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1. Introduction and Motivation
SEIMNEELALN? - -J-PARC(FKIIEA)

» 1. Exotic Many Body Physics
o HMITOARLEXLME
(Neutron Rich , Proton Rich,Jt& & L)
e Strangeness 2L 3R TR FE
(=>HENA)

=

Pionic Atoms in halo nuclei
Co-existence of Pion-Neutron-halo
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» 2. Hadron Physics at finite density

High T, High p ,QGP  ====--=- Heavy lon Collision(RHIC)
Low T,p~pg, = =*==re Hadron in Nucleus

Fundamental theory (QCD)
<—> Effective theory
Hadron property at finite p
<—> |nfinite System (<= Finite System

<—> Mesic Atoms and Mesic Nuclei
(KNN --- #HESA)
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Kunihiro, Hatsuda, PLB206(88)385, Fig.3 The NJL Model = JP = (-

gg‘é_ PSEUDOSCALAR MESON SPECTRUM exp.
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* Higgs mechanism -
Fig. 10. Pgeudoscalar meson spectrum from the NJL model
* Spontaneous +«—Hlimt et al. 1990), show|ng the chiral and flavour sym-
Chiral Symmetry Breaking metry breaking pattern. | Calculated and experimental
masses are given in MeV.

*U,(1) Anomaly Effect <
(> 1EARZA)
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> 3. IZEBELANENNALAHS
. Hadron Physics (Ef&SA)

Hadron in Vacuum
Exotic Hadrons
Excited Hadrons

- Numerical Field Theory (Lattice) (RAFFSA)
Hadronf&#8 B £ Ffrom QCD
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2.Mesic Atoms and Mesic Nuclel
> Object :EZSXRIRFIETRF#%

e Hadron — Nucleus bound systems.

Coulomb + Strong - - - Exotic Atoms
(Deeply Bound) m atom, Kaonic Atom, p atom ...
Strong === Exotic Nuclei
Mesic Nuclei (K, n, n(958), w, ®...), Hypernuclei, ...
0.8
0.7} 1s ex.)
0.6\ — 25 Kaonic Atoms

$(r)[?r? [fm™]
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And

Kaonic Nuclei

By J. Yamagata
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2 Mesic Atoms and Mesic Nuclel
X-ray Observation of Mesic Atoms Pionic X -ray dat

(209Bi) .

468 C.T.AM. de Loat e1 al. | Strong interaction effects

> pe
n, Ay g Kaonic Atom data N
/7 > _ "'O & 10 : .

¥ ‘ }". ::". H \\ » \
/AN AR UL N N 1L 2p 3d af
/ s %3 E N v
! P \ \ | =
Pl ! | = UF
=
vV vy 7" b il = f 1
\\\\\_’, 7 1 N 0.01}
\ \ \ ” = /7 / i/ - . '
g N Sk ol 7 0.001 | . sk s s%0 " 505 “r”[keVl
~ % encrgy
& & BN SRR RS Pt 4 Fig. 5. Part of the plonic X-ray spectrum shows in fig. 4. showing the energy region of the pionic §g-+ 4
- o 10 N immumpmlrw_n_pio-mwed!n-"linmmhwmummuu-mk
e e = Wb-l\tnﬁ‘lnc.mhdpwdr ?w::ﬁbemhnah-huwﬁplamb,lw
2p
1¢ (209Bi) CT.AM. de Laar 1 al. / Stromg interaction effects 41
s . R ) i .
2 o1 e i
= 0. b
£ o + 3d
= o0.01 ; \ /
0.001} ! . I
)
0.00015 5 10 15 20 25 30 35 40 .
Z (nucleus atomic number)
S. Hirenzaki, Y. Okumura, H. Toki, E. Oset, A. Ramos, — - = ey ooy
PhySReVC61 055205,2000 Fig. 6. This figure displays the 8-+ 34 hyperfine complex of the proapt pionic **Bi X-ray spectrum.

The solid line represcats the it 1o the ¢xperimental data points. Also shown are the background (see

text) and the resubting 47 = 3d line. The variows y-rays also included in the fitting procedure have been

idenilied & [EAAULOAL MATRLY In PB 1s0t0pes (m the mass (4gion A =200-200 22 & roault of pion end
muon Capeure.

C.T.AM. De Laat, et al., Nucl.Phys.A523:453-487,1991.
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Missing Mass Spectroscopy

do
look carefully !! Peaks!!

In-Medium Dispersion Relation gmm E@
[—VZ2 4+ m? +11(p(r),w)]¢ =
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do/dE d0(ubMeV sr)

. , 3 [ 124 3 d*He)x”
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> Theoretical Level Structure
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» Eigen state observation <—> Invariant Mass Method

> Quantum number fixed

25

2.0t

1.5¢

- Energy Shift (MeV)
=

m—> Selective information

'

..... LA

1

3d(x100)

158n

-0.5

1s

2p(x10)

II = 2uVop
= —4rx[b(r) + e2Bop*(r)]
+47V - [e(r) + €5 Cop* (r)|L(r)V

b(r) = e1{bop(r) + b1 |pn(r) — pp(r)]}
c(r) = ey {eop(r) + c1lpn(r) — pp(r)]}
L(r) = {1+ 37A[c(r) + &5 ' Cop*(r)]}

with

Umemoto et al., PRC62 (2000)

FIG. 1. The binding energies with finite-size Coulomb potential
only B,y and Coulomb plus optical potential By, , are calculated.
The energy shifts B, -Bg, are shown as the solid bars for pionic
ls, 2p, and 3d states for 'Sn and 2°’Pb. The shifts due to the real
local terms in the potential are shown by dashed bars. Dotted bars
are the results with all real terms (local plus nonlocal) in the optical
potential.

