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i FEE

e LEPS/Spring-8 (1998-2004)
o KIxKRFEHFMABYEFELIELRE
o BARFiTikEEYFRIBAFE (PD)
o NFOVHER(OFEF. NE2T+—)

e CLAS/Jefferson Lab (2004-7007)
o KREA/NA(FKREMEE
o NFAVIER (D, K, A(1520), RZTA+—7)

e PHENIX/BNL (2007-)
o SIR/ILF—IILEFARKEARE
o RIBEFFEENSDWHRYERL. MuTr FEE upgrade
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T

Jeffersonfff 32

RNUOBDA—DIER
o vd>0Kp (PRL 96, 212001 (2006))

e yd>®+A(1520)

PR FILE R
o YD>hp (PRL 95,182001 (2005) (LEPS))
o vd>dd (PRC 76, 052202 (2007))

TS O+—0 I E R (approved by PAC in 2007)
e yHet>C(1480)He, C(1480)>

FED
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Jefferson Laboratory

= [lelige]p

> -
' accelerator

"
) 3
\t

A




Seminar at University of Tsukuba, T. Mibe 12/12/2007

Jefferson Lab

MACHINE CONFIGURATION

MV Infector
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Krations -rfi-"

Elemenix

[ p———

Hall A

The electron beam can be
delivered simultaneously

to the three halls with high H
polarization

Hall C

CEBAF is a superconductive electron
accelerator

continuous beam
high longitudinal polarization

energy range — 0.75 -5.9 GeV

VR

current range — 0.1 nA -200mA

END STATION SITE PLAN CEBAF
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Experimental Hall-B

lectron
eam
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Bremsstrahlung tagged photon beam

Magnet return yoke

electrons

Photons

Radiator
Diamond . "~.;

104 X,
384 E-counters T "~

61 T-counters N AN

~ N \\ \ T L
k:’EO =.9% 0.90 0.80 0.70 0.50 030
060 040 0.20

eUnpolarized/Circularly polarized photon (Linear pol. is optional)
eTagging range: (0.2-0.95)E,, E (Max) = 6 GeV

ePhoton flux ~107/sec

e AE /E, ~0.1%
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Hall-B CLAS

e CEBAF Large Acceptance

Spectorometer
e Large acceptance for charged Electromagnetic
particle tracks calorimeters

e TOF resolution < 0.2 ns

o App<1%

e Sensitive to neutral tracks at
forward angles

Jefferson Lab

CLAS Detector

Beam line and
the target r

Drift
chambers

TOF
counters

Cherenkov_-
counters
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What are Pentaquarks?

Objects with 4 quarks and 1 anti-quark

. +
Example: uudds (exotic); The "® * /\/\

uudds
+(1530)

N(1710)

+ Baryon number = 13+ 13+13+13-13 = 1

¥(1890)

+ Strangeness= 0+ 0+ 0+0 + 1= +1 /\/\/\
£(2070)

Early history: JaEET
+ Bag models: R.L.Jaffe (76), deSwart(80)

+ Soliton models: Diakonov, Petrov (84); Chemtob(85);
Praszalowicz(87), Walliser(92)

Experimental data
e 12 papers claimed evidence of ©*
+0O"-K'n, Kop
+ M =1533.6 = 2.4 MeV (S=2.1)
+I = 0.9 + 0.3 MeV
e 16 papers reported negative results

uussd

11



©(1540)* I(JF) = o(?

OMITTED FROM SUMMARY TAELE
— Check our WWW List of Reviews
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PDG'04: ®" *** > PDG'06 * > PDG'07 no stars

Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2008) andIEUDT partial update for edition EUOd[UHL: http:/ /pdg.1bl.gov)

7

)

©(1540)*+ MASS

The note below, from the 2006 Review, lists 10 papers on searches for
the @(1540) with negative results. Since then, there have been six more
such pap:—:-rs.l[fnur of them from the CLAS experiment)] AKTAS 06g,
DEVITA 06, KUBAROVSKY 06, LINK 06c, MCKINNON 06, and NIC-
COLAI 06. Two other papers, MIWA 06 and PANZARASA 06, did find a
peak at about the right mass, but only at the 2.5-to-2.7 standard deviation
level. We will summarize all these results in a table in the 2008 Review.

