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Before we begin...

... a brief advertisement

And now
for something
completely different...
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ENDF/B releases are a key interface in the improvement of the
nuclear data that reaches the users’ community!
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Nuclear Data is the interface between nuclear physics and
science and technical application that depend nuclear physics
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Fvaluated Nuclear Data File: Nuclear reactions

O

A reaction evaluation is the
description of everything
that can happen from the

nuclear reaction between a
projectile and a target

Typical neutron incident on non-actinide has ~ 18

relevant reactions

« ~ 5threshold reactions: (n,2n), (n,3n), (n,p), etc.

« ~ 10 discrete level excitation reactions: (n,n’) for each level

in residual nucleus

» 3 non-threshold reactions: (n,tot), (n,el), (n,y)
Actinides add fission, (n,f)
For transport studies, need:

» Cross sections

« Multiplicities of all emitted particles

« Outgoing energy-angle distributions for all emitted particles
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Why do we need experiment?

* We do not fully understand the physics
* We can not theoretically calculate Nuclear Data
with sufficient accuracy required by applications

* Experiments constrain the uncertainty of evaluated data
» Test the accuracy of evaluated files and codes physics

Chi-Nu EJ-309 Detector array at LANL

U Slide based on Y. Danon’s WANDA 2020 Pipeline Talk



Theory + Experiment + Statistics = Evaluation

10°
« Experiments rarely cover all that users want 5.0
. 210!
* Nuclear Theory is needed!
- Complete data files for users g0y JENDEA0
- Makg prediptions/extrapolate_ (peyond calibrgtion) 2 10- R ETILe
- Provide estimates of uncertainties & correlations S Kononov, 1975
. . . >~ L _a Gwin, 1976
» Statistics provide the glue g10 Hopkins, 1962
- “To the best of our knowledge...” Lo-s Loy 2018
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Evaluations: theory and experiments
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« We should always be guided by data: “/It doesn't matter how beautiful your theory
is, it doesn't matter how smart you are. If it doesn't agree with experiment, it's
wrong.” - Feynman
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Some examples from nuclear data evaluations

« Having to reinterpret old experiments: In most recent %0.53Cr evaluations, two conflicting capture
experiments forced us to reconstruct original data so we could re-model more accurately the
multiple scattering in the target.
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Some examples from nuclear data evaluations

« Having to reinterpret old experiments: In most recent %0.53Cr evaluations, two conflicting capture
experiments forced us to reconstruct original data so we could re-model more accurately the
multiple scattering in the target.

* Isotopic vs Natural data: When doing detailed isotopic evaluations, we have to ensure that the
combined, abundance-weighted data file also agrees with higher-precision natural data.

* Cross section contamination:
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unknown proportions, contaminating 86Kr data. Turns out it was a powdery target that had
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Some examples from nuclear data evaluations

Having to reinterpret old experiments: In most recent 50.53Cr evaluations, two conflicting capture
experiments forced us to reconstruct original data so we could re-model more accurately the
multiple scattering in the target.
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combined, abundance-weighted data file also agrees with higher-precision natural data.
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Some examples from nuclear data evaluations

Having to reinterpret old experiments: In most recent 50.53Cr evaluations, two conflicting capture
experiments forced us to reconstruct original data so we could re-model more accurately the
multiple scattering in the target.

Isotopic vs Natural data: When doing detailed isotopic evaluations, we have to ensure that the
combined, abundance-weighted data file also agrees with higher-precision natural data.

Cross section contamination:

« When doing 8Kr evaluation, we identified resonance peaks associated with O and H with
unknown proportions, contaminating 86Kr data. Turns out it was a powdery target that had
absorbed moisture.

- When evaluating 238U(n, n’y) had to account for gammas from fission, internal conversion, (n,2n)
etc.

Inelastic gammas: consistency between inelastic neutron cross sections and corresponding inelastic
gamma measurements

 Unitarity among reaction channels
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How about NLD data?