Ericson-Ericson, Ann. Phys. 36 (66) 323
Seki-Masutani, Phys. Rev. C27(83)2799
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K. Suzuki et al.
Phys. Rev. Lett. 92(2004) 072302

GOR relation + Tomozawa-Weinberg Relation

* 2 bfree
1

QQ>pr
— f

=2 T bi(p)

0.78 4 0.05 @ p ~ 0.6pq

1L

~ 0.64 Q p = pg
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3. Some Recent Topics

» Pseudo Scalar Mesons
m---RIBF  ---B72%pZprobe? (non yrast state)
K-++J-PARC ---Kaonic nucleus + Kaonic Atom, A(1405)
n*++J-PARC ---nNN*(1535)coupling, nucleon chiral partner
n=-- ? - =U,(1) anomaly effect in nucleus

> Vector Mesons
p--+- J-PARC,KEK
w*** J-PARC,KEK mass, width shift
®--+ J-PARC.KEK (Spectral function)
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Kunihiro, Hatsuda, PLB206(88)385, Fig.3 The NJL Model = JP = (-
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3-1. 7w FfElFIRF(RHEE, tLEIEE, ILEGZF, Li Sheng Geng)

mnx~140[MeV]

JT
“am J9—AVHEBERA—5IN | RFoiv
{ BMUOVEEER —RFAH ) N7yMER

7T FfEF—IRF%ED
HEERADIEAE

THEFRFOREBEIRILT—
A° B R 12 0D A
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-]
o T HRFEFDERI(1950F K ~)
0 X#R 76

ex) C. Batty, E. Friedman, and A. Gal, Phys. Rep. 287(1997)385

o(d*He)& it ELEDRRESNTREBZTER A

H. Toki, T. Yamazaki, Phys. Lett. B213(1988)129
H. Toki, S. Hirenzaki, T. Yamazaki, R. S. Hayano, Nucl. Phys. A501(1989)653

19964 PbiZERJ (2p state)

S. Hirenzaki, H. Toki, T. Yamazaki, Phys. Rev. C44(1991)2472
K. Itahashi, et al. , Phys. Rev. C62(2000)025201

ImI

20014 SntZRJ (1s state)

Y. Umemoto, S. Hirenzaki, K. Kume and H. Toki, Phys. Rev C62(2000) 024606
K. Suzuki, et al. , Phys. Lett. 92(2004)072302

@K 1*YGSI
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>

>

>

>

>

>

There have been active discussions

K. Suzuki et al., Phys. Rev. Lett. 92(2004)072302 < qq >, observation

Daisuke Jido, Tetsuo Hatsuda, Teiji Kunihro, Phys.Lett. B670 109-113, 2008
‘In-medium Pions and Partial Restoration of Chiral Symmetry’

Kolomeitsev, Kaiser, Weise, Phys. Rev. Lett. 90(2003)092501

in two-loop chiral perturbation
Energy dependent of IT
Gauge coupling of V
Phenomenological pieces (Bp?, p-wave terms)

Garcia-Recio, Nieves, Oset, Phys. Lett. B 541(2002)64

Discussion on p" (n>1) ?

M. Doring, E. Oset, arXiv:0705.3027 [nucl-th]

s-wave pion-nucleus optical potential in chiral unitary model

E. Friedman and A. Gal, Phys. Lett. B578 (2004)85

G. Chanfray, M. Ericson, M. Oertel, Phys. Lett. B563(2003)61
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TR F IR F D 5 57 i R KR @ IR BARIBF

RIBF-027 K. Itahashi, et al

e e T T T
o (d,3He) R its
O Td=500[MeV] Recoilless
o AZRIE%  119Sn,120Sn, 1228, 1245
1213b,1235b,
1227¢ 124T¢ 126Tg
o AEEE ~150[keV](URTDIER KBS N5 AREE
— 1 DDEMIZIZH LT D DR REAVER I | e

W) 2755 0 %Probe F BB

Cf. Seki-Masutani Relation

1
0O effective ™~ 5 0 o, for yrast states
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7t atom at RIBF

» EXxp. plan by Ito, ltahashi (RIBF-027)
» 2 ~ 3 times better energy resolution
> better determination of wt-A interactions

» Various p probe?

» In future, pionic atom in unstable nuclei
- Hirenzaki, Kajino, Kubo, Toki, Tanihata, PLB(87)
- Umemoto, Hirenzaki, Kume, Toki, Tanihata, NPA(01)
- Fujita, Hirenzaki, Kume, PRC(03)
- Kienle, Yamazaki, Toki, ‘ Inverse kinematics idea’ 91~92
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3-2.m — Nucleus system : Introduction

works for eta-mesic nuclei H Nagahiro and D. Jido
»(mF,p) *Liu, Haider, PRC34(1986)1845 ' '

* Chiang, Oset, and Liu, PRC44(1988)738
* Chrien et al., PRL60(1988)2595

» (d,3He) * Hayano, Hirenzaki, Gilltzer, Eur.Phys.J.A6(1999)99
* D. Jido, H.Nagahiro, S.Hirenzaki PRC66(2002)045202
* Exp. at GSI (20057) (Yamazaki, Hayano group)

properties of eta meson

1n meson

nIN N *system
» My = 547.3 [MeV] » [ = 0, JP =0 -No [:% baryon contamination
-Large coupling constant
_ 0 + —_0
» I'=1.18 [keV] (277 37 y T T, ) -no suppression at threshold
n-N system (s-wave coupling) )
1~ Lynn+ = gnNNN™ + h.c.

