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Å13C Results to date 
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ÅάbǳŎƭŜŀǊ 5ŀǘŀέ ƻǊ άǘƘŜ 9Ǿŀƭǳŀǘƛƻƴǎέ ƻǊ ά5ŀǘŀ [ƛōǊŀǊƛŜǎέ ŀǊŜΥ 
ïRecommended set of cross sections intended to be used together 

ï9ȄǇŜǊƛƳŜƴǘŀƭ άŘƛŦŦŜǊŜƴǘƛŀƭέ Řŀǘŀ ƎǳƛŘŜŘ ōȅ ǊŜŀŎǘƛƻƴ ƳƻŘŜƭ ŎŀƭŎǳƭŀǘƛƻƴǎΦ 

ïwŜŀŎǘƛƻƴ aƻŘŜƭ ŎŀƭŎǳƭŀǘƛƻƴǎ ƎǳƛŘŜŘ ōȅ άŘƛŦŦŜǊŜƴǘƛŀƭέ ϧ άƛƴǘŜƎǊŀƭέ  
       experimental data 

ïJudged by a specific evaluation team 

ÅENDF 

ÅJENDL 

ÅJEFF 

ïŦƻǊ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ǘŜŀƳΩǎ directed purpose 

ïThese are not άǎǘŀƴŘŀǊŘǎέ  (as in NIST stds or JRC/BRC/IRMM stds) 

ÅConsumed by: 
ïNuclear Power Industry 

ïNuclear Propulsion 

ïDosimetry & Cancer Treatment Centers 

ïά{ǘƻŎƪǇƛƭŜ {ǘŜǿŀǊŘǎƘƛǇέ 

ïPhysicists & Chemists 
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Shockingly, we are not 
the big users. 



Evaluations 
Model 

Parameters keff 

Reaction 
Model 
Codes 

Reactor 
or 

Design 
Codes 

Differential 
Data 

Integral 
Data 

 
EMPIRE 
TALYS 
ECIS 

SAMMY 
CO3H 
EDA 

DWBA 
Coupled Channels 

*  
*  
*  
 

MCNP 
GEANT 
FLUKA 

Reactor Design Software 
*  
*  

ENDF 
JENDL 
JEFF 

*  
*  
*  

Resonance Params 
Opt Model Params 

 
<< misc processes >> 

 
Vibration 
Rotation 

 
Level Schemes 

Ex  Jpi 
B(XL) 

*  
Strength Fns 

*  

 ds/dW      s 

 polariz xfr 
Χ 

Transmission through  various Shapes. 
Neutron Energy Spectrum in ___. 

Irradiation Products. 
Reflections: n & g. 

Transient Response to Pulsed Neutrons. 
*  
*  
*  

IRPhE 
ICSBEP 
NDaST 
ZEPHER 
FLATTOP 

*  
*  

aƛƪŜ IŜǊƳŀƴΩǎ ŜȄǇƭŀƴŀǘƛƻƴ ƻŦ Ƙƻǿ ŜǾŜǊȅǘƘƛƴƎ Ŧƛǘǎ ǘƻƎŜǘƘŜǊ 
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yellow ς ǘƘŜ ǇƘȅǎƛŎƛǎǘΩǎ ǾƛŜǿ ƻŦ ǘƘŜ ǿƻǊƭŘ 
orange ς ǘƘŜ ŜƴƎƛƴŜŜǊΩǎ ǾƛŜǿ ƻŦ ǘƘŜ ǿƻǊƭŘΦ 

 compare 
 compare 



Evaluations 
Model 

Parameters keff 

Reaction 
Model 
Codes 

Reactor 
 or 

Design 
Codes 

Differential 
Data 

Integral 
Data 

 ds/dW      s 

 polariz xfr 
Χ 

Transmission through  various Shapes. 
Neutron Energy Spectrum in ___. 

Irradiation Products. 
Reflections: n & g. 

Transient Response to Pulsed Neutrons. 
*  
*  
*  

ω We will never be able to measure XS well enough for the reactor design codes. 

ω We will never be able to calculate XS well enough for the reactor design codes. 

ω When we measure cross section, we have no to way to  
                                                                objectively determine the true accuracy. 

ω What we can check are the agreements between differential & integral data. 

ω 9ȄǇŜǊƛƳŜƴǘŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŜǎǘŀōƭƛǎƘ ŀ άǾƻƭǳƳŜέ ŦƻǊ ǘƘŜ ŀƴǎǿŜǊ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ άǾŀƭǳŜέΦ 

ω The Evaluator is free to change the values for the integral measurement to be best. 

