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Outlook

» General issues solved: TNC, PENS

» Outstanding issues In fissile evaluations

» Comments on RPI quasi-diff. experiment

» Reaction rate testing of trial evaluations
In fast assemblies

Nuclear Data Week (virtual), CSEWG 2020 Roberto Capote, IAEA Nuclear Data Section &” \\%’
30 Nov. — 4 Dec. 2020, BNL, Upton, NY e-mail: R.CapoteNoy@iaea.org T
Web: http://www-nds.iaea.org N\ &



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

233U(nth,f)

ZSSU(nth;ﬂ

29pu(ng,f)

2Py (ng,f)

252C(sf)

Thermal Neutron Constants

ENDF/B-VII11.0

Gs
Of

Vt
Gs
Of

Vit
Gs
Of

Vit
Gs
Of

Vt
Vt

(+Maxwellian)

12.1+0.7
531.2+1.3
45.60.7
2.496810.0035
14.09+0.22
584.3%1.0
99.4+0.7
2.4355(.0023)
7.8%1.0
750.0£1.8
271.5%2.1
2.8836+0.0047
12.1+2.6
1014+7
361.8%5.0
2.9479+0.0054
3.7692+0.0047

12.17
531.3
45.3
2.4968
15.11
584.99
98.69
2.4367(.0005)
7.99
747.91
270.7
2.8807
11.2
1012
363.0
2.9453
3.7676

Standards 2006 ENDF/B-VII.1 Standards 2017

(2200 m/s)

12.2+0.7
533.0+2.2
44.9+0.9
2.487+0.011
14.09+0.22
587.311.4
99.5%#1.3
2.4251+0.011
7.8x1.0
752.4%2.2
269.8%12.5
2.878%0.013
11.9+2.6
1023.6%+10.8
362.316.1
2.940+0.013
3.764+0.015

v 122
v’ 534.1
v 423
v’ 2.4852
v’ 14.10
v’ 586.7
v’ 99.4
v’ 2.4298
v 8.1
X747.4
v’ 270.1
v 2.8769
v 113
X 1012
v' 363.0
v’ 2.9453



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

n,+X PFNS <E> (IAEA 2016, STD 2017 )

233U 235U 239Pu
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;ONEW evaluation based on new data
ChiNu + CEA (Marini et al) on-going
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nubar fluctuations for resonances:
reintroduced in ENDF/B-VI111.0 for n+23°U

Comparlson with ENDF/B-VIII.0 Simultaneous analysis of the Neutron multiplicity
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2.90 . . . s
Contribution of the (n,yf) process can be observed for resonances with J™=1
285 |
= 2.80 | ENDF/B-VIILO0f5 .00 T 0 : 3.00 e ——
= (rvf) i 1 — JEFF-
= —— with (n¥f) contribution e This work (prefim.)
= 275 = 2,95 - without (n¥f) contribution 1o 2.85 - of ";1 .-l 1‘3;’:\) - I
B o ® Frehaut (1973) > rehaut (1973
00270 + T T 290
265 | vePin( £y — Aynf)(E) 3 = 285
E E
2.60 | g £ 280
2 2
2.55 i b £ 275
1 ) 10 100 ; E o
Incident neutron energy (eV) £ £ 2.7
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14 M.T. Pigni

U-235 nubar Pu-239 nubar

M. Pigni, INDEN CM 2018 G. Noguere, INDEN CM 2018

U-233 nubar ??
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U-235 updated evaluation (u235...zt)
ORNL/IAEA, see also Pigni talk for the RRR

 Changes to the low-energy resonances (RRR) to improve
the fit to measured capture data from RPI (capture reduced
by 5% from 0.06-7.8 eV, by 7.7% from 7.8-11 eV)

 Small change to thermal nu-bar within uncertainties.

