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Neutron Standards evaluation (2017)

reference XS: 239Pu(n,f) 0.15 MeV to 200 MeV
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Outline

• Introduction

• SACS: basic concepts and reference spectra

• STD evaluation issues

• Updated SACS-Cf experimental database

• Updated Mannhart SACS evaluation 

(based on measured SACS in Cf-252(sf) field)

• SACS-U5(nth,f) experimental database and 

Manhhart evaluation
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SACS sensitivity to 𝜎(𝑘) =

spectral weight 𝜑(𝑘)@ Ek

Basic concepts: SACS in spectrum 

SACS-Cf = SACS in Cf-252(sf) PFNS

SACS are VERY CLEAN INTEGRAL DATA
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IRDFF validation of Cf(sf) and U5(nth,f)

neutron fields ~ 40+ reactions
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USU=1.2%

A.D.Carlson et al, Nucl. Data Sheets 148, 143 (2018) J. Wagemans et al, EPJ Web of Conferences 106, 06003 (2016)

SACS-Cf provide excellent normalization for many En energies:

0-10 MeV ~ 99% spectrum, lowest XS uncertainty

SACS-Cf provide better normalization than absol. fission XS/ratios 

measurements in quasi-monoenergetic beams (USU=1.2% spread)

Neutron Standard & Reference (n,f) XS
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SACS–Cf evaluation – updated Mannhart

SACS exp. data

13 sets

PRIOR (uninf.)

EVALUATION

Pu9(n,f)/U5(n,f)

SACS ratio 
1.495 (1.8%)

Pu9f & U5f ind.

U8(n,f)/U5(n,f)

SACS ratio 
0.267 (2.0%)

U8f & U5f ind.
with new data

(13 datasets)
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SACS–Cf eval. – Mannhart updated

with new data

(13 datasets)

Quantity

Mannhart

updated

SACS (b)

STD 2017 

SACS (b)

U5(n,f) SACS 1.221 (0.9%) 1.2267 (1.21%)

Pu9(n,f) SACS 1.825 (1.0%) 1.7978 (1.25%)

U8(n,f) SACS 0.326 (1.1%) 0.3215 (1.3%)

Pu9(n,f)/U5(n,f)

SACS ratio
1.495 (0.7%)

no corr:1.8%
1.466

(C/E=0.98)

U8(n,f)/U5(n,f)

SACS ratio
0.267 (1.0%)

no corr:2.0%
0.262

(C/E=0.98)

Pu9(n,f)/U5(n,f)

SACS ratio 
1.495 (1.8%)

Pu9f & U5f ind.

U8(n,f)/U5(n,f)

SACS ratio 
0.267 (2.0%)

U8f & U5f ind.

Pu9(n,f)/U5(n,f)

Schroeder 1985 1.50 (1) (0.8%)

Pu9(n,f)/U5(n,f)

Heaton 1976 1.50 (2) (1.6%)

Pu9(n,f)/U5(n,f)

Grundl-Gilliam 1.50 (1) (0.9%)

U8(n,f)/U5(n,f)

Grundl-Gilliam
0.268 (3)

(1.2%)

U8(n,f)/U5(n,f)

Schroeder
0.269 (3)

(1.2%)

U8(n,f)/U5(n,f)

Heaton 1976
0.264 (3)

(1.3%)

EXPERIMENT
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❑ We used 7 data of U5 & Pu9 SACS-Cf (no ratios !)

in STD 2017 evaluation (GMA)

❑ Mannhart used activation + 7 SACS fission data

❑ Updated GMA-py +13 data incl. precise ratios -> EVAL

3 abs. U5f, 10 ratios
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❑ No U5(nth,f) SACS used in STD 2017 evaluation (GMA)

❑ Mannhart compiled 3 datasets

2 abs. U5f,U8f

5 ratiosSACS in 235U(nth,f)
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SACS–U5(nth,f) eval. – Mannhart

Quantity

Mannhart

2008 eval

SACS (b)

STD 2017 

SACS (b)

U5(n,f) SACS 1.217 (1.1%) 1.2253 (1.21%)

Pu9(n,f) SACS 1.831 (1.7%) 1.7933 (1.25%)

U8(n,f) SACS 0.3094 (1.1%) 0.3062 (1.2%)

Pu9(n,f)/U5(n,f)

SACS ratio
1.504 (~2.0%) 1.463

(C/E=0.973)

U8(n,f)/U5(n,f)

SACS ratio
0.254 (~1.6%) 0.250

(C/E=0.98)

Pu9(n,f)/U5(n,f)

Fabry 1978 1.504 (1.6%)

U8(n,f)/U5(n,f)

Fabry 1978 0.254 (2.7%)

U8(n,f)/U5(n,f)

Fabry 1975 0.254 (2.0%)

Pu9(n,f)/U8(n,f)

Fabry 1975 5.93 (2.2%)

EXPERIMENT

Mannhart SACS

evaluation 2008
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Quantity

Mannhart

2008 eval

[b]

in U5(nth,f)

Mannhart

updated

SACS

[b]

U5(n,f) SACS 1.217(1.1%)

(U/Cf=1)
1.221 

(0.9%)

Pu9(n,f) SACS 1.831(1.7%)
(U/Cf=0.99)

1.825 

(1.0%)

U8(n,f) SACS 0.3094(1.1%)

(U/Cf=0.99)
0.326 

(1.1%)

Pu9(n,f)/U5(n,f)

SACS ratio
1.504(~1%)

(U/Cf=1.006)
1.495

(0.7%)