* Models are not perfect: Experimental NLD data are essential to constrain
models

 Phenomenological NLD models normally can get the job done, if we
don’t look too deep in the details

« Parameter tuning can mask important physics and model deficiencies
* Microscopic models: less flexible, but more realistic in the details

There are many benefits to data-constrained NLD
* Reduce unknowns « correlation between NLD structure
« Lower evaluated cross section and neutron spectra
uncertainties * inelastic gamma cross sections
« Help identify improvement needs for and gamma spectra
experiments and theory  extrapolation to unstable nuclei
- | * More consistent predictions, not only in » etc.
G Brookhaven general, but in the specifics: "




Examples of impact of NLD details
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NLD experimental methods

« There are many methods and approaches: Oslo method, shape method, etc.

« WARNING: I'm not an experimentalist, so | won’t dare to go in the details about their
commonalities, differences and subtleties

* | will use the Oslo method as an example
» Successfully measured NLD and GSF data for broad variety of nuclei from primary gammas

« Website with NLD data and associated publications™

* https://www.mn.uio.no/fysikk/english/research/about/infrastructure/ocl/nuclear-
physics-research/compilation/

¢ Brookhaven
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« WARNING: I'm not an experimentalist, so | won’t dare to go in the details about their
commonalities, differences and subtleties

* | will use the Oslo method as an example
» Successfully measured NLD and GSF data for broad variety of nuclei from primary gammas

« Website with NLD data and associated publications™

But what exactly do they measure?

“As only the functional form of the NLD and gSF can

be deduced from the primary g spectra, the slope
and absolute normalization must be determined

from auxiliary data.™”

* https://www.mn.uio.no/fysikk/english/research/about/infrastructure/ocl/nuclear-
physics-research/compilation/

**A.C. Larsen et al., J. Phys. G: Nucl. Part. Phys. 44 (2017) 064005
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« There are many methods and approaches: Oslo method, shape method, etc.

« WARNING: I'm not an experimentalist, so | won’t dare to go in the details about their
commonalities, differences and subtleties
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. . = 5 k%%
TL: DR: Needs normalizations™**!
***There some other assumptions (complete spin coverage in population before decay)

and approximations (ansatz and gSF correlation). See Schiller et al. NIMA 447 (2000) 498




NLD experimental methods

« There are many methods and approaches: Oslo method, shape method, etc.

« WARNING: I'm not an experimentalist, so | won’t dare to go in the details about their
commonalities, differences and subtleties

* | will use the Oslo method as an example
» Successfully measured NLD and GSF data for broad variety of nuclei from primary gammas

« Website with NLD data and associated publications™

But what exactly do they measure? Normalization:

» , Low energy: discrete levels

As only the functional form of the NLD and gSF can Separation energy: resonance spacings
be deduced from the primary g spectra, the slope
and absolute normalization must be determined Things are often not so clear. ..

from auxiliary data.™”

* https://www.mn.uio.no/fysikk/english/research/about/infrastructure/ocl/nuclear-
physics-research/compilation/

TL; D R: N eedS no rmal izations***! **A.C. Larsen et al., J. Phys. G: Nucl. Part. Phys. 44 (2017) 064005

***There some other assumptions (complete spin coverage in population before decay)
and approximations (ansatz and gSF correlation). See Schiller et al. NIMA 447 (2000) 498




Low energy normalization:
Discrete levels
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» At low energies, we rely on the experimentally known discrete
levels
« However, for example:

« Algin’s 2008 paper [1] reporting 6.57Fe NLD measurements
took information from the 1996 edition of the Table of

isotopes
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levels
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« Algin’s 2008 paper [1] reporting 6.57Fe NLD measurements
took information from the 1996 edition of the Table of
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* The number of levels (i.e. the NLD) has changed since then!

discrete ESNDF ESNDF ESNDF [ ¢ 47| ESNDF
levels toda toda toda toda
109 117

38 39 72 /6 103 107 144 148

[1] E. Algin et al., PRC78 (2008) 054321




Low energy normalization:
Discrete levels

» At low energies, we rely on the experimentally known discrete
levels
« However, for example:

« Algin’s 2008 paper [1] reporting 6.57Fe NLD measurements
took information from the 1996 edition of the Table of

isotopes
* The number of levels (i.e. the NLD) has changed since then!