B Strong Coupling to N*(1535), J* = 5
» ey ~Lpn ~ 75[MeV]

eta-Nucleus system | nmmsp [pYoYo]aWTFE\VA (ol \ il {f IS 1))




Our Motivation

11-Nucleus potential is sensitive to the in-medium properties of N*

177 mesic nuclei as a probe of the in-medium modification of N*(1535)

N*(1535) in-medium

» Different properties & behaviors of N*(1535)
described by two kinds of Chiral Models

* Chiral Doublet Model
* Chiral Unitary Model




n-Nucleus Interaction

n .
~ N* dominance model ~ ' .
. . N N
optical potential
e ?7

energy dependence

9127/ P o

2w+ my (p) my=(p) + I (s;p)/ (Chiang, Oset, Liu PRC44(1991)738)
(D Jido, H.N., S.Hirenzaki, PRC66(2002)045202)

V:)pt

densﬂy-dependence

potential nature

In free space (V' ~ tp)

w+my —mpy+ < (0 =P attractive
(my, + my —my+ ~ —50MeV)

] General feature

my & my. change ??

medium effect T

w+mpy(p) —mpy=«(p) >0 == Repulsive ??

N & N* properties in medium evaluated
! by two kinds of Chiral Models




Chiral model for N and N*

/ Chiral doublet model \/ Chiral unitary model N
DeTar, Kunihiro, PRD39 (89)2805 Kaiser, Siegel, Weise, PLB362(95)23
Jido, Oka, Hosaka, Nemoto, PTP106(01)873 __ Waas, Weise, NPA625(97)287
Jido, Hatsuda, Kunirhiro, NPA671(00)471 Garcia-Recio, Nieves, Inoue, Oset, PLB550(02)47
: : : Inoue, Oset, NPA710(02) 354

* In this study, we directly take the eta-self-energy in the ref.NPA710(02)354
A coupled channel Bethe-Salpeter eq.

{np, n’, nn, K°A, K2, K’2%, n%%p, n'nn}

Extended SU(2)imear Slgma Wlgelsl

for-Nland N

Lagrangian
L= Z [Nji dN; — gjN;j(o + (=) " HiysT - 7)Ny]

Jj=1,2 _ _ h
—mo(N17v5 N2 — Nays Ny ) @
Physical fields n@n = D -
)
N\ [ cosé vssin 6\ [Ny O
(N*) N (—75 sinf  cosf ) (Ng) S

N* : chiral partner of nucleon

Mass difference * the N* is introduced as @ resonance
generated dynamically from meson-baryon scattering.

A —mi.(p)=(1-cL my — My
my(p) n+(p)=(1 Cpo)( )

* C~0.2 :the strength of the Chiral restoration * No mass shift of N* is expected
at the nuclear saturation density in the nuclear medium.

reductlon of mass difference




n-nucleus interaction ~ N* dominance

optical potential

‘/opt —

N
T

2#{{“’ — (mn+(p) —mn(p)) )‘F iF*N(S; p)/2 (Chiang, Oset, Liu PRC44(1991)738)

(D.Jido, H.N., S.Hirenzaki, PRC66(2002)045202)

gn = 2.0 toreproduce the partial width I'n«_,,n =~ 75 MeV at tree level.

repulsive Ccore| associated with mass reduction

energy 40

Chiral doublet (C=0.2 (M))

attractive pocket

doublet model p/p0

Chiral Unitary Model
(Inoue, Oset, NPA710(02) 354) |

-60 1
Chiral doublet (C=0.0) [~ 'tp'] W = my
. no in-medium change of <6> .
0 1 2 3 4 5 6 7
r [fm]

n-nucleus optical potential = sensitive to the in-medium properties of N and N* ¥#t




What should we observe ?

n-mesic nuclei

Bound State

* Chiral Doublet model with C=0.0 Of-=========----
B (BE.,T)[MeV] WK 10} B
Os (13.7,41.5) (30.3, 42.5) § 20t T
Op — (14.6, 50.7) T
* Chiral Doublet model with C=0.2 40| 0Ca
no bound state
C.Garcia-Recio et al., PLBSS0(02)47

* Chiral Unitary model NOT Discrete

2C  BE.,I)[MeV] 4Ca

Os  (9.71,35.0) (17.88, 34.38)
Op _ (7.04, 38.6)

We need to observe
* whole spectral shape
* a few peaks

C.Garcia-Recio et al., PLB550(02)47, Table 1.




(7t*,p) spectra : at J-PARC ?

» Chrien et al., PRL60(1988)2595
e p_ =800 MeV/c

e proton angle : 15 deg. (Lab.) --- cf w case : Kaskulov, Nagahiro, Hirenzaki, Oset
nucl-th/0610085

Chrien at al., PRL60(88)2595, Fig.1 chiral doublet model chiral unitary model
T 1 T I . 80 T T H T T T H
150f et L - 1L
z3oir— \\\\ Li j I 0 deg {1 Jdeg.
uo’t T . j
L . M
90+ 1 ' = Ao
3 220 }
3
Dl ; Obemaeaa
B . 30 '
=’ | 15 deg
g . 20f}
0
1 10 |
////§ 7
i D N e = — E e NN ——
sk zho 20 20 300 -10400 5050 0 8050 10000 -100-10050 500 50050 100 100
E (MeV) E o Ex s BdéMEV] Eex oo TMRMMeV]
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Chiral unitary model

= 15°) wb/sr-M

" 300k"a a0, Q -
@ o 4
% 260:}; . = °.o. 7
S ] f TR I
< 220pr e
Nb |” . .

