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Nuclear and Hadron Physics Experiments at J-PARC

Hypernuclear Physics
@ = hypernuclei, Double A hypernuclei
Mesons in Nuclei

@ Pionic atoms and nuclei, Kaonic nucleli,
Medium modification of meson spectral func.

Exotic Hadrons
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Japan Proton Accelerator Research Complex (J-PARC)
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J-PARC Experiments at 50 GeV
# J-PARC Proposals in Nuclear and Hadron Experiments
http://j-parc.ip/NuclPart/Proposal e.html
@ Hypernuclear Physics: 10 (P03, P05, P07, P10, P13, P18, P22, Lol x 3)

+ S=-1, -2 nuclei / atoms, YN interaction, Weak decay
@ Mesic Nuclei / Atom: 6 (P15, P16, P17, Lol x 3)

+ Kaonic nuclei / atoms, Mesic nuclei, Medium modification of meson masses

@ Exotic Hadron: 3 (P09-Lol, P19, Lol x 1)

+ Penta quark, Penta quark nuclei
@ Structure Functions: 4 (P04, P12-Lol, P23, P24)

@ Neutrino Physics: 2 (P11, Lol)

'

@ Weak Processes 3 (P06, P14, P21-Lol) I'm sor.ry but I can cove
only this part

‘ Wide scope in Paritlce, Hadron and Nuclear Physics I
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Wha do we expect to observe at J-PARC ?
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Which phase is realized in neutron stars ?
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Particle Composition in Neutron Star

Neutron Star Matter
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Hyperons during Black Hole Formation
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Quark / Hadron / Nuclear Matter Phase Diagram

HIC (~100 A GeV))
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Nuclear and Hadron Physics at J-PARC: Dense QCD
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Nuclear and Hadron Physics at J-PARC: Dense QCD
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Hypernuclear Physics I
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Hypernuclear Chart

s Hypernuclear Physics at J-PARC = F# R 1&T R $t1E ]
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= hypernuclei

Spectroscopy of = hypernuclei at J-PARC

(PHe+E)  (‘He+d)

Hiyama et al.
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Why is Z interesting ?

PO03: X rays from =Z- Atom (Tanida)

P05: =Z-Hypernucleus, Z12Be, via the 12C(K-,K+) Reaction (Nagae)

s E REITSRLUORIADAYA
s PEFETEAICENSEBRA/ NIV EEEKE

s ENHE®.

[E/\)A U RHEEEROBRB CKEKTE

8 = BORBE—Y [TFEHEBLRDIFTULVEL !
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=-Nucleus Potential; Current Status

s Old Conjecture: U_ ~-(24-30) MeV E885 (BNL)
From Emulsion Data (Dover, Gal) b hj
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(K-, K+) Spectra: Potential Model Results
s Day 1 Experiment: C(K-,K+) ”_Be Reaction

@ DWIA (Green's Function Method) Evaluation with V=-14 MeV potential
— As far as resolution is good ( AE<=3 MeV)
and conversion width is small (W=-1 MeV),
Bound state peaks will be observed.
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(K-, K+) Spectra: Shell model and AMD

# EN interaction giving V ~ - 14 MeV
@ NHC-D, Ehime, ESC04d
# Shell model results + DWIA (cf. Motoba's talk)

@ Spin dependence of EN interaction — Fragmentation of strength
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Double A Nuclei

# Nagara event
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Double A Nuclei

P07: S=-2 Systems with an Emulsion—Counter Hybrid Method (Imai, Nakazawa, Tamura)
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Hyperon-Nucleon Scattering

Lol YN Scattering Experiment using a SCIFI-MPPC System (Miwa)
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Other Hyernuclear Experiments

# Spectroscopy of A hypernuclei
— AX mixing, Precise AN Int., ....

@ P10: n-Rich A-Hypernuclei with the DCX (Sakaguchi)

@ P13: Gamma-—ray spectroscopy of light hypernuclei (Tamura)
@ Lol: Gamma-ray spectroscopy of hypernuclei at K1.1 (Tamura)

# Weak decay of A hypernuclei
— Non—mesic decay, Multi—nucleon absorption, Asymmetry, ....

@ P18: Weak Decay of A‘ZC and the three—body weak int. process
(Bhang, Outa, Park)

@ P22: Exclusive Study on the AN Weak Int. in A=4 A-Hypernuclei
(Sakaguchi)

