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Previous data for En > 20 MeV:

[7] I.V. Ryzhov et al. Nucl. Phys. A760, 19 (2005): quasi-monochromatic neutron beam

[8] L.S. Leong. PhD Thesis, CERN-Thesis-2013-254 (2013): n TOF

[6] D. Tarrio et al. Nuclear Data Sheets, 119, 35 (2014): n TOF



Main results for 232Th and 238U:

— an agreement with all previous data for En < 20 MeV,

— some disagreements with [6] and [7] for En = 20− 200 MeV,

— the measured angular anisotropy is lower than the theoretical prediction from [7].



Angular distributions and
transition states on the fission barrier
(A. Bohr, 1955):

1) non-uniformity by M ,
2) non-uniformity by K.
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ΨJ ∼
∑

M

aM(J)
∑

K

gJKΦK(τ)DJ
MK(nf)

dw(nf)

dΩ
∼

∫

|ΨJ |
2 dτ ∼

∑

Q

(2Q+1)

(
∑

M

CJM
JMQ0|aM(J)|2

)

︸ ︷︷ ︸

≡
τQ0(J)

(
∑

K

CJK
JKQ0|g

JK|2

)

︸ ︷︷ ︸

≡

bQ(J) = 〈bQ(J,K)〉

PQ(cos θ),

τQ0(J) — spin-tensor of orientation, bQ(J) — parameter of anisotropy, e.g.

b2(J,K) ∼ 3K2

J(J+1)
− 1 = −1 −0.75 0 1.25

J = 3, K = 0 1 2 3



Fission fragment’s angular anisotropy is of interest both from academic

and applied points of view

1) Sensitivity to the transition states at the fission barriers (to the symmetry of the
nucleus on the barrier).

A. Bohr, 1955 (simplified model):
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The lower is the nuclear excitation energy the greater is the angular anisotropy.



2) Sensitivity to multichance fission, i.e. to fission after neutron (or proton . . . )
emission . . . An instrument to study nuclear cascades (branchings, transition probabilities,
equilibrium and non-equilibrium processes) . . .
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3) Sensitivity to the fissioning isotopes . . . The prompt neutron’s angular anisotropy may
be used:

J.M.Mueller, M.W.Ahmed, H.R.Weller. A novel method to assay special nuclear materials
by measuring prompt neutrons from polarized photofission. — NIMA, 2014, v. 754, p.
57вЂ“62.



Talys is a computer code system for the analysis
and prediction of nuclear reactions.

The basic objective is the simulation of nuclear
reactions that involve neutrons, photons,
protons, deuterons, tritons, 3He- and alpha-
particles, in the 1 keV – 200 MeV energy range
and for target nuclides of mass 12 and heavier.

Free use, open software, always under
development: from TALYS-1.0 — December
2007 to TALYS-1.8 — December 2015.

More than 300 subroutines, more than 100 000
lines (commands), more than 500 pages in the
Manual.

Completely integrated optical model and
coupled-channels calculations by the ECIS-06
code,





All partial cross sections can be found, due to

the calculation of

all transition probabilities:

w(i → i′), where

i ≡ (Zi, Ni, E
∗
i , Ji, πi)

But!

— angular distributions — only for the first step reaction: a+A → C→ b + B

— angular distribution for fission fragments (even for the first step or first chance) can
not be calculated!



Angular distribution for a+A → C→ b + B
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J → J1 + J2 + L

K → K1 + K2

K1 and K2 — fragment’s helicities



Helicity representation

in fission channels

(A.Barabanov and

W.Furman, 1997):
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︸ ︷︷ ︸
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∑
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=

∑
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√
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∑
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∑
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Angular distribution for fission
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dσf

dΩ
=
∑

Jπ

σf(J
π)

dw(Jπ,n)

dΩ
,

dw(Jπ,n)

dΩ
=

1

4π

∑

Q

(2Q+1) τQ0(J
π) bQ(J

π)PQ(cos θ),

bQ(J
π) =

∑

K

CJK
JKQ0 βK(Jπ), βK(Jπ) =

1

Γ
f

Jπ

∑

α

∑

F

〈 |gα(FKJπ)|2 〉

τQ0(J
π) =

∑

lj

T Jπ
lj Cl0

l0Q0U(sjlQ, lj)U(IjJQ, Jj)

∑
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What should be added

to TALYS:

Transition probabilities:

w(i → i′), where

i ≡ (Zi, Ni, E
∗
i , Ji, πi,Mi)

or spin-orientation transfer:

τQ0(Ji) → τQ0(Ji′), where

i ≡ (Zi, Ni, E
∗
i , Ji, πi)



Summary

1. TALYS seems to be an appropriate code for the simulation of heavy

nuclei fission by neutrons with energy up to 200 MeV. But the current

version of TALYS do not give the possibility to analyze angular

distribution of fission fragments.

2. TALYS may be extended to take into account the spin-tensors

of orientation of all nucler states involved into the reaction. The

mechanism of orientation transfer is clear for the usual compound-

nuclear mechanisms of particle emission.

3. Pre-equilibrium particle emission need special attention. Only the

use of consistent quantum mechanical models for pre-equilibrium

processes provides reliable evaluation for spin-tensors of orientation.