R®] I —t +
IL . . 7
340 < e Al —
L < e ]
300+ * P S . * —
- o.\c'\*A“_° .« * 4
260 - | S
1 1 ] | __._.-

220 240 260 280 300
E (MeV)
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N mesic Nucleus

B 7 mesic nuclei as a probe of N*(1535) in nuclear medium
m N* properties in-medium
m Chiral Doublet Model
— N* mass reduction ... repulsive n-nucleus potential

m Chiral Unitary Model
— No mass shift of N* ... attractive n-nucleus potential

@ Formation cross section with (11,N) reactions (J-PARC)
Theory: Nagahiro, Jido, Kolomeitsev
Exp: K.ltahashi, H.Fujioka (J-PARC LOI)




Kunihiro, Hatsuda, PLB206(88)385, Fig.3 The NJL Model = JP = (-

gg‘é_ PSEUDOSCALAR MESON SPECTRUM exp.
800} Mosi(GeV]
il ] B —— 969 | 958
6001 7 / /
mg Ll 08 | /i
500F m” ° "_%_'<\ II
f
400t . 0.6 | \ n
e 510 | 548
300} 0l | ,’//""—K 498 | 495
200} ' :’ SUGIesU) ||
02k ’l GOLDSTONE :’ .
100r  Anomaly effect in vacuum : ; L_Bosons 139 | 139
T | TKnons I mKng l’
907 02 03 04 05 06 07 08 0+
r=-ap/a, ' -
m=0 Ui, STE .
SPONTANEOUS | BREAKING ||| | BREAKING
u) euB), mJ=0 md 4=5MeV
(L BREANG._| m? =130 Mev
* Higgs mechanism -
Fig. 10. Pgeudoscalar meson spectrum from the NJL model
* Spontaneous +«—Hlimt et al. 1990), show|ng the chiral and flavour sym-
Chiral Symmetry Breaking metry breaking pattern. | Calculated and experimental
masses are given in MeV.

*U,(1) Anomaly Effect <
(> 1EARZA)
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3-3. n- and n’(958)-mesic nuclei (Hideko Nagahiro, Makoto Takizawa, Satoru Hirenzaki)
_—m m—— 000

m 1'(958) meson ...close connections with U,(1) anomaly

» some theoretical works
» the effects of the U,(1) anomaly on n’ properties

» at finite temperature/density
— T. Kunihiro, PLB219(89)363
— R.D.Pisarski, R.Wilczek, PRD29(84)338
— Y. Kohyama, K.Kubodera and M.Takizawa, PLB208(1988)165
— K.Fukushima, K.Onishi, K.Ohta, PRC63(01)045203
— P. Costa et al.,PLB560(03)171, hep-ph/0408177
etc...

» the possible character changes of 1’ at p#0

» a poor experimental information
on the U,(1) anomaly at finite density

m proposal for the formation reaction of the n-mesic nuclei
using the (y,p) reactions

» U,(1) anomaly in medium from the viewpoint of “mesic nuclei”
» the n’ properties, especially mass shift, at finite density
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Model for n and n' meson in medium

m Nambu-Jona-Lasinio model with the KMT interaction
» unified treatment of the n and " meson

L=q(@d—m)g+ QES > (@) + ((@Aa750)°]

_ [det 3;(1 —v5)q; + h.c.]

explicit breaking the U,(1) sym.

MeV

Kobayashi, Maskawa Prog.Theor.Phys.44, 1422 (70) °°°r My
S G. 't Hooft, Phys.Rev.D14,3432 (76) soo}

T00F

6001

500

3001
One can reproduce the heavy n’ mass ool

Kunihiro, Hatsuda, PLB206(88)385, Fig.3 ,f :r;ec::nalv sffect in vacuum | |

0

01 02 03 04 05 06 07 {08
r=-Qp/0, 0.363
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T. Kunihiro, PLB219(89)363

Masses in finite T/g with NJL P. Costa et al.,PLB560(03)171 etc...

Gap equations for quarks

[MeV]

{ M%=m®—2gg(dd) 4 2gp(5s)(au)

o
)
S
S

[ M" =m" — 2gs(au) 1 2gp(dd)(ss) Q

M?® =m® — 2g5(5s) - 2gp (tu){dd)
flavor mixing terms

.

condensate in finite T/p

(10) = ~2Ne [ 52 B (= my(T) = 7y (T
1

600 n(T7 M) — e(Bp—1)/T 1+ 1

300

Fermi distribution function

200

100

400
_ partial restoration in medium

S\ e
{0 ~ meson O\

o = | meson properties (mass)
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SU(2) symmetric matter Pu = Pd, Ps =0

m we consider the SU(2) sym. matter as the sym. nuclear matter.

anomaly term

1000 effect parameters (in vacuum)
P. Rehberg, et al., PRC53(96)410.
A 2_= 602.3 [MeV] M, = 367.6 [MeV]
600 gs A% = 3.67 M.  =5495
AS= -12.36 s - oo [MeV]
?nD - 5 5-[|v| " (au)® =-241.9 [MeV]
ud = I Ve (ss)1B =-257.7 [MeV]
800 = .
- mg 140.7 [MeV] m, = 958 (MeV]
§ m, = 514 Mev]
= 400 m.. = 135 Mev]

n and n’ mass shifts @ Po

Am,, ~ -150 MeV @ p,

0 1 p/902 3 Am, ~ +20 MeV @ p,

200

We can see the large medium effect even at normal nuclear density.
IXVFVIRFRERBE Aug.09@IEH




anomaly effect in the finite density

m We simulate an extreme case.

