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n mesic nuclei @ J-PARC
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We are interested in the recoilless production and spectroscopy of

7 mesic nuclei by using the (77, n) reaction. The K1.8BR beamline

. of the J-PARC will offer unique opportunity for the experiment. The

Th eo ret] Cal WO rk ® goal of the present experiment is to understand the nature of the 7
> meson in the nuclear medium, which is expected to couple to the

1585)-nucleon hole, and to step forward to the chiral symmetry of

H. Nagahiro, D. Jido, and S. Hirenzaki
PRC 80, 025205 (2009) 1 Introduction

We consider recoilless production and spectroscopy of 7 mesic nuclei by us-
. _ . . 7. 9

ing the (7=, n) reaction. The target candidates at present are "Li and 2C.
The experiment comprises an entrance channel spectroscopy by the missing

see also: H. Fujioka, K. Itahashi, arXiv:1002.0201 Tnuct-ex]

'E-mail: itahashi@riken.jp
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Why (11, N) reaction again?

R. Chrien et al., Phys. Rev. Lett. 60, 2595 (1988)

(m*, p) reaction on Li, C, O, Al targets

scattering angle = 15° — finite recoil momentum

only inclusive measurement
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BNL experiment p

Peak(s) might be masked by
large quasi-free components.
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J-PARC Lol
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Momentum transfer
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Momentum transfer
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chiral unitary model v.s.

chiral doublet model

What causes the level crossing ? : partial restoration of chiral symmetry

7

\

DeTar, Kunihiro PRD39(89)2805

Chiral doublet model Jido, Nemoto, Oka, Hosaka NPA671(00)471 \
Jido, Oka, Hosaka PTP106(01)873 & )
: Kim, Jido, Oka NPAG40(98)77
N* : Chiral partner of nucleon "™ 9% 7@ (98) 7
/// //,//
mass difference of N* and N o ==
p
my(p) —my-(p) =1 —-C—)(my —mn~) \
P0 (o)

C ~ 0.2 : strength of chiral restoration at the saturation density p,

reduction of mass difference in the nuclear medium

Y

/

Kaiser, Siegel, Weise PLB362(95)23 R

Chiral unitary model Waas, Weise NPA625(97)287

Garcia-Recio, Nieves, Inoue, Oset PLB550(02)47
Inoue, Oset NPA710(02)354

N* : resonance dynamically generated
in meson-baryon scattering

- quasi bound state of KX N AN N N

o)
«

no Pauli blocking for £ in nuclear medium _ _
coupled channel Bethe-Salpater eq. in medium

No mass shifts of N* is expected in the nuclear medium

Stide by Naga

m«w @ Krata Hall, Osaka UniVersity, 19 Nov. 2009 ‘¥

i @

ro @ HNP09



New experiment at J-PARC

High statistics : ~10°Hz m beam
Recoilless condition < zero-degree spectrometer

exclusive measurement : tagging of decay products

N*(1535) =N, N*(1535)N—NN




Bird’'s eye photo
in July 2009




Hadron Experimental Hall

Hadron Experimental Hall
Photo was taken in Oct. 2008
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J-PARC E15 experiment

Search for K'pp bound state
(see talk by T. Hiraiwa @ MESON2010)

missing-mass spectroscopy: 3He(K-, n)X

invariant-mass spectroscopy: K'pp—=A+p—p+p+m-
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Analogy between E15
and eta nuclel exp. @J-PARC

Search for K'pp bound state — Search for eta mesic nuclei
(see talk by T. Hiraiwa @ MESON2010)

missing-mass spectroscopy: 3He(K-, n)X

— missing-mass spectroscopy: Li, C(m, n) or (1, p)

invariant-mass spectroscopy: K'pp—=A+p—p+p+m-
— tagging of decay particles: NN—=N*(1535)— 1N, N*N—NN
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Counts [/MeV]

simulation: missing-mass spectra
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inclusive ‘Li(1, n) reaction

constant B.G., comparable
with that obtained at BNL

MM : 20MeV/c? (FWHM)

Exclusive measurement will
improve S/N ratio!



from BNL to J-PARC

p

@BNL - ——
. exclusive ’{“
recoilless % -PARC LOI (2007)
() (n) A
_ - n

P
/ cf. J-PARC E15
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however, there are much more
to be considered...

N-mesic nucleil background
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however, there are much more
to be considered...

n\//Nn\/N

N-mesic nucleil background
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however, there are much more
to be considered...

T, P, W, ...
* :

& “deuteron

background
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Pilot experiment : d(1r, p)p*

N*(1535) ~ strongly couples with nN

[n-exchange] : N(1535) production : N(1535)— n+N, m+N, ...

[non-n-exchange] : rescattering of meson+N — m+N, fa+N, ...

measurement of m+d—ppn, ppm’ reactions and
estimation of N(1535) production cross section

20



double-scattering process

low-energy nN—nN interaction might be investigated.
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double-scattering process

low-energy nN—nN interaction might be investigated.
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double-scattering process

low-energy nN—nN interaction might be investigated.
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momentum transfer [MeV/c]
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The beam momentum
will be around 0.8GeV/c,
where the cross section
is almost maximum, and
the recoil momentum is
relatively small.

680 780 880 980
P (MeV/c)



experimental setup (idea)

a forward proton (N* production) and
a sideward proton (N* decay) to be detected.
— 1Y and n are identified by the missing-mass d(m*, pp)X

target : deuterium gas (<1MPa), in order to detect as slow

protons as possible.
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Summary -1-

Search for n-mesic nuclei by use of the (m, N) reaction

GOOD: recoilless condition, exclusive measurement

BAD: huge background, even after Nm coincidence ?

Pilot experiment with deuterium gas target : d(m*, p)

N(1535) production v.s. background contribution

final state ppn (signal) v.s. ppn? (sighal+background)
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Summary -2-

d(m, p)p*(1535)
SHe(m, N)nNN : unbound?

What should we do?
“He(mm, N)nNNN : can 3Hen be bound?
/71 i(m, N) : smaller (Op3/2)n"1(0Op)n contribution that for 12C
12C(m, N) : (0s1/2)n"1(0s)q and (Op3/2)n"(0Op)y states overlaps!

Inputs from n-mesic nuclei community (both experimentally
and theoretically) are very welcome!!
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