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Nuclear Physics Databases
ENSDF applications

Requesting structure data needs

ENSDF data types

e Standard records, e.g., the Level L record (E, J™, Tip.- );
the Gamma G record (E,, Iy, ac...).

e Continuation records, e.g., L: particle-decay modes («, 87,
etc.); G: reduced transition probabilities (B(M1), B(E2), etc.).

133CS L 437.0113 91/2+ 150 PS LE
133CS cL T$from 1964Va25, 1970Va34
133CS E 85.4 5 6.627 18
133CSS E CK=0.671 5$CL=0.251 45CM+=0.0777 11
133CS cE |eK(exp)=0.65 {I3} (19925a28)
133CS cE |eL{exp)/|eK(exp)=0.371 {I7} (19675c10)
133CS G 53.1622 6 3.45 5M1+E2 0.08 +2-3 5.66 10
133CS3 G EKC=5.0 10% EL1C=0.51 7% EL2C=0.069 15%
12+ 00 10551y i/
- Te=100 Q'=517510
s 35 23Ba
sy 5o 56°d77
YIF LS
S D o AN
S 2@ ¥ P F Ie Log ft
S8F o83 / e ekt
1t v Y9 AT 437.0113 <150 ps 854  6.627
& LG
& /
3t S 383.8491 44ps i 145 8.020

Aaron M. Hurst Exotic Beam Summer School 2019, Oak Ridge National Lab


amhurst@berkeley.edu

Nuclear Physics Databases
ENSDF applications

Requesting structure data needs

ENSDF-to-RIPL translator for reaction calculations

“Re(n, )

Application: Calculate
(n,y) ~-ray spectrum
as function of increasing
E,. Requires structure
data and reaction-model
parametrizations.

~-ray population / 20 keV

0 5 10 20 2 30

Reaction calculations often use RIPL-formatted data sets.
Reaction codes: CoH, EMPIRE, TALYS.
RIPL may be out of date (RIPL-3 2009).

Structure data sets often prepared in ENSDF format.

Aaron M. Hurst amhur: Exotic Beam Summer School 2019, Oak Ridge National Lab


amhurst@berkeley.edu

Nuclear Physics Databases
ENSDF applications
Requesting structure data needs

Application processing methodology

. Translate to Tune Calculated ~
Edit ENSDF 1 pipL CoHQE, spectrum
Optimal
No

agreement?

A Iterate over

i

points
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Nuclear Physics Databas
ENSDF applications

Requesting structure data needs

ENSDF-to-RIPL: Representative translation for

222py(n, ) data set

ENSDF | RIPL J

243PU  242Pu(N, G) E=THERMAL
243PU Q 580 5033.9 26 6.05E+320 4757.0 012WA38

2012WA: 160.0000 %6
24300 €0 $5(20)= 11344 (13), 5(2p)=13019 syst (;zge) (za1ZWazs

000Es00 2.726+01

753E-01 1.861E+61

8 9/2+ 27E.01 5.7106100
243PU G 58.3 10 0.0031 4 [M1] 27.2 4 2

243PU2¢G Must be there, Based on intensity balance 2 757-63 5.200€-01
243PU3cG to close to An241d so not observed 126.01 1340400
2430 G 58.3 10 6.0059 22 [M1] 27.2 4

24390 <G Based an DICERDX Expactation D armm aomm
243PU L 124.65 10 11/2 0275 1. SSE61 15156400
2430 G 6637 71 0.0003125 (1) 18.61 41524E-03 5.890€ 61
243PU2¢G 66 Dicebox increased 5 .07 z

- 243Pu_Adopt.ens Top (14,80)  ( )

243PU° G 1042.37 8 0.0874 3 [M1] 6.041

243PU L 1437.60 20 31/2+
243PU <G 347.5 = 7z .
243U L 1444 3 o

243PU L 1465

4 00
243PU L 1491.82 20 1/2-,3/2- 00E+60 16 0
243PU L 1516.39 10 (3/2-)

243PU G 838.45 10 0.0065 6 [E1] 0.0055

243PU L 1627.6 33/2+

243PU L 1.7E+3 3 46 Ns 13

243PU L 5036.33 7 1/2+
243PU G 3519.08 11 0.0052 4 [E1] 0.002
243PU G 3544.50 18 0.0041
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Nuclear Physics Databases
ENSDF applications

Requesting structure data needs

ENSDF-to-XML: 133Cs gamma (G) record

133B3 e-decay data set

<level id= index="2">
<energy value= nit= >
<uncertainty = if= />

Interpreted numeric ENSDF
B ENS;éiE;C;me EAS (D)) (DhID)ooosnocososononanonososononon0ss0050] data usefu|