dp : constant dp = Ip(p=0) exp(-(p/po)?)
1000 , :

possibility bﬁ:siiy depen(%ience of 9p
W

600 - BWXQarter; D Diakonov, NPAG42(98)78
PRD60(99)016004.
800 - H--Kiuehi-{M- Oka; PTP114,-813, (2005)
> constraint between g ,6‘4 Mq
(O] ’\’7|
é |
= 400 £170(04)025204
200 I I, T A
. Amn, i
Am77 0 1 2 3
p/pg

Am,. ~ -250 MeV @ p,

Am_~ -100 MeV
I—“{-‘f‘?“/ﬂﬁ?*ﬁ%ﬂi%ﬁ@@u&Bg@ﬁﬁﬁ




1) & 2’-Nucleus ogtical gotential

~ potential description

Real Part V,

» evaluated by possible 1, " mass shift at p,

77133/ — m

n

Am(p) = V(p(r)) = Vo

V [MeV]

50

-50

-100

-150

-200

-250

-300

dn . constant

p(r)

Po

V(1)

n' . attractive

n :repulsive |

01 2 3 4 5
r [fm]

6

U(’I“) — (Vo + ’LWQ)—

p(r)

Po

2,(p) = (Mmyy + Amyi (p))? ~ m§ + 2moAm(p)

dp = 9p(p=0) e */rP0)*

n : attractive

71 : attractive

01 2 3 4 5
Crffm]

6
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1) & 2’-Nucleus ogtical gotential

~ potential description

Real Part V , T
0 | , | U(r) = (Vo + i) 247
» evaluated by possible 1. 1" mass shift at p, Po

m%, — m??, (p) = (M + Ay (p))? ~ mg + 2moAm(p)

Am(p) = V(p(r)) = Vo2

Imaginary Part Wo_f0r 1’ ~ phenomenological estimation
» estimated from AIP Conf.Proc.717(04) 837 (A.Sibirtsev,Ch.Elster, S.Krewald, J.Speth)
analysis of yp — n'p data

’/77’ (only one resonance included)
/

— fix a coupling g , T
» in analogy with A-hole model for the n-nucleus system N g N*(1535) N @ N
2 T
g p N P
U ~ : = (+77 MeV, —8 MeVi)—
2m,7f mn""MN_MN* —I—ZFN*/Z ( ’ / >p0

Imaginary Part for n Wy = =5, —20 MeV (parameter)

- D.Jido,H.N.,S.Hirenzaki,

WO =-40 MeV PRC66(02)045202,
H.N.,D.Jido,S.Hirenzaki,

PRC68(03)035205,




I\/Iissing mass sgectroscog¥/ reaction garameters

proton -hole
Incident particle

o

v

emitted particle

eson

candidate reactions

ex.) (d,°He) reaction ... ¥ atom formation, n-mesic nuclei @ GSI

(v,p) reaction ... smaller distortion effect, nearly recoilless for heavy '

Momentum transfers for 1-mesic nuclei formation

Reaction parameters 500
= (y,p) reaction Ey=2.7 GeV w0 (v.P) _
= target : 12C SPtnd.8
O rnng-o energy | | /
= forward : 6, = 0 deg. >
= elementary cross section = /
+ ’+ o . i"::ion
Lab for Y p 9 n p pioh f"p BE=150 MeV
do @ 100
~—~ ) ~ 150 nb/sr
dQOO B||£=15QM ; o — Ly
O012\134_56789 01 2 3 4 5 6 7 8 9 1
[SAPHIR collaboration, PLB444(98)555-562 Ti[GeV] Ti[GeV]

Chiang, Yang, PRC68(03)045202] IXVFVIRFREERFZEE Aug.09QIEH I



N

[nb/sr MeV]

dE dQ

umerical results : 12C(y,p)"'B, , ,-

10

no medium effect

(0 0]
T

(o))
T

AN
T

0

quasi-free

\q

We only
observe the
quasi-free n’

peak

-,

A o=
), Qe -
4 e =,
-7/’
— L ’,/’

q

quasi-free

3200

3100

2900

2800
Ep [MeV]

2700

2500




i .12 11
Numerical results : '“C(y,p)"'B, , ./
10 | | | | |
no medium effect quasi-free
——

8 |
S‘ quasi-free
= —
—_—— o= - (- 42.8 + 19.5i) [MeV] ]
L quasi-free (Lutz et al, NPA706(02)431) ’
O v n
C —
— )

G4
| 17
oW
©

2L /N 0

0 o ~=A e

3200 3100 2900 2800 2700 2600 2500

Ep [MeV]




Numerical results : 12C(y,p)"'B, , ,-

—_——

10 | | | | | |
no medium effect quasi-free
—
8 i
S‘ quasi-free
o ——
=
— 6 B 1
D quasi-free V= - (156+29i) [MeV] ,
-CCJ | (Klingl et al., NPA650(99)299) n
G4
L| B 1
©|LW
©
2L 1/ N\ /]
0 . AN A

3200 3100 300 2000 2800 2700 2600 2500

Ep [MeV]




Numerical results : 12C(y,p)"'B, , ,-

—_——

10 ! ‘ ! l T T I
9o = -12.36/A° quasi-free
—
8 i —]
S‘ quasi-free
= —
=
» 6
g i quasi-free o= - (156+29i) [MeV] IJ T]' -
C - (Klingl et al., NPA650(99)299)
“ W, =-5MeV
6 G4t |
| @ n
oLl
©
2 i —
0 — ,@%%%h - RS AN ‘{ N

3200 3100 3000 2900 2800 2700 2600 2500

Ep [MeV]




: . 12 11
Numerical results : '“C(y,p)"'B, , ./
10 f T T T
Jdp = -12.36/A°
8 -
E;: quasi-free
= —
—
» 6 quasi-free = - (156+29i) [MeV]
.CC: (Klingl et al., NPA650(99)299)
o %} 41
©|LW
O
2 L
0 ' == e
3200 31 00 3000 2900 2800

