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Neutrino nucleus: 

The group has unique tools to evaluate neutrino nucleus cross sections.

The basis is that one has a local Fermi sea of nucleons. The neutrinos    
Interact with this Fermi sea (translational symmetry) and a folding is
later done with the realistic densities of each nucleus:

Excitation mechanisms of the nucleus are taken into account, 1p-1h, 2p-
2h, Pauli blocking, etc.

Most neutrino experiments are done in nuclei: Precise understanding of 
them is needed to extract information on









Experimentalists take global Fermi gas and fit MA to quasielastic data
QE is defined as having only one muon in final state.





















Narrow Bound States of the DNN System

E. Oset, M. Bayar, C.W. Xiao, T. Hyodo, A. Dote and M. Oka,   Phys. Rev. C 2012

DN interaction with coupled channels
The Fixed Center Approximation to Faddeev equations
The variational calculation
Two body absorption of D by NN
Results



Main idea:  study the system analogous to the Kbar NN system
with Kbar -> D.

Recent studies converge to B=20-30 MeV Γ=70-80 MeV for Kbar NN

Kbar N couples to the Λ(1405) and the width is about 30-50 MeV.

Kbar coupling to two nucleons should have Γ about twice as big.

In the analogous system DNN , the DN form the Λc(2595) with Γ<3 MeV.

The D are heavier and more bound than Kbar 

All goes in the direction of having a system more bound
and much narrower!!!



We follow the approach of Ramos and Mizutani, PRC 2006 

For exchange of light vector For exchange of heavy vector

Loop function of meson baryon

Bethe Salpeter equation





The Fixed Center approximation
To Faddeev equations.



FNN(q) is the NN form factor



Ф(0) is the NN wave function at the origin



Is the (N-1)X(N-1) t-matrix of the coupled channel problem without the DN channel

Is introduced to compensate for the deviation from the local potential approximation





VNN is the NN potential and we take three examples
Hasegawa-Nagata, Minnesota, Argonne V18

Test function

Main component Two nucleons are combined with SNN=0 and INN=1 (s-wave)

Small component Where the spin and isospin are zero so L= odd



FCA for the DNN system FCA with D NN absorption

J=0
J=0

J=1
J=1 is less bound and the strength is
10 times smaller, indication that the
state is more uncertain and difficult
to see. 

Γ= 25-30 MeV





Units in fm



We find a bound state of DNN at around 3500 MeV with Γ =20-40 
MeV.

The binding energy with respect to the free DNN system is B= 200-250 
MeV

This is a clear case for observation where Γ is much smaller than B

Possible reaction for FAIR. 

This would produce a few thousand event per day for the background of the reaction, 
where a narrow peak could be observed on top of it. 
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Conclusions