# 2 hypernuclei
— Second 2 Nucleus, YN interaction

@ Lol: Study of 2 —N interaction using light 2 —nuclear system
(Tamura)

# Ohnishi, J-PARC Workshop at KEK, 2008/08/07-09 22
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Mesons in Nuclei at [-PARC I

Ohnishi, J-PARC Workshop at KEK, 2008/08/07-09
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Mesons in Neutron Stars
s PEFEDOHRT, PRFIXEBREAFIE 15y — Neutron tor atter__
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Pionic Atom and Pion Potential in Nuclear Matter

# m-Nucleus Potential 35 ; . - .
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s-wave 7 condensation in neutron stars ?

s it FEMEHTO 1 DTHILE—
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— No s-wave pion cond.
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FSHRESN =K PREFZ

s MFER

@ Kbar-N fEEAIFHELES I HDIEXT M,
EIRILEX—EE. K PEFKRKRTIEIFAICRAS
(Martin, 1981; Iwasaki et al. 1997)

@ Kbar-N DIRERAE I A(1405) EEXRT 5O HBBEAMICH AN E
(Dalitz et al., 1967; Siegel, Weise, 1988)

@ Kbar DN ECHETNIE, HEHEDAWNEI ANEEET T
(Koch, 1994; Waas et al., 1994; Masutani, 1988)

s EOERERBIEIN?

@ AY potential + G-matrix (Akaishi, Yamazaki, 2002; Dote et al., 2004)
— V~-200MeV, B.E. ~100 MeV, I' ~(20-40) MeV

@ Chiral Unitary Model + Pauli blocking + &, Kbar self-energy (E-dep.)
(Ramos, Oset, 2000; Siegel, Kaiser, Weise; Jido et al.)
— V ~-(40-60) MeV, B.E. ~ (10-55) MeV, I' ~ (90-110) MeV

# Ohnishi, J-PARC Workshop at KEK, 2008/08/07-09 27
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FSRESN= K PREFE
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FSRESN= K PREFEZ

# Several Effects may cancel ! 10 —————————————
@ Pauli blockin g only (AO et al.) 0 b=
. & Y wrew Ie-medium xand K
— Attractive (Koch; Waas et al., AO et al.) 2 o
— .,
@ Self-consistency in Kbar energy & " N
— Reduced attraction (Lutz) = “
S 3}
@ 7 self-energy, doule pole structure =
— Further reduction T a0
20 B I I I I I oy
0
E 0 H‘-H ————— w=m_—45 MeV/
— = - b — w=m
= '}f-.ﬁ ——— wem,+25 MeV
| = -20
2 30| AN
] = N
) = 40 e
0o 1 2 3 4 5 6 ~
r(fm) _5p — . .
Ramos, Oset. 200 00 02 04 06 03
*\?Qs# AQO, Nara, Koch, 1997 e,
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FSRESN= K PREFEZ

# Short range / Tensor Correlation between baryons
+ Channel Coupling with 7Y

+ Meson self-energy incl. E-dep.

— Presice Few-Body calculation ! (Ikeda, Sato, 2007)
(No X-N interaction, Separable potential)
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FSRESN= K PREFEZ

# Experimentally, more exclusive measurement (e.g. Kpp — YN)
is necessary as in E549 !
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cas T. Suzuki et al.(E549), arXiv:0711.4943
AN
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Hadron Mass Modification

P16: Electron pair spectrometer to explore the chiral sym. in QCD (Yokkaichi)
Lol Nuclear w bound state and w mass mod. in p(JT,n)w reaction (Ozawa)
Lol A new approach to study the in—medium @ (1020)-meson mass (Iwasaki)
Lol Spectroscopy of 77 Mesic Nuclei by (7 —, n) Reaction at Recoilless
Kinematics (Itahashi)
8 Medium meson mass modification
may be the signal of partial restoration of chiral sym.

Brown, Rho, PRL66('91)2720,
Kunihiro,Hatsuda, PRep 247('94),221; Hatsuda, Lee, PRC46('92)R34.

# Brown-Rho Scaling
MM =M,IM,=M,IM,=M,IM,=f:lf.

s Medium modification of spectral func.
is observed experimentally.

Interpretation is model dependent
(Mass / Width / Coupling to Res. / ...)
— Systematic Data are Necessary !