<level =
<energy value= nit= >
<uncertainty value= If= />
</enert
- ENSDF_133Cs.xml  49% (258,84)  (XML)-----------=s----===s---==22----2--:
<decay mode= >
<gammaEnergy le= it >
<uncertainty value= if= />
</gammaEnergy>
<branchingRatio v = > .
ancertainty vatuee0 605+ pite"nornol"/> Numerical accuracy and LSD
</branchingRatio>
<multipolarity value= /> .
ixinghatio Jotues fon=rvs no longer an issue

<uncertainty = pdf= />
EINENSDERT33Cs i SB%N(363, 84) I( XNLSer=eres sy

Srinallevel> s Level indexing: include final
<fenergy = nit= />

. levels associated with v

ES 3 (C51l)=cams5=o0ss0sc00s5sa0sasss0a05 550001
133CS G 223.2368 13 0.730 5M1+E2 -0
decay

XML output can be verbose

No longer space limited

.114 14 0.6975
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Nuclear Physics Databases
ENSDF applications

Requesting structure data needs

ENSDF-to-XML: *3Cs T, (T) and d, (MR) quantities

<parent id= =’ >
<level>
ey et 0 0 it e
<uncerta1nty ve= pdf= />
</energy> . .
T e et ansie b /o @ Allows for inclusion of
<parity 1 = />
<halflife value= t= > - F—
uncertainty ratiie o normat /> derived quantities
</halflife>
<lifetime ue=s unit= > .
Aireime - e @ Derive 7 from parsed
<Q-value value= = transition= > .
- ENSDF_133Cs.xml 4% (38,0) L
</branchingRatio> T1/2 fleld
<multipolarity value= />
<mixingRatio le= ign= >

[
~
v

incariaingy upparoounie erBound= = - @ Symmetrization
ancertainty vatues'0.0> —norma® /> methods for handling
<method2 value= >
<uncertainty value=
/</§ﬁiZET§§R§3ti°"”“h°"” uncertainties

<symmetrizationMethods>
</method1>
asym metric
</method2>
S L3 e BT 1L (6D (GPI))  (Qialh)ocooooooooosaoeononosoaoaoo0000050000)

Implicit ENSDF = Explicit XML ]
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Nuclear Physics Databases
ENSDF applications
Requesting structure data needs

Nuclear Structure Experimental Issues Website

“Create website of high-priority nuclear structure and decay-data
measurements for information and guidance.”

Nuclear Structure Experimental Issues

« About

List of priorities:

« Help

Nucleus Issue Submission  Action  Status
265 Conflicting nuclear structure data AM.Hurst A.M.Hurst resolved
865t Branching ratio of the 184.5 keV transition from the first 6+ state A.Negret  pending  open
99Rh  9%Rh Q(EC) in 2011Wa38 not consistent ). Tuli pending  open

Better knowledge of branching ratios, multipolarities and mixing

ra

« Contact us

« Links

M.Kerveno  pending  open

taken
‘Action on item currently in progress
Issue has been resolved

Add a request
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Nuclear Physics Databases
ENSDF applications
Requesting structure data needs

New request pag

Nuclear Structure Experimental Issues

-

Exotic Beam Summer School 2019, Oak Ridge National Lab



http://nucleardata.berkeley.edu/hpnsrl
amhurst@berkeley.edu

Nuclear Physics Databases
ENSDF applications
Requesting structure data needs

Raised experimental issues

EXPERIMENTAL REQUEST: « Home
« About

« Help

« Contact us

o Links
REQUEST MOTIVATION:

Contradicting information exist in recent literature regarding the branching ratio of the 184.5-keV gamma
transition decaying from the first 6+ level (E=2857 keV)

2017Du08 - 23.7(14

2016Li25 - 8.1(10

2014Li25 - 3.

In the latest ENSDF evaluation (2015), the value is 5.7(25)%. A gamma-gamma coincidence measurement may
clarify the issue.

Responsible Individual (R1): Pending assignment  Email:

RI COMMENTS:

COMMENTS:

86Sy: Discrepant branching ratios for the 184.5-keV ~ ray.
e 23.7(14)%; 8.1(10)%; 3.2(2)%; ENSDF = 5.7(25)%.