Ep [MeV]

T I

quasi-free
q

2700 2600

mass reduction
due to the medium

effect through

anomaly term

1 4

n

W, = — 20 MeV

2500




Numerical results : °C(y,p)"'B

g,wig’

10 ! I [ I I T |
if
gD — _12.36//\5 1ASI-Tree quasi_free
=_(-42 Quasi-free o |
S- 8 (Lutz et al, || overlap with bound i
s g
» 6
i uasi-free )
é q ‘ \ / T]’
G 4 W
L3 L
oW
©
oL | /L N\ o NANLAT A
0

3200 3100 3000 290»_ 2800 270 V_ 2600 2500
Ep [MeV]




d’c
dE dQ

N

[nb/sr MeV]

I - 12 11
umerical results : '“C(y,p)"'B,, , ,»
10 ! T T | T T T
: quasi-free _
density dependent g, quasi-free
—
g | o= - (- 42.8 + 19.5i) [MeV] |
(Lutz et al, NPA706(02)431)
6 quasi-free n and 1’ mass reductions ’ i
. n
4 | 0
n
2 L
0 2 ; ’; P
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Numerical results : 12C(y,p)"'B, , ,-

%

10 I T T T T T
density dependent g, quasi-free
quasi-free —_—
S~ = “
()
= .= - (156+29i) [MeV]
s | (Klingl et al., NPA650(99)299) |
£ |
e quasi-free ’
- n
—_ —_
G 4t W -
(&D ©
S| w n .
©
0 /42 s i

3200 3100 -3000 2900 2800 2700 2600 2560
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n and N’ mesic nuclei
—_————————

m U,(1)anomaly effect in finite density
through the view point of “mesic nuclei”
» possibility of observation of anomaly effects in-medium
» nand i’ mesic nuclei with NJL model
» response to the environment change

= (y,p) reaction for the mesic nuclei formation

» Reasonably large cross sections predicted
> SIN ~1/10 ... N.Muramatsu, private communication
» the experiment for the formation of w-mesic nuclei
@ SPring-8
» (m,N) experiment for n mesic nuclei formation @ J-PARC
m Future
» density dependence of g, ?
> Other treatment ? — beyond the NJL model

» relation with other models for n & 1’
— chiral doublet model & chiral unitary approach for the n-mesic nuclei

IXVFVIRFERBE Aug.09@EH




3-4 Vector Mesons in Nuclei
Mese-

KEK E325 p+A — V + X
J-LAB g7 y+A — V +X

e

Mp,w = \/(pe+ 1 pe—)2

» small FSI

> rare decay

> fast w, ¢ decay outside




>

>

>

>

>

* Omega mesic nuclei

Data @ TAPS
Problems of background, energy resolution,
and finite angle observation

Possible w bound state signals.

Kaskulov, Nagahiro, Hirenzaki, Oset,

Phys. Rev. C75 (2007) 064616
Exp by K.Ozawa, J-PARC proposal
A(T nNw+w— 7T ¥ reaction

Mvector Shift VS chiral symmetry . Simple relation?

IXVFVIRFERBE Aug.09@EH



800
7001
600
500
400
300
200
100+

0

momentum transfer [MeV/c]

~

-~
I PPt

0 05 1.0 15 20 25 30 35 40
Ey [MeV]

FIG. 1. Momentum transfers as a function of the incident photon
energy E, inthe (y, p) reaction. The solid, dashed, and dotted lines
show the momentum transfers at w energy E, = m,, E, = m, —
50 MeV, and E,, = m, — 100 MeV, respectively. The thick lines
indicate the forward reaction cases; the thin lines, the cases for the
ejected proton in the final state with the finite angle 9";"“ = 10.5°.
The vertical dashed lines show the incident energies E, = 1.2 and
2.0 GeV.

18 .
(a) 05"=0°: E,=2.0 GeV

total .

— 4t total (=10 McV) -
-
0 -
= 12 total (1" = 20 MeV) T
b
v
< 10t . -
i total {I" = 35 MeV)
8t i
=] g 1
o a 6F ‘.0P|.;TP$P.. 1
'c ’
4r (0s2), 88 80
2
0 -
Lab -
9l (b) O =105°: E,=2.0 GeV mal |
8| _
. . total (T = 10 MeV)
= 71 (p32)5@ Pa - o
& 0, & p total (I" = 20 MeV)
T 6f P12) @ Pa total (F = 35 MeV)
&
=, 5 (0py e 1
= 4 v
el |( 7°
| 3 3
1B
2t
1 F

Eg = mg|MeV|

FIG. 2. Formation spectra of the « mesic nucleus in 2C(y, p)
reaction at emitted proton angle (a) 6;* = 0° and (b) 85 = 10.5°
calculated with the potential depth (V,, Wy) = —(156,29) MeV as
in Eq. (2c). The incident photon energy is E, = 2.0 GeV. The thick
solid lines show the total spectra; the dashed lines, the subcomponents
as indicated in the figures. The assumed experimental resolutions I
are also indicated.
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¢ mesic nuclei

J. Yamagata-Sekihara (YITP)
D. Cabrera (Complutense Univ., Madrid )
M. J. Vicente Vacas ( Valencia Univ. )

> ON interaction ...... s quark component
e OZl rule violation
e <N|ss|N>
e Chiral symmtery restoration by ss
> Strong coupling to KK .... Relate to Kaon in nuclei

