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Diversity of Hadron Physics ~~

confinement chiral symmetry

phase transitions \ precursors to

confinement chiral transition

=> deconfinement In nuclel

phase at high T vy beam
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Some physics to be discussed NS endar
In the LEPS2 project

1) Hadrons under ¥ S
* meson sector
(a) study of Namb-Goldstone bosons in free space
(b) partial restoration of S in nuclei = softening of o
(c) U,(1) anomaly
UA(1) restoration? <= ¢S restoration (experiments)
* baryon sector (N*: negative parity baryon)
2 kinds of y transformations
2) Hadrons and exotics
* pentaquark baryons
®* and others in the anti-decuplet
* dibaryon (1,JP¢=0,0")
3) QED higher order effects (measurement of birefringence)
* direct measurement of the vacuum polarization
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Hadrons under chiral symmetry ah /

* Meson sector
(a) o In free space

c— 2y (BR~10-) ({\'CJ &
(b) Partial restoration of ¥S in nuclei . \6\?’ \%q’,&o
++ softening of & $QQ‘ R
G — 2y ¢ '&(\(\

c — 2n’ / N
(c) Study of Namb-Goldstone bosons
++ measurements of ¥ polarizabilities
++ transition form factors of n
(d) U,(1) problem
“Does ¢S restoration affect the U,(1) problem?”
++ 1’ — 2y In nuclel




Pion Polarizabilities _INS ;:endr;}
/ eV v
e Flectromagnetic polarizabilities of a meson M : /
The polarizabilities a; and [7y; measure
the induced meson dipole moments
d = oyl
m = yB

a reflection of
the internal structure
of the particle

in an external field £ and B.

¢ How to measure the polarizabilities:

v Y
S one of the most fundamental
noo “~._ y properties of the particle

Compton amplitude at low energies
T(ym —ym) = —2e”(€; - €)
+21m [n-w'w* lw‘g{t‘ K EQ:]

—|—.."'J?;.l-[f€1 X kl] . |':Eg X kigl] [2]




Measurements for polarizabilities of charged pions

1) radiative 1t-Z scattering 2) T photoproduction
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3) direct yy—Tt process 4) Primakov production

’Y s P ;-c ’Y = -7 T
Wee=29 Gel/
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Pion Polarizabilities

WPT  «, L1107 fm?®

2.7 one- Ioop
2.2 two-loop

1 -.'1

L*\Tb' E‘Hdm
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Table 1. The experimental data presently available for the pion polarizabilities.

Experiments a,+/10~% fm” a.0/107* fm”
n~ /4 — ym~ Z, Serpukhov (1983) [10] 6.8+1.4+1.2
vp — 7 n, Lebedev Phys. Inst. (1984) [11] 20 + 12

D. Babusci et al. (1992) [12]
vy — w7~ PLUTO (1984) [13]

19.1 £ 4.8 5.7

DM 1 (1986) [14] 172+ 4.6

DM 2 (1986) [15] 26.3 £ 7.4

MAPK II (1990) [16] 22+1.6
vy — w7%  Crystal Ball (1990) [17] +0.69+0.11
F Donoghue, B. Holstein (1993) [18]
vy — rrr MARK II 2.7

0
r-‘lr' ﬂlr' — Tl— Tl— -

Crystal Ball

—0.5

(4 3)r0 /107" fm” | (o — 3)0/107" fm”
A. Kaloshin, V. Serebryakov (1994) [19]
vy — w7  Crystal Ball 1.00 + 0.05 —06+1.8
L Fil'kov, V. Kashevarov (1999) [6]
vy — 7070 Crystal Ball 0.98 £0.03 —1.6 £2.2
o + —4 3
Mainz: #p—o>yz'n (@-p) . =(11.6+1.5+3.0+£0.5)x10™ fm




Intergated cross-section (nh)

Integrated cross-section (nh)
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Fig. 6. Comparison between Mark II |8| (diamonds)
and CELLO [12] {squares) integrated cross-sections
for vy — 7%~ in their common energy range

vy —

Fig. 6. Comparison between CBES [7] (diamonds)

and CB92 [13] (squares) integrated cross-sections for
i 3 gD
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FIG. 2. The data points shown are the vy — 7w n° cross
section (with |cos#| < Z = 0.8) measured by the Crystal Ball
Collaboration (Ref. [4]). The dashed curve is the prediction
of one-loop chiral perturbation theory, while the solid curve
is a full no-free-parameter dispersive calculation, as described

in the text. Donoghue and Holstein, PRD48(1993)137.



Measurements of polarizabilities of the neutral pion

1) radiative 1t-Z scattering
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3) direct yy—T process
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2)

1 photoproduction

4)
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Primakov production
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Cross section for n0n0 photoproduction {‘: “’

In the Coulomb field of the nucleus

ds T

dGC(yA_)ﬂ-ﬂA) a22| g£2\/g ]1677—>7m(s)

T

where S =m

v/
Belkov Dillig and Lanyov, J. Phys. G23(1997) 823.