@ -y coincidence measurement may help.
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improving the decay scheme

The EGAF project

o Evaluated Gamma-ray Activation
File (EGAF)

o |AEA initiative led by Rick
o Firestone (LBNL) and researchers
from the Budapest Reactor

@ Thermal-capture cross-section data
@ Isotopes close to stability

- , o Natural targets Z =1 — 82,90, 92
Audi Wapstra 2003 Mass Evaluation
i except for Z = 2,61

@ ~ 32,000 prompt and ~ 3,000
decay -ray lines
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

The EGAF database

Database of Prompt Gamma Rays
from Slow Neutron Capture for
Elemental Analysis

@ Database of Prompt Gamma Rays from
Slow Neutron Capture for Elemental
Analysis (IAEA, Vienna, 2007).

@ Handbook of PGAA with Neutron Beams,
Ed. G. L. Molnar (Kluwer Academic,
Dordrecht, the Netherlands, 2004).

PRER@ @ http://www-nds.iaea.org/pgaa/egaf.html

o EGAF 2007 - present: Prompt v-ray
analysis and statistical modeling enriched
isotopes.

@ Peer-reviewed publications.

e E, S, 0y, 00, g, J7, 5.
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Introduction to EGAF
Prompt Gamma Activation Analysis
Thermal neutron capture

Shielding

Moderator cell fgr

 PGAA
NIPS-NORMA

CNS Hall

Instruments in the CNS Hall
PREF: Polarized Neutran Reflectometry
ATHOS: Triple-Axis Spectromelry
SANS: Small Angle Neutron Scattering
IMBS: In-beam Massbauer Spectrometry
\ i PGAA: Prompt Gamma Activation Analysis
\ NIPS-NORMA: Neutron Induced Prompt Gamma Spectrametry /
Neutran Optics and Radiography lor Material Analysis

TOF: Time of Flight Diffractometry

BIO: Biolax

RAD: Dynamic Radiography

MTEST: Material Test Diffractametry

TAST: Thermal Neutran Threa-Axis
Spectromelry .

PSD: Position Sensitive Diffractometh

al Iradiation Ghannel

GINA: Polarized Neutron Reflactometry
Under construction:
F-SANS: Focused Beam Small Angle Neutron Scattering

'(}.‘TOF Hall
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improving the decay scheme

Nondestructive assay (NDA) of materials

e Enable NDA: Guide Evaluated Nuclear Data File (ENDF)
library development using high-resolution HPGe-quality ~-ray
line data from EGAF.

@ Improved capture-y and inelastic-y data needed for high-priority
isotopes for accurate simulation of interrogation systems.

@ Interrogation system: Evaluating
munitions for presence of explosives,
chemicals or nerve agents.

e SF, DD, DT neutron sources.
e Characteristic v rays (primaries).
(Gus Caffrey, Ed Seabury, INL)
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“NA-22" Priority List

Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improving the decay scheme

Z Element Z Element Z  Element
1 H 26 Fe 74 w
3 Li 28 Ni 75 Re
4 Be 29 Cu 77 Ir
5 B 31 Ga 78 Pt
6 C 39 Y 79 Au
7 N 40 Zr 82 Pb
8 (6] 41 Nb 84 Po
12 Mg 42 Mo 88 Ra
13 Al 46 Pd 90 Th
14 Si 57 La 92 U
22 Ti 63 Eu 93 Np
23 \% 64 Gd 94 Pu
24 Cr 73 Ta 95 Am

Aaron M. Hurst
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Impr the decay scheme

“NA-22" Priority List

Z Element Z Element Z  Element
1 H 26 Fe 74 '\
3 Li 28 Ni 75 Re
4 Be 29 Cu 77 Ir
5 B 31 Ga 78 Pt
6 C 39 Y 79 Au
7 N 40 Zr 82 Pb
8 0] 41 Nb 84 Po
12 Mg 42 Mo 88 Ra
13 Al 46 Pd 90 Th
14 Si 57 La 92 U
22 Ti 63 Eu 93 Np
23 \Y 64 Gd 94 Pu
24 Cr 73 Ta 95 Am

(n,~) analysis published J

Aaron M. Hurst
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Thermal neutron capture: *¥La(n, v)

projectile target compound
o ()
In 139, 1o,
<25.3 meV
i m
Jgs = 712+ Jcs = 3+, 4+
S, — 5.161 MeV
’7 quasi continuum
3
an E.
an l
RN
N =3
140
La

T =293 K= E, =253 meV
s-wave capture (/ = 0):
compound @ E = S,

Capture-state spin (Jcs) is
related to G.S. spin (Jgs) of
target:

JCS:Jgs+I+S

I
TCcSs = 7Tg5(_1)
Beneath threshold for particle
evaporation
Deexcitation via v emission

Bohr's extreme statistical model

Aaron M. Hurst
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improving the decay scheme

EGAF case study: 1*°La(n, )

APPLICATIONS

o 13914 is abundant fission product with significant cumulative
yield from thermal- and fast-n fission of 23323%U and fast-n
fission of 239Pu.

o Neutron-capture cross sections for 13°La provide useful
ingredient for nuclear-reactor fuel-related applications.
BASIC SCIENCE

o 39La(n, ) reaction to probe statistical properties of nuclei
near N = 82 shell closure.

