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Nuclear Data Program 
Link between basic science and applications 

needs data: 
✦ complete 
✦ organized 
✦ traceable 
✦ readable 

Application 

Community 

Nuclear Data Community 
✦ compilation 
✦ evaluation 
✦ dissemination 
✦ archival 

Nuclear Science Community 
• experiments 
• theory 
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Why do we need ENDSF?  
Facilitates comparison to theory Used in all aspects of 

gamma-ray spectroscopy 

Wide range of applications 
require nuclear structure data 

Input for other basic science fields 



 Users of Nuclear Data 

> 3 million retrievals / year 
Relevance to society 

Japan Earthquake 
Friday 3/11/2011 



Using the Databases 



More than 800 

nuclides produced 

in the fission of 235U 

 Many applications involve fission 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=jW5rRklBFPm6kM&tbnid=7vEy6YoxuQzuJM:&ved=0CAUQjRw&url=http://cerncourier.com/cws/article/cern/28587&ei=nsNMUaCKKMuv0AG4soHQBQ&bvm=bv.44158598,d.dmg&psig=AFQjCNEkQfqgeNkV_kSgFVm14ML5G-UZTA&ust=1364071677836648


Energy released in beta decay 

Electromagnetic (EM) =SIgEg + SIx-rayEx-ray 

 Light Particle (LP)=SIb-Eb- + SIceEce + SIAugerEAuger 

Total Energy=EM+LP+Eneutrino= Q(b-) 

Qb 

//upload.wikimedia.org/wikipedia/commons/c/c0/Iodine-131-decay-scheme-simplified.svg


The beta-decay database 

Basic (T1/2, Q, mode) 

Theory 

Complete, pre 2001 

Complete, post 2001 

3817 “materials” 
g.s. and isomers 

M. Chadwick et al., Nucl. Data Sheets 112, 2887 (2011). 



 But most things aren’t simple 

Actual Observed 

Japan 

Valencia Oak Ridge 

MSU 

New RIB facilities + New Total 
Absorption Gamma-ray 
Spectrometers (TAGS) : 

Will soon address these issues 

Z+1,A 

Z,A Weak gammas 
difficult to place in 

decay scheme 

Z+1,A 

Z,A 

b- 

Incomplete decay schemes: 

• Smaller gamma-ray energies 

• Larger beta energies 

• 1st realized by Hardy in 1970’s 

• Termed Pandemonium effect 
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What’s it good for … 

• Decay heat 

• Antineutrino spectra 

• Delayed nu-bars (reactor operation) 

• Astrophysics  

• ???? 
 



Decay heat from a reactor 

𝐷𝐻 𝑡 = 𝐸𝑖𝜆𝑖𝑁𝑖(𝑡)

𝑖

 

Ei = Decay energy (b,g or both) 

i = decay constant 

Ni(t)= number of nuclei i at cooling time t 

Essential for  
• Reactor control 
• Shut down  
• Post processing of fuel 
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Incorporating TAGS data 

• IAEA project (2006) identified 22 “high priority” nuclei 

• New TAGS data on 7 nuclei from Valencia collaboration 
Algora et al., Phys. Rev. Lett. 105, 202501 (2010). 



Decay Heat for Advanced Fuel Cycles 

Lots of room for improvement !! 



And now for something 
completely different … 



Neutrino Oscillations 

𝜃13 =? ? 

e    

  

http://www.google.com/url?sa=i&rct=j&q=neutrino+oscillations&source=images&cd=&cad=rja&docid=zOzsKncXjOLaMM&tbnid=_zzwDEnXc7k0XM:&ved=0CAUQjRw&url=http://lappweb.in2p3.fr/neutrinos/ankes.html&ei=8qZQUYDkEMPn0QHVzYDoCQ&bvm=bv.44158598,d.dmg&psig=AFQjCNHvLd73yJVNh8hR6eNM78kFWR4HOg&ust=1364326497010049


The race to measure the final mixing angle 
Intense source of ῡe 

100 ton 
detectors 

13 

Distance from reactor 
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Antineutrino Spectrum 
Detection through inverse b decay on proton 



F.P. An et al, Phys. Rev. Lett. 115, 111802 (2015) 

sin2(213)=0.084 (5) 

Daya Bay Results 



And then the story got more interesting 

Deficit in antineutrinos in all short baseline experiments 
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Analysis of all experiments close to reactors 



And then the story got more interesting 

Re-analysis + New Daya Bay results 



And more interesting 

The “bump” :  
An excess of measured antineutrinos relative to predictions 

F.P. An et al, Phys. Rev. Lett. 116, 061801 (2016) 

Observed in Daya Bay, 
Reno and Double Chooz 



What are the implications? 

