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ENFG/B-VIII.1 Integral Values

» For the ENDF/B-VIII.1 library validation purposes, Neutron Thermal Cross Sections,
Westcott Factors, Resonance Integrals, Maxwellian Averaged Cross Sections,
Astrophysical Reaction Rates, and r-process Abundances were calculated.

 The calculation was extended to JEFF-3.3, JENDL-5.0, CENDL-3.2, and BROND-
3.1 libraries.

» We Doppler-broaden evaluated reaction data at 293.16 - K and extracted thermal
cross sections for (n,y), (n,fission), and (n,el) from the libraries.

* Results were compared with the Atlas of Neutron Resonances (2018), ASTRAL and
EXFOR libraries.
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Unified Neutron Material Grid

« How many neutron materials are in the five major libraries: 849.

 How materials are present in all libraries: 254.

* The 254 common neutron materials

are present in the neutron sublibraries of the five libraries. The shown below list of common 254 neutron targets illus-
trates comprehensive nuclear reaction evaluation efforts around the globe and explains the interest in the evaluated data
sets for multiple applications: 1—3H, 34He, %7Li, °Be, 1%:11B, C/1213C, 14N, 160, 19F, 23Na, 24-26Mg, 27Al, 28-30Gj,
31p, 32-34,365 (]/35.37C), K/39-41K, Ca/40Ca, 46-50Tj, /5051y, 50,52-54Cy S5)\[p, 5456-58Fg 59Co, 98,60-62,64Nj,
63,65y, 64,66-68,707) 69,713, T0,72-7476(Ge T5Ag 76-80,82Ge 83-86K 85-87RY}, 88-90G. 89,91y 90-967, 93,95NY,
92,94-100\[ 99T, 99-105Ry 108,105k} 105,108pq 107,109 A0 (q/113(Cq, 113,115y 112,114-120,122,124,126Qy 121,123-125G},
130 127,129-131,135] 129,131-136 ¢ 133-135,137(yg 130,132,134~ 138, 1397 5 136,138,140-142,144(yy  141py 142-148,150N

147_1491311’1, 144’147_152’15481’1'1, 151’153_155Eu, 152’154_158’160Gd, 164Dy, 165HO, 174’176_180Hf, 181Ta, 180,182—184,186W, 197A11,

204’206_208Pb, 209Bi, 232Th, 232_238’240U, 236_239Np, 236_242’244’246Pu, and 241—243Am. The analysis of common target

materials shows that the national libraries provide recommended values for stable and long-lived radioactive nuclei. Far



Westcott Factors

 Westcott factors

Westcott g-factor, g, is the ratio of Maxwellian-averaged cross section to the 2200 m/s (thermal) cross section

[41, 42]
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where vy (2200 m/sec) is the velocity of a neutron of energy kT with Ty = 293.60° K (20.44° C), and vy = vp,/ % [42].
» Large Westcott factors >2 indicate spectra merging issues in ENDF libraries.

» Elastic Westcott factors ~1.12, consistent with the 2012 calculation.

* In the Atlas, we notice several typos in the reference book where neutron capture factors for
%Ni, 141Ce, 192Gd, 160-161Dy, 168Er, and 173Lu are not displayed correctly.
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Resonance Integrals (RI)

» They are defined by Lamarsh in a quasi-physical interpretation as “...the resonance integral is
equal to the integral of the [effective] absorption [capture] cross section over the resonance
region which is necessary to account for the observed neutron absorption rate in a flux equal
to that existing in the absence of the resonances.”

o0 dFE
I = E)—
R [EcaRuE

» The integrals for (n,y), (n, fission), and (n, el) were calculated and compared with the Atlas of
Neutron Resonances (2018).
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Maxwellian-Averaged Cross Sections

(MACS)

Fission and capture MACS were calculated for kT=8,
25, 30, 90, and 1420 keV

O_Mamw kT =

2 a
7w (kT)? J,

(0. @)

aEL
L L —— L
o(EL)ELe=* dEE

Capture kT=30 keV values are listed in the ENDF/B-

VIII.1 paper.

The ASTRAL library is used for comparative purposes:
https.//exp-astro.de/astral/.

Astrophysical reaction rates were calculated for the five

emperatures

R(Ty) = 10724 Nyo M=% (kT ) vy
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INTEGRAL QUANTITIES IN ENDF/B-VIIL. 1
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JENDL-5.0 Fission MACS

« JENDL-5.0 has non-zero fission cross
sections for 29°Pb above 20 MeV, and no
experimental data in EXFOR.

 As aresult, MACS of 1.569E-296 barns is
calculated for kT =30 keV, 7.641E-105 b for
kT=90 keV, and 2.331E-14 b at kT=1420
keV.

 The kT=1420 keV value is larger than
superheavy element production cross
section but smaller than the neutrino
interaction.

* A similar situation is also observed in
211.222Rn, where fission starts from 6.5 and 4
MeV, respectively.
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Comparison of ENDF/B-VIIl.1 and
ASTRAL MACS

The analysis of the ratios shows agreements
in most cases and strong deviations in 13C,
345 36.38Ar, and 9°Hg and minor deviations in
40Ca, %¥Ni, 120Te, and 126.129Xe cases.

The analysis of the EXFOR database shows
that there are no experimental data for 36-38Ar
and ?6Xe above thermal region, and the
observed differences are due to the issues
with theoretical modeling.

In cases of 129Xe and '%%Hg, ASTRAL results

are based on single measurements that could

be deficient.