77/—)727[(8) J‘dg(ﬂ/ﬂ/_)ﬂ' T )dQ— \/S 4m
dQ S S

fo(s)= ”(ao —f3.0)s+0(s?, sm?)

Donoghue and Holstein, PRD48 (1993)197.
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Hadrons under chiral symmetry NG /

* Meson sector
(a) o In free space
G — 2y (BR~10)
(b) Partial restoration of ¥S in nuclel
++ softening of o
c— 2y
c — 2n’
(c) Study of Namb-Goldstone bosons
++ measurements of ©t¥ polarizabilities
++ transition form factors of n
(d) U, (1) problem
“Does S restoration affect the U, (1) problem?”
++ 1’ — 2y In nuclei




1.0

0.8

0.6

0.4

0.2

Mass
A (GeV)

TE?K?‘T]I ’ng |Ij

spontaneous
U(@3), xU@),
breaking
mg= 0

Mass spectrum of
pseudoscalar mesons

n
/|
n i
| S {’
r \q
I\ Tl 547
| —
) K 495
I:}
H
¥
T
|
f}i J— 140
nﬂKﬂnS &’,’J
SU®);
U(1), breaking
breaking —m, 4=5MeV
my= 0 m, = 130MeV

Bt - i
LNS Sendai

discussion
IN detall
=> Taklzawa
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Does chiral restoration affect U,(1) restoration? O °/

Search for the effect in nuclei
The n’ meson is a good candidate.

Particles decaying from i’ have to be weak interacting ones in
the final state.

Plan to measure n’ decay modes  branching
process n’ — vy in nuclei ratio
N’ at rest N —>nnmn 44.3%
full width: '=0.2 MeV n’—ply 29.5%
=> p,.<0.01GeV /c n’—>nn'n 20.9%
< d <10fm '

n’ =Yy 2.1%
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vp total cross section =

TOTAL CROSS SECTICN IN ub

TOTAL CENTER-OF-MASS ENERGY IN GeV
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Inside of the nucleus at 3 GeV region:
ol a good experimental laboratory
with finite baryon density
300
g
II| i
200} iy |
1 |iI _
TN I|I l'II”“IlllIHIIIlljl”II||I|l|l||1||||H|||1II|”|||II|||”1I||'|||'|!|||i|||||||”I|E]||||||I|||||'||”|
100F
0 o5 T T 7 T R | S E— S

PHOTON ENERGY IN GeV



Minimum momentum of n’ IS -

N
i
endai

Gevic inthe Lab system NG T
030} p, <0.01GeV /¢
0.25 | N

i =02 MeV

0.20 |

Fermi motion may work

0.151
: to have p=0 1’ mesons.

0.0/

_ 2GeV<E, <10GeV
0.05 1 where p . ~0
- If n” is bounded

2 3 4 51 6 7 o] 9 16 => Hirenzaki



— -
L ATS Sendai
: 5

Opening angle of 2y in > — yy decay N
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Angular correlation of 2y
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Angular distribution of yinn’ — yydecay N 7
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Energy distribution of y’s
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Angular distribution of n’
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Opening angle of 2y inn’ — yy decay L 7

p, <0.5GeV /c
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Angular correlation of 2y
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Angular distribution of y’s N
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Energy distribution of y’s
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Angular distribution of outgoing nucleons \-{ >
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Momentum of outgoing nucleons \-’__/
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Schematic view of the LEPS?2 facil-i{ﬁ%b

Backward Compton Scattering

High intensity : Multi Ias-e’r/

JASRI Acc group

8 GeV electron

a) SPring-8 SR ring .I

CRNB
Round beam
~10 7 photons/s (LEPS ~10¢)
High energy:Re-injection of
X-ray from undulator
(Tohoku U., JASRI)
Ey< 7.5GeV (LEPS < 3GeV)

Recoil electron
(Tagging)

GeV jpray

Inside .
L N Outside
bullding .- building

-
-

Plan to move the BNL-E949
detector to Spring-8

4w y detector (Tohoku U.)

Large decay spectrometer”
Forward spectrometer g
New DAQ system

c) Experimental hutch

(helped by RIKEN)
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Uniqueness of new LEPS beam Ly
with 2 operational modes r

= High intensity mode
potentiality of the LEPS facility
A tagged y beam with the highest intensity in the world
small low energy component =>
small accidental coin. with untagged y’s In the beam
= High energy mode
potentiality of the LEPS facility
A quasi-monochromatic y beam
at a 7 GeV energy region

by means of XFEL induced CBS
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New LEPS beam (high energy mode) ﬁ—:—ﬁi’\‘? o

High energy CBS provides a qusi-monochromatic vy beam

Energy Distribution
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oo b LEPS2 will be a very unique facility!
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