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Outlook

➢Basic concepts, Spectrum Average Cross Sections (SACS) 

in a neutron field

➢ IRDFF library of eval. dosimetry reactions, e.g., 90Zr(n,2n)

➢Reference PFNS of 252Cf(sf) and 235U(nth,f)

      assumption: 252Cf(sf) PFNS Mannhart 1989 eval is good!

➢ SACS-Cf/SACS-U5 ratio measurements

“It doesn't matter how beautiful your theory is,
it doesn't matter how smart you are. 
If it doesn't agree with experiment, it's wrong.”

Richard Philips Feynman, Nobel Prize in Physics 1965
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Maxwell-Boltzmann distribution

High-energy neutrons (En>10 MeV) < 2% 

of all fission neutrons
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235U(nth,f) PFNS

235U(nth,f) PFNS evaluated at IAEA CRP (2016)

adopted by Neutron Standards & ENDF/B-VIII.0

Discrepant ToF data 

    above 10 MeV! 

Idea: to probe evaluated 235U(nth,f) PFNS using SACS in this field

    * better statistics than in direct PFNS meas.

No HE PFNS data meas. 

for 235U(nth,f) since 2013
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𝑺𝑨𝑪𝑺 =
׬ 𝝈 𝑬 𝝋 𝑬 𝒅𝑬

׬ 𝝋 𝑬 𝒅𝑬

𝒊𝒇 න 𝝋 𝑬 𝒅𝑬𝟏 𝑺𝑨𝑪𝑺 = න[𝝈 𝑬 𝝋 𝑬 ]𝒅𝑬

SACS in a neutron field: 

clean integral data

𝝈 𝑬 𝝋 𝑬   reaction rate

Two neutron fields considered, one tested, Cf standard

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

  SACS-U5 = SACS in 235U(nth,f) PFNS

For uncertainty reduction: ratio meas. in the two neutron fields:

 same Ge(Li) detector; same reaction; correlated measurement

 

SACS depends on 𝝈 𝑬  

𝐚𝐧𝐝 𝝋 𝑬  (PFNS) shape
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𝝈 𝑬  : IRDFF dosimetry cross sections
GLSQ evaluations: 13 (n,2n)-E50%>10 MeV

K. Zolotarev, INDC(NDS)-0546, IRDFF-II evaluation
90Zr(n,2n) reaction cross section independently evaluated 

IRDFF eval based on activation data

φ(E)=

 PFNS

σ(E)

threshold

E50%

90Zr(n,2n)

Eval. Uncert.

σ(E) well known!
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𝝋 𝑬 : 252Cf (sf) PFNS reference spectrum
  GLSQ evaluations by Mannhart 1989,1992

                                           based on ToF data!

AIACHNE new evaluation on-going at LANL, Neudecker et al  

1) W. Mannhart, INDC(NDS)-220, 1989,    

p.305 (IRDFF)

2) W. Mannhart, Int. Symp. on Nuclear 

Data Evaluation Methodology, 

12-19 Oct.1992, BNL, NY, USA, 

C. Dunford editor, p.247

    Unfortunately NOT reproducible !!
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IRDFF eval validation in a 252Cf(sf) PFNS

24 XS eval. validated in 252Cf(sf) PFNS (M 89)

26 dosimetry reactions

209Bi(n,3n)
197Au(n,3n) dropped

M. Schulc et al, Phys. Rev.C109 (2024) 054616
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SACS ratio in 252Cf(sf) and 235U(nth,f) PFNS

    derived with reduced uncertainty

M. Schulc et al, Phys. Rev.C109 (2024) 054616

Excess of HE neutrons seen in exp., described by B/VIII.0

Ratio 

uncert.< 4%

S
A

C
S

(2
5

2
C

fs
f)

/S
A

C
S

(2
3

5
U

n
f) 11 points

E50%>10

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


10
Roberto Capote, IAEA Nuclear Data Section

e-mail: R.CapoteNoy@iaea.org

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

FIESTA 2024, Fuller Lodge, Los Alamos, NM

November 18-22, 2024

1      2        5          10        20En(out)

P
F

N
S

 (
E

)/
M

a
x
w

 (
T

=
1
.3

3
 M

eV
)

1

235U(nth,f) PFNS
Watt 1952:

CR39 detectors

Traceable to H(n,el)

Low backg E>3 MeV

Watt measur. show lower 

uncert. than modern data !! 

Propose new experiment:

*CR39 or similar detector

      (track detector)

*Secondary U5 target

*High flux reactor

Detect outgoing neutrons

    (En>3MeV)

Selected PFNS data vs ENDF/B evals

1
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SUMMARY

❑ ENDF/B-VIII.0 235U(nth,f) PFNS evaluation 

validated by SACS ratio data

❑ Measured SACS(Cf(sf))/SACS(235U(nth,f)) ratio 

uncertainties below 4% 

❑ High-energy fission neutron excess identified (e.g.,

    respect to ENDF/B-VII.1)

❑ Origin unknown, FF equilibrium emission unlikely

❑ Scission neutrons may be a good explanation
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Thank you!
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SACS ratio as a function of PFNS eval
n,2n

reac E50

SACS exp

SACS 89

SACS 92 

252Cf

1989

252Cf 

1992

235U

B8.0

197Au 10.5

MeV

1.69(6)-3.7%

1.67

1.67

5.5(1) 5.5(1) 3.3(1)

127I 11.5

MeV

1.72(8) -4.6%

1.75

1.74

2.10(8) 2.09(6) 1.2(9)

89Y 13.8

MeV

2.08(6)- 2.6%

2.00

2.06

.34(2) .35(4) .17(1)

19F 14.0

MeV

1.97(5)- 2.6%

2.00

2.00

1.6(9) 

 x0.01

1.6(5)

x0.01

0.80(7)

x0.01

90Zr 14.3

MeV

2.02(8)- 3.9%

2.10

2.20

.21(1) .22(2) 0.10(9)

58Ni 14.9

MeV

2.07(6)-3.0%

2.10

2.17

8.4(5)  

x0.001

8.7(1) 

x0.001

4.0(4)

x0.001

23Na 15.4

MeV

2.21(9)-4.3%

2.18

2.26

8.3(6) 

x0.001

8.6(1)

x0.001

3.8(4)

X0.001

252Cf(sf) PFNS

1) W. Mannhart, INDC(NDS)-220, 1989,    

p.305 (IRDFF)

2) W. Mannhart, Int. Symp. on Nuclear 

Data Evaluation Methodology, 

12-19 Oct.1992, BNL, NY, USA, 

C. Dunford editor, p.247

      Low sensitivity of SACS ratio to 

             252Cf(sf) PFNS evaluation !
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(γ,n) contributing reactions to SACS
S. Simakov, nds.iaea.org/publications/indc/indc-nds-0904/ 
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