Since our 2004 edition, there have been several new claimed sightings of
the (9(154—(]]"‘ (see entries below marked with bars to the right), but there
have also been several searches with negative results:

In general, these experiments with negative results have many more events
than do the experiments with positive results. Some, but not all, involve
reactions or energies different from those giving positive results.

Furthermore, the ©(1540)" finds no support from the claimed observa-
tions of other pentaquarks, the ®(1860) and the ©_(3100); for each of

these, there are several non-sightings against a single claim of sighting.
(See the Listings following the ©(1540)7.) We have reduced the status

of the ©(1540)7 to no stars.

12
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Dedicated experiments for pentaquark at
CLAS

e g10
e Photoproduction on deuterium at E < 3.6 GeV
e Completed in 2004

e g11
e Photoproduction on proton at E < 3.8 GeV
e completed in 2004

® eg3
e Photoproduction on deuterium at E < 5.6 GeV
e completed in 2005

13
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CLAS pentaquark searches

e O pentaquark searches
e vp > O KO, @ >nK*, pKO
e vyd 2> OF pK-
e vd > O A(1116)
o vd > OF A(1520)
e O pentaquark search
e yp 2 OFK
e O (=-(1860)) pentaquark search
e vd 2> O X, & 2=, E2AT

data sets

14
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CLAS Hadron identification

T A PP T M=1.115 GeV
% ; 0=1.7 MeV
$.|:-|E- 'IIIZI‘! '|I1 1I|1 .1 Il! . 21;3 1.:|-1 1.:'.'- 'Iliﬁ
| M=1.019 GeV
e |- g=3.6 MeV
et b =K* K'WW%
uul.r- 'n"'H-‘w"‘""“""""‘
“-' AJ’ K 'I | = - = -
“““““ d =K p(z) . M=1.196 GeV
i Y P(Z) S .0=6.9 MeV
. vt i S
L . T et
et
coma- M=938.3 MeV
. 3 6=9.9 MeV =
ol . Resolution:
ol ¥ P K {n}

Mn.'-nr.

ln.v-'u [ -n.uu
P T S N ..-'-\.-.r-|

CountsMeV

)
-.l-
2 L
;1 WY
2 K0, —=n*n-
{E FUHHHE — M = (498 eV
- 1.1 g ey
i [—
o | _Trll ] | ] r
i 52 .54
_____ M, (GEV)
- -
= + £ - L
S b [ ‘LE —?ﬂﬁa ~LE—H'|TI
E M= La9o Gev| T M o= 1,198 GeV
5 U] o = (LAHLE eV 5 0 = ILMLS GV
ZoiHE
HHME
i : ! = i
'I.! 1.2 3 4 I..
M, (GeV)
| MM
+
oo Y P 2KTKO (D) |
=
Pl e DLUTG A e
b — i o= 0 GeV
iy — II"LL
e e ] L ——
'l‘{_ﬂn.': AR ALE I

My ivp — K"K X) (Gev)

CLAS measures masses at the level of 1-2 MeV

few MeV for invariant masses
10 MeV for missing masses

19
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CLAS g10 experiment
+ .t
W —>hh X

e Primary Goal : Confirmation of previously-reported
CLAS OF signal with higher statistics

Beam: real photon

Target: LD, target (24cm-long)

Tagged photon energy: 0.8 <E < 3.6 GeV

Integrated luminosity:  50pb™' (1.3<E, <3.6 GeV)

Trigger: two charged particles in different CLAS sectors.

CLAS Torus settings: 3375 A (higher resolution) and 2250 A (larger
acceptance)

16
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vd S0*pK-, @*>nK*

energy spectrum as for PID (using exclusivity of the channel)
pr'aviﬂus measurements. 3o cut on missing neutron mass peak
and the neutron momentum >0.08 GeVi/c
1801 1800 ¢ :"f j'ﬁa’?:ﬁ ;{ rard
wf 610 scaled : B AR mch
i I P S 2 rusa
o i o o e e
L [I . ;-ﬁ FATE, 2170
120 } -'_-‘?JM'_ r Fl7, ¢ 20,91
100k =000 -
fu P ﬁ
- A L
4{13— fJJ
i 1 '~
Wi 4 :
m J | P - | P | il e B P e
e BT R Y R Ty — 07086 068 0.9 007 0.04 0.96 0.95 1 102 104

K, (GeV ' MMipK'K) [ GeVie* |
=10 (3375A scaled)
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Events/S MeV/¢

Published data
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Comparison with previous data

Events/S MeV/¢®

q . LY Y
4 ].'ﬁ 13 2
M(K-p) (Ge"v’;’c-?)

