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Super Photon ring — 8 GeV

8 GeV electron beam

* Diameter 457 m

* RF 508 MHz

* One-bunch is spread
within ¢.12 psec.

* Beam Current = 100 mA

» Life time 30.50 hours
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M. Fujiwara, Nuclear Physics News 11 (2001) 28-32.
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Back Compton Scattering

Energy of BCS photons

Back Compton scattering E _ E (1—B cos0, )

1 coso + = 4000 =0 {l_COES(eL ~0)}

B : Electron velocity /c
0,: Incident angle of laser photon
6 : Scattered angle of photon
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L EPS spectrometer
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Charged particle identification

Reconstructed mass for CH, target K/n separation (positive charge)

»~
n

103

Events

-
17

10°

Momentum (GeV)

-

05
10

0.6 07

Mass/Charge (GeV) Mass(GeV)
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Vertex distribution

Vertex distribution (KK, Kr tracks)
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R. Zegers et al., Phys. Rev. Lett. 91 (2003) 092001.
M. Sumihama et al., soon published in PRC.

Photon beam asymmetry X
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L ong standing Naive Question: What isthereason for the existence
of two quark systems (M esons) and three quark systems (Baryons) ?

Thereisno reason of QCD to exhibit 4-, 5, 6-, multi-quark systems

meson baryon

Why only two or three ?

« Baryonium hunting
« Dibaryon search (H-dibaryon etc..)




Pentaquark (5 quark) system

=QCD does not forbid qgqqq states, but
so far only baryons (qqq) and
mesons (qq) have been found.

= A(1405)?
=3-quark particle (uds)
=5-quark particle (uudsu)
sstill poor data / ambiguous inter pretation
l®+
=5-quark state (uudds)
=*meson-baryon resonance
mexotic S=+1 particle

Peak of O+
Nakano et al., PRL 91, 012002 (2003)
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Summary of positive results in 2004

Experiment ©* Mass (MeV) I (MeV)
LEPS/SPring-8 :1540+10+5 :25
DIANA :1539+2+few @ 9
CLAS(d) :1542+2+5 021
SAPHIR :1540+4+2 .25
ITEP(n) :1533+5 120
CLAS(p) :1555+1+10 :26+7
HERMES :1528+26+21 :19+5+2
ITEP(p) :1526+3+3 124
ZEUS : 1527+ 3 :10+2

http://www?2.yukawa.kyoto-u.ac.jp/~mquar k04/index.html

Note: Many positive results have been changed to
“‘Negative” in 2005 !

Correlated di-quark model

O* Pentaquark particle

o A7 o) Structure of ppK-~

Alpha Cluster S S R
by Yamazaki & Akaishi



http://www2.yukawa.kyoto
http://u.ac.jp/~mquark04/index.html

O

yD = KpX; MKp)=A*(1520)

Counts/5 MeV
preliminaryg

By Nakano et a., 2005

What is the spin and party of ®*?

Diquark correlations ?
Jaffe-Wilczek
Quark bag surrounded by the pion cloud

. Hosaka, Phys. Lett. B571, 55 (2003)
Naive quark model

p —®—/p
ududs << ududs
S0t S 09 ¢ s
(mass)
S's ps®s

Negative Positive




Spin observables? Beam

asymmetry
o - —O ”
BT L
c +0O
Nakayama & Tsushima:

Phys. Lett. B583, 269(2004)

for the positive
parity of ®* the beam asymmetry
Is significantly positive,
whereas for the negative parity of ®*
beam asymmetry is significantly negative

Physics motivation

Nucleon Spin Sum Rules

Gerasimov-Drell-Hearn (GDH)

27173 2= J:” Gy _Gslzdv

m 0 Vv

Forward Spin-Polarizability

_ 1l (#6,,-04,
YO - 47'C 2 '[0 V3 dv
SS contents in nucleon
Yy P—>¢p
®* spin-parity
_)

;ﬁ»@*? (pp—>Z'O")
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1.k K .9 LLLLL‘ '
@t spin-parity determination “LLH !
Zhao and Al-Khalili PLB585(2004)91 WE g 9B o
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Beam-target double polarization asymmetry
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d—meson photoproduction @ LEPS of SPring-8

Studying diffractive channels as atool for non-perturbative QCD

(Pomeron structure, search for glueball, f,’-meson trajectories, etc )
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%& 100 | gt — Non-polarized observables
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ss contents in proton

Invariant mass square

(K*K) (GeV?)

Missing mass (y,K*K)X (GeV)

Invariant mass square (K p) (GeV?)
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beam-target double spin asymmetry foryp-> ¢ p

Titov et al. PRC58(1998)2429

Lo T T
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FIG. 10. The double spin asymmetry (a) Co () and (b) C21(#) at F=2.155 GeV with B>=0%, ie.. the VDM and OPE (solid lines).
0.25% (dashed lines). and 1% (dot-dashed lines) assuming that |by|=|5,|. The phases (77,.7,) are explicitly given in each graph.