U8(n,f)/U5(n,f)

SACS ratio
0.254

(U/Cf=0.95)
0.267

(1.0%)

SACS–Cf & SACS-U5(nth,f) 
Pu9(n,f)/U5(n,f)

Schroeder 1985
1.50 (1) 
(0.8%)

Pu9(n,f)/U5(n,f)

Heaton 1976
1.50 (2) 
(1.6%)

Pu9(n,f)/U5(n,f)

Grundl-Gilliam
1.50 (1) 
(0.9%)

U8(n,f)/U5(n,f)

Grundl-Gilliam
0.268 (3)

(1.2%)

U8(n,f)/U5(n,f)

Schroeder
0.269 (3)

(1.2%)

U8(n,f)/U5(n,f)

Heaton 1976
0.264 (3)

(1.3%)

EXPERIMENT

SACS-Cf and SACS-U5(nth,f) can be used for the STD fit

Pu9(n,f)/U5(n,f)

Fabry 1978 1.504 (1.6%)

U8(n,f)/U5(n,f)

Fabry 1978 0.254 (2.7%)

U8(n,f)/U5(n,f)

Fabry 1975 0.254 (2.0%)

Pu9(n,f)/U8(n,f)

Fabry 1975
5.93 (2.2%)

Cf

U5
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SACS–Cf & SACS-U5(nth,f) EXPERIMENT

SACS-Cf and SACS-U5(nth,f) can be used for the STD fit

Pu9(n,f)/U5(n,f)

Fabry 1978 1.504 (1.6%)

U8(n,f)/U5(n,f)

Fabry 1978 0.254 (2.7%)

U8(n,f)/U5(n,f)

Fabry 1975 0.254 (2.0%)

Pu9(n,f)/U8(n,f)

Fabry 1975
5.93 (2.2%)

U5

Quantity

Mannhart

2008 SACS eval

[b]

STD 2017

SACS (b)

U5(n,f) SACS 1.217 (1.1%)
1.2253 (1.26%)

0.36% sp 1.1% reac

Pu9(n,f) SACS 1.831 (1.7%)
1.7933 (1.30%)

0.37% sp 1.2% reac

U8(n,f) SACS 0.3094 (1.1%)
0.3062 (1.4%)

0.75% sp 1.2% reac

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


14 IAEA Neutron Standard Meeting, Vienna, 9-13 October 2023
Roberto Capote, IAEA Nuclear Data Section

e-mail: R.CapoteNoy@iaea.org

Web:    http://www-nds.iaea.org

SACS(nf) independent of the PFNS
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Pu9f reference: 2017 vs current – GMA-py

@1.5MeV  +0.45% rel. to STD 2017

+0.25% rel. to INDEN p57

No impact of SACS
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Summary and conclusions

✓ SACS in ref. spectra -a key for STD (n,f) normalization

✓ STD 2017 show similar problems in both refer. spectra 

✓ 13 SACS-Cf datasets identified and used

✓ Mannhart identified 7 SACS-U5(nth,f) data

✓ Use of SACS-U5 data planned

✓ Impact of the spectrum uncertainty on SACS(nf) very small

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


17 IAEA Neutron Standard Meeting, Vienna, 9-13 October 2023
Roberto Capote, IAEA Nuclear Data Section

e-mail: R.CapoteNoy@iaea.org

Web:    http://www-nds.iaea.org

Pu9f/U5f: 2017 vs current – GMA-py

@ 1.5 MeV    +0.8% rel. to 2017

+0.2%  due to SACS

+0.3% rel. to INDEN p57
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Pu9f/U5f: 2017 vs current – GMA-py

@ 14 MeV +1% rel. to 2017

Swing from +1% to -1% @14.5

Poor normalization energy !!
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U8f standard: 2017 vs current – GMA-py

@1.5MeV   -0.2% rel. to 2017

No impact of SACS
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U5f standard: 2017 vs current – GMA-py

-0.3% rel. to STD 2017

-0.15% reduction 

due to new SACS
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U8f/U5f: 2017 vs current – GMA-py

+0.15% rel. to STD 2017

+0.15% due to SACS
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U5f uncert.: 2017 vs current – GMA-py

Last unc. 0.5-5 MeV ~0.5%-0.55%

STD 2017

STD 2017 (no input SACS)

STD 2017 (13 SACS data)

Current fit 0922

Current fit 0922 (no input SACS)

Current fit 0922 (13 SACS data)

STD 2017

STD 2017 (no input SACS)

STD 2017 (13 SACS data)

Current fit 0922

Current fit 0922 (no input SACS)

Current fit 0922 (13 SACS data)

Last unc. 13-15MeV ~0.5%-0.65%

U5f uncert. at ~1.5 and ~14 MeV very similar
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Pu9f uncert.: 2017 vs current – GMA-py

Last unc. 0.5-5 MeV ~0.6%-0.7%

STD 2017

STD 2017 (no input SACS)

STD 2017 (13 SACS data)

Current fit 0922

Current fit 0922 (no input SACS)

Current fit 0922 (13 SACS data)

Last unc. 13-15MeV ~0.7%-0.8%

STD 2017

STD 2017 (no input SACS)

STD 2017 (13 SACS data)

Current fit 0922

Current fit 0922 (no input SACS)

Current fit 0922 (13 SACS data)

Pu9f uncert. at ~1.5 slightly lower than at 14 MeV

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

	Slide 1: Spectrum Average Cross Sections (SACS) and its impact on evaluation of neutron standards 
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

