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Scission ~ 10 %Ysec.

380

A. Bulgac et al., PRL 116, 122504 (2016)
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Studying the decay of the fragments?

Neutron ~ 10~ !%sec.

Fission numbers for 2°>Cf

Q~218 MeV

TKE=184MeV

TXE = Q — TKE ~34 MeV

E =D0*(B,+ 1) =27MeV

M, = 8.4ylfis

J,+ Jy~10-15h

Gamma 1071°-107°

Time (sec.)

An experimental challenge to :

|dentify the fragments
Correctly measure their decay



J. Terrell, Phys. Rev. 108 783 (1957)
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Studying neutronless fission

A fragment detector...
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L. G. et al., NIMA 855, 133 (2017)
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Studying neutronless fission

A fragment detector... ... loaded with an high quality fission sample ...
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Twin Frisch lonization Chamber (6 = 400keV)

L. G. et al., NIMA 855, 133 (2017) 1200 Bq >?Cf sample

on a 25nm ultra-thin C-backing
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Studying neutronless fission

... loaded with an high quality fission sample ...

A fragment detector...
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O.Roig et al., NIM A 1073, 170243 (2025)

i

Twin Frisch lonization Chamber (6, = 400keV)
- G- etal,, NIMA 835,133 (2017) LZLD EG 252Cfsample 54 large Volume Nal detectors

on a 25nm ultra-thin C-backing
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€, =50% @ 300keV

on Nuclear
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Achievements

Our previous similar works

Detection system
L. G. et al., NIMA 855, 133 (2017)

Spectroscopy of Fission Fragments
L. G. et al., PRC 97, 064317 (2018)

Isomer Production
L. G. et al., EPJ Web Conf. 242, 01003 (2020)

From this measurement

Fission/Fragments Properties
A. Francheteau et al., PRL 132, 142501 (2024)

= The exceptional 3251/ Cd case!

A. Francheteau et al., PRC 111, 034608 (2025)
= Discussing the origin of the (4-6MeV) y-bumps.

A. Francheteau et al., Accepted in PRC
= Excitation energy, Angular momentum & Deformation.
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When Shell Closures help us!

120/132  118/134

120/132
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What did we measure? 2/3

TXE = Q-TKE
2[C

E 10 : () > vI8pqd % 134Te | (d)
= S

> Z "

E =

z 10F G

O ; O

0 2 4 6 3 15 2 25
TXE (MeV) E (MeV)

« TXE = EX + Ef;

o 118Pd = 21
o DiTe = 121)

75(7)% and 1(47) = 22(8)%
46(8)%, 1(47) = 36(6)% and 1(67) = 14(2)%
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What did we measure? 3/3

TXE = Q-TKE
2
% 107§ (¢) % v 18pd  x134Te | (d)
‘é : = 2 > anl > _f
S10°F 0% 1(c) —TXE<4 | © 8
S o " X [ X I
z Z & 50F —TXE<6 | & 'f
E = %05_ — TXE <8 % 6t
= 10 F o S5 S sf
@) : JL[I C 10 5 8302— Delayed spectrum S 4
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20}
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13" j 1 I AJ :
I 0 0
[ 1 I I T T T (T T TN T NN TR F. I | A \ ar ” i 0 0
0 2 4 6 3 0O 05 1 1.5
TXE (MeV) E (MeV)
« TXE = E + Ef;
o 118Pd = 121) = 75(7)% and I(4]) = 22(8)% 1404 Fusl 297

o D4Te = 12]) = 46(8)%, 14) = 36(6)% and 1(6]) = 14(2)%

o 139Te = Feeding 67 @ 1.7MeV independent of TXE gate

134
520 1€g)
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What did we measure? 3/3

TXE = Q-TKE
2
3 107 @ = ()
S i § 102 E:GOE‘ (c) — TXE < 4 E; B
S Z & 50f —TXE<6 | & 7t
= 10 § %402— — TXE <8 %25
LO) : O 10t 8302— Delayed spectrum | O 4
' J‘_ll E 20} 3
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0 2 4 6 3 0 05 1 15 2 25
TXE (MeV) E (MeV)

« TXE = EX + Ef;

o 118Pd = 21

75(7)% and 1(47) = 22(8)%
o DiTe = 121)

Missing 21+ intensity &~ GS direct feeding. T404 Tl 297
46(8)%, 1(47) = 36(6)% and 1(67) = 14(2)% '

(GS) ~ 50% for 134Teg,.

e 34Te = Feeding 6f @ 1.7MeV independent of TXE gate Similar to 120Cd/1325n82 with 132Sn always in its GS.
=> PRL 132, 142501 (2024)

134
50 1€g>
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Reproducing what we measured

% 10°F (c)
=4 C . .
S | e Simulation of y-ray spectrum
z o "°Pd = 1(2]) = 75(7)% and I(4]) = 22(8)%
s 10¢ o 39Te = 127) = 46(8)%, 1(47) = 36(6)% and 1(67) = 14(2)%
1 o 34Te = Feeding 6, @ 1.7MeV independent of TXE gate
TXE (MeV)
[ v 118 134 %’60;_ I(C) %’ 8
z | ﬂ Yo 2.k g7 TXE and its sharing
2 T o | o
~ 10 \ ° o Angular momentum
20
|| | ; 5 k
|l 1 “in
I LOTELAL, LD T ; , ’
0 05 1 15 2 25 % %
E (MeV)

