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I Motto

In a world of knowledge,
the starting point is
empirical evidence
(Niels Bohr, 1952).

"Challenges in the description of the atomic nucleus: Unification and
interdisciplinarity”, P. F. Bortignon, R. A. Broglia, Eur. Phys. J. A52 (2016) 64
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1. Revealing peculiarities In
measured fission yields

» Variations as a function of
- fissioning system
- and excitation energy.
* Analysis of experimental data.
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I Complexity of mass yields
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Status of experiments: year 2013, 3¢ also update in Phil. Trans. R.

Soc. A 382: 20230121.

« Complex variation on the nuclear chart revealed.
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Less information on variation with E*. - our present interest



A noma Iy i n Sf Best data available for 3 energies:

a) Spontaneous fission (E* = 0 MeV),
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I Fission modes
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Brosa‘s analysis

B U. Brosa et al. PRC 59 (1999) 767
Np . .. . .
3ojw\._\’ﬂ Analysis of fission channels in mass yields.
! Data with low statistics and analysis with

large uncertainties.
More and better data required.
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Anomaly in multi-chance fission
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Berriman et al.
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2. A plausible explanation
for the anomaly

 Anomaly appears for light actinides.

» Relation to the influence of the potential
beyond the second barrier.
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Our hypothesis:
Suppression by 3rd barrier

3" barrier

 « Schematic drawing.
(shifted by 2MeV each)
dots: measured values

 Third barrier is high for
light actinides.

E / MeV

' Discussed since the
1970th as the
,thorium anomaly” in
0 1 2 3 fission probabilities and
Elongation / arbitrary units angular distributions.

Our hypothesis (2024): Suppression of fission events with compact
shapes (high TKE) by the third fission barrier with empirical profile.

K.-H. Schmidt et al., Annals of Nuclear Energy 208 (2024) 110784
K.-H. Schmidt et al., https://arxiv.org/abs/2509.24590 10/ 23



I 3. Involving GEF

* Confronting the anomaly with the GEF* model
(based on the assumed dominance of
fragment shells, forming the fission valleys).

» Search for a ,,reasonable” empirical
description of the observed anomalies.

*) GEF is a semi-empirical model (general model of fission observables).
K.-H. Schmidt, B. Jurado, C. Amouroux, C. Schmitt,
Nucl. Data Sheets 131 (2016) 107
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Comparison exp. - GEF(until 2024/1.1)
Mass Distributions of the light fragments (exp and GEF).
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I Modeling the anomalies

» Suppression by a Hill-Wheeler-like
transmission probability

T(E) =1/ ( 1 + eXp( 2 T (E'Ethreshold) / (hﬁ)) )

through a third barrier with adapted profile
(depending on mass asymmetry).

* Threshold energy strongly dependent on Z
(like expected for the 3rd barrier).
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I Test on energy dependence

SESeR P * Slope inversion
& 20 —O-"O‘“‘O~—~o~\\\___ ® Bic-a agreement W|th

i Brosa’s analysis.
* Offset due to

B e w0 different shape
of fission modes.
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EXp. - GEF(GEF-20
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4. Implications for fission
dynamics

* At energies below the threshold energy:

- Anomalies appear for lighter systems.
- Suppression effect beyond the 2nd barrier.

- Relaxation time in mass asymmetry <
dynamical time (2nd barrier - scission).

* At energies above the threshold energy:

- Same behaviour for all systems.

- Relaxation time in mass asymmetry >
dynamical time (2nd barrier - scission).
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I Summary and outlook

 We revealed anomalies in the fission yields of
light actinides that were hitherto overlooked.

* They behave like the transmission through
another barrier beyond the 2nd barrier
(sharp threshold with increasing suppression
at lower energies).

* No effect at energies above the threshold.

* Evidence for long relaxation times in mass-
asymmetry above the threshold energy.

* Novel kind of information on the transport
properties of nuclear matter with
unprecedented evidential value. 17/23



Unexpected observations, advancing
the understanding of fission

 Discovery of fission (Hahn, Strassman, Meitner 1939)
 Shell effects in mass asymmetry (Goeppert-Mayer 1948)
* Discovery of shape isomers (Polikanov 1964)
 ,Thorium anomaly“: 3rd minimum (Back et al. 1972)

* Fission channels (Brosa 1986-1990)

 Universal fragment shells (Schmidt et al. 2016)
- GEF: FY for all systems with 4 universal fragment shells
* Revival of the thorium anomaly: (Schmidt et al. 2024)

- First in-depth analysis of E*-dependent FY in low-energy fission
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I Rsproduction
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* Using the same shells at Z=36, Z=50, Z=54, Z=59.
- Confidence in predictions for other systems with

GEF.

K. Mahata et al., Phys. Lett. B 825 (2022) 136859
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I Accuracy 23°>U(n
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* Mass yields and v-bar well reproduced.
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I Accuracy *Cm(n_ ,f)

GEF 2025/1.2: Mass yields for Z=96, A=246 (CN), En = 0 MeV - X
nu—bhar = 2.3961
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I Accuracy 252Cf(sf)

GEF 2025/1.2: Mass yields for Z=98, A=252, E* = 0 MeV - X
nu—hkar = 3.831
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