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 Theoretical calculation( code UNF) 

 
   Preliminary work for consistent  joint evaluation of   

all cross sections 

           
   The work in the future 

   Experimental data evaluation 

Three parts of the work were done  
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Experimental data evaluation 

List  of the experimental information for 56Fe was submitted to M.Herman  last  fall. 

 The original data, corrected data, reference articles and figures  were included. 
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Inelastic Cross Section 

Experimental data for 

inelastic cross section 
~14MeV 

Experimental data for γ-ray 

production(847keV) 

three sets of exp. data 

Convert to 
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Method： 
The experimental approach is based the 

detection of the gamma rays emitted 

following the inelastic scattering of neutrons 

on the target. 

Three sets of data for γ-ray production  

ORNL(Oak Ridge National Laboratory) 

J.K.Dickens 1991 

 

OREAL(0.8~41MeV) 

Position of the sample：22.19m 

Measured σ（Eγ,θγ=125deg） 

1 
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LANL LANSCE  

R.O.Nelson  N.Fotiades   2004 

Neutron Source:LANSCE/WNR 

The best available accuracy for r-ray cross section 

standards is typically 5% to 10%. 

But  two evaluations(Simakov98 - Savin00)differ by 

26%. 

In order to discuss discrepancies , R.O.Nelson performed 

(1) Absolute cross-section measurements 

(2) Relative cross-section measurements using the Cr(n,n’ γ)reaction 

(3) Use accurately measured neutron total cross-section and elastic-

scattering data to further validate their results 

Detector: GEANIE 

Spallation neutrons 

travel 20.34m to GEANIE 

sample 

X4=14118 

2 
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Dickens91 

Nelson94 

(1) Absolute cross-section measurements 

ENDF/B-VI 

Results agree well with 

the excitation function 

shape of Dickens that 

was used in the ENDF 

evaluation ,but are 

about 20% larger than 

those of Dickens 

This is not true for some of 

the previous 

measurements 

Nelson: 
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(2)Relative cross-section measurements 

using the 52Cr(n,n’)reaction 

52Cr(n,n’)1434keV  -ray cross-section as standard 

In order to reduce corrections for 

neutron multiple scattering and 

reactions as well as corrections for 

-ray attenuation in the samples. 

Thickness: Cr(338mg/cm2) Fe(164mg/cm2) 

A measurement relative to 52Cr(n,n’) 

was performed by Nelson at 14.5 MeV 

They get the result with an accuracy of less than 5%. 
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(3) Use accurately measured neutron total cross-

section and elastic-scattering data to further 

validate their results 

The cross section result of 56 Fe(n,n) is shown in the 
last row of the table. The data of ENDF/B-VI are not 
accurate, lower by 7%.  
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GEEL 2014 

Neutron source: GELINA（Geel Electron LINear Accelerator）
L=198.68m del_T<1ns En=0.1-18MeV High energy resolution 

Detector：GAINS(Germanium Array for Inelastic Neutron Scattering) 

110deg      150deg    

position of sample:154mm 119mm 
Data given: 

To deduce the total 

inelastic cross section and 

various level cross sections 

Each excited level cross 

section 

3 

Using the evaluated level scheme 
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γ-ray 

production 

XS 

total 

inelastic 

XS 
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Which one is TRUE? 
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Cascade  problem？ 

Angle-integrated problem？ 

Hanlin LU Tingjin LIU Jingshang ZHANG 
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L=5cm 

L=25cm 

Cascade  problem？ 

The cascade decay can affect 

the detection efficiency 

seriously when the distance 

between sample and detector is 

short. 

the ratio of source intensity of 24Na to 65Zn as a 

function of distance  

measured in CIAE earlier with a 

combined source 

the detection efficiency decrease 

fast when the distance is less 

than 15 cm. 
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Cascade  problem？ 

Angle-integrated problem？ 

Gamma emission is anisotropic. Integrated value by simply 

multiplying them with a factor 4  can cause uncertainty. 

Suggested a new measurement, using a 137Cs source as a 

reference, to find the efficiency correction factor due to 

cascade decay as a function of distance between sample 

and detector. 
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One important experimetal data can 

be used in our evaluation for inelastic 

scattering cross section.  

Experimental data of 

(n,el) reaction measured 

by Schimdt in1994 at 

PTB 
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(n,p) 

(n,α) 

(n,2n) 

(n,non) 

(n,tot) 

Schimdt 94  

Schimdt 94 (n,el)  

(n,el) 

The uncertainty 

of his result is 

less than 5% 

Below (n,2n) threshold, the inelastic cross 

section could be obtained by relationship 

between different reactions. 
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(n,inl)=(n,tot)-(n,el)-(n,p)-(n,) 

(n,el) taken from 94D.Schmidt  

Fit experimental data : 

GEEL data below 6MeV 

and Nelson data up to 

20MeV 
Below (n,2n) threshold 
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1.4b—
>1.1b  
21% 

1.3b—
>0.85b  
35% 

Author suggest that the inelastic cross 

section of B7 should be adjusted, 

decreasing by 21%,29% and 35% in 

energy ranges of 6.18 to6.20,8.16 to 

8.21,and 10.76 to 10.81MeV. 
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focuses on two experimental data which measured by the large 

gadolinium loaded liquid scintillator method ,a direct measurement 

method 

Frehaut80 

Auchampaugh77 

Different evaluated library give different 

result 
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Frehaut80 Method: large gadolinium loaded liquid scintillator method  

D(d,n)3He 6~15MeV 

neutron 

7MV VDG 

Corrections were applied to obtain the multiplicities of neurons 

emitted by the sample 
DATA  

REDUCTION 1、Subtraction of the detector background 

2、Correction for the detection dead time losses(dead time 120 ns) 

3、Backgrounds from 2 scattered neutrons in a single burst were corrected. 

