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Level density data alone has not constrained LD
models [1-3]

Hypothesis

Cross section data in the unresolved resonance
region (URR) could constrain LD models
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Comparing LD Models with XS Data

» Hauser-Feshbach Model 4]
* Fit to XS data with multiple LD models

* Determine quality of fit (chi-squared metric)
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Level Density (1/MeV)

Level Density as a Function of Energy
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» Exponential spanning many orders of
magnitude

- Phenomenological models agree at S,

- Differences amplified at large energies
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Level Density Models Considered

Level Density as a Function of Energy (U-238)
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SA‘ V \W SAMMY

* Primarily an R-Matrix code developed at ORNL ["°]

- Contains a Hauser-Feshbach code by F. Frohner [l

- SAMMY in the URR fits average resonance parameters using a
Bayesian update process

* Open source
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LD Models in SAMMY

* Previously used CTM with no uncertainty analysis
* LD models are now a user choice

» LD parameters are fit to level density and cross section data

 Only partial cross sections are impacted
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Data Sources and Processing
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Initial Results



Results for U-238 and U-235

U-238 Capture Cross Section U-235 Capture Cross Section
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Level density models do not impact cross section after fitting
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Nb-93 Results

Nb-92 Capture Cross Section
for Multiple LD Models
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Mn-55 Results

Mn-55 Capture Cross Section
for Multiple LD Models
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Conclusions and Future Studies

« Cross sections are very
similar between models

« Study over wide range of
Isotopes could reveal best
LD model
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Conclusions and Future Studies

+ Cross sections are very Shranmth Frincaion for Novoh
similar between models . Generalized Superfluid Model
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Conclusions and Future Studies

* Cross sections are very Strengn Ernction for Vords”
similar between models ;_ Generalized Superfluid Model
 Study over wide range of A N
isotopes could reveal best 2 Y.
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parameters SAMMY is available:
https://code.ornl.gov/RNSD/SAMMY
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Questions?
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Data Sources

EXFOR Subentry
Numbers:

U-235

14149003 M. Jandel
10249005 R. B. Perez
23453002 S. Amaducci
40616004 T. A. Mostovaya
12877004 L. W. Weston
23294003 C. Paradela

U-238

23234002 F. Mingrone
21334003 M. C. Moxon
23364004 T. Wright

Nb-93

11329023 H. J. Gibbons
40452003 Yu. Ya. StavisskKii
12670012 W. P. Poenitz

Mn-55

10752004 J. B. Garg
20572006 C. Le Rigoleur
40642002 Ju. Ya.
StavisskKii
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https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=4025&subID=14149003
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=4025&subID=10249005
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=4026&subID=23453002
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=11002&subID=40616004
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=10998&subID=12877004
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=4026&subID=23294003
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=4028&subID=23234002
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=4028&subID=21334003
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=10986&subID=23364004
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=4029&subID=11329023
https://www-nds.iaea.org/exfor/servlet/X4sGetSubent?reqx=11003&subID=40452003
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Level Density as a Parameter: Hauser-Feshbach

— VUV
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Fermi Gas Model of the Nucleus

ﬁeQ\/aEm
wW(Ey) = R 1o
12a1 E}
- Models the nucleus as an ideal £
gas of two fermion species.
* Nucleons do not interact but |
exist in a potential well.

* Most valid at high excitation
energies (> 5MeV).

Comparison of Level Density Parameter Values
for the Fermi Gas Model State Density
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Spin Cutoff Parameter

w(Ey) 1 e*vVobs
o2 12v2 ot B

PFermi (E:c) —

« State density is degenerate in
the magnetic quantum number.

 Assume a Gaussian
distribution of angular
momentum, o Is the standard
deviation.
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Angular Momentum Distribution

—J?2 —(J+1)2
—pJ — eﬁ — € 202
Ptot
» The spin cutoff parameter also
determines L-dependent level
density.
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Level Density for Various Angular Momenta

- Total Level Density
~—— 1=0 Level Density
—— 1=1 Level Density
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—— 1=5 Level Density
—— 1=20 Level Density
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Back-Shifted Fermi Gas Model

« Experiments tell us available

1 e?VeUsrm Coe ..
perM(Ey) = - energy is limited by a pairing
12V2 g4
BFM energy.
Upprg = By — A — 0  Pairing energy chosen as fit

variable.
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Constant Temperature Model (Gilbert-Cameron)

P (E ) pconst(Um) E:c E Em
CTM\Lx) — . . .
! prermi(Us) Ex>E,  + Divides energies into two

regions.
U, — Up,

7 ) High energy: Fermi gas

pconst(Um) — pFermi(Um)emp(

U, =E, — AU, =F, —A * Low energy: empirical formula




Level Density Parameter as a Function of Energy for U-238

Level Density Parameter Details [~
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