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(n,n’𝛾), like RSF, sits at the  
intersection of structure and reactions 
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(n,n’γ) cross section 

Evaluated  (n,n’γ) cross sections Atlas (n,n’γ) data compilation 

56Fe 

(n,n’) for En< 10 MeV is very sensitive to low-lying nuclear structure 
and most of these cross sections remain unmeasured! 

*M.B. Chadwick et al. NDS 118 (2014) 1-25 
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Bauge* highlighted the uncertainty in reaction databases for 
(n,nel) and (n,n’) in a prompt fission neutron spectrum 

 
+522 p.c.m. 

 
-638 p.c.m. 

*E. Bauge et al.,  
Eur. Phys. J. A (2012) 48: 113 

Other calls for (n,n’γ) data: 
“Below 2 MeV differences in 56Fe(n,n’γ) are 28%”*  

“New measurements (in 56Fe) have been requested between 0.5-20 MeV” ** 

*M.B. Chadwick et al. NDS 118 (2014) 1-25 
**http://www.oecd-nea.org/dbdata/hprl/hprlview.pl?ID=454 
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The most comprehensive collection of (n,n’γ) data was taken at the 
IRT-5000 reactor at the Al-Tuwaitha Nuclear Research Facility 

IRT-5000

Baghdad Nuclear Research Facility 
(Al-Tuwaitha) 

The same set-up was used for all  
measurements è consistency 
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Unfortunately, the facility was “decommissioned” by the US Air 
Force in 1991… 

…that he sent on to Brad Sleaford, 
Aaron Hurst and me 

Fortunately,  
Andrej Trkov 
had a copy… …that he sent to 

Rick… 

…and the IAEA is cleaning up the mess… 
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The data was released in the “Baghdad Atlas” (1978DE41) by 
Demidov, Govor, Ahmed et al.,  

Atlas Specifics 
•  7090 γ-rays  
•  105 targets, 75 elements 

•  Separated Isotopes: Mo, Pd, Cd, 
Sn, Te, Sm, Dy, W 

•  Absolute γ-ray yields normalized 
to the 56Fe 2 è0 @ 847 keV 
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The “Baghdad Atlas”  included information about the target 
irradiation time and sample sizes to provide  

εdet and target thickness info was 
provided to allow γ-yield 

normalization to the  
56Fe 2 è0 @ 847 keV 

εdoubleescape

εphotopeak
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The non-proliferation community at LLNL started the 
process of compiling the Atlas 

The Atlas was scanned and 
OCR-ed (Sleaford) 
 
 
 
 
 
 
 
 
 

Data was converted into an 
excel spreadsheet and 
normalized to the 847 keV 
56Fe line (Walston) 
 

 
 

The data can be easily converted to ENSDF format using xls2ens 
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Aaron Hurst translated the Atlas into an SQL database 

•  GUI can be used to manipulate data or execute SQL code  

•  All γ-ray information from the ATLAS entered. 
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The energy dependence of the reactor neutron flux 
(Φν(Εν)) is based on a set of activation measurements 

Inelastic neutron 
scattering in the 
region A=11-40 , 

L. Nichol and  
T. j. Kennet  

φ(E) = φ0e
−βE

0.6 ≤ β ≤ 0.7

Neutron transport is being 
modeled by R. Slaybaugh 

and students @ UC 
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Modeling of the partial γ-ray cross sections using EMPIRE and 
TALYS (I. Abramovic) show little sensitivity to Φν(Εν)
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Normalized* 56FE γ-ray intensities 
(EMPIRE/Atlas, spin averaged) 

Deviations between the Atlas and EMPIRE can be used to point 
to deficiencies in the low-lying off-yrast structure, ρ(J) etc. 

*All γ-rays normalized to the yrast 2+ -> 0+ 
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Demidov et al., recognized the value of (n,n’γ) as a tool for 
nuclear structure studies (2004DE49) 

 Abstract—Reactions of the (n,nγ) type proceed through a compound-nucleus stage; therefore, the excitation cross 
section is usually independent of the level nature. Accordingly, all of the excited states must manifest themselves in 
such reactions through γ transitions (with allowance for their internal conversion). In comparing the energy-level 
and γ-transition diagrams obtained in investigating γ rays from the inelastic scattering of fast reactor neutrons 
with the diagrams published in the last issues of Nuclear Data Sheets, it was found that 120 levels in 34 nuclei 
must be excluded from compiled data because the γ transitions expected from them were not observed. The case of 
the questionable first 3− level in 56Fe at 3076 keV is considered by way of example. It is concluded that there is no 
such level in 56Fe. 
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Let’s examine one of these cases – 110Cd 
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What are the effects of removing these levels on the 
calculated (n,n’) reaction cross section? 
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TALYS shows that the discrete state population in 
(n,n’γ) provides a probe for ρ(J) 
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We are performing complementary (n,n’γ) measurements using 
deuteron breakup at the 88-Inch cyclotron 
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meters 

Fe target

20% HPGe

Our student-led 
experimental program:  

Josh Brown(G),  
Leo Kirsch (G) and  
Keegan Harrig (UG) 
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Similar measurements 
are taking place at 

HZDR1 and GELINA2 

1R. Beyer et al., Nucl. Phys. A 927 (2014) 41-52 
2A. Negret et al., PRC 90, 034602 (2014) 
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In October 2014 we demonstrated that (n,n’γ) can be 
studied in a fission-like neutron spectrum @ LBNL  

Rexp/endf 848 /1238( ) =1.04± 0.08
Rexp/endf 848 /1037( ) =1.06± 0.06

500 1000 1500Eγ (MeV )

848keV
21
+ → 01

+

352keV 41
+ → 21

+

57Fe( )
1238keV 41

+ → 21
+

511keV e+ / e−

Ge n,n 'γ( )

1810keV 22
+ → 21

+

2113keV 23
+ → 21

+

2222keV
−H (n,γ )D

++ → 12 44
1038keV

1771keV
31
+ → 41

+
1 hour of data with 1 
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Id=2 µA.  En≈3-4 MeV, 
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511 keV e+ / e−( )

Rexp/endf 847 /1238( ) =1.26± 0.08
Rexp/endf 847 /1037( ) =1.06± 0.06
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Last month we performed our first (n,n’ γγ) 
coincidence measurements (L. Kirsch) 

56Fe(nth,γ) is used for energy and efficiency calibration 
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The experiment revealed several new potential 
transitions at Eγ > 10 MeV 

Preliminary 
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Next Steps 

• Compile “high priority” nuclides in the 
atlas into ENSDF format 
• Model the partial γ-ray production cross 

sections using EMPIRE and TALYS 
• Complete modeling of the neutron beam-

line to obtain the Atlas neutron energy 
spectrum 
•  Perform targeted (n,n’γγ) measurements 

All of this leads to a (n,n’γ) horizontal evaluation 
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And now for some blatant advertising 

Contacts: Lee Schroeder/Lee Bernstein