 Also, spin/parity assignments may have changed

discrete ESNDF ESNDF ESNDF [ ¢ 47| ESNDF
levels toda toda toda toda

109 117

38 39 72 /6 103 107 144 148

[1] E. Algin et al., PRC78 (2008) 054321




Low energy normalization:
Discrete levels

» At low energies, we rely on the experimentally known discrete
levels

« However, for example:

« Algin’s 2008 paper [1] reporting 6.57Fe NLD measurements
took information from the 1996 edition of the Table of
isotopes

Diff. to RIPL  Norm. Spin Dist. \

0.05

Diff. to RIPL  Norm. Spin Dist.

* The number of levels (i.e. the NLD) has changed since then! . -
* Also, spin/parity assignments may have changed B e
* Poor match between measured levels and NLD models s
\ G.PA. Nobre et al., PRC101 (2020) 0346@

discrete ESNDF ESNDF ESNDF | . M] ESNDF
levels toda toda toda toda

109 117

38 39 72 /6 103 107 144 148

[1] E. Algin et al., PRC78 (2008) 054321




Low energy normalization: Discrete levels

* However (2):
* As excitation energy increases, we start to miss observed levels
« Cut-off where ALL discrete levels are assumed to be known can be subjective

Cumulative Number of Levels
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Low energy normalization: Discrete levels

* However (2):
* As excitation energy increases, we start to miss observed levels
« Cut-off where ALL discrete levels are assumed to be known can be subjective
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Low energy normalization: Discrete levels

* However (2):
* As excitation energy increases, we start to miss observed levels
« Cut-off where ALL discrete levels are assumed to be known can be subjective
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Low energy normalization: Discrete levels

* However (2):
* As excitation energy increases, we start to miss observed levels
« Cut-off where ALL discrete levels are assumed to be known can be subjective
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Low energy normalization: Discrete levels

* However (2):
* As excitation energy increases, we start to miss observed levels
« Cut-off where ALL discrete levels are assumed to be known can be subjective
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Low energy normalization: Discrete levels

* However (2):
* As excitation energy increases, we start to miss observed levels
« Cut-off where ALL discrete levels are assumed to be known can be subjective
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Low energy normalization: Discrete levels

* However (2):
* As excitation energy increases, we start to miss observed levels
« Cut-off where ALL discrete levels are assumed to be known can be subjective
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Low energy normalization: Discrete levels

* However (2):
* As excitation energy increases, we start to miss observed levels

Cumulative Number of Levels

100

« Cut-off where ALL discrete levels are assumed to be known can be subjective

10§ T T T T |

[ ' [ ' [ ' [
56Fe Cumulative Level Distributi

Different reasonable, well-
justified choices regarding
experimental discrete levels can

4nd

*°Fe Level Density

10 lead to very different NLD! <
17 I
-- Exp. discrete levels 9 ) --+- Exp. rho(U) = dN/dU
— Default GCM 107 — Default GCM
y — Cut-off at 3.9 MeV — Cut-off at 3.9 MeV
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High-energy constraints:
resonance spacings

» We can use average spacings of s/p/d...-wave resonances
(Do, D1, D2,...) to constrain NLD for certain spins and parities
at the neutron separation energy

3';, =S, + AE /2, where AE is the energy interval for which
the resonances are determined (which is much smaller than §,,,
so S, & §,), this relation can be generalized in the following
expression:

J max

D' = ) p(Sy,J, (1) m0),
J=Jmin

®)

where Iy and 7 are, respectively, the spin and parity of the
target nucleus, D; is the average spacing of resonances of

r

Nucleus

Target

S, ~5-10 MeV

Compound
Nucleus

A+1 X

“o(E)

Levels in compound
nucleus lead to
resonances:
correlation to NLD in

target nucleus!

angular momentum L, and

defined as one would expect.