» (asymmetric) medium effects from II; and I,

IXVFVIRFERBE Aug.09@EH




* ¢ meson - nucleus system

o ¢ meson mass shift in nucleus medium

e QCD Sum Rule -- m*/m=1-0.03p/p,

(Theor.) T. Hatsuda, S. H. Lee, Phys. Rev. C 46 (92) R34

e 12GeV/c Proton induced ¢ — eTe™ -- mass shift 3.4 +0.6%

(Exp.(KEK-PS E325 Collaboration)) R. Muto, et al., Phys. Rev. Lett. 98 (07) 042501

o ¢ meson photo - production

o Pomeron Exchange Process
do
o Anomalous p., dependence of \ 7
(Theor.) A. |. Titovand T. -S. H. Lee, Phys. Rev. C 67 (03) 065205

(Exp.(LEPS Collaboration)) T. Mibe, et al., Phys. Rev. Lett. 95 (05) 182001
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¢ in Nucleus as Mesic Nucleus (Bound Satets)
* ¢p-Meson self-energy in Nuclear Matter AIL,(E, p)

D. Cabrera, M. J. Vicente Vacas, PRC67(03)045203

N o 0
K

_ Trmed ree
Ally = 1T — 11

» Optical potential
ATl (E, p) = 2uVope(E, 1) _12]

Vopt[MeV]
o

Imaginary

&

Qery Shallow Real PaD O

2
r[fm]




¢ in Nucleus
* Optical Potential of ¢

<< Deep O® potential>>
(ReV(r=0)=-30MeV)

-10} Imaginary

<< Shallow @ potential >> -4 |
(ReV(r=0)=-7MeV)

Vu| pt[MeV]
e

* Real Part:-30MeV -124 Imaginary

(QCD Sum rule)

(KEK-PS E325)
rffm] .,




Real Vopt [MeV]

¢ in Nucleus
* Energy dependence of ¢ optical potential ( Sn case)

-10

E

0 [MeV]
-10
-20
) !
r [fm]

10

Imagirnary Vopt [MeV]

-12E

E=  0[MeV]
-10
-20
) 4 ? 5 10

r [fm] '
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Structure of d Mesic Nuclei

o Klein-Gordon equation

[—V? + p? + AL(r, E)]6(7) = E¢(7)

o ¢ bound states in Nucleus (I'includes free ¢ width : T" = 4.26 MeV)

State--B.E. (I') Shallow @ potential
[ MeV ] (ReV(r=0)=-7MeV) (ReV(r=0)=-30MeV)
1B (12C) None 1s -- 10.2(22.1)
39K None 1s -- 28.5(24.2)
(40Ca) 2p -- 11.8(24.1)
123|n 1s -- 2.34(25.82) 1s -- 34.5(22.9)
(1245n) 2s - 12.2(24.1)
2p -- 26.3(24.2)
2077] 1s -- 3.73(26.71) 1s -- 40.1(21.8)
(208pp) 2s - 24.4(24.4)
2p --27.1(22.2)
3p -- 13.1(24.7)

3d -- 27.5(24.0)
IXVFVIRFERBE Aug.09@EH




Formation reaction -- (p,§) reaction piscussion with

Iwasaki and Ohnishi
o Momentum transfer °00 ‘ ' ' —  — | LOI@JPARC
ql = [Py — Dl -
F ¢ - 400 L B.E.(¢)=O MeV
L > (p) 1s1/2 hole (2C) |
L’ =
e 1p3/2 hole
0 . o 200
0 . : . .
0.5 1 1.5 2 2.5 3
p; = 1.3 GeV/c

Pp [GeV/c]
Relatively smaller momentum transfer

than (y,p), (T = ,n).

O. Morimatsu, K. Yazaki NPA435(85)727, NPA483(88)493

o Green Function Method

d’c do | ele 1 oy ey L .
() = C) ™ 0 =2t [ drdr 137G (B 7))

uniform i's.
( do )ele — C. Evangelista et al., Phys. Rev. D 5 5370
df?
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Formation Spectrum -- *2C target case
<< Shallow ® potential>> odl 120(7-719)

© p5_1'3 GeV/ Quasi-Free region . 3' )

Bound region

{ammememmmm——

[ nb/srMeV ]

O
N

d?c
dQdE

0.02 ¢

m——————
- -

- -~
-~ ~

©
—

-
-
_____

1650 1600 1550
Tp [MeV]

e

0
1750 1700

[ ub / sr MeV ]

12—
0.2l C(n~,n)

e

d?c
dQdE

(p)
1s1/2 hole
1p3/2 hole

[ ub / sr MeV ]

©
-

d?c
dQdE

-
-
=
-
-
-

1050 1000 950 900
TxUFvoEFHE 1N [MeV]  gmp




Formation Spectrum --
o py=1.3 GeV/c

l 1

<< Shallow @ potential

12C(p,d) reaction

>> << Deep @ potential>>

S 0.02 ¢ 10.02
)
P
m
S~
0
=
L
2| 2 0.01 {0011
o5
(p)
1s1/2 hole
1p3/2 hole
] ] ] 0 ' | 1 1
400 600 500 400
To [ MeV ] To[MeV]
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Formation Spectrum -- *2C(p,d) reaction  Pert

<< Shallow O® potential >>

Conversion

Discussion with
Iwasaki and Ohnishi

<< Deep O® potential>>

—

o

N
Ll

‘Total
Conversion part

[ ub / sr MeV ]

d?c
dQdE

10.02 ¢

"Total

10.01 ¢

600

Conversion part

5l00 | 4100
To[MeV] ™
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Kaon Self-energy dependence of ¢ potential (Real part)

25

20

1 1

T

K- self energy = a* real + b* imag.

