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Status of current knowledge of
nuclear level density

Experiment

Main experimental basis — neutron resonance spacings from reactions with resonance neutrons
Data bases: RIPL2, RIPL-3, S.Mughabghab compilation.

Other data: Oslo technique, particle evaporation — are not systemized yet and are not used in
practical calculations

Models

1. Phenomenological models with free parameters determined from experimental
data on neutron resonances. These models are used in modern nuclear
reaction codes for applications. (Fermi-gas, Gilbert and Cameron)

2. Models based on global microscopical calculations (by S. Goriely )



Possible uncertainties of neutron resonance spacings

* Uncertainties associated with models used to extract level spacings
from neutron resonance data

1. Model used to estimate missing resonances due to experimental
threshold (is Porter-Thomas statistics good enough ?)

2. Modelto separate week s-wave resonances from strong p-wave
resonances

Lack of documentations of previous evaluations

Different evaluators can produce different Dy, D4



Uncertainty insights from comparing RIPL2 vs RIPL3 data
on s-wave resonance spacings (D,)

RIPL3 vs RIPL 2

Ratio of neutron resonance DO values
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D0 and D1 spacing ratios using Ignatyuk BSFG model
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Uncertainties caused by shape of level
density function models

Level density ratio BSFG/GC
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FIG. 1. Schematic representation of 7y de-excitation of levels
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bar represents excitation energy range of the same nucleus
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Uncertainties related to the spin population in the Oslo method

Traditionally used formula:

P(Ey,E,) = p(Ex —E,) X T(E,)
J=I1+1

K(E,, E*) = j aED | gE DA

Accurate formula: 1 J=1-1

Q{E*,J:] =

2741 [_ (J + 1;‘2)2]
P(Ex Ey) = p(Ex — Ey) X K (Ex, (Ex — E,)) X T(E,) 20%(E*) 20%(E*)
\

J

1
pre4(Ex —EX))

Illustration of Spin-Window Selectivity in a Nuclear Reaction

== Spin population from reaction
Total NLD spin distribution
Overlap: populated fraction

Has a different excitation energy dependence

Relative probability / dénsity
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J=I1+1

(B, E*) = f 9(E*Dd]

J=1-1
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E,=const

Spin Correction factor, K(E")

6 8 10 12

cal program, June 29-July 10, 2026



Spin Correction factor K

Uncertainties related to the spin population
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Impact of restricted spin-ranges in the
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Abstract. In this paper we present the Arst systematic analysis of the
impact of the populated vs. intrinsie spin distribution on the nuelear level
density and ~-ray strength Mnction retrieved throngh the Oslo Method.
We illustrate the effect of the spin distribution on the recently performed
Py d,py ) Pu experiment using a 12 MeV deuteron beam performed
al the Oslo Cyelotron Lab. In the analvsis we couple state-ol-the-art
caleulations for the populated spin-distributions with the Monte-Carlo
nuclear decay code RAINIER Lo compare Oslo Method resalts to the
known input. We find that good knowledge of the populated spin distri-
bution iz crucial and show that the populated distribution has a signil-
icant impact on the extracted nuclear level density and ~v-ray strength
function for the ***Pu(d,py)**"Pu case.
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Effect of the spin cutoff parameter on calculation of
the total radiative width of neutron resonances

Gamma strength function normalization coefficient:

< Iy >€*P

- cale 7’
<T, >%
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The total average radiative width of neutron resonances:

bl

< T (S, I, T1;) >= DT‘ / dE.,;_}f'(E.,’ji;- E3 - p(Sn — E5) % > g(S.— Ey L+ )

d=—1

i ”r=1

;'..::[:I A

A.V. Voinov, FRIB-TA Topical program, June 29-July 10, 2026



Most popular spin cutoff parameter model formulas

Rigid body (RB) model (RIPL, Talys) 20
18
: - 16
o2(U) = 0.0138 - A%/3. -
a 14
12
T.von Egidy, D. Bucurescu, B 10
PRC 80, 054310(2009)
o2(U) = 0.391A%575(U — 0.5Pa)"328
Linear interpolation between
o(Uy) and o(S,), U, — average excitation
energy for discrete levels (Talys, Empire)
_. , U-U;, .
(V) = *(Ua) + g—7(0%(S0) — o(Ua)
S-n - Ud

o N b~ O ©
A}

T T T
Rigid body model
Exp from discrete levels @
Lin. interpol. - - - -
Egidy 2009

Excitation energy, MeV
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Partial width, mev/MeV
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Effect of the spin cutoff on <I",>, the case of 197pt
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Average total <F7> of neutron resonances
RB model Lin. Interp. Ratio

<I',> no pygmy 78 113 1.45

<I',>  pygmy 382 656 1.71
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Uncertainties related to parity populations in the Oslo method

Negative parity

I
p(—) X Ty p(+) X Tg1
negative positive
+ . —_— —
pr=p P(Ey) & pO X Tys + p™ XTp1 = 05p x (Tyy + Tpy)
pt #p” P(Ey) o« pTXTys+ pPXTgy # 0.5p X (Tyyy + Tpe)



Uncertainties related to parity populations in the Oslo method

Pi * Pi; Py * Pf

P=pxXT P=pxXT P=pxT P#pXT

When the numbers of negative- and positive-parity levels are not equal for
both the initial and final states, the disentanglement of the primary
spectrum into a product of the level density and the gamma-strength
function is not possible.
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Spin cutoff o from angular distribution of particles
from compound nuclear reactions

T.Ericson and V. Strutinski, Nucl.Phys. 8, 284 (1958)

Due to orbital momentum conservation, spin of compound nuclei
tend to be aligned with orbital momentum of incoming particles

* Compound nucleus “remembers ” direction of incoming beam.