In 4°Ca we need to consider three
contradictory measurements and choices of
ENDF and ASTRAL evaluators.
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s-Process

« Slow-neutron capture (s-process) is W —T———T—————1—
reasonably well understood. It starts from 5@9@ : E_Egzgg’““ T°ta'I§
56Fe and follows the valley of stability. 103 &%

« oN systematics for equilibrium conditions in & | |
AGB stars o107

a
g [
A Zz 10'
<
J N6 1 ;-1 &
o N(ay = 14+ — ol )
wNw =75 11 1+ 557 |
1=56
10:1 I ! I ! I 4 I ! I ! I ! I

 The total ENDF/B-VIII.1 values include s- 80 100 1_20 140 160 180 200

and r- (rapid neutron capture) processes. Atomic Mass Number (A)
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ENDF/B-VIIIl.1 r-process Abundances

r-process Abundances

« The r-process abundances were extracted B B T
using ENDF/B-VIIl.1 Maxwellian-averaged o Arlandini et al. 1999]1
Cross Sections and Solar system 1 = Arnold etal. 2007 |1
abundances. 1

. . . © ]

* Results agree well with Arlandini et al., and = |
Arnould et al. 5 10° -:

« In ENDF/B-VIII.0 we had issues with '3¥Ba < £
and 14°Ce abundances. z : g 1

. . 1 0-1 I . 3 0 _' -'- g *® ]

« 140Ce in ENDF/B-VIII.1 is good. i W % ¥ i

) T F j
102 H—

80 100 120 140 160 180 200
Atomic Mass Number (A)
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ENDF/B-VIIl.1, JEFF-3.3, and JENDL-5.0
r-Process Abundances

e Calculation was extended to JEFF-3.3 and

JENDL-5.0 libraries. 102 e A

. JEFF/JENDL have issues with 38Ba and . ¢ erras 0
1490Ce abundances. L o 4 JENDL5.0 |

10" E, E

« CENDL-3.2, and BROND-3.1 do not have a = [a& :
sufficient number of target nuclei for the s- = I
process. c\%’ 100 | E

* Results are comparable with ENDF/B-VIII.1; < 5 ]
however, cerium evaluation in ENDF/B- < o G s s %
VIII.1 provides a clear preference for the ' a5 8 o 2
ENDF/B library. ? L VI Y
1072 . . . %§§, , A

80 100 120 140 160 180 200
Atomic Mass Number (A)
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Nuclear Structure and Stellar Abundances

L REVIEW C

* Observing the second N=82 and the third N=126 r-process
peaks provides strong evidence of the existence of neutron
magic numbers beyond the valley of stability. —

Mass systematics for A=29-44 nuclei: The deformed A~32 region
» At the same time, the lack of the first r-process peak may o S A S,
indicate that N=50 is not a good quantum (magic) number e mme s
for neutron-rich nuclei or neutron reaction flow changes for s reewme ooy
medium nuclei. N

Highlights Recent  Accepted Collections  Authors REEIEES Search Press About Ed

ABSTRACT -

. We expe rim enta | |y stu d |ed th e iS | an d Of i nvers | on near Further evidence for the presence of an anomaly in binding energies for the “island of inversion”

centered at Z=11, N=21 is obtained by comparison of shell-model calculations to experiment. The

N=2 O I n th e IaSt 30 yea rS (32 M g , 31 N a ’ 220 - ) ; th e re a re :a\cu\alions were done with a shell-model interaction that is applicable to nuclei with active valence

ucleons in both the (1s,0d) and (0f,1p) major shells. This interaction is described in detail as are its
H H H predictions for binding energies and energy spectra of Z=8-20, N=18-25 nuclei. These calculations
Seve ra | IS I a n d S p red ICted SI n Ce th e WO rk E . K . Wa rb u rto n y provide the background for the exploration of the “island of inversion.” The extent of the “island” and
the magnitude of the anomaly is explored by calculating the binding energies of 2hw excitations of
J . A . B e Cke r’ a n d B . A . B rOWn neutrons from the (1s,0d) shell to the (0f,1p) shell relative to the Ohw ground state. The reason why
mixed (0+2)hw calculations are not considered reliable is addressed. Truncation schemes and a weak-
coupling approximation are used to extend the range of the calculations. It is found that for Z=10-12,

[} The Observed Synergy between n uclear astrophysics and N=20-22 (and possibly N>22) nuclei the lowest 2hw state is more bound than the Ohw ground state.

The role of odd n nhw excitations is considered and it is found that the Thw ground state always lies
1 H 1 below that of 3hw, and for N=19, 21, and 23, the lowest Thw state is in close competition with 2hw for
n u Cl ea r Stru Ct u re p h yS I CS re q u I res a d d Itl O n a | resea rCh a n d the lowest binding energy. Collectivity is considered via E2 observables and energy spectralfcr the
H 4 2hw ground-state bands. The reason for the existence of the “island” is discussed.
close cooperation between the two communities.

Received 11 October 1989
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Takeaways

s (orange)-, and r (blue)-process Stellar

Integral values for the five major libraries .
Nucleosynthesis

were calculated and compared with

benchmarks and the EXFOR library. , e
ENDF/B-VIII.1 is the best-evaluated nuclear ol s S e
data library for astrophysics. : 2"“ S ’: Z :S :‘e ‘: :
R-process abundances for ENDF/B-VIII.1, T R R T T R TR R RS _;,__' -Ié-: _'x_:
JEFF-3.3, and JENDL-5.0 have been N 0 N o N e e R wla [
calculated. | | B

Cerium evaluation ('40Ce) helped to improve 0 o 2 N e
ENDF/B; revisiting barium (13¢Ba) cross RN EEEE

sections is needed.
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