Jmin = max (0, |l — L| — 3) (6)

and

I Jnax =+ L+ 3. )

G.PA. Nobre et al., PRC101 (2020) 034608

» That’s not always available (e.g., %6Fe), and then more
model assumptions have to be introduced

* When we have them, Do and D4 are not as well-

 Atlas is a fantastic resource, but it is far from
perfect

» Resonance sequences are filled with spin mis-

18

assignments, to varying degrees.



The Atlas is foundational
for much of nuclear science

« Comprehensive compilation of neutron
resonances parameters and
resonance properties

e |nvaluable reference for resonance
physics and phenomenology

* Regarded as “Standard values” for
much of basic and applied physics

3 essential readings for neutron science:

Atlas, JEFF-18, Lane & Thomas

I k? Brookhaven
National Laboratory

Neutron
Cross Sections

Volume 1

Neutron Resonance Parameters
and Thermal Cross Sections

Part B: Z:61-100

S.F. Mughabghab




Behind the scenes, the Atlas production
hasn’t changed much since the 1970’s

e Atlas electro_nic files use_original BNL-325 * No version control
format, adjusted by Said - Statistical analysis done with combination
e 80 column format of codes from EMPIRE (wriurr.f,
. “undocumented” ptanal.f) and SAS analysis package

(https://www.sas.com)

e Atlas publication formatting tools are

undocumented and unmaintained * Issues o |
» Tools build postscript directly from files » "Compilation not evaluation
(Did not build latex files) * Provenance of data - common problem in
« Legacy fortran code psdsply.for many older compilations
- Written by BNL retiree Bob Kinsey? * Typos galore
« MLBW vs. RM vs. actual R matrix
e Atlas files updated “by hand” « Comments hiding beyond 80th column or
- Updated using text editor hand written scrawl in personal copy

L? Brookhaven

National Laboratory




We adopted a multipronged approach to
understanding the Atlas

1. Document the Atlas electronic file format

2. Develop simple Atlas API

3. Typo fixing by students (need statistics)

4. Match Atlas bibliography to EXFOR/NSR

5. Mean spacings and capture widths

6. BRR - tried to get provenance of D, went down rabbit hole

I L? Brookhaven
National La boratory
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4. Match Atlas bibliography to EXFOR/NSR

5. Mean spacings and capture widths

6. BRR - tried to get provenance of D, went down rabbit hole
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Extracting the mean resonance spacing
Is surprisingly difficult

¢ B|g PrOblemS: CLD, fit to 1/D (Am241_eO all res.)
. Missing resonances
e Spingroup missassignments® /
 Resonances from different nuclei altogether /
- State of the art has not advanced much /
« Option #1: Build a cumulative level distribution
(CLD), fit a line s (\\ =0.000000, k5236 4541251
- Option #2: Just average the spacings o / s o otosiotic
« But what spacings should you keep in your
set? How will you deal with correlations? Can Obvious gaps
you “add in” (impute) missing resonances? could be imputed

<" Brookhaven
L g : . v s . .
I  Qlfrabatvtvddzet *Foils usage of A, statistic and other RMT-inspired approaches 2



Implicit correlations: LD of each SG adds

up to total LD

Implies sumrules:

1 1

D
1

J

;_these rules couple the
fit slopes, but the
Intercepts are
correlated too!)

