Study for the neutrino coherent pion production experiment
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The short range correlation of nuclear force g’ , is important to study the phase transition of the nuclear
matter. The extraction of the g’ , , from the neutrino and proton coherent pion productions are discussed.

1. INTRODUCTION

The spin longitudinal response probed by a
charge exchange reaction is one of the important
topics in nuclear physics since it relates to the
short range correlation of nuclear force. Based on
the approach of Landau-Migdal theory, the short
range component of the nuclear force can be
parameterized as three zero range contact
interactions (Landau-Migdal parameters), showing
the couplings of nucleon-nucleon (g’ny), nucleon-
delta (g’ yn), and delta-delta (g’ » ), while the long
range part is the sum of the 7= - and p - meson
exchanges [1]. The relativistic mean field theory
shows that the critical density of the pion
condensation phase is sensitive to the g’ , [2],
but its experimental information is poor although
the g’xy and g’ N are well known from various
experiments [3]. We can investigate the property
of the pion condensation in the high density
nuclear matter through the g’ .

The Coherent Pion Production (CPP)
process : v (p)*A — u (n)+ © +A can be
qualitatively interpreted as the emission of a
virtual pion from the projectile neutrino (proton),
followed by the elastic scattering of this off-shell
pion with the target nucleus, till it becomes a real

pion with the target nucleus left in the ground state.

It is a good process to study the spin longitudinal
response, since the longitudinal component is
dominant in its cross section at forward angle and
it is sensitive to the g’ , , [4]. The neutrino beam is
best to prove the interior of the nucleus, because it

fully penetrates the nucleus and the response is
fully predictable since the weak interaction is
perfectly known. We can get the information on g’
a s in the saturated nuclear density. On the other
hand, proton induced CPP can access the g’, , at
the low density in the nuclear surface, because of
the highly peripheral feature of the nuclear reaction
by the strong interaction. The measurements of the
neutrino and proton induced CPP are both needed
to determine the density dependence of Landau-
Migdal parameters, which is important to
extrapolate them to the high density region to
predict the property of high density nuclear matter.
We are performing the proton induced CPP
experiment to determine the g’ , , accurately for
the first time.

2. PROTON INDUCED COHERENT PION

The proton induced CPP can access the
kinematics region different from a real pion
scattering, where the longitudinal response has its
maximum strength near energy and momentum
transfers with 210 MeV and 230 MeV/c
respectively due to the attractive pion exchange
leading to a collective pionic mode in the nucleus.
The coherence of the propagating pion is built up
with a S » ¢ spin structure, where S is the N— A
spin transition operator, and proved by the decay of
real pion through S « p, leaving the target in the
ground state. The angular correlation is shown by a
(S q)(S" *p,), namely (q * p,)=qp.cos® ..
The cross section has a factor of cos’® _ and has a



peak at ® =0 degree [5]. Theoretical works
suggest that the magnitude and the shape of the
cross section at zero degree are sensitive to the g’
a2 » which can be written by AE~g’, ,(hef n,/2
nm_?) p o, where p is the nuclear density [4].

The experiment is performed now at Research
Center for Nuclear Physics (RCNP), Osaka
University, Japan. We are measuring the CPP with
the reaction "*C(p,n = )*C. The proton beam with
1 nA at 400MeV is supplied from the accelerator
complex of injector AVF cyclotron and Ring
cyclotron. The beam is transported to the neutron
time of flight facility (NTOF) [6]. The scattered
neutrons are detected by the neutron counter
(NPOL2) consisting of liquid scintillators with
charged particle veto detector, which is set at 70m
downstream the target in the NTOF. The positive
pions are momentum analyzed by the dipole
magnet to sweep the primary beam into beam
dump, and are detected by the tracking detector
system installed inside the magnet as shown in the
Figure 1.
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Figure 1. The overview of the experimental setup.
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We need to separate the ground state of the
residual '>C from the excited states located at
higher than the first excited state of 4.4 MeV to get
the accurate signature of the CPP. The required
resolution of the tracking detector system is set to 1
MeV, taking into account the  resolution of
incidence beam with ~200 keV, neutron counter
with ~500 keV. The Monte-Carlo study shows that
the position resolution should be less than 100 u m
to achieve the required pion energy resolution. The
tracking detector based on a Gas Electron
Multiplier (GEM) technology [7] is now
constructed. It has a high position resolution and a
stable performance under the severe radiation
environment closed to the reaction point thanks to
the multi-layered GEM structure. The construction

will be completed in the end of 2005.
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Figure 2. The TOF spectrum of charged particles.

