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Motivation Neutrino Spectra 
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How to describe the ground and excited states 
And decays with particle emissions ? 

Theoretical Description 

SM, QRPA, Hybrid 
And Deformed 
QRPA 
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by using Hauser-
Feshbach statistical 
model  by  S.Chiba 



QRPA   Cross Sections  
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    LSND : e
12C -> e- + 12N*

 

 

Motivation Neutrino-induced reactions data on 12C 

1.We need more data on nu-reactions ! Neutrino beam from pion or   
from the decay of RI  are candidates .  2. GT transitions  by CEX are largely appreciated !   
    Roles of RIF for unstable nuclei  are important  for unstable nuclei !  
3. Multi-pole transitions as well as GT should be considered !  
 

5. Contributions from higher energy tails,  
high - lying (GT) excited states beyond 1 nucleon threshold ,  
also contribute !    

4. Coulomb distortion beyond Fermi function for beta decay 
may work !  
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High-lying GT states 

ISR is recovered  
by high-lying GT excitation  
coming from 2p-2h correlations.  
Then, g_A quenching problem ?? Contribute to nu-reaction ? 

Deformation ? New Data ? 
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90Zr : beta- =6111KeV, beta+=2280 KeV 

GT Results for 90Zr 

1. Peak positions  on high-lying GT states are well pointed.  
2. ISR is nicely  reproduced .  
3. 2p-2h mixings are vital for the high-lying GT states. 
 



Results for 92Nb 
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MKC et.al, in press, PRC (2012) 

By Ko Nakamura 



Results for 40Ar 
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Imaging of Cosmic and Rare Underground Signals (ICARUS) : 
1. Liquid Argon time projection chamber (LArTPC) 
2. For solar neutrino from 8B 
3. For SN neutrino and oscillations 
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Hybrid Model  of Shell and QRPA Models for GT strengths 

GT(-) on Ar40  
by Alex Brown 



Results for 40Ar 
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Deformed QRPA  From spherical basis to Nilsson basis 

J 

K 
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Deformed QRPA  From spherical basis to Nilsson basis 
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Deformed QRPA  GT strength distributions on 26 Mg 

Beta_2 =  0.296 , -0.261 
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Deformed QRPA  GT strength distributions on 76 Ge and 82 Se 

Beta_2 =  0.133 

Beta_2 =  0.157 
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Deformed QRPA  GT strength distributions on 76 Ge and 82 Se 

Deformation  -> 
 
 Fermi energy increase -> 
 
Wide Fermi smearing -> 
 
2p-2h mixing -> 
 
High-lying GT excitation 

High-lying excitations are intimately associated with the deformation !!  



Summary  
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1. More data are necessary for understanding neutrino-induced reactions.  
    DIF of pions or Beta beam neutrinos from RI are plausible sources of  
    neutrinos  on the lab. on Earth.  
 
2. GT transitions are welcome because they dominate low energy X-section. 
   In specific, RIB Facilities may greatly contribute to the CEX  
   on the unstable nuclei.     
 
3. Multi-pole transitions as well as GT should be considered !  
  

4. Coulomb distortion beyond Fermi function for beta decay may work !  
  

5. Contributions from higher energy tails,  high-lying excited states  
    beyond 1 nucleon threshold , also contribute .   
    More CEX data beyond 1 nucleon threshold are necessary.    
  
6. QRPA and DQRPA are quite useful for the nu-reaction description. 