L",‘ Brookhaven

National Laboratory

# Resonances
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Strange features in real-life CLD’s

CLD, fit to 1/D (In113_eO all res.) Mughabghab ignores upturn and gets
,, much bigger spacing than we do
80 -
,:—"J CLD, fit to 1/D|(Sr88_e0 all res.)
v —— From data
60 1 400 - Fit (R2=0.960741, Pval=0.000000, KS=51.589860): /
— -50.798939893507836 +/- 2.8832108591995103, -
2104.4574238588366 +/420.32686573258194 /

40 - 300 A
20 - 200 A

—— From data

Fit (R2=0.718368, Pval=0.000000, KS=24.650871):
— 23.149614234654063 +/- 1.7549719170270512, 100 -
0- 30.545409311855906 +/- 2.2232981077751934
0 250 500 750 000 1250 1500 1750 2000
0 4

This stranaeness caused 0 200000 400000 600000 800000
L:.\ Brookhaven g

National Laboratory by pOOI' Stat|St|CS |n L=1 <4




More strange features in real-life CLD’s

CLD, fit to 1/D (Ru100_e0 all res.) CLD, fit to 1/D (Ru101 e all res.)

— F dat i
.rom , atd 2 1759 — From data
80 4 Fit (R=0.984478, Pval=0.000000, KS=18.038206): ) 2_ _ _ )
—— -17.828236480253388 +/- 0.9151972604230632, Fit (R"=0.682441, Pval=0.000000, K5=8.290107):
113.9196415478103 +/- 1.5248491241785704 150 4 —— 3.8497382348738527 +/- 2.6647747804387416, )
31.83314004188479 +/- 0.8885197214252815 //
60 - -
125 -
40 100
75
20
0 .
_20 -

0 2000 4000 6000 8000 10000

Why the gap?




Our try-everything approach -

0.9 4

* Built generative model to test approaches

0.8 4

e
Q.

* Model used to develop BRR (so can use ML
to reassign spingroups)
 Benchmarked variety of regression
approaches including: GLQR, CGLSR,0DR, -
MC-MC, Quantile Regression

0.248 0.250 0.252 0.254 0.256
slope

« Also looked at full Empirical CDF of spacings

« Generative model needs more real-life
features

* Quantile regression is best (most robust
and statisticians’ favorite)

 Need multivariate, correlated version N

150 A

100 A

Num. res. below E

: 0 200 400 600 800 1000
National Laboratory E (keV)

— Quantile: 0.05, Spacing: 4.12466594528302 keV
— Quantile: 0.5, Spacing: 4.418294823958333 keV
—— Quantile: 0.95, Spacing: 4.67649107 keV
~N - -50 1
L' Brookhaven . : : : .



Bayesian Resonance Reclassifier

« A machine-learning method for resonance spin re- prvSICAL REVIEW C 107.050612 202 ' "
Synthetic HF - :

classification

: : : o dat uld
Novel machine-learning method for spin classification of neutron resonances ==

Trained
* First article on the method has been published in
National Nuclear Data Center, Brookhaven National Laboratory, Upton, New York 11973-5000, USA Training
RMF =99%
FY2 3 S. J. Hollick

ance
Department of Physics, Yale University, New Haven, Connecticut 06520, USA

* It is shaping up to be a great tool to assist in

University of Pittsburgh, Pittsburgh, Pennsylvania 15217, USA

eclassifie
e Reclassified
. and Rensselaer Polytechnic Institute, Troy, New York 12180, USA Validation F:eal data:
" =19 rediction
resonance evaluations ey e
Va

. nd reali
P. Rodriguez (27 realization) alidation
RMF =50%

Pacific Northwest National Laboratory, Richland, Washington 99354, USA
and University of Puerto Rico, Mayagiiez Campus, Mayagiiez 00682, Puerto Rico T
RMF = 80%

Validation

® (Received 29 September 2022; accepted 16 February 2023; published 22 March 2023)