The Figure 2 shows the TOF spectrum of
charged particles with plastic scintillators installed
in the tracking detector system. The coherent pions
are buried in the background in the central peak.
The high energy protons from edge scatterings of
beam halo are a dominant component in the
background. It is difficult to separate them in the
data analysis, since their energy and flight time are
located in the same region as coherent pions. This
background should be reduced by the halo-free
beam tuning. Other backgrounds of charged
particles from proton inelastic scattering, quasi-free
scattering, delta and nucleon spreading processes
can be neglected, because the low energy protons



with same momentum as coherent pions are
stopped in the first layer of the plastic scintillators.
The Figure 3 shows the neutron energy loss
spectrum. The CPP events are distributed in the
region 200~300 MeV. The target is exited by the
incoherent pion production process which results
in the continuum or excited protons together with
pions from the quasi-free delta production and its
decay, where its cross section is small in this
incidence energy. So the coherent pions are
expected to be dominant among pion events in
coincidence with the scattered neutron. The data
analysis is in progress now.
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Figure 3. The neutron energy loss spectrum.
3. NEUTRINO INDUCED CPP

The neutrino can be viewed as virtually
decomposing into a virtual pion and lepton,
Adler’s theorem shows that the weak interaction
matrix element for a forward neutrino reaction is
proportional to the corresponding T matrix
element for the virtual pion induced reaction [8].
The virtual pion beam causes a non-vanishing
wave in the nuclear medium, penetrate a nuclear
interior and this wave produces pionic process in
the nuclear volume. The neutrino induced CPP,
therefore, can be used to determine the g’ , in the
saturated nuclear density.

Recently K2K collaboration published the data
on the neutrino induced CPP [9] showing that the
cross section is significantly small compared with
the theoretical calculation. Its result is interesting
and more statistics of the data in a GeV region is
needed to extract the short range component g’ ,
in the saturated nuclear density. J-PARC is suitable
facility for this purpose, since the beam energy
spread is narrow and the intensity peak of 0.8 GeV
can be expected if we locate the detector with off-
axis of 2.5 degree. The detector consisting of fiber
and liquid scintillators is good choice, because we
can accumulate the CPP data from '>C and also the
data of quasi-elastic scattering to study the strange
quark contents in the nucleon [10] can be measured
in parallel.

4. SUMMARY

The coherent pion production induced by
proton and neutrino is good probe to investigate the
density dependence of the short range component
of nuclear force g’ , ,. The neutrino will be able to
prove the g’, , in the saturated density, while the
proton induced CPP experiment, which is going on
at RCNP now, can study it in the nuclear surface.

ACKNOWLEDGEMENTS

The author acknowledges the discussions on the
lepton induced CPP with Prof. M. Sakuda, and
wants to thank Dr. R. Gilman for his valuable
information on the CPP experiment.

References

[1] A.B.Migdal, Rev. Mod. Phys. 50, 107 (1978)
[2] M.Nakano ef al., Int.Jounal Mod. Phys. E10,
459 (2001)

[3] T.Wakasa et al., Phys. Rev. C69, 54609 (2004)
[4] B.Koerfgen et al., Phys. Rev. C50, 1637 (1994)
[5] P.Fernandez de Cordoba et al., Nucl. Phys.
A592,472 (1995)

[6] H.Sakai et al., Nucl.Inst. Meth.A320,479 (1992)
[7] F.Sauli, Nucl. Inst. Meth. A386, 531 (1997)

[8] T.E.O. Ericson, Nucl. Phys. A577, 471¢c (1994)
[9] M.Hasegawa et al., hep-ex/0506008, (2005)
[10]Y .Miyachi,Nucl.Phys.Proc.Suppl.149,39(2005)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