@ Assess decay-scheme nuclear structure information for the
compound nucleus 49La.
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improving the decay scheme

Prompt 7-ray energy spectra: 3°La(n, )

o Lay03: Tjrr = 2.7 h; ¢ ~ 2.3 x 10° n/cm?/s (thermal).

@ extract partial y-ray cross sections o (Ey)
I

10 T T T T T

| I AR SR | -
1500 2000 2500 3000 3500 4000 4500 5000

counts
o
u
3
)
S

3035.4

0 PR IS NI I I n n
10
3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200

E, [keV]

Aaron M. Hurst Exotic Beam Summer School 2019, Oak Ridge National Lab


amhurst@berkeley.edu

Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improv he decay scheme

S, Jr @ Monte Carlo approach

@ Generate (n,7) decay scheme simulations
originating at S,

@ All levels and ~ rays below E. are taken
from experiment

@ All levels and + rays above E. are
randomly generated

@ Primary v rays from experiment when

known
— J% @ Adopted photon strength function (PSF)
n and level density (LD) models to calculate
— Jr, simulated level-feedings and compare to

experimental data
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improving the decay scheme

Model assessment

@ PSF constrained by high-energy (v, n)
data (Giant Dipole Electric Resonance).

- o BA: Brink-Axel
10,7: GLO: Generalized Lorentzian
KMF: Kadmenski-Markushev-Furman
N [ = | Fit (y,n): 12:17 Mev .
o e o @ BA, GLO describe (v, n) data rather
E 4 PLadp)La
, 3 “”La(sHe,u)”‘sLa Wel | .
10 10 15 20 25 .
E, [Mev] @ GLO, KMF describe low-energy

Oslo-type data rather well.
@ Assess PSF systematics approaching N = 82 shell closure.

o PSF for 193 (N = 83) is best described using models that
“flatten out” as E, — 0.
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improving the decay scheme

PSF in nuclei near N = 82

Siem et al., Phys. Rev C 65, 044318 (2002)

e 1%8Sm (N = 86; 3, = 0.16)

07 lhﬂr“rgxs e E, — 0: fp1(Ey) —~ const
E =i o cf. 138140 5 (N = 81 — 83;
= gl |B2] < 0.045), 144Nd (N = 84;
B2 =0)
! E, [MeV]
o 9Sm (N = 87; 3, = 0.18)
. 149g N e E, — 0: fg1(E,) differs from 148Sm
% = === e Addition of 1 particle =
Ny o e pronounced change in PSF
T 5 PSF informs nuclear shape? )
E, [MeV]
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture

Improving the decay scheme

Simulated level populations in 1*%La

4.0 o vE(S) BSFG/BA'\(!’!HJJ VE(09) BSFG/BA (0. m‘ o Fair treatment requires assessment
3.5 v VE(05) BSFG/GLO (0.78) VE(09) BSFG/GLO (0.62)
oA VE(05) BSFGIKMF (0.70) VE(09) BSFG/KME (0.55) Of PSF + Nuclear LeVel Density
3.0 m VE(05) CTF/BA (1.04) VE(09) CTF/BA (0.80)
VE(05) CTF/GLO (0.79) & VE(09) CTF/GLO (0.65) H H
25 VElOS)CTF/KMF{:i&:}’} #  VE(09) CTF/KMF 1:1’;1,} (NLD) mOdel Comblnatlons'
o
20 . o @ Residuals indicate all levels below
12 . X . E..it adequately reproduced by all
. 3 N . .
. . % PSF + NLD model combinations.
05; &
Sr %A v
Lo K . . .
00—t @ Only model combinations with
P lkevi |R| > 20 invoke BA PSF.

o Adopted width g = 50(2) meV: Combinations invoking KMF
and GLO (4 nuclear level density) generate ([o) within 2-0.

@ All PSF+NLD combinations yield statistically-consistent
ground-state feeding (Pp).