Random

Training event repeated with differing training seeds, obtained
misassignments

from the random split between training and testing data

These mis-assignments in resonance

evaluations can potentially impact many e  Work done mainly with undergraduate interns

reactor applications! * Interns presented CEU posters at 2022/2023 DNP Meetings
» Past interns went on to grad school or staff positions

Frequency of reclassification of resonances in 52Cr

y 2 = LN
10001+ Sof S\Ster\t\\l ‘ ﬁ;_-----__..
[ 1 e ™ ~

o ""Ll | Cluster fied re esONANCes 1 1,
o
3\., 8|6 ;11 ‘I rec\aSS\ ! 1y~ .
> i i Crr s mmmm=="
€) ‘ ‘ )
o 4 i ! | / ey
g 6o . 3 —oifying actua\ y & A -

1 : ; . '
2 .| : 3 | Recla ted d data!! Sergey Scoville  Pedro Rodriguez  Mary Fucci Charlie Neufeldt  Khadim Mbacke
= 401 | 1 : eva alua
&' v 1 ‘
oc ' || ] |
cERRIk |
xd ‘| il IN 10% training RMF

' i l i —— 20% training RMF

d‘ L i1 —— 30% training RMF 4 N

H L 1N
'0‘.0" 0.5 1.0 1.5 2.0

Marcus McLaurln Nicholas Fritsch

Resonance energy (MeV) lan Snider Ethan Richards Ayman Abdullah-Smotsaac Broussard Kwame Bennett



Project goals

* Decide best automated approach to
compute mean spacings

* Apply to Atlas of Neutron Resonances
* Publish to ANDT
« Keep exploring and expanding BRR

« Enlist help of summer students

L? Brookhaven

National Laboratory

28



L=0

Project goals 1 s
J T v, ’
| 10¢ | s‘iwém.:; o : k3
 Decide best automated approach to g workefetl
compute mean spacings % “’.fﬁ.:’::‘é"% -
10? 4 942, Q."%?I:‘::, "5&
 Apply to Atlas of Neutron Resonances oo W

Preliminary

* Publish to ANDT

Bottom line:
« Keep exploring and expanding BRR
Experimental resonances spacings D,

« Enlist help of summer students are not as well-known or well-determined

as would be desired for unequivocally
(&) Rimakhaverr pinning NLD measurements!

National Laboratory




Even if you do have reliable Do & D1...




Even if you do have reliable Do & D1...

~
» That only constrains the LD at certain spins and parities and | « For 56Mn, there are DO & D1 available
CANNOT uniquely define the total LD | . B
- Ground state of 55Mn is I, = 5/2
« Dy constrains J* = (27,37)
- D, constrains J* = (17,2%,37,4™)
700 ' L A B B
500 J" distributions of Mn LD atS_ =~ _
- 500 -
>
()
= 400 _
2
_J“c 300 — GC (fitted); either parity |
23 — HFB (RIPL); m =+ T
= 200 — HFB(RIPL;m=- -
—- GC (RIPL); either parity
100 7
! ! ! 1 . |
0 2 4 6 8 10 12 14
J Nobre et al., PRC 101, 034608 (2020)J




Even if you do have reliable Do & D1...

» That only constrains the LD at certain spins and parities and "« For 56Mn, there are Do & D1 available
CANNOT uniquely define the total LD | , _
- Ground state of 55Mn is I, = 5/2

« D, constr:

TABLE 1. Comparison between the experimental D, and D},
) D1 Constr.’: in units of MeV " with values obtained from **Mn level density.

Exp.[34] GC(fity  HFB(RIPL)  GC (RIPL)

D;! 413 +£25 1228 488 468
Dy' 909483 2163 1203 824
600
- 500 =
> _
()
S 400 -
E: -
_J“c 300 — GC (fitted); either parity |
<2 — HFB (RIPL); =+ l
= 200 — HFB(RIPL;m=- -
—- GC (RIPL); either parity
100 7]

1 |
0 2 4 6 8 10 12 14

\ J Nobre et al., PRC 101, 034608 (2020)J




Even if you do have reliable Do & D1...