1.2 24

600

200

100

i

G10 (3375A ,scaled)

m FlERNS
Enirie T4828
¥in |;H me 7 55
L P 1586 + 5195
r Y - 0 32I5E-03
P 0. TEETE-2 + 0 35ITE-0
Py =5+ 1537
Py ELCT R X178
..FE ML+ 7581
-1+ 3780

A(1520)

)

4

16 1 I]-SI 1 1 A qul llzl-l.

M(Kp) (Ge"w’fcg)

610 data is scaled to match the beam energy and acceptance for

published data
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Comparison with previous data

Published data G10 (3375A,scaled)

430 x',-f ot 9431 7 31
60|~ - 1850 + 39.47
I 100k .FJ' L1019+ DI39E-D3
B3 0333E-01+  DISEIE-D3
- P4 1603 + 73
=0 10l Ps 62M9%  QIETIEDI
Ps 2380+ 0.1947

L T § ¥ T
T T T

Hu B Hu
E,,; -m_— =
= | (b = 250 (b
ufy | uf L
g 30 ':I;.‘l
£ 22001
N P
@ [ = 120 L
2o} 150
: 100 |
10 A
i 1 | 1 | 1 1 | 1 1 | 1 | 1 | 1 1 | 1 | 1 ] 1 | 1 | 1 ] 1 | 1 | 1 ] 1
'l].l.!? nos 1 l|]'~ 1.1 11'i 1.2 125 1.3 ]3-~ 1.4 E!P.E' noes 1 1.0s 1.1 1.15 1.111.15 1.2 135 14

M(KK-) (GeV/c2) M(K-K-) (GeV/c?)

« (10 data is scaled to match the beam energy and acceptance for

published data
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vd S0*pK-, @*>nK*

® : previous data

histogram : new data (scaled down by 5.9)

EventsT0 Mevice

40
- e Same reaction and same
5b condition as the CLAS published
“E paper, with much more statistics
30F
- e Previous peak could not be
. reproduced under similar
T conditions.
20
B e Statistical significance of old peak
1sb is reduced from 5.2 ct03.10
r when new data is used as
- background.
10 -
0 - [N TR A TN TN SN AN NN SO WO NN MO MO N NN ﬂ*—u_ r* 1
14 1.5 1.6 | 1.9 2

. 1.7 §
AMPK) [ GeVieT]
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Bayesian analysis of CLAS ®* signal

, E“"‘ {a] g10 aampila 1 E“ [b) g10 aampls 2
e Baye’s theorem .
P(D|M)P (M) T ;
P (:‘_[ ‘ D — - - - . é 10
P (D) i =
] '“ql:aa :J:I’I £ : : b
e P(M|D) : probability that model (M) is true
given some observed data (D) Emf_ 1 410 sampte Em @ 910 sampts &
e P(DIM) : probability of the data being observed = .
given the model af- 20
P(M): probability of the model being correct 18
P(D): normalization constant .
i = I1.IEI = I1.IBI = I1!'."I = :'I.IBI IT.‘;‘ e ‘P.l 18 1.8 17 1.8 18

M. [Bevin’] M. [3evia’]

e Evidence ratio (~likelihood ratio)

:ENE— {8] @10 sampla 5 (T} §2a Tul
R _P(Mp|D) P(D|Mp) XP(:’\IP) o
ETP(My | D) P(D|My) ~ P(M,y)
lll(BE) :lllp(D ‘l_[_P) 5'”1'5""1'5""1'1""1'5' T P&~ 15 18 47 1B 18

M. [Bevin’] M. [3evia’)

arXiv:0709.3154 [hep-ph] ’1



Evidence ratio

In(Rg) =P (D

Seminar at University of Tsukuba, T. Mibe 12/12/2007

Mp)—InP (D

Mo)