Polarization observables with linearly
polarized photon (in ¢ meson rest frame)

Decay direction //

to direction of beam
Spin-flip processesin

Pomeronand f,’...

Decay Plane /[y~
natural parity exchange (-1)°

-
Decay PI aneJ_ Y
unnatural parity exchange -(-1)
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cost, , distribution

: . y X f
For spin-conserving processes: ®
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Oy +-P g distribution

(tool for unnatural parity exchange processes)
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Mibe et al. Phys. Rev. Lett. 95, 182001 (2005).
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Mibe et al. Phys. Rev. Lett. 95, 182001 (2005).
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Quark Dynamics from Jiab (D.S. Carman et a., PRL 90, 131804 (2003))

CERN Courier June 2003

virtual phaton {1} {4)

“&-'. ® ®)
o . Weak decay

 pai u
Q e gglémrx' Of A
@) T d
S
protan with qarks ‘
spin Ripped

o 7)

LA
& .Q ’ 3” proton
’ i " | 3

f uj pion
. e W

S= 1°P, operator: _ _ .
21 Quark-pair creation operator ? Large Anisotropy

Missi ng resonances Py due to weak decay

sS-quark content of proton and neutron

lp>=aluud> + B|uudss>

uudds
0©*(1530)

N(1710)

2(1890)

— §x2070)
ddssu uussd
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GO experiment at JLAB: Anapole moment
e nucl-ex/0506021

electroweak process

Yy 20

e This simple picture depicts pairs of strange
quarks as they pop into and out of existence
aongside the permanent quark residents
of the proton. Nuclear physicists have
found that strange quarks, though present
for just tiny fractions of asecond at atime,
also contribute to the proton's properties.
Image: JLab

SPIN CRISIS = at least 10% ss content in nucleon
http://www jlab.org/div_dept/dir_off/public_affairs/news_releases/2005/gzero.html

penlaquank
particle

- 0.6
¢ meson: pure ss ® HERMES

[
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A.l. Titov, et d., Phys. Rev. Lett. 79, 1634 (1997).
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Beam-target asymmetry and exotic processes with
unnatural parity exchange (ss-knockout)
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Polarization in thermal equilibrium

H=—-p-B=-0uyel,B

If 1=1/2,
— |-V2>
AE=gu\B
— V2>
AE - -AE
_ 2kT _ A 2kT
NN e )
+ - e2kT +e2kT

proton : gyuyB/2KT=0.00101 B(T)/T(K)  of-ssbmion

05 1 15 2 25 3

f=)

electron: gengB/2kT=0.67 B(T)/T(K)

x = g B2KT

Spin Hamiltonian
H=H,+H, +H,+H
H,,H, :Zeeman terms

H, :a(J~3I _3(J'F)5(I 'F))’

|+—> +el|++>
|++> - |+—>

ho,

|- —> —¢el—+>
|—+> +&" |-—>

. dipole-dipoleint.

L: rotational angular momentum

red: forbidden
transition
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Principle of HD

» Longstanding effort
at Syracuse,
LEGS/BNL ORSAY

* 10-20 mK
* 15-17T

* 80% for H, 20% for
D (vector)

¢ 20%>70%in D
with DNP

Initial; Potarization is created

Lnr'e Spm -Inttice
Ortho Hy
High B
& LowT Conversion from
Ortho- to Para-Hy

After long time: Polarization is frozen

High B No smn inttice
& Low T Relazation

Low B & High T: poiarization is kept

D D

l ﬂ'-gh T HD No Spm l.twe

HD target polarization
H polarization

Initial: Polarization is created
Impurity (~1/10000) Lﬂme Spin-lattice

odsieiiton Impurity (~1/10000)

i ) Ortho H2
High B HD T

After long time: Polarization is frozen

H is highly polarized

D polarlzallon is small
Orlho D2

High B No Spm lattice
&LlowT Relaxation

During transportation and experiment: Polarization is kept

D polarization
With RF: H polarization is tranferred to D polarization

Dipolar mupnrg of Hand D

High B
&lowT
& RF

After RF H polarization is reversed
D is highly polarized

| €ID €D

High B
/ .I) alonr HD

After repetition: Polarization is frozen
H and D are highly polarized

‘

High B
&Low T

I‘ During transportation and experiment: Polarization is kep|

LowB Onhe D2
&HighT Nu Spmamce
Relaxation

LW‘B' .@NB’
&High T HD HD
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Table 1: History of polarized HD targets.