» That only constrains the LD at certain spins and parities and
CANNOT uniquely define the total LD

- Very different total LD can agree equally well with D,

| « Ground state of 5Mn is [, = 5/2~

« For 56Mn, there are D, & D, available

« D, constr:

TABLE 1. Comparison between the experimental D, and D},
in units of MeV ™" with values obtained from **Mn level density.

« D, constr:

Exp. [34] GC (fit) HFB (RIPL) GC (RIPL)
700 r ; e s
» D! 413+25 , 1228 488 468 1
' D! 909 £83 1 2163 : 1203 824 |
600F /S N\
- 500 _
>
[0}
= 400 s

— GC (fitted); either parity

— HFB (RIPL); t = + i
— HFB (RIPL); = - m
—- GC (RIPL); either parity

1 1 1 1 Il |
0 2 4 6 8 10 12 14

J Nobre et al., PRC 101, 034608 (2020)J




Even if you do have reliable Do & D1...

* That only constrains the LD at certain spins and parities and "« For 56Mn, there are DO & D1 available
CANNOT uniquely define the total LD | o . _
. . - Ground state of 55Mn is I, = 5/2
- Very different total LD can agree equally well with D,
« D, constr:
TABLE 1. Comparison between the experimental D, and D},
) D1 Constr.’: in units of MeV " with values obtained from **Mn level density.
Exp. [34] GC (fit) HFB (RIPL) GC (RIPL)
7 700 P R Rt A 2
10 . D; 4134+25 , 1228 488 468 s
: Dl‘1 909 + 83 : 2163 : 1203 824 :
108 | 60O /Ny o
2 10° | — 500 s
= > |
—1ind L )
=" S 400 i
e 10° | B’ 300 )
= Exp. level densities —— S — GC (fitted); either parity
10% | Gilbert Cameron —— 1 %) — HFB(RIPL;m=+ |
3 HFB (fitted B LD; — < 200 — HFB (RIPL); v =- 7
10" | HFB (Rescaled, fitted °®Mn LD) —— - —- GC (RIPL); either parity -
100 -
100 i | L | L | L | L kS'\(n)‘ | L | L | L | ] -1
0 2 4 6 8 10 12 14 16 0 5 5 3 10 15 - 1'4
\ Excitation Energy (MeV) J Nobre et al., PRC 101, 034608 (2020)J




Even if you do have reliable Do & D1...

» That only constrains the LD at certain spins and parities and "« For 56Mn, there are DO & D1 available
CANNOT uniquely define the total LD | . _
. . - Ground state of 55Mn is I, = 5/2
- Very different total LD can agree equally well with D,
» So, agreeing with normalized total NLD measured data does not * DO constre . . I
: . . . TABLE I. Comparison between the experimental D;" and D,
necessarlly mean agreelng Wlth the aCtuaI measurements' ° D Constr.’: in units of MeV ™' with values obtained from **Mn level density.
Dependent on model assumptions! 1
Exp. [34] GC (fit) HFB (RIPL) GC (RIPL)
- 700 — — : ; F—————
10 . D! 4134+25 , 1228 488 468 s
i ' Dyt 90983 r 2163 1203 824 |
6 i ./ \N | Voo sasssasss ] -
2 10° | — 500 s
= > |
—1ind L )
310 = 400 .
e 10° | ¥ |
S Exp. level densities —— — 300 — GC (fitted); either parity |
O 10° | Gllbem:%ameron i ) — HFB (RIPL): 7 = + -
o _ HEB (RIPL) - - -~ 2 200 — HFB(RIPL)jx=-
— HFB (fitted 2oMn LD) —— (RIPL); =
10" HFB (Rescaled, fitted >°Mn LD) —— - —- GC (RIPL); either parity
100 .
100 i | L | L | L | L AS'\(n)‘ | L | L | L | ] - -1
0 2 4 6 8 10 12 14 16 0 5 4 5 3 10 15 - 1'4
Excitation Energy (MeV) J

Nobre et al., PRC 101, 034608 (2020)J




Another example...