K+ self energy = c*real

Eo [GeV]

1.05

1.1 1.15 1.2
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Kaon Self-energy dependence of ¢ potential (Imag. Part)

5
I 1 T T . T T
p=p0 K- self energy = a* real + b* imag. IV
...*...
K+ self energy =c*real . o &

=1 b= i:
—p— az2, b=1, c=t . e
x a=1, b=2, =1 % e
25 L 8- a=2, b=2, c=1 X X 7
s a=1, b=1, c=2 S
---0-- a=2, b=2, ¢c=2

_30 1 1 1 L L L
0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 ‘
E¢ [GeV]
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¢ in Nucleus

o Spectra <--> Depth of optical pot. <--> mass shift ?
Comparison of Spectra * Shallow V(0) ~ -7 MeV
*Deep  V(0) ~ -30 MeV
o Large width <--> Smooth Spectra (Different Subcomponents)

=>» Background Reduction is essential to deduce m (or V) information

IXVFVIRFERBE Aug.09@EH




3-5. Kaon-Nucleus systems

o Kaonic Atoms

-

K meson(mg~ 500 MeV)

Binding energy
order of 10keV~MeV

~

J

-
K- cf.)
o Kaonic Nuclei
Very Deep ! )
Binding Energy
10 ~100 MeV
- _/

Normal atom electron(m_ ~0.5MeV)

Binding Energy -- order of eV~keV
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Kaon density distributions

Kaonic Nuclei
B.E. -- 10~100 MeV Phenomenological Vopt
r |

0.
|
0.7 '
: — 1s
- 06} | —  9g |
| |
— 3 .
é O.5h
— . B.E. -- keV~MeV
ay 0.4} Nuclear radius of 1°N
— 03]
=
. 0.2t
0.1 /
0 1
0 2 4 6 8 10 12 14
r [fm]
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o Study of Kaonic Atoms --- for long time
* To know the kaon properties at finite density
* X-ray spectroscopy
=» Deeply bound state were not observed
) (K*,p) reaction -- Formation spectra is !

Many Subcomponents
Width

o Study of Kaonic Nuclei
e Narrow Width? =2 It seems to have large decay width.

e Observable? =» |t seems difficult to observe clear peak.

( 12C\ 16() - Theor : Yamagata, Nagahiro, Hirenzaki(Structure, Reaction) \
: Mares, Friedman, Gal (Structure)
Exp. :Kishimoto, Hayakawa ( Osaka Group )
4He - Exp. :lwasaki, Suzuki (RIKEN Group)
\ Theor. : Akaishi, Yamazaki, Dote (Structure)

L/
@

IXVFVIRFREEBE Aug.09@IEHT

o Kpp system : 7JK;ISA and MMHEAZIA’s talk




Our Stu dy Yamagata, Nagahiro, Okumura, Hirenzaki,

PTP114(05)301 ; Errata 114(05)905
Yamagata, Nagahiro, Hirenzaki,

PRC74(06)014604
1. Kaonic Nucleus Yamagata, Hirenzaki, EPJA31(07)255
Yamagata, Nagahiro, Kimura, Hirenzaki
® Target:1°C, 0 PRC76(07)045204

Yamagata-Sekihara, Jido, Nagahiro, Hirenzaki

® In-flight(K-,p) reactions arXiv: 0812. 4359 [nucl-th]

® Comparison with Exp. data
2. Kaonic Atom
® |nteresting structure in the formation spectra
(dip. spike etc...)
3. Kaon Absorption Process
® 1 bodyabs.:2bodyabs.=80:20
® E and p dependence of the imaginary optical potential

4. Exclusive spectra

3 He(K,N), 12C(K,N) ‘
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Kaonic Nucle1 (12¢,160 target )
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Kaonic Atoms (12C,1298n target)
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Formation Spectra
0 2C(Inflight K~,p) Pg- =976 MeV/c (Tx- = 600 MeV)
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Effective density

S(r) = p(r)| Rus(r)r?

: Overlapping density
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Fig. 1. Overlapping probabilities (lower frame) of the = — densities (upper frame) with the nucleon densities (middle frame) in typical pionic
bound states: (left) 160, (right) 208pp, The vertical broken lines show the half-density proton radii and the vertical dash-dotted line is for the
half-density neutron radius in 208pp,
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Kaon-Nucleus systems

1. Kaonic Nucleus

12" 16
o B2C, . O targets . Kaonic Nuclei exist.
¢ In-ﬂlght.(K-,p) .reactlon But, because of the large decay
* Comparison with Exp. data width, 1t 1s very hard to observe

these states.

2. Kaonic Atom
* Interesting structure in the formation spectra
(dip. spike etc...)

|:> These states exist as quasi-stable
states.

* Probe various nuclear density Robust structure

3. Exclusive Spectra
Yamagata-Sekihara, Jido, Nagahiro

KNA(1405) coupling = fLES A ‘
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» Quark €-> Hadron €<—-> Meson-Nuclear systems
e Reliable effective theory is necessary.

( chiral unitary, chiral doublet, NJL, ...)

» Mesic Nulcear spectra <> Spectral function in Matter
( Finite sys. ) ( Infinite sys. )
e Many states vs. A pole

- Experimental feasibility problem
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» Meson Property vs Resonances
-Meson+Nucleus <> B*+(Nucleon-hole)
-N*(1535) vs. NN
-\(1405) vs.K N

-Level crossing

» Background subtraction

-For all broad states
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4. Summary

> Mesic Atoms and Mesic Nuclei

e Nucleus as Finite Density Laboratory
e EXxotic Nuclei with Meson impurities

> We are interested in ...

= how to connect to the fundamental theory
= how to get reliable experimental information

Several Attempts : Not satisfactory in both senses.

Study of meson-nucleus bound states is interesting and important !!
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