ω If two things agree, they both may be wrong. 

 

Cecil LubitzΩ Rules about data: 

1925-2021 
¦{b! Ψпр 

 

Albany Daily Gazette 
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One of the  
ENDF founders 



Undergraduate students on the Carbon paper 

 from Sally Hicks 

 data taken 2011-2016 & 2016-2020 

 64 (n,nΩύ ang distrib at 45 incident energies btw 0.5 - 8 MeV 
                   + 12 (ƴΣƴΩg) btw 5.6-7.8 MeV 

Motivations 

Ramirez,  Phys Rev C 1023, 122446 (2022) 
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 a monster project 



13C 3.1 moles 

Thanks to OU & LANL 
Originally the Lane 1981 samples 

Allan Carlson 
Thomas Massey 

Matt Devlin  

https://www.nist.gov/people/allan-d-carlson 

Motivations 

Allan Carlson, NIST 
National Institute of Standards & Technology 
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Ϥ  ά{ƛƴŎŜ ȅƻǳ ŘƛŘ natC, perhaps you can do 13/Χ 



ENDF 7.1    Ą    ENDF 8.0      Ą    ENDF 8.1 Motivations 

 natC is a xs standard 
 

btw 1 keV and 1.8 MeV 
 

uncert 0.68 - 0.71% 

Carlson NDS 110, 3215 (2009) 
Carlson NDS 148,   143 (2018) 
 
ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ bǳŎƭŜŀǊ 5ŀǘŀ Stdsέ 
 

0.9890 

0.0110 

±5 

±5 

2011 2018 soon 
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 some were happy 
 some were surprised 
 some were upset 
 some were mad 

 very small 
 abundance fluctuations 



Motivations 

Worries 
 that the 2017 & 2006 values 

 differ by more than the uncertainty 

!ƭŀƴ /ŀǊƭǎƻƴ άwŜŎŜƴǘ {ǘŀƴŘŀǊŘǎ ²ƻǊƪέ 
CSEWG 2023 @ BNL Nov 2022 

 
Differences are due to  

addition of 13C information 

/ŀǊƭǎƻƴ b5{ мпуΣ   мпо όнлмуύ    ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ bǳŎƭŜŀǊ 5ŀǘŀ Stdsέ 

Recent RPI data indicate  
less discrepancy in  

0.15 - 0.40 MeV region. 
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Motivations 

Potential scattering (think: OM + corrections) 
 
Resonances (+ CN state properties, mixing, interference, subthreshold tails) Gerry Hale 

Mark Paris 

0.68 ς 0.69% 

ALSO:  The ENDF recommended values are deduced by 
             examination of the CN and not an individual reaction channel.  
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 variations in 13C xs can have 
 major impact on the quoted uncertainties. 

aƻŘŜƭƛƴƎ ŎǊƻǎǎ ǎŜŎǘƛƻƴǎ όŜǾŜƴ ƛƴ ǘƘŜ ΨǇƭŀƛƴΩ ǊŜƎƛƻƴǎύ ǊŜǉǳƛǊŜǎ ŀ ƘǳƎŜ ŀƳƻǳƴǘ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΦ 



Previous work on 13C 

Experimental stot 
 total Cross section 
measured at the old 

LANL Tandem. 

Motivations 
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Most previous measurements do not go below  ~1 MeV. 



Å Accelerator 

ï HVEC Model CN: 7 MV 

ï  rf source 

ï p, d, 3He, aΣ Χ ƛƻƴǎ 

ï Authorized for 3H gas targets 

ï measure exit neutron energy 

ï 1 ns pulse widths every 533 ns 

Å Basic Nuclear Science  

ï Nuclear Structure via (n,n'g) 

ÅLevel Schemes & Transitions 

ÅSpectroscopic Information 

ÅDSAM Lifetimes 

ï (3He,ng) 

Å Applied Nuclear Science 

ï Differential (n,n') Cross Sections 

Å12,13C, 7Li, 19F , 54,56Fe , 23Na , 28Si 

ï Detector Development  
Å Univ Guelph / TRIUMF  

ïƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ΨŦǊƛŜƴŘǎΩ 
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Quick reminders about the 
University of Kentucky 

Accelerator Lab 
 programs 



MAIN 
 n detector 

   Neutron Time-of-Flight    

23Na(n,nk) 
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 Pulsed beam.  PSD. 
Exit channel neutrons sort by flight time. 