M, : BG+narrow peak
M, : BG

Data sample

In(Rg)

gll sample 1| -1.56 =  0.07
gll sample 2| -1.09 =+ 0.13
gl0 sample 3| -1.64 =+ 0.09
gl0 sample 4| -1.11 =+ 0.11
gl sample 5 -1.82 £+  0.07
ol full -287 4+ 011
ola -041 £+ 010
falke 578 £+ 0.27
o2a A(1520) | 9670 <+ 0.70
ol0 A(1520) |54012 4+ 217

8
61— - |
L .
Decisive
4+ —]
— [ o = 1]
K o iy o o - Strong 1
W “Er 3 T —- - == - -—-
r - E E E E E - —
= EE EE {lﬁ Eg EE = Substantial
= =] = = = =] L L
— — — — — — |
o o o o o o o Weak
° =]
o Weak
=" [~ == = -
== = = Substantial
~ == |
-
- —= Strong
4 I I

arXiv:0709.3154 [hep-ph]
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vd S0*pK-, @*>nK*

b)

b)

do/deos( El*} (

0.0
0.5
0.4
0.3
0.2
0.1

&=
=B =]
L L L

it
&~

0.5

=&
[PV N

==
= =t
II|IIII|IIII|IIII|IIII|IIII

95% CL Upper Limit

i
[a—y

1.45 1.5 1.55 1.6 1.65 1.7 1.75

M@K") [ GeV/e ]

95% CL Upper Limit

_________

0.8 06 04 02 0,02 04 06 08 1
cos(0 )

e Cross section upper limit for
vd2>K0O*p (p>350 MeV/c)

e 0.5nb (95%CL)

e Upper limit for the quasi-free
reaction yn>K-®* (proton
spectator, LEPS channel)

e Need extrapolation from
rescattering region (Fermi
momentum tail) to quasi-
free part. Estimated from
A(1520) events

e ~3nb (95%CL)

e LEPS cross section 100 nb for
the constant matrix element.

23



vd > @* A(1520)

® OT peak was seen in the
same reaction with forward
going A(1520) at LEPS. CLAS
IS sensitive to backward going
A(1520).

e A(1520) selection :
1.505<M(pK-)<1.535 GeV/c?

e Remaining BG
e non-resonant pK- pair from
vd2>pK-X(X=K*n, K%p,...)
e px ~ pair from 3 pion (or
more) production (rtn—n'pn,
T PP)
e BG was subtracted based on
sidebands.

Seminar at University of Tsukuba, T. Mibe 12/12/2007

A(1520)

20007

™ CLAS g10 1 o

RS 0.B853E-01

000 —

1500 —

00 —

sideband

Events

500 —

sideband

oo —

S00 —

1 1
142 144 146 148 5. 4 56 1.58 1.6

M(pK-) (GeV/c?)



vd > @* A(1520)

Events/(5 MeV/c?)

Events/5S MeV {after BG subtraction)

Events/5 MeV

400 [
350 F
300 F
250 F
200 F
150 F
100 F
50 F

Red :
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LEPS

: A(1520) region
Blue sidebands

IC é 5005 g

i.| Entries. . LBIELE

14 145 L5 155 L6 165 17
200 [ +}++|
PPN IR S S - g +++++ ++.
E : ¥ §*+* :
T ¢¢ﬂ* T
0 !.am,mws R0l . f
80 Frmnmmmdssn 5 5
_100 ‘ | | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
14 145 L5 155 L6 L65 17

MMa(y,pK") (GeV/c?)

Counts/5 MeV

preliminary

40

0

0 PN I T T T Bl T B o' O S e M ==
14 145 15 155 16 165 17 175 18

MMd( 7 ,K—p) GeVic?

sideband

A*

sum

e The LEPS ©* peak
could not be confirmed
by CLAS.
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vd > @* A(1520)

e Suppose O is formed by
nearly on-shell kaon
exchange followed by the
A(1520) photo- production
on nucleon, kaon
momentum can be inferred
from the missing momentum

(Pmis=P,"Pa(1520))

v _~ A(1520)

e Data poorly covers the
region of the ®* formation
momentum.