Aaron M. Hurst
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Low-lying levels in 1*°La (compound nucleus)

Partial decay scheme from ENSDF for E; < 350 keV

350 F s221 56)
r (320.2) @
- 3182
300 284.7 r
S E 272.3 I’y
© 250 —
= C
- C
> 200
o E 162.7 P
|_|CJ 150 —
p C
- 106.1
g 100 - 903.8 . 6
«© - (928 ————————— — — — — — — —
9 = 63.2 4
§ oo i zs
0 :_ 0.0 3;!
C 140 L a
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Interpretation of *°La low-lying levels

o Below excitation energy E; < 600 keV in 14%La: single-particle
states.

o Orbitals near Fermi surface: m(1g7/») and 7(2ds»)
quasiprotons coupling with v(2f7/,) quasineutrons [and to a
lesser extent v/(3p35)]:

IT(1g7/2) @ ¥(2f72); J©T =07,17,27,37,47,57,67,77),
[T(2d5/2) @ v(2f72); JT =17,27,37,47,57,67).

@ 14 levels expected based on above configurations with mixed
and pure state vectors.

@ Can we interpret known decay scheme based on above
multiplet of states?

Aaron M. Hurst Exotic Beam Summer School 2019, Oak Ridge National Lab
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

1391 a(n, v): Statistical-model analysis using ENSDF data

0 s @ Measured o, taken from
s WS . .
- =t 1390 a(n, ) and are consistent with
I | I, (branching ratios) from the
= ol Evaluated Nuclear Structure Data
- File (ENSDF).
T eemenaiain @ Internal conversion (), mixing

ratios () and spin-parity (J™)
data taken from ENSDF.

s 5 @ Compare calculated population of
: o .
” ., levels to experimental data.
. g ‘ @ Residuals show good agreement
= implying well-characterized deca

scheme for E. = 285 keV?
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

190a(n, v): y-ray intensity balance for *°La

1.0
05 [
00§ ¥ - .
. 0T arramye SR N R -
&) ai o S B
5 3 Z
o5 .
-1.0 ]:
-15
0 500 1000 1500 2000 2500 3000
ElkeV]
1.0
0.5
oo ffr ool vamp: Semevverite—— - .
= ﬁ § T riTER =
5 3 Z
o5 [ .
-1.0
-15
0 500 1000 1500 2000 2500 3000

E keV]

@ ~-ray intensity balance for all levels

decay scheme:
N

M
Al = ; l;(in) — >~ Iy, (out)

j=1
N M
o Condition: }_ I, (out) > > /. (in)
j=1 i=1
@ Upper plot: ENSDF data for o and
Oy
@ Lower plot: v and d, optimized

according to measured [, from
9La(n, )

Aaron M. Hurst hu:
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Statistical-model analysis using optimized ~y-decay data

10°
.2 R
s e e
=, 1 g
glm & 6 f,»ﬂ‘j
= e -
< w7 _
T, L
210 -
g B
10 10°
Experimental depopulation
2
! - A
.

_ O . e
E v
o

-2

-3

v
0 50 100 150 200 250 300

Excitation energy [keV]

ENSDF:
J™(EL =103.8) =6~
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Introduction to EGAF

Prompt Gamma Activation Ana
Thermal neutron capture
Improving the decay scheme

Statistical-model analysis using optimized ~y-decay data

10° 100
w2 =
s || e . [e2 o
s 1 e S ® 5 i
2107 | 4 6 . 201 1 *
g |5 AR R -
3 @7 s ||® B
ke 3 &7
3107 ~ f 3, L
z B10 '}’
= -

10 107 - . .
Experimental depopulation 10 10 10
Experimental depopulation

2
15
1 E}
1.0 oA
Of- o hg 0.5,
- .
0
;,1 < 0.0+ ----¢ L -
- o
2 05 v . N
_3 -1.0
. v -15 .
0 50 100 150 200 250 300 =
Excitation energy [keV] 0 50 100 150 200 250 300

Excitation energy [keV]

ENSDF: 139 a(n, 7):
Jﬂ-(EL = 1038) =6 JTK‘(EL — 1038) —5-
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Changes to *°La decay scheme

e New J™ =57 for E = 103.8 keV [previously J™ = 67] from
statistical-model analysis.

e New J™ =6 for E = 322.1 keV [previously J™ = (57,67)]
from expected multiplet of states.

© 322.1-keV J™ = 6" level = pure 7(2d5,,) ® v(2f7)2)
configuration.

@ « and ¢, optimized according to Al balance for low-lying
~-ray transitions.

