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0,;# (0  (Daya-Bay, RENO, T2K, MINOS, Double-Chooz)

Next-generation exp. =» leptonic GP, mass hierarchy

v—nucleus scattering needs to be understood more precisely
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813 = O (Daya-Bay, RENO, T2K, MINOS, Double-Chooz)

Next-generation exp. =» leptonic GP, mass hierarchy
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Resonance region
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Previous models for v—induced 1 production in resonance region

resonant only Rein et al. (1981), (1987); Lalalulich et al. (2005), (2006)
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+ non-resonant (tree-level) Hernandez et al. (2007), (2010) ; Lalakulich et al. (2010)
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Resonance region
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Multi-channel reaction
e 2 production is comparable to 1z

* 1, K productions (background of proton decay exp.)



Dealing with multi-channel reaction

* Unitarity is missing in previous models
* |Important 2 it production model is missing

* Previous models for Kand 1 production are not well tested by data

Unitary coupled-channel model needs to be developed

% Dynamical coupled-channels (DCC) model for

% Application to



DCC model for
yN, tN = 7N, nnN, nN, KA, KX

Kamano, Nakamura, Lee, Sato



DCC (Dynamical Coupled-Channel) model

Matsuyama et al., Phys. Rep. 439, 193 (2007)

Coupled-channel Lippmann-Schwinger equation

Tab — Vab + Z Vac Gc ch

{a,b,¢} = ~N, 7N, nN, nnN (rA,oN,pN), KA, KX

Coupled-channel unitarity is fully taken into acount



DCC (Dynamical Coupled-Channel) model

Coupled-channel Lippmann-Schwinger equation

Matsuyama et al., Phys. Rep. 439, 193 (2007)
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DCC analysis of meson production data

Fully combined analysis of YN, N = xN, nN, KA, KX

(W < 2.1 GeV)

~380 parameters (N* mass, N* & MB couplings, cutoffs)

to fit ~ 20,000 data points



Re (T)

Partial wave amplitudes of pi N scattering

(fitted to N - =N data only)
[PRC76 065201 (2007)]

0.1} P31 .
02} 3 s
03} ZON
04 | -
| | | | " |
1 1 1 1 T 1
0.04 - D,, -
() S -
~
- N
0.04 ¥
-0.08 - Sso T
——————t— P
04 L F._ 1200 1400 1600 1800 2000
i W (MeV)
i 0.8
02| E ~acl
[ RPN I R = 0.6 I
1200 1400 1600 1800 2000 E 04
W (MeV)
0.2
Kamano, Nakamura, Lee, Sato, .02
2012 E
0.1
. 0
Previous model 06

2
1200

1400 1600 1800 2000
W (MeV)

0
1200 1400 1600 1800 2000
W (MeV)

0
1200 1400 1600 1800 2000
W (MeV)

I

0.5

0.1

0 1
1200 1400 1600 1800 2000

W (MeV)

[ Imaginary part ]




d6/dQ (ubist) Yp &7t 0 P

uss 0 Juee U7 Jues T e 77 Luss U7 Tuse U7 Jusa T y’\
MWN- N S
1 1 1 l 1 1 1 1 1 1 1 1 1 1
! [12d0 Thass 7 1265 2w !
1 + + 1 + + 1 + 1 1
! L ! Lisos 7 1328 1380
— +——+ jw%%w" _/’T\‘ J‘TLML
I SERS Lisse 1390 1402
T .o T = T T b
—J/u:m\k —/T“‘\ ——/Tu\_ il !
—+ +—— t +——+ —+
1424 ] 1430 1439

1
T
1
>I—
-
3 =4
=
|
I
|
>I
1

TR T T T Vector current (Q2=0) for 1

.1 Production is well-tested by data

:
5

Ef




Eta production reactions
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do/d (ub/sr)
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Vector current (Q?=0) for n

Production is well-tested by data



KY production reactions
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do/dM (ub/GeV)
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Short Summary

vN scattering in resonance region is multi-channel reaction
Unitary coupled-channels model is ideal
DCC model for yN, N = xN, nanN, nN, KA, KX is developed

Model is extensively tested by yN, N = zN, anN, nN, KA, KX

data = reliable vector current to be applied to v-scattering



PCAC-based application of DCC model to

forward vN = zN, anN, nN, KA, KX

Kamano, Nakamura, Lee, Sato, PRD, arXiv:1207.5724



Objectives

e Set a starting point for full dynamical model
* Relative importance of different channels

* Comparison with Rein-Sehgal model



Formalism

Cross section for vN (X =xN, N, nN, KA, KX')
do G + Eg
7 w—smﬂ—
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Results

CC v-proton / CC y-neutron
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* Prediction based on model well tested by data

e 1N dominates for W< 1.5 GeV

* ganN becomes comparable to 7N for W= 1.5 GeV

e Smaller contribution from nN and KY O(107) - O(10?)

* Agreement with SL (no PCAC) in A region



Comparison with Rein-Sehgal model
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e Non-resonant mechanism is included in RS model
* Lower A peak of RS model

* RS overestimate in higher energy regions (DCC model is tested by data)
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Comparison in whole kinematical region will be done

after axial current model is developed



Summary

* Prediction based on model well tested by data
* N comparable to ZN for W= 1.5 GeV (first vN = anN)
e First vN = nN, KY based on data

* RS has Lower A peak

* RS overestimates cross section at higher energies

Full development of dynamical axial current is underway



BACKUP



J-PARC proposal
niN = ntnN in high-mass N* region
(K. Hicks, K. Imai et al.)

- There is NO practical data that can be used for testing models
for tN = imN above W > 1.5 GeV.

- For W> 1.5 GeV, nN - ntnN becomes the dominant process of
the N reactions. (same applied to v-scattering)

Model for vN = nimN will be essetial piece in MC

nN = ninN data are essential to develop vN = nmN model

Please support the proposal !



F, from RS model
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F, from RS model
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SL model applied to v—nucleus scattering
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SL model applied to v—nucleus scattering
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Dealing with multi-channel reaction

e.qg.,
Tree-level models

AS=0 : Adera et al., (2010)

AS=1 : Rafi Alam et al., (2010), (2012)



DCC model for yN, N = nN, nN, KA, KX reactions

* Well-established meson-exchange mechanism for meson-baryon interactions
* Description of nucleon resonance (N*)

* Unitarity = yN, N, nN, N ( nA, pN, oN), KA, KX coupled-channels



DCC (Dynamical Coupled-Channel) model

Matsuyama et al., Phys. Rep. 439, 193 (2007)

Coupled-channel Lippmann-Schwinger equation

Tab — Vab + E Vac Gc ch
c
“\ ,', “\ bare N*,"
Vab = \ ,’ + \ ’ + z
_ ‘e —

for stable channels

s N for unstable channels