1957 M. Bloom An important relaxation mechanism for the
protons in solid HD:
via “impurity” ortho-H, molecules.

1966 ‘W.N. Hardy and The above relaxation mechanism with o-H,

J.R. Gaines was confirmed by relaxation time measure-

ments in very pure HD at 1.2 K ~ 42 K
— proton relaxation time of many hours was
obtained by aging a solid HD with a small
o-Hz impurity.

1967 A. Honig Proposal for a frozen-spin target:
polarizing the HD at
- high magnetic field (> 10 T)
- low temperature {(near 10 mK)

1968-1978 Study of the relaxation times, depending on
temperature, magnetic field, ortho-H; and
para-Da concentration.

(1968-1978) A. Honig, et al. At Syracuse University
T=04~16K, B=0~1T
(1971-1977) H.M. Bozler, At SUNY Stony Brook
E.H. Graf, et al. T=3mK~4dK B=15~10T
1975 H. Mano and Radiation damage was studied at
A. Honig BNL 28 GeV proton synchrotron and
Cornell 10.4 GeV electron synchrotron.
1976 A. Honig and RF forbidden transition adiabatic rapid pas-
H. Mano sage
Proton < denteron polarization transfer,
1983 1ate 1980s | A. Honig, et al. The first application of polarized HD
(produced at Syracuse for fusion study).
1991 N. Alexander, et Invention of cold-transport devices for mov-
al. ing HD from production site to experimental
site
2001.11 LEGS collaboration | The first double-polarization data of meson
photoproduction with polarized HD target

Present status

LEGS/BNL (< Syracuse)

Orsay > GRAAL/ESRF

RCNP (= Spring-8)
goal: 10mK, 17T
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HD target cycle:

LEGS@BNL

target injection into dilution fridge;
~min 45 days at 15 Tesla / 12 mK

extraction with Transfer-Cryostat

loading In-Beam-Cryostat

e 25Kand0.120T

¢ 0.25 K and 1.00 Tesla

« .

In-beam Relaxation Time
T2 TR

Nov ’01 (T-1.3°K) |13d | 36d

3 gmsolid HD + 20% Al by weight
(2050 x 50 um wires)

Target Polarization

i

Py Py
Nov ‘01 30% 6%
June ‘04 54% 21%

LEGS: y+ HD

[ =7 —
e
it I HD Target .: v+ HD 7t 3
L Il oty Target E,= 330 MeY ; Ey =330 MeV
200 ] sun‘e‘ﬂmn E .
N f =
T E Yp_frcr
= f
E }'n" L X
:_ / M

100 =0 0 ] 100

Missing Energy in Mel -100 -50 B

25(
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FROM PSTO5 Nov. 14-17 2005, Tokyo by KAGEYA et al.,

LEGS production run #2, deepUV-1 (Spring'05)

D(yx°n) PT= 92% P =31%
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contain the only unpolarizable nucleons;

- background is sampled in runs with an empty cell

- Very preliminary -
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d "
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HYDILE target @Orsay

70 K Shield

Liquid “He (4.2 K) Saddle coils

Al Wires

|
,4|, -
N
_/ Polarized HD
NMR Coils
Liquid 3He (0.5 K) Solenoid Coil

Proton Relaxation timesversus Aging time
1.E408 : Double digilled HD from LSC
T,%(0.5K:6.9T) T,%(0.5K;1.0T) T,5(1.9K:1.0T)
1.E107

T,%(0.5K;1.0T) ~ e?/89

T," (sec)
5

T,M(0.5K;6.9T) ~ 09/%°
]

T,51.9K;1.0T) ~ ' 78
1.E+05 t "

15 2 25 30 a5 20 45 50 85 60 65 70 75
Aging Time (days)
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Road map (5 years from 2005 fiscal year) for Studies of Hardron structures

Fiscal year 2005 2006 2007 2008 2009 After 2010
_ Charged meson production
- DR SC magnet. v Expegriments with magnetic spectronjeter
HD gas IBC.TRC Collaboration with Roma2. ORSAY.US >
" [ RN ») — = s > ——
others - - -
Spin and parity determination
HD at Spring-8.¢—meson production, of ®+ particle
K-production, hidden strangness of
nucleon
IBC cryostat and new
Data taking system N . .
Neutral particle detection witl
TRC Roma2, ORSAY Scintillator ball
NMR -
DR+IBC .
SRC HD polarization
New DR Polarized HD - SPring-8
New TPC
_— design |  |mmmm— ,|7’_,
Scintillator ball. | _ — . — .
llation of new detectors
TPC Scintillator ball ! on
total 92,507 kyen | 103,000 103,000 93,000 93,000 total
New badget 83,505 96,000 96,000 86,000 ssoo0  Abput 480,000 kyen
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Summary

1. Some results from LEPS at SPring-8
3. Cc;; measurements with polarized target
YHP2¢+p
v+p2>K* +A, K*+X0
vHp2 0 +p
y+n>K* H+Z-
4. HD at SPring-8
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