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Motivation Cosmological origins of  Proton-Nuclei
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Motivation Neutrino Energy 
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How to describe the ground and excited states
And decays with particle emissions ?

Motivation Neutrino Nucleus Reactions via 2 step Process

by using Hauser-Feshbach statistical model
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Pairing of Like and Unlike nucleons

• neutron-neutron, proton-proton (T= 1)

• neutron-proton (T=1 and 0) couples 
J=L-1 and J=L+1 by tensor force. For 
example, 3S1  and  3D1 states play roles

• The np pairing is vital for the exotic 
nuclei in the nucleo-synthesis with the 
deformations

QRPA Pairing Correlations
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QRPA G-matrix for N-N interactions inside Nuclei

INT 2011, Seattle



2011-08-12 INT 2011, Seattle 81

QRPA Cross Sections 



FLOW of Computer Program
QRPA Neutrino-Reactions by QRPA
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Results :
Neutrino Reactions  

for 12C, 56Fe, 92Nb,138La and 
180Ta, 40Ar.   
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LSND : e
12C -> e- + 12Ngs

1+

O.K. !!

Results for 12 C 



2011-08-12 INT 2011, Seattle 121

Results for 12 C 
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Our results : 1.418 (-40) : Fermi Coulomb Correction

O.K. !!

With np pairing 1.735 (-40)  !!!!

Without Fermi correction : 0.79 (-40) !!!!

Flux averaged C.S. for DAR 

Results for 56 Fe and 56 Ni
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Results for 56Fe and 56Ni 

M-K.Cheoun et.al, JPG 37, 055101 (2010)

Without quenching 

We need the quenching for the exp. data. 
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Results of  138 La  and 180Ta

(3.88,4.5)

(5.56,3.15)

We reproduce experimental (GT) 
strength distribution by the 

quenching factor !!
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Dominated by 1+ (GT), IAS,SDR

Results of  138 La  and 180Ta
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Results of  138 La  and 180Ta
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Results of  138 La  and 180Ta
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Results for 40Ar

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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Results for 40Ar

2011-08-12
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Results for 40Ar
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Results for 40Ar

Roles of High-lying states in CEX  reactions ??



2011-08-12 INT 2011, Seattle 231

Results for 92Nb
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Results for 92Nb

Too large ratio ! 
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Results for 92Nb
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Summary 
• Quasi particle RPA with np pairing was successfully applied to the 

beta and double beta decays. 

• The ambiguities from the nuclear structure should be 
pinned down for more accurate information in the 
astronomical data.

• Results for neutrino nucleus interactions (12C, 56Fe, 40Ar, 

138La,180Ta),  obtained by QRPA showed quite consistent 

results with available data. But, overproduction of 92Nb is still 

open problem. 93Nb should be understood more clearly !!!. 

• We are applying our method to the ν processes as well as other 

reactions in another nuclei. 

• In specific, for the unstable nuclei necessary in NS, 
more refined theory including the deformation, Deformed 
Quasi-particle RPA (DQRPA), is under progress.
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Thanks for your attention and
Truly thanks 
for the INT !!
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Cheoun et. al, JPG (2010)

NC reactions cannot be described by the pn QRPA, which should 
be performed by pp+nn+pn QRPA by following the method for EM 

transition !!

QRPA Neutral and Charged Cuuren Reaction 
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Motivation Neutrinos from Super Novae