4、The detection efficiency(~75%) was measured with a 252Cf  

The (n,2n) cross sections are obtained with a relative accuracy of 4% to 10%. 
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Auchampaugh 80 

Until now no final publication was issued. The authors 

indicated that the cross section value should be reduced 

by 3~5% at 14.7MeV,  the cross section value at 21MeV 

should be augmented by 5-10%. 

Vonach and Veeser: 

Auchampaugh is 

overestimated  

corrected data 

Beta0 
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 Theoretical calculation( code UNF) 

 
   Preliminary work for Consistent  joint evaluation of   

all cross sections 

           
   The work in the future 

   Experimental data evaluation 

Three parts of the work were done  
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Theoretical calculation result by code UNF 

level Energy Jπ β 

1 0.4868 2+ 0.260 

2 2.0851 4+ 0.44 

3 2.6576 2+ 0.06 

5 2.9599 2+ 0.08 

8 3.3698 2+ 0.12 

11 3.4453 3+ 0.03 

20 3.8564 3+ 0.03 

24 4.1199 3+ 0.05 

29 4.3948 3+ 0.01 

30 4.4014 2+ 0.05 

38 4.6583 3+ 0.12 

UNF series Code output 

A  sets of suitable OMP  

were  given 
APMN06 

DWUCK 

UNF2008 

NDDX,TT 

Out put ENDF file  

Calculate the 

contribution from 

direct  part 

DAE and DE were polted 

V0 54.52155685 U2 -0.00040197 

V1 -0.23792717 rr 1.09132423 

V2 -0.00590990 rs 1.27747381 

V3 -24.87143517 rv 1.49487329 

V4 -0.00619497 αr 0.65029401 

W0 10.84276485 αs 0.50812095 

W1 -0.25981072 αv 0.44999999 

W2 -12.94733429 USO 6.23620844 

U0 -1.39829016 rso 1.08222973 

U1 -0.19923522 aso 0.62750721 

Level density parameters and pair correction: 

(n,γ) (n,n’) (n,p) (n,α) (n,3He) (n,d) (n,t) (n,2n) (n,n α) (n,np) (n,3n) 

Level density 

parameters  
7.650 5.152 6.395 5.680 6.076 6.334 6.337 5.261 5.416 7.157 5.577 

Pair correction 0.100 0.25 -0.75 0.40 0.35 0.15 0.00 0.50 0.40 0.20 0.50 

OMP 

β
 p

a
ra

m
e
te

rs
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 Theoretical calculation( code UNF) 

 
   Preliminary work for consistent  joint evaluation of   

all cross sections 

           
   The work in the future 

   Experimental data evaluation 

Three parts of the work were done  
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Data：theoretical calculation result  by UNF  

Evaluated result of Experimental data  

MF MT Data Source 

3 1 ENDF/B-VII.1 

3 4 Fit GEEL2014 Exp Data(~6MeV)+Nelson2004Exp Data(6~20MeV) 

51 Fit GEEL2014 Exp Data 

52~88 Theoretical calculated result(UNF) 

91 (3,4)-(3,51:88) 

3 16 Fit Exp Data 

3 103 ENDF/B-VII.1 

3 102, 104,105, 

106,107 

Theoretical calculated result(UNF) 

 

3 3 (3,3)=(3,102)+(3,4)+(3,16)+(3,103) )+(3,104)+(3,105)+(3,106)+(3,107) 

3 2 (3,2)=(3,1)-(3,3) 

Preliminary work 
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(n,np) (n,p) 

(n,2n) 

(n,α) 

(n,inl) 

(n,non) 

(3,3)=(3,102)+(3,4)+(3,16)+(3,103) )+(3,104)+(3,105)+(3,106)+(3,107) 
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(n,np) (n,p) 

(n,2n) 

(n,α) 

(n,inl) 

(n,non) 
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EFFdoc-184 By Vonach 92 

Beta0 is the lowest one 
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 Theoretical calculation( code UNF) 

 
   Preliminary work for Consistent  joint evaluation of   

all cross sections 

           
   The work in the future 

   Experimental data evaluation 

Three parts of the work were done  



Presentation for the CIELO Meeting of the NEA  

18-20 May 2015 Paris, France 

The work in the future 

 The discrepancy of the γ production data and the inelastic cross 

section obtained from these data between Nelson and GEEL need to 

be investigated further. 

 

 In order to find the discrepancy of integral measurements and 

evaluated data libraries, the data of angular distribution should be 

paid more attention. 

 

 Consistent  joint evaluation of   all cross sections should to be 

proceed based on the experimental data and theoretical calculated 

results. 

 