+ Statistical inputs for Hauser-Feschbach description of cascades:

=> HFB+combinatorial with Gogny force NLD
S. Hilaire, M. Girod, S. Goriely and A. J. Konig, Phys. Rev. C 86, 064317 (2012)

=> E1 & M1 BSk27 gSF
Y. Xu, S. Goriely and E. Khan, Phys. Rev. C 104, 044301 (2021)
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Reproducing what we measured

o 18Pd = 1(21) = 75(7)% and I(4]) = 22(8)%
o 39Te = 127) = 46(8)%, I(4T) = 36(6)% and 1(67) = 14(2)%

o 34Te = Feeding 6T @ 1.7MeV independent of TXE gate

Cour;ts/20kev
®

Counts/20keV

= DN W »p OO O N @

2

Main assumption :
[x — Ef_p(TXE)]?

_< 262 .
EZ‘iHoce ,EZ‘+E;§—TXE

o £,y afunction of TXE

e 0 common to both fragments
and independent of TXE

Simulation of y-ray spectrum

TXE and its sharing

Angular momentum

2
871

= Natural explanation for experimental observations if E; & 0 MeV and ¢ = E(6f)
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Optimization with Genetic algorithm
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spin-cutoff parameters providing the best TXE (MeV)
description of the measured spectrum.

3 —Expt (b) | 400F (c)
— Geneti —
5 81 0 enetic 300!
1. 2"Te weakly excited = I(GS) ~ 50 %. B
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Comparison with Standard fission

e For >?Cf standard fission J.N. Wilson et al. Nature 590, 566 (2021)

B¢ ~ 2.9% similar to our B'¢ ~ 37 =Ratio &~ 1.0
B ~ 67 larger than our BYY ~ 4.5 =>Ratio ~ 1.3

a
« Well accounted for by the relation B> « ¥ —T
a

e Mean pre-neutron excitation energies
Wilson et al. : £/¢ ~ 12 MeV and X/ ~ 21 MeV (< GEF)
Our work : /¢ ~ ) MeV and £/ ~ 6 MeV
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Comparison with Standard fission

e For >?Cf standard fission J.N. Wilson et al. Nature 590, 566 (2021)

B'¢ ~ 2 .97 similar to our B'¢ ~ 37 —Ratio ~ 1.0
B ~ 67 larger than our BYY ~ 4.5 =>Ratio ~ 1.3

a
« Well accounted for by the relation B> « ¥ —T
a

e Mean pre-neutron excitation energies
Wilson et al. : £/¢ ~ 12 MeV and X/ ~ 21 MeV (< GEF)
Our work : /¢ ~ ) MeV and £/ ~ 6 MeV

From excitation energy to Temperature
A

E* « aT?

/

l
>
|
~ E [Me
See ~ Sn [ V]
S. Goriely et al., PRC 106, 044315 (2022)
V. Zelevinsky et al. PLB 783, 428 (2018)

T [MeV]
Cst. Temp.
Region
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e Using Talys to estimate nuclear Temperatures

LT ~ 12 MeV = T'¢~0.99MeV
£~ 0 MeV = T'~0.78MeV

EF 21 MeV TP?~1.1MeV
LM~ 6 MeV TP?~0.58MeV

—>Ratio ~ 1.12

=Ratio ~ 1.38
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Comparison with Standard fission

e For >?Cf standard fission J.N. Wilson et al. Nature 590, 566 (2021)

B'¢ ~ 2 .97 similar to our B'¢ ~ 37 —Ratio ~ 1.0
B ~ 67 larger than our BYY ~ 4.5 =>Ratio ~ 1.3

a
« Well accounted for by the relation B> « ¥ —T
a

e Mean pre-neutron excitation energies
Wilson et al. : £/¢ ~ 12 MeV and X/ ~ 21 MeV (< GEF)

Our work : /¢ ~ ) MeV and £/ ~ 6 MeV
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Spin distribution differences explained without a third-party effect.

= Neglect angular momentum removal by neutrons.
|. Stetcu et al., PRL 127, 222502 (2021)
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Comparison with SPY

SPY, a microscopic scission-point model, taking into account
pairing, shell effect and deformation

J.-F. Lemaitre et al., PRC 99, 034612 (2019)

S o[ (a)|] 118
o 6 Pd
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.0 U '€
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Pd - Genetic
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Te - Genetic
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o
o O 134
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4~
2
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TXE (MeV)

SPY : too much E* in 13*Te.

H8pg
e SPY = f; = 0.04

e Orientation-pumping mechanism = f; =~ 0.4
[see PRL 132, 142501 (2024)]

At fixed TXE :
e Lower f5; < lower E

e Lower Ez‘j < higher E*, since (E;‘; = TXE — Ezk)

=SPY underestimates [p,.
— Indirect confirmation of the O-P mechanism.
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Summary

Study of neutronless fission channel in 252Cf

|dentification of fragments
Study of their y decay

Determination of TXE distribution

Reproduction of measured gamma spectrum

Determination of £, distribution (¢ ~ 1.3MeV)

—>Heavy fragment weakly excited.

Determination of spin cutoff parameters
=Link with J-removal by neutrons...

Comparison with SPY

High ExTe < disagreement on y spectrum.

Potential link with too low fp.
Indirect confirmation of orientation-pumping mechanism
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