasi-equilibrium at scission o0 100 150 200
V()
Y(x)=e T Q59 (b)

e.g., mass ratio x=4,,/4,,



McGlynn, CS, PRC 111, 034619 (2025)

Definitions of fission modes

Scission line
» Theoretical mode 80 E (MeV)
Valleys in the PES
(or minima of V(x) along scission line) 70
_ 60
« Gaussian mode —
From Gaussian fits of the yield S
0
=40
- o
- Effective mode &30
Minima of V(x) extracted from

. . . _Yw
experimental yieldsusing Y (x) = e~ 7 20

10




Mass ratio (x)
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E,=197.2 MeV
E* = 65.5 MeV (41.2 MeV)

E.,=175.1 MeV
E* = 47.8 MeV (33.1 MeV)

E\,=165.1 MeV
E* = 39.8 MeV (30.2 MeV)
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E <10.8 MeV
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#%U(n,f), E_ = 26-40 MeV
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En=26-40 MeV

X (mass ratio)




En=26-40 MeV

Y (arb. units)

— E =15 MeV

Y (arb. units)

— E:=21 MeV
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#*2Th(n,f), E_= 26-40 MeV
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E=26-40 MeV
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McGlynn, CS, PRC 111, 034619 (2025)

Effective mode

 Fission of 232Th
-> appearance of symmetric effective mode at high E-
-> Damping of shell effects or bifurcation on the PES?
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Conclusions

Level Density near Fermi surface to visualize shell effects in PES

Octupole deformed proton shell effects (Z=52,56) -> S1,52 Brosa modes
Gaussian fits of yields usually not associated with potential valleys

Fission modes from effective potential using Y (x) = e~ T

Systematics measurements at various E* necessary to distinguish between
damping of shell effects and bifurcation on PES

Connect V(x) and Y(x) from TDGCM

Bs

S = o W
<k 1 1 1

B, Chen et al (2026)