@ No evidence for tentative ENSDF-reported levels at (92.8),
(106.1), and (320.2) keV.

@ Physical Review C 99, 024310 (2019).
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Properties of the *9La low-lying levels

ENSDF
B0 4y o
E (820.2) (5°6)
- 3182 3
300 — 284.7 7
S - 272.3 ry
(o) 250 —
=, C
- C
9 200 —
o E 162.7 o
G 150
. C
= 106.1
'_'g 100 — 903.8) ———————————————— 6
o - (@28 ———————— — — — — — — — —
‘5 - 632 Iy
> -
a s i }
0 :_ 0.0 s‘gs
C 140La
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Properties of the *9La low-lying levels

EGAF: 13%La(n,7)

350—
- 322.1 p
e s
F 318.2
3001 gz 7
;. E 272.3 'y
(o) 250 —
=, -
- C
9 200 —
@ - 162.7 2
G 150
g C
= C 1038 5
ﬂ 100 - -
>—L<> = 63.2 g
T ]
o 00 3,
C 140La
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Augmentation of the nuclear data libraries
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Introduction to EGAF

Prompt Gamma Activation Analysis
Thermal neutron capture
Improving the decay scheme

Augmentation of the nuclear data libraries

Compilation
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The Baghdad Atlas
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Inelastic Scattering
e Baghdad Atlas
Baghdad Atlas evelopment of the database
Querying the database

Inelastic (n, n'v) reactions

e Radiative-capture (n,~y) reactions provide diagnostic for NDA
applications

But is it the most useful y-ray signature?
0(ny)(En = thermal) is high; o(, .)(En > thermal) is small
Can we learn anything from high-energy neutrons?

Other reaction channels are open

(n, ') is primary energy-loss mechanism for fast neutrons in
heavy nuclei = look for (n, n'y) signatures in NDA

Improved (n, n'y) data needed for accurate simulations of
interrogation systems [NDNCA Workshop, LBNL (2015)] @
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Current status

Baghdad Atlas

Inelastic Scattering

The Baghdad Atlas
Development of the database
Querying the database

228.2 keV

LT PP
e
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Neutron Energy (MeV)

154.3 keV 0016
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=
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[ | ~ o004
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" 0
s woosow s

Neutron Energy (MeV)

| 277.6 keV

[]
L]
-

L
b

b S SN

o s 10 15 )
Neutron Energy (MeV)

226.4 keV

Neutran Energy (MeV)

25

29Py(n, n'y) yeilds
measured at LANL, but
focus was 23°Pu(n, 2n):
L. A. Bernstein et al.,
PRC 65, 021601 (R)
(2002); (EXFOR 2015)

@ Available data are scattered amongst published literature
e LANL, GELINA, Ohio, Kentucky (structure)

@ Gamma Energy Neutron Energy Spectrometer for Inelastic
Scattering (GENESIS) ©@ 88" Cyclotron LBNL

Aaron M. Hurst

hu:
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Inelastic Scattering
The Baghdad Atlas

Baghdad Atlas Development of the database
Querying the database

“The Baghdad Atlas”: Fast neutron ~-ray data from (n, n’)

@ Compilation of energy-integrated

ATAAC ATLAS inelastic neutron-scattering (n, n'y)
le@lg.lrp@lg OF GAMMA-RAY SPECTRA H M .
T Vg FROM THE INELASTIC data disseminated in book format
SCATTERING
BHCTPRX HETPorHOB o
o I @ ~ 7000 ~ rays (E, and BR) from

105 samples: 76 natural and 29
isotopically-enriched targets
@ Set of consistent measurements
performed under identical
conditions

o Ge(Li) viewing filtered fast-neutron
beam line at the IRT-5000
Reactor: NRI, Baghdad, Iraq

Trkov (IAEA) = Firestone (LBNL) = Sleaford (LLNL) ]
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Inelastic Scattering
The Baghdad Atlas

Baghdad Atlas Development of the database
Querying the databa

The IRT-5000 Reactor

No longer accepting beam-time proposals )
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ic Scattering
- hdad Atlas
Baghdad Atlas Development of the database
Querying the database

The IRT-5000 Reactor flux

20000

a
18000F \\ po 3.223e+04  56.8
160004 pl  -0.7473 +0.0006464
14000fF \
12000} \\ o  IRTdata
W 10000F Exp Fit: exp(- BE, )
8000 \\ ——— Atlas exponential: exp(-0.7E )
6000: \
4000F \
2000 <
O T2 4 6 5 0
E, [keV]

#(En) x exp(BE,); VE, 2 1.5 MeV

~
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Baghdad Atlas Development of the database
Querying the database

The Baghdad Atlas: (n, n’) data

y 10
[ ° IRT data 102
F Y\ 0
—— Cubic spline 104
10°
< 10°
E 107
B \ 108 ;
F 10° /| — °Fe(n,n): ENDF/B-VIIL.0

5 1010 L~ Fe(n,p): ENDF/B-VIIL.O
E, [ke 101

n((E))
o,(2f) [b]

2 4 6 8 10
E, [MeV]
Extract o, (E,) relative to 847-keV 2{ — 0/ in *°Fe for all data sets.

