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How to describe the ground and excited states 
in deformed nuclei  
and decays with particle emissions ? 

Motivation in theoretical description 

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

How to describe the reaction on the nucleon 
bound in nuclei and the nucleon in matter ? 
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MSW high-density resonance  

through θ13 at r ~ 103 g/cm3  
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R-process:  

Heavy Nuclei 
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8 Various roles of n’s in SN-nucleosynthesis 

Explo. Si-burn. 

Fe-Co-Ni,  
60Co, 55Mn, 51V …  

Si 
Layer 

n-process:  
6,7Li, 9Be, 10,11B …   

np-process:  
92Mo, 96Ru ? 

     n-process  
180Ta, 138La, 92Nb, 98Tc …   
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Effective Mass in nuclear medium 
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[QMC(medium)]/[QMC(vacuum)] for g_A. 
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[QMC(medium)]/[QMC(vacuum)] for F1. 
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[QMC(medium)]/[QMC(vacuum)] for F2. 
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3.0 

vacuum 

Normal =1.0 

About 10 (normal) - 40 %(3 rho_0)  decrease of  
the cross sections on  a proton !! 

Neutrino X-section on the nucleon in dense matter 
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3.0 

vacuum 

Normal =1.0 

About 10 (normal) - 15 %(3 rho_0)  decrease of  
the cross section s for 12 C !! 

Density dependence of X-section on 12C via CC 
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Motivation Neutrino Energy  
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FLOW of Computer Program (DQRPA) 
QRPA    Neutrino-Reactions by QRPA 
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With G-matrix for NN  
interaction in nuclei 



QRPA   Cross Sections  

NAOJ Visiting Fellow Workshop 2012, 
RIKEN, Oct. 17-19 

1 

1 

1 

1 

-1 



NAOJ Visiting Fellow Workshop 2012, 
RIKEN, Oct. 17-19 

Difference between two formalism  
for nu X-section 



    LSND : ne
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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Cheoun, Ha, Lee, Kim, 
So, Kajino, PRC81, 

028501(2010)  

6. How are effects from the bound nucleon in nuclei  ?   
Already discussed. 
7. How to treat  the deformed nuclei  ?  
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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. 
 

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



 
 
In spherical basis, J is a good quantum number. 
But in deformed basis, a projection of J on the nuclear symmetric axis z, Ω,  is a good quantum 
number. 
 
Deformed states, ±5/2, ±3/2,  and ±1/2, are separated from the spherical state d5/2. 
 
 
 
 

20 

Motivations  Results  Summary  Formalism  
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 Single particle states in deformed nucleus become more complex. 
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Deformed QRPA  From spherical basis to Nilsson basis 

J 

K 

Laboratory 
frame  

Intrinsic frame  



 
 Result 1 
 Gamow-Teller Strengths on 26-34Mg 
isotopes by the Deformed Quasi-particle 
RPA  
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RMF 

Exp. 

32Mg 32Mg 30Ne 
Mg isotopes 

N=20 isotones 

1. N = 20 magic number disappeared in 32 Mg. But N = 28 is still there. 
2. 30Ne shows degeneracy of fp shells . 

Shell Evolution by the deformation 
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Deformed QRPA  GT strength distributions on 26 Mg 

Beta_2 =  0.296 , -0.261 

Oblate deformation leads to high lying  GT states. ! Nothing in prolate. 
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The more neutrons  you have, the more High-lying GT states appear. 

GT strength distributions of Mg isotopes 
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Neutrino X-section on deformed 26 Mg  
which show 
a change about tens of %  
compared to the result by small deformation  



 
 Result 3 
 High-lying Gamow-Teller excited 
states in the deformed nuclei of 76Ge 
and 82Se by the Deformed Quasi-
particle RPA  
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 arXiv : 1206.2156[nucl-th] (2012) 



NAOJ Visiting Fellow Workshop 2012, 
RIKEN, Oct. 17-19 

82Se(p,n) 82Br 

 Calculated GT states on 76Ge and 82Se.   
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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. To treat density dependence  is also necessary.  
 
7. DQRPA  is a quite useful for the nu-reaction description  
    of deformed nuclei. 
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Thanks for your attention, 
 and  
NAOJ  
for this workshop ! 