Many possible explanations 

• Predicted Antineutrino spectrum is incorrect 

• Experimental bias in all 19 experiments 

• New physics at short baselines 

• Existence of a 4th sterile neutrino 

• Would impact 13 results 



Efforts by the Neutrino Community 

Numerous Very Short Baseline Experiments 
ranging from operating to planning stages 

Nucifer, France 
Operational, D=7m Nearly Operational, D=6-13m 

Neutrino-4, Russia PROSPECT, USA 
Under Construction, ORNL 

CORMORAD – Italy, PANDA – Japan, SOLiD - France 



 Method to calculate the spectrum 

More than 800 

nuclides produced 

in the fission of 235U 

235U 

Relies on underlying nuclear physics in a reactor 



Simple Example : 137Cs 

137Ba 

137Cs 

5% 

95% 

I(E)=N W (W2-1)1/2(W-W0)2 F(Z,W) Cexp CL Cscreen Crad Cwm 



 But most things aren’t simple 

Actual Observed 

Japan 

Valencia Oak Ridge 

MSU 

New RIB facilities + New Total 
Absorption Gamma-ray 
Spectrometers (TAGS) : 

Will soon address these issues 

Z+1,A 

Z,A Weak gammas 
difficult to place in 

decay scheme 

Z+1,A 

Z,A 

b- 

Incomplete decay schemes: 

• Smaller gamma-ray energies 

• Larger beta energies 

• 1st realized by Hardy in 1970’s 

• Termed Pandemonium effect 
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Alternative Method = Summation 

Two main ingredients 
Beta spectra Fission Yields 

Low precision (~10 % uncertainty) but … 
• Can calculate for any fissioning isotope 
• Has direct link to underlying physics 
• Doesn’t rely on a single measurement 



NNDC Calculations for 235U 

A.A. Sonzogni, T.D. Johnson, E.A. McCutchan, Phys. Rev. C 91, 011301(R) (2015).  



NNDC Calculations for 238U 



235U 

37-Rb-92 

39-Y-96 

41-Nb–100 

55-Cs-142 

37-Rb-90 

55-Cs-140 

52-Te –135 

38-Sr-95 

239Pu 

41-Nb-100 

39-Y-96 

37-Rb–92 

55-Cs-140 

55-Cs-142 

38-Sr-95 

52-Te-135 

39-Y- 98m 

241Pu 

39-Y-96 

41-Nb-100 

55-Cs – 142 

52-Te- 135 

37-Rb-92 

55-Cs- 140 

53-I- 137 

39-Y-99 

238U 

39-Y-96 

37-Rb-92 

41-Nb –100 

55-Cs-142 

52-Te-135 

39-Y-99 

55-Cs-143 

53-I-138 

 Main Contributors at ~5 MeV 

New measurements underway based on these sensitivity studies 

Top 10 contribute more than 60% to the overall spectrum 

D.A. Dwyer and T.D. Langford, Phys. Rev. Lett. 114, 012502 (2015). 
 A.-A. Zakari-Issoufou et al., Phys Rev. Lett. 115 102503 (2015).  



First forbidden non-unique, 
ground-state to ground-state 

transition accounting for 95% of 
beta intensity 

What do these have in common? 

Need precise measurements of g.s. to g.s. 
(or g.s. to low-lying states) b intensity 



 The 92Rb race is on 

G.S. Branch from  
95 % to 87.2 (25)% 

G.S. Branch 91 (3) %  



 Real “applied” uses  
for antineutrinos ? 



 Outside-the-box thinking 
“In regard to nuclear proliferation and arms 
control, the fundamental problem is clear: Either 
we begin finding creative, outside-the-box 
solutions or the international nuclear safeguards 
regime will become obsolete.” 
‐ 
M. ElBaradei,  
then Director General of the IAEA 
Washington Post, June 14, 2006 

 

• Neutrinos go through everything 
• Large investments in neutrino 

detection technology 
• Understand neutrino flux from 

reactors 



Different signal in 

• Shape 

• Maxima 

• Number 

Can be used in non-proliferation and reactor monitoring 
Advantages : Non-intrusive, “real-time” measurements  

 Exploit differences in signal 



This sounds crazy… but its not 

Many efforts 
• USA 
• Canada 
• Japan 
• France 
• Brazil 
• Italy 

 
• UK 
• Korea 



 And will stay open 
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Estimates of IR vary from 
18% to 70% 

96Y Isomeric Yield Effect 

NNDC,ILL,Mainz approved experiment to measure at ILL soon 

Changes predicted 
spectrum by up to 7% 



 But not for long 

Japan 

Valencia Oak Ridge 

MSU 

Beta Spectrum 

Fission Yields 

• High precision 
• Range of neutron energies 

RIB facilities making new 

measurements every day 
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