Study for the Neutrino Coherent
Pion Production Experiment

Yasuhiro SAKEMI
Research Center for Nuclear Physics (RCNP)
Osaka University

Contents

*  Phycis motivation

e Coherent Pion Production
e Proton induced CPP

e Neutrino beam at J-PARC

Summary




Phase Transition in Nuclear Matter
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Physics motivation
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Study on Short range component of Nuclear Force with Neutrino Beam



Nuclear force and Pion condensation

® Nuclear force ~ short range correlation of the nuclear interaction e '

» 1z +1, +¢’ (shortrange: phenomenological parameter)
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A spreading: r
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Coherent Pion Production

A( v, « 7*)A(Ground State) =? Nuclear Force ~g’" _, ,

Inclusive measurement

ucleon spreadin

V y Nucleon knockout

Coincidence measurement

of neutron and pion

\

~Virtuqal Pion  Nucleus (G.S)

v,p,3He

Coherent Pion Production (CPP)

-Virtual pion ~ emitted from incidence proton beam
-Excite A/nucleon-particle nucleon-hole states
-Propagate with mixing particle-hole states
-Produce the real pion

-Target nucleus is left in the Ground State (G.S.)

Observables

@ Cross section
@ Spectrum shape
@ Peak position :
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Neutrino Beam

®\\/eak interaction

®Can prove the interior of nucleus

] ® Cross section ~ behave volume like
Neutring ®No distortion/absorption

®Adler’s theorem : M~T( = (q)+N—X)

Cross section, shape and peak position ~ g’ 4 4
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— Good Probe to study the interior of the nucleus ‘
= keep the information of nuclear interior
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@Strong interaction

®Reaction ~ peripheral

@ Sensitive to nuclear surface

®Distortion/Absorption effects

=can investigate residual interaction with high accuracy




Electron/Photon induced CPP

€ Longitudinal Response
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« Enhancement and Softening

€ Transverse Response
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* Quenching and Hardening
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Mixture of longitudinal and transverse responses
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Can extract Longitudinal response strength by reducing

the Transverse component measured by e/ y induced CPP



Neutrino induced CPP

J.Marteau
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Density dependence of g’

Density p [p,]
1 1/2 1/4

Light ions

A.Hosaka and H.Toki
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Coherent Pion Production at RCNP

9’pp ~ extract from Coherent Pion Production

p+tA—n+m*+A(gs.)

1. Peak shift from N-D residual interaction

2. Longitudinal response function (R,)

CPP status
> Saclay

» RCNP

Experiment

« Beam ~ proton 400MeV un-polarized /JE~100keV

AE =g 4 o(Af onp/MpP o

~ dominant at O degree

Sepp(0° ) = R = 9" (9"nns 9'npr 9'0D)

12C(3He,t 7t *)12C(G.S.)~resolution poor/shutdown
> LAMPF 2C(p,n 1t *)12C(G.S.)~ test experiment / shutdown
12C(p,n 7 *)12C(G.S.)~ in progress

e Target ~ 2C (100mg/cm?)

e Detector

— Netron detector ~ E~300 keV

— 7 detector

~ E~1 MeV

e |dentification of CPP

— select the ground state of residual nucleus

defdig A, (mb/sr MeV]

o f

o -

02 p-

o ]
Ty (Ma¥)

coherent pion cross section[2].

Counts (arbitrary units)

104

80+

60+

404

“0(He,t)

(L ﬂm T,.= 2 GeV
VRN 92

0'42=0.33]

T T T L T 1 T
100 150 200 250 300 350 400 450 500
W (MeV)

correlation of cross section and g’ , »[3].

[2] E. Oset, Nucl. Phys. A 592 (1995) 472.
[3] T. Udagawa et al., Phys. Rev. C 49 (1994) 6.



CPP Experiment

Neutron Counter . " ) :
- Position sensitive Neutron Counter (lig Sci.)
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GEM detector
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Experimental status

Neutron Energy Loss Spectrum

I

CPP event selection
~ need GEM detector for pion tracking

range of CPP event
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Neutrino induced CPP

Coherent Pion Production data ~ poor
First data from K2K ~ GeV energy region = NO eveidence of CPP
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Neutrino Beam at J-PARC
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Beam energy ~ 1 GeV

— suitable for Nuclear Physics in the /] resonance rlon

Detector ~ LOI(AGS neutrino beam) ~ Liquid Sci. with W.L.S

Target

®Proton
®Carbon!
®Heavy Nucleus
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Neutrino induced CPP

E=1 GeV — A resonance region ~ =, A propagation in the interior of nucleus

LOI (AGS neutrino beam)

Yy En Ve t+ 7%

v interaction type 10 POT | 10® POT | 102 POT

1 ton 1 ton 1 ton
CCQE, vyn— pu~p 11,395 184 56
NCEL, » N =31, N 4993 86 22
CCxt,vyp =y prt 3,203 24 24
CC % vyn— u~pa® 795 i1 i
CCat, vun— p~nat 646 10 ]
NC 9, v, p— v pr® GOG 10 5
NCat,oyp— venat 370 G 3
NC 7% vyn— v na® 454 8 3
NC 7=, vyn — v pm™ 200 3 2
CCDIS, yy N + p~ X 176 0 1
NCDIS, u N =1, X 64 0 0
CCeohmt, v d— p~ Ax+ 539 22 3
NCcoh 7% v, A =5 v, A 349 14 2
other 464 14 1
total 24,364 304 134

Table 3.1: Number of events expected at 50-m with a 25m decay length for 1 % 102
POT per ton detector. These predictions do nol include final state effects and assume

100% detection/reconstruction efficiency.
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Summary

Nuclear physics with Neutrino Beam
®Understand Neutrino-Nucleus reaction mechanism
®New probe ~ Neutrino at J-PARC

>E v ~1GeV : /] properties in nucleus 300|

® Coherent Pion Production
> Neutrino Beam

A-h
region

~ Probe the interior of the nucleus S

» Proton/3He Beam § 200t

~ Prove the surface, Reaction mechanism 3

»Electron Beam Pionic

~ Transverse response function Atom
®Physics discussion, Detector design 100}

Strange Quark Content in the Nucleon Phase transitions in the neutron star
_by T.-A. Shibata, N.Saito, Y.Miyachi ~ cooling mechanism ~ depend on g’
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Gamow-Teller
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