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Problem: angular momentum generation of FF

12
particle caption compound nucleus primary fission 10—
fragments
8

(A;Z)JNE) (A+1)ZJ(7~h) A1;Z1;(71 A2;Z2;(72

Average total angular

Average spin, </> (h)
o

Reaction momentum J, h Paper
232Th(n’f) 10 Naik, Nucl. Phys. A 587, 273(1995) *
233U(n’f) 7 10
235U(n’f) 8 Hoffman, PRC 113B, B714(1964) -
239y (n,f) 7 .
252Cf(sf) 7 Wilhelmy, PRC §, 2041(1972) 4
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Pre-scission spin generation

At the scission point the pre-fragments have But the most important for J two of them

a various vibration modes _
Bending mode

Jbl — _Jbz
q _ —— J by
Wriggling mode
Iwy +Iwy, =1L

In this case the distribution of any of type such

could be describe by function &/
Jwo
P(Jt,) = exp [—— ‘/

t is type of mode
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Constructing the distribution of angular moments

p . 2(71(72 2 2
(J1, J2, ) = 7C..C, exp|—Ji(aly + b) — J,(alf + b) + 2J1J, cos @ (al;I, — b)]

____________________________________

——————————————————————————————————— / where @ = [C,(I, + I,)*]™%; b = Cy*

P(J;) = ij(Ji;Jj»QD)dedQ” = P(J) = 2_(7ieXp _(Zf_l]

& |
. I#Cy,
T with §; =

_ & 1
7. =f PN AT =5 [+ o
0

+ Cp
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Collective motion of low-energy fission

“Cold” fission approach
TXE, < YAV(def,)
Ty, <1MeV

1 J¢
P(Jti) = mexp —-]

In this case the C; could be written as

h(l)t 2 It T >> h(,()t N.
C; = I;hw; coth[ ] {It ho,, T < ho,
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Ingredients: Moments of inertia

l l Model
I = (I; + 1)l : I'=1Iy+1; +1 , : Rigid body
" [ 1 fo = MR = Ry) | Hydrodynamical
f R\ | PR AY .
I, =1, + I, (_1) L R.(B) = TOA%/B 1+ |—p;,—-L | ! Superfluid:
___________________________ R; : \ 4T AT : rectangular well

__________________________ harmonic oscillator

_____________________________

So what about FF deformations
S; and vibration energies hw?
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Ingredients: Deformation parameter estimates
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Ingredients: Estimation of the vibration's energy

\ It d = 2rnec
Adamian., Int. J. Mod. Phys. E 5 191 (1996) \ Re = R1(f1) + Ra(f2) +d
_Shneidman, PRC 65064302 (2002)

U(B1, B2, d, Q) = Upnycit(Br, B2, d, Qi) + Ucoui (Br, B2, d, Q)
By differentiating U for each type of vibration one yields
R, R,\? R, R1\°
K, = K;;1 — 2Ky, R_z + K>, (R_z) K, = K{1 + 2K;, R_z + K>, (R_z)
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Results: Spin distributions

LIGHT FRAGMENT HEAVY FRAGMENT
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Results: Orbital momentum distribution

A %)
2L L’ 2L L1 |- 21, 12 1
0

; e i 5
0.10 252Cf(sf> e Fo 238U(n7 f) :
i -$- skMx(T) 1 _
» RS { SkM*(S) | :. /4- N, ]
0.08 B :;‘, e Z—I—i\.\ - SealL1(T) T ; I/ \\ :
~—~ [ / A3 3 SealL1(S) T :
SHEP - | t
ST : :
0.04 I __
0.02 1 _

0 10 20 B 30 0 10 20 m

L, h
Best agreement: superfluid model with HO potential
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Results: Angular momentum distribution
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Angular momentum J, &

R

esults: Angular momentum distribution

R. = Ry (B1) + R2(B2) + d(fit)
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Results: Correlations

'u(j J Fragment 232Th(1’1,f) 238U(n,f) ZSZCf(Sf)

cq q.(A1,4,) = —== ¢35, Y(A1,47) | €39, Y(A1, A7) Cq,9, Y(A1,43)

Jd1d 1 412

0107 94Gr 0,007 2,04 0,006 1,51 |0,055 0,55
96Gy 0,02 3,54 0,002 413 10,018 0,89
ics 0 (A, AR)Y (Aq, A7) 98Gy 0,019 1,32 0 2,27 10,015 0,37
Cq.g,(A1, A7) === ZZY( 1,47 987y 0,02 0,37 0 0,49 |0,014 0,59
a2 1007, 0047 0,88 | 0,016 3,3 0,001 2,06

140%e 0,011 5,73 0,004 4,04 0,026 2,55
H42Xe 0,014 2,25 0,009 1,53 0,023 0,37
“2Ba 0,014 0,64 0,011 0,69 0,019 2,7
“Ba 0,035 4,49 0,012 2,46 0,001 3,37

14680 0,04 276 | 0014 198 0 0,98
€91, 0.034 0.02 0.017
cs 5o A _ 0.002 0.001
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Results: Correlations
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Results: Angular distribution of spins directions

LIGHT FRAGMENT 232Th(n, f) HEAVY FRAGMENT

LI L L nqryrrrerrprrrreypT
I I l 'l I

i 132Sn i 132r]_1e ]

00 180

HHHHHHHH e e Lo L |
: T | 1 €10 (2Ge) = 0.203 13_. A .
b | 1 b1 o b | 1
O 90 1800 90 1800 90 180 KD = 0 0 90 1800 90 180
r) =
@, deg “91J2 p, deg

,—_——_—————— e

{ Lyubashevsky, PRC 111 054601 (2025)

Workshop on Fission Dynamics 2026, Chongging, China

P.V. Kostyukov: Fragment spin generation in low-energy fission: Beyond thermalization



Results: Angular distribution of spins
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Results: Angular distribution of spins

ryprrrprrrrprrrryprrrprrrprrrprrroyprrrprrryl
| e This work - T
- wnes P(p) =1—0.086cos(¢) J
19 == P(p)=1-—0.264cos(¢) + 0.028 cos(2¢) // —

3 =

= a

AN _

] I

o |

= |

=08} -
n L1 i | | | L

0 20 40 60 80 100 120 140 160 180

Q [deg] {Vogt, PRC 103. 014610 (2021) |
Workshop on Fission Dynamics 2026, Chongging, China

P.V. Kostyukov: Fragment spin generation in low-energy fission: Beyond thermalization



Results: Angular distribution of spins
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Beyond thermalization

Angular momentum J, &
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Beyond thermalization
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Beyond thermalization
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Beyond thermalization

= This work without d fit
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Summary

1. Developed simple low-energy pre-scission model reproduces the main features of
fragment spin distributions across 2**Th(n,f), 2*®U(n,f), and 2>*Cf(sf).

2. Near-zero spin-spin correlations do not contradict the pre-scission mechanism;
they follow naturally once the role of the orbital moment is accounted for.

3. The orbital angular momentum can serve as an intermediate reservoir absorbing
angular momentum fluctuations between the two fragments.

4. Post-scission neutron evaporation is essential for the correct interpretation of
experimental spin data.
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