O Fluctuations in the fission cross section in the URR range
were refined to represent measured data following Paradela
et al. evaluation (very small impact on criticality)

O Discrete level data are stored in MF=6 (format
requirement, no impact on calculations)

O Issues leading to negative eigenvalues in cross-covariances
In the RR sorted out
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U-235 updated evaluation (u235...zt)
ORNL/IAEA, see also Pigni talk for the RRR

Refined resonance parameters from ORNL (better

reproduction of RPI capture data, Danon et al).

Danon et al, INDEN CM 2018
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Remaining Issue:
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Challenges for a new #2°Pu+n RP
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Pu-239 trial evaluation pu239e80p17
ORNL/IAEA, see also Pigni talk for the RRR

O New resonance evaluation by M. Pigni (local designation “res-stan-
00e”). Increased thermal fission to agree with Neutron Standards
(Thermal Neutron Constants)

O Thermal PENS evaluated with Standards 2017 + IAEA-CRP (Talou
et al.) at higher energies (to be updated with LANL PFNS evaluation)

= PENS <En=th>=2.08 MeV (ENDF/B-VI11.0 =2.11 MeV), -30 keV.

O Prompt nu-bar increased by ~0.4% from 0.08 up to 1.4MeV to
compensate the PFNS criticality reduction in fast assemblies

O EMPIRE calculation of fast-neutron cross sections reproducing
ENDF/B-VIII.0 (n,f) and (n,y) within 2-3%.

Focus on elastic/inelastic cross sections
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Remaining issue: extend the RRR in 2°Pu

Upper energy limit of the RRR = 5 keV

Fluctuations in the fission cross section between 2.5 keV - 5.0 keV
not taken into account via statistical calculations

reliminary results
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Pu-239, G. Noguere, INDEN CM 2018
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Remaining issue: Renormalize data?

C22A Upper energy limit of the RRR = 5 keV

New capture data from Shea Mosby provide crucial trends to extend the RRR
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Data from Mosby are shape data = A good agreement is obtained with the data from Gwin
(normalisation with the PROFIL experiments carried out in the PHENIX reactor of CEA
Marcoule) PAGE 23
Pu-239, G. Noguere, INDEN CM 2018
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Status of the 2*°Pu(n,y) cross section 12
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Challenges for a new 233U+n RP
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U-233 new trial evaluation u233a506¢
ORNL/IAEA, see also Pigni talk for the RRR

 New resonance parameters by M. Pigni (“06c¢”)
1 Thermal constants agree with Standards 2017

1 Thermal PENS evaluated with Standards 2017, IAEA-CRP
(Talou et al.) at higher energies

O Fluctuations in nu-bar(E ) below 30 eV follow Reed
(X4#10427002, 1973)

1 As observed for U-235 and Pu-239, there is a need to
compensate the PFNS criticality reduction in fast assemblies

(not done yet).
Nuclear Data Week (virtual), CSEWG 2020 Roberto Capote, IAEA Nuclear Data Section \
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RPI1 quasi-differential 2°Pu data

counts per run
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Y. Danon et al., EPJ WoC 239 (2020) 01004; Kumar Suni Mohindroo talk (yesterday)
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RPI quasi-differential 2°Pu data:
Inelastic vs Fission from 2-5 MeV
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RPI1 quasi-differential 2°Pu data
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Y. Danon et al., EPJ WoC 239 (2020) 01004; Kumar Suni Mohindroo talk (yesterday)
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RPI1 quasi-differential 2°Pu data:
Flssmn from 6. 5 15 MeV (n f) differential data

All ratio measurements
239Pu(n,f)/ 23>U(n,f) from
EXFOR retrieved and
239py(n,f) cross section is
derived using the current
235U(n,f) standard

1 7_I\/I LG MeV 1
All ratio measurements 23°Pu(n,f)/ 235U (n,f) * STD 235U
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Re: (n,f) data, FF anisotropy @ 10 MeV

Blumberg 1959

Nesterov 1966 Leachman 1965
o Simmons 1960 Androsenko 1982
x lyer 1970 < Juhasz 1978 {
* Present data

14 o Shpak 1971

N
w
o1
-

W(0°)/W(90°)

1 111l 1 M ] 1l 1 | 111 1
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Neutron energy (MeV)

e

Fig. 4. Anisotropy of fission fragments of 2%y according
to (V) [12], (<) [14], (A) [11], (o) [15], (%) [10], () [ 13].
(o) |8], (e) present data, and (~e-) fission cross section
[9].

