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AbstractAbstract
1. Nuclear physics of ν’s are new windows for physics 
beyond the SM and astrophysics.

2. Nuclear isospin spin responses of τYλ and τσYλ

　　responses for ν are crucial for ν studies in nuclei. 

RCNP, as a key node lab. of MESON(Medium Energy 
Science Open Network), should  develop ν nuclear 
physics by  LI　(hadron）, photon and lepton probes as 
well as the ν studies at Oto Cosmo  ( underground ) 
Observatory



Neutrino Nuclear PhysicsNeutrino Nuclear Physics
Physics of ν Nuclear responses for ν

 Νοn accelerator lab.                Accelerator labs.
Oto Cosmo 
Observatory

RCNP  LI (Hadrons)

 Spring 8  LEPS  γ

 Tokai  Leptons ν−µ
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1.1. NeutrinoNeutrino & & Weak Weak 
Interaction Interaction studies studies 

in nucleiin nuclei
Lepton  Nuclear Physics Frontier



Neutrinos are  windows for new  
particle and astronuclear physics.

ν : Majorana/Dirac particle
ν mass, ν helicity,   left /right
ν oscillation, flavor mixings, mass differenc
ν interactions in the sun, supernova, and stars.

Fundamental properties of ν’s and week forces
and ν astrophysics are well studied in nuclei.

ββ in nuclei, ν-absorption(inverse β decay) of solar 
supernova and accelerator ν’s and others



Nuclear responses for Nuclear responses for νν studiesstudies
Charged (τ+,τ-) and neutral (τ3) 

Vector (σS S=0) and axial vector (σS  S=1)
Isospin <τYL> and spin isospin <τσYL>J

0νββ L=0,1,2,3,4,5,       E < 50 MeV
2νββ L = 0,1.                 E < 20 MeV
Solar ν L = 0,1.                E < 13 MeV
Supernova ν L = 0,1.                E < 50 MeV 

Nuclear spin isospin giant resonances and 
Spin isospin polarizations play crucial roles



III.I. Nuclear Nuclear RResponsses esponsses 
forfor

NNeutrinoseutrinos

ββββ−−νν,  ,  solar solar νν and supernova and supernova ν.ν.



ββββ for for νν and weak interactionand weak interaction

T2n=G2n M2n(τστσ)
T0ν-G0ν M0ν(τστσrp)(<mν> +<RHC>)2

Majorana ν, 
Absolute mass scale of <mν>  ~ ΣmjUj

2 in 0.01 
~0.1 eV of the oscillation mass region.



Nuclear Responses (MNuclear Responses (M0ν0ν) for) for ββββ

Single (Single (33He,t,  t,He,t,  t,33He)He)　　and double and double 
charge exchange charge exchange ( 11B, 11Li) at RCNP 



Solar Solar νν in nucleiin nuclei
Solar ν’s production in the sun 

1..ν-oscillations to study ν-flavor θij and ∆mj
2.

2. Inner sun  T, ρ, ν , nuclear weak processes .



Solar Solar νν responsesresponses

1. Solar-ν rates: Intense low-E light ions at underground 
lab.
2. Nuclear detector responses for charged and neutral 
currents 
3. d, 71Ga, 100Mo, 127I, and others up to 15 MeV with a 
few % δ. 
.



Supernova Supernova ν ν by inverse by inverse ββ
Supernova type II    Gravitational collapse.

νe T~3.5 MeV,         <E> ~ 11 MeV.
Anti νe T ~ 5 MeV,          <E> ~ 16 MeV.
νx T ~ 8 MeV,           <E> ~ 25 MeV.

 

ν spectrum flux     supernova mechanism 
ν spectrum distortion            ν oscillation.
ν time          ν mass in 30-50 eV region



Nuclear Responses of 100Mo  for SN-ν
H.H.EjiriEjiri, J.Engel, N., J.Engel, N.KudomiKudomi, PL B 2002: , PL B 2002: arXivarXiv::astroastro--phph/ 0112379  ./ 0112379  .

σ (ν,e) cm2 (10-41)
νe νx-νe

0+             0.7            8.9
0- 0.02           0.60   
1+            4.62          35.5
1- 0.14           12.1    
2+            0.04           4.7
2- 0.34           14.9

　 3+　　 0.03          3.78 
3- 1.0
4+                              0.23
4- 0.79
Total        5.84           80.5


	Nuclear  Reponses  forNeutrinos
	Abstract
	Neutrino Nuclear Physics
	Contents
	Neutrino & Weak Interaction  studies in nuclei
	Neutrinos are  windows for new  particle and astronuclear physics.
	Nuclear responses for n studies
	II. Nuclear Responsses forNeutrinosbb-n,  solar n and supernova n.
	bb for n  and weak interaction
	Nuclear Responses (M0n) for bb
	Solar n in nuclei
	Solar n responses
	Supernova n by inverse b
	Nuclear Responses of 100Mo  for SN-n H.Ejiri, J.Engel, N.Kudomi, PL B 2002: arXiv:astro-ph/ 0112379  .