Ohnishi, J-PARC Workshop at KEK, 2008/08/07-09 32



Medium Modification of Meson Masses

# @ meson spectral function is modified at low p

(Slow) (Fast)
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Hadron Mass Modification

Temperature

density
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FIG. 4. Inclusive e’ e
Au collisions.  For explanations see Fig
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“Universal” Three-baryon Repulsion ?

# Chiral SU(3) RMF with Hyperons

@ EOS ~ Variational Calc., but underestimates NS mass
— Universal 3B repulsion from ® mass reduction ?
(Takatsuka, Tamagaki, Nishizaki) 30

Srmmetric Nuaclear Manter EOS
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N0 faF AT - .
o7t 11' Fb = . o
= :
= 6 Jnh‘h"**"“ .
5 | Chirsl ST3) ] 0 01 02 03 _04 05 06
30 — g (fm™)
e
== I 15 y T
i 41 P I Masses of hadronic stars
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f - 15| : M AL =134
o | "/. sl ST | o =
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Exotic Hadron
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Exotic Hadrons

P09-Lol: Exotic Hadrons with S=+1 and Rare Decay K+—n+vv wit
Low-p K Beam (Nakano)
P19: Search for O+ Pentaquark in n-p — K-X Reactions (Naruki)

8 TILF (>3) VA—ONFAVIEHFEETS !
Charged chamonium-like state: Z(4430) (c cbar q qbar)
Kbar N bound state: A(1405) (Dynamically generated res.)
Penta Quark: ®*(1530)

8 LEPS T® Penta quark 27 FILIFESO->THHEA TSI
o BATADHAICEREINS (A >=KEM?)
o EFHIE?
@ ¥ QCD — HEIMRBEDORANDHLE (FITEFRFH + Lattice size)
o PELVIE — AEBIERR?

* SPring8 LISV TD Penta Quark DFEZERHLFAIR
* HIRICHELIEZ AT S0 TR,
HALELTHMEEDHABELT+RITHHEHS !
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Penta Quark @ LEPS

|Pminl <20 MeVi/c

Prinl < 50 MeVi/c

A(1520) ] o ©11530)

L L
L33 [ LES 1.7 113 LH [ 1.% 14 L4 L2 1.3% P [ LT 1.1

Mpk- (GeV/c2) Mnk+ (GeV/c2)

Nakano
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Summary

s J-PARC DR F&-/\FOU'YHE

@ NYFOBHFR (ININ—)
+ NYAUhEFZHR (PRIF&. BRRDBREF)
+ NYF-hEFHIE (A1405) BEZET)
+ RILF-DF—DF% (R3-9x—D.  \)AHIB,
+ N\FAVDIEE (FBERAHF « ﬁﬂhbniﬁ/u'cu_)
= [DA—O B4R DILELTHR

- 1‘*/1Eﬁ;ﬂ“;(-&%77j‘—7§ﬁ¥to)ﬁﬁo)ﬁlﬁ
= N\FAVHYEBZOEE

s #R (Discovery) + EER-HFEDEHARE (Development) ZEL T,
EBZEMEA (Dense QCD)

@ E3g :Chiral Dynamics (&L THRF, E-dep. pot. from loop) DFiE&
NYAZERDFZE (SR / tensor correlation ZHY ANT-ZRERERE)
mﬂﬁmﬁ? QCD TO MR, SHFHRIN, EHRARINILMRT v
LD . o

* EE - FRSAICELEET,

Thank you !
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2 Potential in Nuclear Matter

Maekawa, Tsubakihara, AO, EPJA 33(2007),269.
Maekawa, Tsubakihara, Matsumiya, AO, in preparation.
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Neutron Star

Ishizuka, AO, Tsubakihara, Sumiyoshi, Yamada, 2008

8 Hyperon Effect is DRASTIC
@ Mmax=2.1 Msun — 1.56 Msun

@ Composition Y, ~Y_

@ Large fraction of =

# Thermal (free) pions can admix

atp>1.50p,

0.1 1 fm™
25 . (fm™)

= 2} . + T

2 !

S 15| v —
s 1] - Shen (Nep) - - -
72 NYeyu —
— _1 5) e NYmep -+
= 0 NY(Att.)ey ——

=+ 30iMeV 10'5 100

%
=l
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Central Density (g/cc)
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Mentron Star Matter
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