@ Convolve IRT-500 spectrum 5°Fe(n, n'~g47) from ENDF-B/VII1.0:

E,=10 N
Efzo ¢(En)o(En)dEn }Z:OQS(En)UW(En)AE"
<O-’Y> = E,=10 = N '
[ ¢(E,)dE, > ¢(En)AE,
En=0 k=@
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Inelastic Scattering
The Baghdad Atlas

Baghdad Atlas Development of the database
Querying the database

Direct and indirect feeding of the *°Fe 2] state

— “elnal: 41004 (NTIZ)

[T W ax e
£l £ e
— SFelnn: 411.9 T3} — *Fein, m): 43948 (MTTH} — ) 096 (MT82}
& B £, a1 B £ mret

Flux-weighted (o) = 979(13) mb w
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Inelastic Scattering
hdad Atlas

Baghdad Atlas

@ Serves applications community (nonproliferation, NDA)

@ Nuclear data evaluation: benchmarking reaction models in
fast-fission neutron-energy range

@ Limited use = data was only available in printed form

@ Data now compiled into a set of CSV-style ASCII tables

@ Developed suite of Python scripts and C modules to build
SQLite relational database

@ Downloadable software platform hosted at:
National Nuclear Data Center (NNDC)
http://www.nndc.bnl.gov/lbnlatl.html
Nuclear Science and Security Consortium (NSSC)
http://nssc.berkeley.edu/research/nuclear-data/atlas/
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Inelastic Scattering
The Baghdad Atlas

Baghdad Atlas Development of the database
Querying the database

Development of relational database Il

Data access Cross sections Download

Atlas of Gamma-Ray Spectra

m the Inelastic Scattering of Reactor Fast Neutrons
[A.M. Demidov et al., Nuclear Research Institute, Baghdad, Iraq (Moscow, Atomizdat 1978)]

Measured "tFe(n,n'y) spectrum cf. y-ray energy spectrum retrieved from SQL database query

j | ’\ | ll ,,

Aaron Hurst <amhurst@berkeley.edu>

Department of Nuclear Engineering, University of California, Berkeley

. Hurst
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Inelastic Scattering
The Baghdad Atlas

Baghdad Atlas Development of the database
Querying the database

Jupyter Notebook: Automating cross-section calculations

10Pd(n, ny) B(n,n%)
103 102
) 30|
3
10
3 10t ~
3 3 k3
_ 10 T3 _ 3
5 T 5
E 3 II g 3 E 100
T
© 100 ili II I { © i i

LY
Py
*&
_aﬁ%”
?%
)

0 500 1000 1500 2000 2500 3000 0 1000 2000 3000 4000 5000 6000
E, [keV] E, [keV]

Enriched 119Pd Natural B

@ Z = int(46) @ Z = int(5)
@ A = int(110) @ A = int(0)
@ Chem symb=str(‘‘110Pd’’) @ Chem symb = str(‘‘B’’)
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A short demonstration
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BACKUP SLIDES

Tarball contents

@ Approach: Distribute database to expert user community in as
general a form as possible

@ Source code to build database locally
@ Source CSV-style data sets for all 105 samples

@ SQL scripts and Jupyter Notebook provided to exemplify
methods for retrieving and interacting with the data

@ HTML documentation installation instruction and help pages
(offline viewing)

@ A PDF of the original book by A. M. Demidov et al.
o Total package size: ~ 22 Mb
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BACKUP SLIDES

Demo

Installing the Baghdad Atlas

@ Linux or Mac OS X only (not Windows)
@ Requirements: SQLite3 database engine, The GNU C compiler
gcc, Python libraries
@ Jupyter Notebook requires Python 2.7 or 3
@ More info: nucleardata.berkeley.edu/into.html
@ A Makefile is provided to automatically detect OS and
Python version
@ Download in $HOME and build:
cd ~/BaghdadAtlas/src
make # build C extension-functions library
make run # build the SQLite database
make install # install the library and database
@ To cleanup any of the C, Python, SQLite artifacts, Notebook
objects, or remove database: make help
@ More info: nucleardata.berkeley.edu/install.html
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Terminal-based access