TPC may help to
check the data
@10-15 MeV

Fission cross-section (arb. units)

W(0°)/ W(90°)

Neutron energy, MeV

Loyl 101

1 10 100
Neutron energy (MeV)

Fig. 5. Anisotropy of fission fragments of 238y according
W () [12], (< | 14]. () [16]). () | 11], (&) | 17). (%) | IS],
(D) |7]. (o) |8], (@) present data. and (-e-) lission cross
section [9].

L v Brolley 1954 Androsenko 1982
Simmons 1960 Ouichaoui 1988
| + Leachman 1965
o Shpak 1970 3
= lyer 1970 ‘ 23 7
I * Presentdata L 4 p
I K .
R A )
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I o >N A £ LAY |
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Fission cross-section (arb. units)

A.S. Vorobyev et al., JETP Letters 102 (2015) 203-206; EPJ WoC 239 (2020) 05007
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Jezebel and FlaptOp-Pu Spectral indices
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FIG. 109, (Color onhne) Ratio of Calculated and Measured

o } FIG. 110. (Color onhne) Ratio of Calculated and Measured
SI in the central region of PME001 (Jezebel) assembly.

SI in the central region of PMF006 (Flattop-Pu) assembly.

PMF assemblies, poor situation
More work needed for Pu data !!

IRDFF: A. Trkov et al, Nucl. Data Sheets 163 (2020) 1-108
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IRDFF Spectral indices: U5, Pu, U3 fast

ICSBEP Benchmark Summary Results

In‘l:.egral Parameter Intercomparison
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IRDFF Spectral indices: U5, Pu, U3 fast
o Dencmar Suamary rewtesE50%0~8.1 MeV

Int.egral Parameter Intercomparison
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IRDFF Spectral indices: U5, Pu, U3 fast

ICSBEP Benchmark Summary Results
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IRDFF Spectral indices: U5, Pu, U3 fast

~ ICSBEP Benchmark Summary Results
E50% 11 Mev Integral Parameter Intercomparison
TI1203(n,2n)/U5(n,f)
30
25
s 7t
X ;
8 1sf 4
& 3
3 10f
-
o
s - - - e80
E — — eBOFe_X29r300 jCrKuv
-5
: I lllllllll I L L L l
2 3 4 5
Benchmark
Nuclear Data Week (virtual), CSEWG 2020 Roberto Capote, IAEA Nuclear Data Section  » () y
25 | e-mail: R.CapoteNoy@iaea.org { )
30 Nov. — 4 Dec. 2020, BNL, Upton, NY C e \Q\ ‘l//
Web: http://www-nds.iaea.org N £



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

IRDFF Spectral indices: U5, Pu, U3 fast
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ICSBEP Benchmark Summary Results
Integral Parameter Intercomparison

= E50%0 ~ 11 MeV
= Ag107(n,2n)/U5(n,f) -~
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IRDFF Spectral indices: U5,

Delta nCu63/pP31 (%)

Pu, U3 fast

ICSBEP Benchmark Summary Results
Integral Parameter Intercomparison

U-233
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Conclusions

O INDEN interactions strongly helped to find deficiencies in
existing evaluations and highlight potential solutions to existing
challenges: https://www-nds.iaea.org/INDEN/

1 Updated trial evaluations for U-235, U-233, Pu-239 are
available for testing.

Further work iIs expected on U-235, Pu-239, and U-233.

1 Performance was tested on the ICSBEP and/or SINBAD
benchmarks. Significant improvement was demonstrated

(see Trkov presentation tomorrow), see also RR in Pu and U3.

1 The INDEN scheme of international collaboration on nuclear
data evaluation is working well.
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