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The CIELO Collaboration: Neutron Reactions on 'H, 160, 26Fe, 232238,
and 23°Puy

M.B. Chadwick® & - & E. Dupont®, E. Bauge®, A. Blokhin?, O. Bouland®, D.A. Brown’, R. Capote?, A.
Carlson”, Y. Danon', C. De Saint Jean®, M. Dunn!, U. Fischer¥, R.A. Forrestd, S.C. Frankle?, T. Fukahoril,
Z. Ge™, S.M. Grimes", G.M. Hale?, M. Herman', A. Ignatyuk?, M. Ishikawa!, N. lwamote', O. lwamoto!, M.
Jandel®, R. Jacgmin?, T. Kawano?, S. Kunieda!, A. Kahler?, B. Kiedrowski?, |. Kodeli®, A.J. KoningP, L.
Leal, Y.O. Leed, J.P. Lestone?, C. Lubitz’, M. Maclnnes?, D. McNabb®, R. McKnight!, M. MoxonY, S.
Mughabghab’, G. Noguere®, G. Palmiotti¥, A. Plompen",

| AEA contributions (files @ www-nds.iaea.org/CIELO)
» Neutron Standards project
» Actinide PFENS Coordinated Research Project
» Technical work for actinide evaluations
e.g. OMP developments, 28U and %>°U evaluations
» Collaboration with BNL on Fe evaluation
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Neutron induced reactions on 234237
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M. Sin, RC et al, submitted to
Nuclear Data Sheets, 08/2016
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Evaluation of n + 238U reaction

RRR (n,y) : Schillebeeckx et al. (R103), E,<20 keV
URR (n,y) : Schillebeeckx et al. (R103), E,:20-149 keV

d (n,f), (n,y) from 2006 Neutron Standards
to be updated with 2016 Neutron Standards

d PFNS adopted from Rising et al, analysis

d Elastic and inelastic cross sections based on modelling
guided by RPI “quasi-integral” data and integral
benchmarks (B1G-10,JEMIMA, Flaptops)

d (n,2n) integral benchmark feedback from PROFIL-2(B81)
(CEA Cadarache)

d (n,2n) TUNL new data (Krishichayan et al)
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JAEA CIELO evaluations vs Wallner AMS

Independent experimental validation
of Neutron Standard fit

238U (n ’:Y)

A. Wallner et al , PRL 2012: 0.391+ 0.017 b (4.3%)
v IAEA CIELO: 0.391

Wallner provided neutron spectra KT = 25 keV

A. Wallner et al, PRL 2012: 0.108+0.004 b (3.7%0)
v IAEA CIELO: 0.109

Wallner provided neutron spectra KT = 426 keV
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Evaluation process — fast range
< RIPL <> ENDF eval.
(no covar.)
e ,
a ) < Local <> :
Il Modelling code | I . :
R e
I SAMMY, Phys |

YES

Are measurements
reproduced?

{ ENDF file Assembly
diff. & “clean” int.

& Verification- Trial file
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Nuclear Data Sheets 108 (2007) 2655

EMPIRE: Nuclear Reaction Model Code System for Data Evaluation

M. Herman'*, R. Capote?, B.V. Carlson, P. Oblozinsky!, M. Sin*, A. Trkov®, H. Wienke®, and V. Zerkin?
! National Nuclear Data Center, Brookhaven National Laboratory, Upton, NY 11973-5000, USA
2 Nuclear Data Section, International Atomic Energy Agency, Wagramer Strasse, A-1400 Vienna, Austria
3 Departamento de Fisica, Instituto Tecnolégico de Aerondutica, 12228-900, SP, Sao José dos Campos, Brazil
4 Nuclear Physics Department, Bucharest Unwersity, P.O. Box MG-11, Bucharest-Magurele, Romania
? Jozef Stefan Institute, Reactor Physics Dinsion R-1, Jamova 59, 1000 Ljubljana, Slovenia and
® Belgonucleaire, Dessel, B2/80, Belgium

+ relevant modelling advances

Dispersive Lane consistent coupled-channel optical model [1,2]

with multiple-band couplings - 21 CC for neutrons, 5 rotational bands + I1AS
CN-DIR interference effects [3,4]

neutron elastic and inelastic scattering [5]

O extended optical model for fission [6]

[1] J. M. Quesada, E. Sh. Soukhovitskii, RC, S. Chiba, EPJ Web of Conf. 42, 02005 (2013).

[2] J. M. Quesada, RC, E. Sh. Soukhovitskii, S. Chiba, Nucl. Data Sheets 118, 270-272 (2014).

[3] RC, A. Trkov, M. Sin, M. W. Herman, A. Daskalakis, Y. Danon, Nucl. Data Sheets 118, 26-31 (2014).
[4] T. Kawano, RC, S. Hilaire, P. Chau Huu-Tai, Phys. Rev. C 94, 014612 (2016).