* Ref. [1] reports great work using Oslo method to measure %6.57Fe
NLD

* They make generally reasonable assumptions
* But how realistic is some of them?

202 1
Dy (J; + Dexp[—(J; + 1)2/202] + J,exp[—J?/202]
assuming equally many positive- and negative-parity states. Here, J, is the ground state

spin of the target nucleus in the neutron-resonance experiment and o is the spin cutoff

parameter. We make use of the phenomenological spin cutoff parameter suggested in
[40]:

pP(Sy) =

®)

02(E) = 0.391A%675(E — 0.5Pa’)"*'2, (6)

L‘\ Brookhaven 30
e [1]A.C. Larsen et al., J. Phys. G: Nucl. Part. Phys. 44 (2017) 064005




Another example...

* Ref. [1] reports great work using Oslo method to measure %6.57Fe
NLD

* They make generally reasonable assumptions
* But how realistic is some of them?

202 1
n) — : > 5
P = D Ut Dexpl_G, + 17207 1 Gepl 2207 O

assuming equally many osmveandne gative-

-parity states. Here, J; is the ground state

* “spin of the target nucied: utron-resonance experiment and o is the spin cutoff
parameter. We make use of the phenomenological spin cutoff parameter suggested in
[40]:

o2(E) = 0.3914°675(E — 0.5Pa’)**'%. (6)

(D) okheven .
e [1]A.C. Larsen et al., J. Phys. G: Nucl. Part. Phys. 44 (2017) 064005
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3.3. Comparison with theory

Although there are many phenomenological models and some more microscopic calculations
available, they typically deviate considerably both in shape and magnitude. In figure 12 a
selection of frequently used models are compared to the data. Note that we have used the
global parameterization for the NLD models of [40, 41] to test their predicitve power. For the
NLD, none of the models reproduce the data over the full energy range. Clearly, only the
microscopic approach is able to grasp some of the structures seen in the experimental results.
Apparently, all the NLD models overshoot the data at high excitation energy. This could have
severe consequences for e.g. calculations of reaction cross sections.
L:.\ Brookhaven
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= Also incredibly sensitive to 6Fe level density.
= Center of experimental LD leads to poor (n,p).
= [weaks on LD can significantly change (n,p).
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Experimental NLD data

« There are many methods: Oslo, shape, evaporation, etc...
* lllustrative example: The Oslo method is great!
« Has producing a large breath of NLD exp data

* Well-documented: The website (https://www.mn.uio.no/fysikk/english/
research/about/infrastructure/ocl/nuclear-physics-research/compilation/)
IS a great resource for the NLD data and publications

* The associated publications are very clear about the assumptions made in
each case

« They are all very reasonable assumptions! (... in a broad perspective.)

« However, they should NOT be used in reaction calculations, unless the
same assumptions are employed!

I k? Brookhaven
National Laboratory

34
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Nuclear Data question to be answered

« Suggestion: when sharing NLD exp. data (e.g., Oslo website), there
should be a summary of the model assumptions (spin/parity
distributions) associated with each data set, distributed together with
the NLD data tables.

¢ Brookhaven
National Laboratory 35



Nuclear Data question to be answered

« Suggestion: when sharing NLD exp. data (e.g., Oslo website), there
should be a summary of the model assumptions (spin/parity
distributions) associated with each data set, distributed together with

the NLD data tables.

* Proposal: that we build not only a database of total NLD (which again, are
only useful if spin/parity distributions and other model assumptions are
consistent), but rather we store UN-normalized measured NLD data.
This way we can tune NLD models and reaction calculations to the
actual measured quantities, even if that can lead to different total NLD.

¢ Brookhaven
National Laboratory 35
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