Testing the quality of Nuclear Level Density
models on Oslo data

S. Goriely, A.C. Larsen, D. Muecher

PHYSICAL REVIEW C 106, 044315 (2022)

Comprehensive test of nuclear level density models
Stephane Goriely ®,""" Ann-Cecilie Larsen,”" and Dennis Miicher>*:*
Unstitut d’Astronomie et d’Astrophysique, Université Libre de Bruxelles, Campus de la Plaine CP 226, 1050 Brussels, Belgium
2Department of Physics, University of Oslo, N-0316 Oslo, Norway
3College of Physics and Engineering Science, University of Guelph, 50 Stone Road East Guelph, Ontario, Canada N1G 2W1
ATRIUME, 4004 Wesbrook Mall, Vancouver, British Columbia, Canada V6T 2A3

® (Received 12 July 2022; accepted 3 October 2022; published 17 October 2022)



About the Constant-T behaviour of the Oslo NLD

“All the level density distributions follow the constant-temperature description”
(Giacoppo et al. 2014)

“The level-density function follows closely the constant-temperature level-density formula”
(Tornyi et al. 2014)

“It was found that the Gilbert and Cameron level density model is best to reproduce
experimental data.” (Voinov et al. 2013)

“The level densities, which were extracted using the Oslo method, show a constant temperature
behavior” (Guttormsen et al. 2013)

Clear message: Impact on MACS

“NLD follow a Constant-T behaviour”

or
“NLD follow a Constant-T behaviour above
the pair-breaking energies”

._.
o—-

<o> (Theory)/<o> (Exp)
=)

+ DIM+QRPA+0lim (CT)
e D1M+QRPA+011m (Comb)

10°
40 60 80 100 120 140 160 180 200
A



The 1°%Pd Nuclear Level Densities

“Above the pair-breaking energies the characteristics of the level densities can be
described by the constant temperature formula” (Eriksen et al. 2013)
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The 1°%Pd Nuclear Level Densities

“Above the pair-breaking energies the characteristics of the level densities can be
described by the constant temperature formula” (Eriksen et al. 2013)
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o(S,)=1.2 10° MeV-!
HFB+Comb model
(SG & Hilaire, 2008)
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The 1°%Pd Nuclear Level Densities

“Above the pair-breaking energies the characteristics of the level densities can be
described by the constant temperature formula” (Eriksen et al. 2013)
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The 1°%Pd Nuclear Level Densities

“Above the pair-breaking energies the characteristics of the level densities can be
described by the constant temperature formula” (Eriksen et al. 2013)
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The 1°%Pd Nuclear Level Densities

“Above the pair-breaking energies the characteristics of the level densities can be
described by the constant temperature formula” (Eriksen et al. 2013)
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The NLD renormalization needed in the Oslo method
significantly depends on the interpolation between £, ,. and S,

p(E; — E,) = Aexpla (E; — E’y)] p(E; — E)
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The 1%°Pd Nuclear Level
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Testing NLD models on Oslo data
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HFB plus Combinatorial model versus CT + Fermi Gas
30 (out of 39) nuclei for which Oslo NLD & experimental D, are available
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HFB plus Combinatorial model versus CT + Fermi Gas
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HFB plus Combinatorial model versus CT + Fermi Gas
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A statistical f,,,; test of the *“‘quality” of the NLD model versus Oslo data
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c Not possible to rationally favour one of these two models !

PS. < /,,> = 1.8 for BSFG model, < f,,,> = 1.9 for GSM



A statistical f,,,; test of the *“‘quality” of the NLD model versus Oslo data

Mean ¢ and rms o deviations for all the NV, = 42 nuclei
corresponding, for a given NLD model, to the differences
between the NLD predictions and the newly renormalized Oslo
data. £ is the energy at which the level scheme is assumed to

100 L
i By

p [MeV]

be complete from a comparison with Oslo data.

NLD model g(all) o (all) e(E > Ejy) o(E > Ej)
Cst-T 1.02 1.45 0.97 121
BSFG 0.92 1.68 1.01 1.25
GSM 0.97 1.69 1.00 1.34
HF+-stat 0.94 1.53 1.02 127
HFB-+comb 0.94 1.47 0.99 1.25
THFB+comb 0.95 1.64 1.02 1.30
r= al it o < Pexp — 8Pexp
[ N 1/2 Pexp — O Pexp
Jims = €Xp [ﬁ Z In* r,} where = i’h{spexp it P > Pexp + 8Pexp
€ i=1

= 1 otherwise.



A statistical f,,,; test of the *“‘quality” of the NLD model versus Oslo data

Mean ¢ and rms o deviations for all the NV, = 42 nuclei
corresponding, for a given NLD model, to the differences

between the NLD predictions and the newly renormalized Oslo
data. £ is the energy at which the level scheme is assumed to

be complete from a comparison with Oslo data.
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NLD model g(all) o (all) e(E > Ejy) o(E > Ej)
Cst-T 1.02 1.45 0.97 1.21
BSFG 0.92 1.68 1.01 1.25
GSM 0.97 1.69 1.00 1.34
HF+stat 0.94 1.53 1.02 1.27
HFB+comb 0.94 1.47 0.99 1.25
THFB+comb 0.95 1.64 1.02 1.30

\ But the Shape Method should be able to reduce
the uncertainties related to the renormalisation
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NLD and the Shape Method
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NLD and the Shape Method

Low-lying levels
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- Absolute determination of the NLD
—> Possibility to test the quality of the NLD models, but not on 1 nucleus !



NLD and the Shape Method
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