[5] RC, A. Trkov, M. Sin, M. W. Herman, E. Sh. Soukhovitskii, EPJ Web of Conf. 42, 00008 (2014).

[6] M. Sin, RC, M. W. Herman, A. Trkov, Phys. Rev. C 93, 034605 (2016).
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PHYSICAL REVIEW C 93, 034605 (2016)

Extended optical model for fission o

M. Sin,* R. Capote.”> M. W. Herman,” and A. Trkov?
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Empire 238U(n,f) vs ENDF/B-VII.1
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Empire 25"’8U(n,y) vs ENDF/B -VII.1
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238U(n,el), 2%8U(n,sct) el+2 inel
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3%U(n,el+2CC), angular distributions
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%U(n,el+2CC), angular distributions
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238 (n,el+2CC), angular distributions
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Effects of direct reactlons on CN

3000
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2500 - — 1% level (44.9)
—_ (n e |) 2" level (148)
QO no interference
é - — « = elastic
2000 :
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© 1500 -
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B
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&)
500 -
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[1] C.A. Engelbrecht, H.A. Weidenmuller, “Hauser--Feshbach theory and Ericson fluctuations
in the presence of direct reactions”, Phys.Rev. C8, 859-862 (1974).
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c(inel), new physics: EW 21-CC OMP
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oi,(tot), 6, (2%), 6, (4%) , 6, (1) , 6i, (3))...
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R. C., M. Sin, A. Trkov, M. W. Herman, D. Bernard, G. Noguere, A. Daskalakis, and Y. Danon.

NEMEA-7 grgceedings, NEA SG-40 (2014) “Evaluation of neutron induced reactions on 32U nucleus”
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o(n,2n) vs TUNL and SACS
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SACS(n 2n) confirmed by SACS ratlo syst

Experlmental 252Cf(sf) SPA Mannhart eval

Experimental “U(n_,f) SPA:
o Kobayashi & Kobayashi 1992
@ Mannhart 2008 eval
Kobayashi and Kimura 1980
2.1 - Zolotarev (integral re-evals)
Mannhart IAEA TRS-273
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o(n,2n) vs TUNL (above 10 MeV)
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Cross Section (bharns)
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o(n,2n), o(n,3n), o(n,4n)

107 2=107

T T
- u23iB-ih44 (n,2Znl
- wu23g-ib44 (n,3n)
u23g-ih44 (n,4n)
Krishichauvan=
Aianggao Hang

2815
2818
- 1999
1993
- 1998
1987
B 1985
1988
i 1988
1988
1979
1978
1978
1973
1972
1965
1958
5 2614
2813
1978
1972
1972
1969
1978

Konno
Raics
Golovnya
Pepelnik
Kornilow
Frehaut=
Ruyvesx
Karius il
Chou You-Pu
Uoazor
Landrum
Mather=
Batchelor
Knight=
Hallner
Rianggao Hang
Ueosoxy
Frehaut=
Mather=
Mather= =
Ueazor

!

AR

=
=

B

Filatenkov "

238J(n,3n) SACS
LA [>°U(nen,f) PEN]
g 1Ty ENDF-B/VII.1 75+ 10 ub
U238-ib44 87 ub
JEFF3.1.2 87 ub

&

g A 1
| = k.

0
Sx10%

Nuclear Data for Science and Technology
ND 2016, 11-16 September 2016, Bruges, Belgium

107
Incident Energy (el)

Roberto Capote, IAEA Nuclear Data Section
e-mail: R.CapoteNoy@iaea.org
Web: http://mwww-nds.iaea.org

60 Years
IAEA Asoms for Beace and Development



mailto:R.CapoteNoy@iaea.org
http://www-nds.iaea.org/
http://www-nds.iaea.org/
http://www-nds.iaea.org/

23

RPI exp. essential to define d?c,/dEd®2

2381J Scattering Measurement

Energy [MeV] Energy [MeV]
20 10 5 2 1 0.5 200 10 5 2 1 0.5
8000 | LI L T T | L T T 5000 L L T | | L T T
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JENDL-4.0 5.5 JENDL-4.0 7.7
IAEA-1b33 3.5 IAEA-1b33 7.0
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238U(n,el), E,=700 keV, ang. distributions

' |
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Conclusions: IAEA CIELO 238U file ready

1 Resonance range: New measurements and REFIT analysis lead to a
better evaluation

L URR also improved by new measurements & evaluation (20-150 keV)
[ Capture and fission in fast region from Neutron Standards (GMA fit)
L New GMA fit within STD - (n,y): excellent agreement with Wallner
O PENS adopted from Rising et al, 2013 (LAM) for all incident energies
 New fast evaluation with elastic/inelastic improvements

O RPI quasi-diff. data - a big help for fast region scattering

[ Better multiple neutron emission (CEA Cadarache feedback, LANL
feedback, inelastic + diff. TUNL data)

1 Good agreement between B/VII.1 SACS and new evaluations
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238 elastic p-bar
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