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Background and motivation



even-even nuclei

Wilhelmy et al (1972):
• Fission fragments from 252Cf(sf) have angular momenta of 

about 7 ħ.

Already before the experimental evidence for these surprisingly 
large angular momenta there where theories suggesting:

• pre-fission model:
• Collective vibrations; wriggling, bending, twisting; 

• post-scission model: 
• Coulomb forces; microscopic theories (e.g. Bertsch et al. 2019) 

Somehow the fission fragments are 
tumbling apart after scission. 
What makes them do so?

Angular momentum of fission fragments



Angular momentum of fission fragments

The debate got fresh fuel with the results from J. Wilson 
et al., Nature 590, 566 (2021).

All three studied systems showed the same sawtooth-like 
behaviors.

Furthermore:
“Here we show that there is no significant correlation 
between the spins of the fragment partners, which leads 
us to conclude that angular momentum in fission is 
actually generated after the nucleus splits (post-
scission).”

Several subsequent papers challenged this conclusion, 
e.g., Randrup & Vogt, PRL 127, 062502 (2021).



Isomeric yield ratios –
a probe of angular momentum generation in fission 
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The IGISOL facility
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Cyclotron motion
Ground state

Excited state

131Sb

131Sn

131Te

Injection

B = 7 T
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Experimental results

• 35 isomeric yield ratios in 238U(p,f)

• Comparison with:
• Madland-England
• GEF
• GEF + TALYS

Data for states 3/2+ and 11/2-
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Angular momentum estimation

Parametrization of 
GEF data Reconstruction of GEF

Vary Jrms and de-
excite in TALYS until 
match measured IYR



Average angular momenta in 238U(p,f)

Comparison to Wilson data for 
238U(nth,f).

• Similar saw-tooth shape.

• Larger average angular momenta 
for all masses.

• Minimum angular momentum 
around A ≈ 130 - 132.
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𝛼-induced fission of 232Th

J ≈ 7-8 ħ



𝛼-induced fission of 232Th

J ≈ 2.6 ħ

J ≈ 3.6 ħ

J ≈ 7-8 ħ



Results

Compared to 233,235U(nth,f), we observe an 
increase in the IYR.

We conclude that a significant part (at least 
40%) of the extra CN spin goes to the FF. 
(remaining part likely goes to orbital angular 
momentum).

The fission fragments do carry a memory of 
the compound system.
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The peculiar case of 98Y
98Y shows a remarkably low IYR.

Possible mistake in the spin assignments of 
the ground and excited states of 98Y?

For 100Y the spin assignment in the 
databases (ENSDF and NUBASE 2020) 
disagree.

For 100Nb the ENSDF evaluation explicitly 
calls for a dedicated measurement for the 
state ordering of the two isomers

PLB 871 140012 (2025)



The peculiar case of 98Y
98Y shows a remarkably low IYR.

The state ordering of 98Y, 100Y, 100Nb, 102Nb 
were measured using an in-trap beta decay 
technique.

The result confirm the state ordering as 
reported in NUBASE 2020.

Puzzle remain!
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The peculiar case of 98Y

• Large isomeric shift in charge radii
• Probable shape co-existence
• High-spin state rarely populated in fission

Y
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Conclusions

• 35 isomeric yield ratios have been measured in 238U(p,f) at 25 MeV.

• Another 22 have been measure in 232Th(𝛼,f) at 28 MeV

• A GEF + TALYS based model has been developed to estimate the angular 
momentum of the pre-neutron-emission fragments that feed the 
measured isomers.

• Increased CN angular momentum leads to higher fission fragment angular 
momentum.

• We highlight the unusually small IYR for 98Y and its relation to a large 
isomeric shift in charge radii.
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