@ sqlite3 engine: terminal-based front-end to SQLite libraries
e Evaluate SQL queries interactively (or use batch/shell)

amhurst@amhurst-office:sql codes$ sqlite3 atlas baghdad py3.db
SQLite version 3.13.0 2016-05-18 10:57:30

Enter ".help" for usage hints.

sqlite> .header on

sqlite> .mode column

sqlite> SELECT symbol, sample composition, mass, exposure_time
...> FROM sample

...> WHERE Z >= 30 AND Z <=40;

symbol sample composition mass exposure time
Zn Zn 31.5 6.0
Ga Ga 15.5 23.0
Ge Ge 4.7 44.0
As As 22.1 21.0
Se Se 24.0 12.9
Br BrInGlass 32.0 12.0
Rb Rb2C03 15.5 23.0
Sr Srco3 12.1 9.0
Y Y_N03_3_6H20 28.9 22.0
Zr ro2 42.0 16.1
sqlite>

sqlite>.exit
amhurst@amhurst-office:sql codes$
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BACKUP SLIDES

SQL scrlptlng methods

dE [kev]  BR asR

3

@ Useful for complicated
queries

8

@ Several SQL scripts
provided

]
1
1

@ Schema defined in
HTML documentation

o
o
o
o
o
o
o
6
o
o
o
o
e
o
e
o
o
o
0
o
o
0
o
o
o

0.8
0.29
003
0.0

1
8 1612652 0.04

o.1;

Manipulate data in sample (normalization) and nucleus
(v-ray properties) relational tables

o Convert enriched 11OPd intensities to partial o, (n, n'y) i.e
calculate relative to (o, (n, n'y)) for 2] — 04 in 50Fe

Condition on ~-ray energies: 300 < E, < 1000 keV

Display selected variables
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Demo

BACKUP SLIDES

Interaction using the Jupyter Notebook

e(n, n%)

- o (Re)

100 000

F [ke\/]

Aaron M. Hurst a

@ Execute Python code in Jupyter
Notebook

@ To run sample Notebook provided
requires a few additional Python
libraries: numpy, sqlite3,
matplotlib, seaborn

@ SQL query: Convert natural
rhenium intensities to cross
sections for all lines with
E, < 1000 keV and plot the results

@ Inline visualization

@ Share workflow with colleagues
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Demo

Using GUI to access data

# oo (selectprofleDatabase) v Go
atlas baghdad_pysdb 7] [ structure| Browse s search | ExecutesaL DB settings
PMaster Table (1) THBLE nuceus search | [ showal add | | ouplicste | [ gt Deete
"Tables )
e W . mez e de. e |din.  tan. com. com. emer. ext. sm.s
“sample ' TR 784 fo3 oo o g o e84 It N
id 2 o 5 a7 oz how s Ir o a7 N
flag 3 3 s mete lots s s r 08 I 82 I N
dement . o s 024 o3 fa7 o7 I s I 79 Ir N
z s o s 165 los s s I g I 21545 It N
symbol . A 5 224 o3 o o v e 21243 It N
N 7 A 5 s los 1 foa  Ir e I 21545 It N
an s A s 873 fos  Jiz  los If e I assss It N
e_gamma_norm s 3 s 2ass los s los If e I sotss I N
0 b s 2 s s s r e I ss2z It N
mass ERY s st 12 s |3 r e I so198 I N
exposure_time 2 s s L2 os o . eI jas3891 It N
enrichmer BN I 96 fos 2 |2 3 I se42 N
sample_composition N " 06 o3 e s r I asarr I N
isotope_norm 5N " s fo3 oo o r I B N
Pviews 0 N " 2525 |2 sz eI I 51056 N
indenes 0) 7N " 384 I3 noR r I soo7 I N
Tiggers () w N " o5 s e |2 r I asar7 It N
v N " sioss los 2 s ] e 1056 N
0 o s os o4 oo o r o I o1 Ir M
2 o s G203 1 s 2o Ir o I 61306 It N
2 o o1 o2 o poo I oF o1 Ir N
1t 100 of 7376 > =
SQUite35.1  Gecko4502 0.3 Taigned-igned  Exclusive  Number of fles n selected directory: 1 Ewroms

@ SQLite Manager add-on for Firefox browser
@ Connect to database to browse and view data
@ Manipulate data and execute SQL code through GUI
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