* Angular distributions become non-isotropic but symmetric about
90 degree in the center of mass system

* Degree of anisotropy is determined by the angular momenta of
outgoing particles which are mainly determined by the spin
distribution of residual nucleus



Cross section

atA —— C ——> B+b

v

Angle

Orbital momenta are determined by spin of both compound C
and residual nucleus B
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Neutron angular distributions
from >’Fe(a,n)®°Ni reactions,
13.5 MeV beam
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Experimental neutron angular distributions have been analyzed with
Hauser Feshbach code developed at Ohio University (S. Grimes).

The spin cutoff parameter has been adjusted to reproduce experimental
angular distributions.

1':]2 | [ [
Experiment —e—
L HF cal.,0?=4.7
HF cal.,0?=3.6
g
=
=
2 | 3
" t
E .—'.'.._ T
E I n"..... } ..... e I
§ ......... g2=4.7 .".____}-...
ﬂ ........................... -r
o | t -
o
| | |
-1 -0.5 0 0.5 1

cos(8),c.m.

AV. Voinov, FRIB-TA Topical program, June 29-July 10, 2026



20 I

18 |
16
14 | -
12 | ) Py
. } - )
b Y |~ ' ' Fit to exp points
10 | R ‘K,/’/’E' o o Ohio exp +—e—i
£ PRy _d Exp Hille (original) + =
g~ - / [ P Exp Hille {re-analysis) «—» 1
R o Exp Magda (re-analysis)
6 - r 1 Exp. Grimes (original) —=— —
’ " _ Calc. Rigid body - :
4 I - Gilebrt Cameron. - - - - _
K Calc. HFBCS « - - -
: Calc. Comb
2 | from neutron resonances 4
0 2 4 6 8 10 12

Excitation energy (MeV)

FIG. 5. Points are experimental values of the spin cutoff pa-
rameter derived from angular distributions, discrete level scheme,
and neutron resonances. Lines are model calculations. The fit to all
experimental data points and its uncertainty are shown by the shaded
area. The shaded box at around 2 MeV shows the spin cutoff value
derived from a discrete level scheme.

AV. Voinov et al, Phys.Rev. C 108, 034302 (2023)

* Below the neutron separation energy, the
spin cutoff parameter tends to be lower
than estimations based on RB model.
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angular distributions of (¢, n) reactions, Nucl. Phys. A 232, 157
(1974).
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Conclusion on uncertainty issues

Neutron resonance spacing values might include uncertainties related to
analysis and/or model assumptions. Efforts on re-evaluations of resonance
data are ongoing at IAEA and NNDC.

Data analysis of the Oslo type of experiments should account for the spin
distribution and its energy dependence below the neutron separation energy.
There might be correction factors to the traditional Oslo type of analysis.
Potential problem of unequal negative and positive parity should be assessed
on case-by-case basis.

Since spin/parity issues 1s important, experimental techniques should be
developed to target this problem. One possible direction is measuring angular
distribution of emitted particles from compound reactions.
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   D 0 ,    D 1


  P  (  E x ,  E 𝛾 ) = 𝜌  (  E x −  E 𝛾 ) × T ( 𝛾 )


  P  (  E x ,  E 𝛾 ) = 𝜌  (  E x −  E 𝛾 ) × T ( E 𝛾 )


  P  (  E x ,  E 𝛾 ) = 𝜌  (  E x −  E 𝛾 ) × K  (  E x ,    (  E x −  E 𝛾 ) ) × T ( E 𝛾 )


   𝜌  r e d (  E x − E  ( 𝛾 ) )


  K  (  E x ,  E ∗ ) =   ∫ I   g i  (  E x , I )   ∫  J = I − 1  J = I + 1  g  (  E ∗ , J ) d J d I    


  K  (   E x , E ∗ ) =   ∫  J = I − 1  J = I + 1  g  (  E ∗ , J ) d J    


  K  (  E x ,  E ∗ ) =   ∫ I   g i  (  E x , I )   ∫  J = I − 1  J = I + 1  g  (  E ∗ , J ) d J d I    


  57 F e    ( 3 H e   , 𝛼 ) 56 F e


  97 M o    ( 3 H e   , 𝛼 ) 96 M o


  57 F e    ( 3 H e   , 𝛼 ) 56 F e


  97 M o    ( 3 H e   , 𝛼 ) 96 M o


   E 𝛾 =  E x −  E ∗


   𝜌    ( − ) ×  T  M 1


   𝜌    ( + ) ×  T  E 1


  P  (  E 𝛾 ) ∝  


   𝜌    ( − ) ×  T  M 1 +  


   𝜌    ( + ) ×  T  E 1


            0 . 5 𝜌 × (  T  M 1 +  T  E 1 )


  P  (  E 𝛾 )     ∝        𝜌 − ×  T  M 1 +      𝜌     ( + ) ×  T  E 1         ≠       0 . 5 𝜌 × (  T  M 1 +  T  E 1 )


   𝜌 + =  𝜌 −


   𝜌 + ≠  𝜌 −


   𝝆 𝒊 − =  𝝆 𝒊 + ;


   𝝆 𝒇 − =  𝝆 𝒇 +


   𝝆 𝒊 − =  𝝆 𝒊 + ;


   𝝆 𝒇 − ≠  𝝆 𝒇 +


   𝝆 𝒊 − ≠  𝝆 𝒊 + ;


   𝝆 𝒇 − =  𝝆 𝒇 +


   𝝆 𝒊 − ≠  𝝆 𝒊 + ;


   𝝆 𝒇 − ≠  𝝆 𝒇 +


  P = 𝜌 × T


  P = 𝜌 × T


  P = 𝜌 × T


  P ≠ 𝜌 × T