Events

Seminar at University of Tsukuba, T. Mibe 12/12/2007

Red : A(1520) region
Blue: sidebands

0 0.1 0.2 03 0.4

pmis (Y,pK') (GeV/ )

0.6 0.8 0.9



e Polar angle of pK- pairin yp
CM system for the events in
®* mass region;

1.5<MM,(y,pK")<1.6 GeV/c2.

e CLAS acceptance drops
rapidly in cos®;,>0.4

e CLAS barely covers LEPS

kinematics.
LEPS

Cos © Kp In CMS

Seminar at University of Tsukuba, T. Mibe 12/12/2007

Angular distribution of A(1520)

CLAS glO Blue: sidebands

Events

-1 -0.8 -0.6 -04 -02 0 02 0.4 0.6 0.8 1

COSOcy(,pm (PK) (GeV/c?)

Red : A(1520) region
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Summary : CLAS pentaquark experiments

e High-statistics data for the pentaquark photoproduction
were taken at CLAS.

e No pentaquark signal was found in following reactions:

e yp > O KO, O* >nK*, pKY Challenging SAPHIR result
e yd > O pK-, ®* 2>nK* Supersede previous CLAS result
910- e yd > OfpK-, O* >pKO
o vd> 0" A(1116), O SnK*
e vd > OF A(1520)
e yp—2>0O"K, O 2>pK*

e Direct comparison between CLAS results and LEPS
results are difficult.

e However, an order of magnitude inconsistency between CLAS
upper limit and LEPS cross section needs to be understood.

28
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What's next ? (My personal view)

e Existence or non-existence?

e High statistics test of initial evidences
e Apple-to-Apple comparison.

e CLAS 0O* evidence in the reaction yp2>®*K-r* will be tested with the 6
GeV electron beam.

e LEPS ®*signals should be tested with LEPS data (in progress).

e Role of J-PARC as an exotic hadron research facility

e Formation reaction K*n 2>0®* with low energy K+ beam (LOlI,
Nakano et al)

e Production reaction np2>K-®* (Day 1 experiment, Naruki et al)

e Mesonic analogues of ®*(ududs), for example udss, can be
searched with high energy Kaon beam in reactions K*p—>X*X*
(S=+2 meson)

29
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Total cross sections

Regge theory
Donachie and Landshoff Phys.Lett.
B296(1992)227 — X§ + Yg1

total

El
~ CI-
o & o5

(r:b) I 7 p  13.63500%6.36 02570452
[ ,0.0808

p meson trajectory
e =a(0)-1 =-0.4525

R o R B D Pomeron trajectory
R n =a(0)-1 = 0.0808

Flavor blind

o(pp) =~ o(pp), 0( Kp) = o(mp)
Additive-quark rule

o(np)/o(pp) =~ 2/3

° I 0.0808 -0.4525
(mvy [| ¥ 11.8209%%848.155

Total cross section (mb)

Pomeron ~Glueball ?
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Vector Meson Dominance (VMD)

e Photon JPC = 1--
e Vector mesons (p,»,0,J/y ...) JFC =1--

NN
9
AVAVAV2 > VAVAVAY, 2E
=, q At~ —"=1fm/c
m
NN SNV ™M or ¢-meson,

Ey=3 GeV

32
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Vector Meson Photoproduction

=
-

t &4 7EUS

r B H1 Freliminary
- 8 H

LZEUS Preliminary

F A Tised target
L

1 I.IIJ

Pomeron exchange
P, ©,0

Pomeron

0 uud

Meson exchange

p ' 9

10

Multi—gluon exchange at low energy

Y

p, O,
¢ (~sS)

Pomeron???

O uud
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SPring-8 LEPSEER BRIA MO EmEE (t=-It,,,)

T N\ \w— > () X=Pomeron, ,n(Titov)

X=Pomeron... P > (I)p ,{; % _%__
& 2r —>:§_ |
% ~—0—
o RBUAMEBEALFIRILE— O _,%__
[S% L%L@ﬁgi% ILAELNCEE rs) v v
EU:OF . - = 11 9
e fpt ENfmiIcEDHE, cnldm ~
= OBONN(1974)
= gI*JLjF——'GODd)NI BERE o1t *F‘ ADESY(1978) —
UIZEERE J)L—R— LA E *»
f’;":-_((%]%'_?li(lIEJ %gjé[ﬁ )_I_ }LX@O) T + ¢ DARESBURY(1982) -
= _ADEAE -8 + &b SAPHIR(2003)
) — A=)
T. LEPS\(?SAPHIR? | ¢ @ LEPS(2004)
e FIRILF—T—RLDER
o 2.5<E<3.0 GeVAEEIDT—4A
(A o
o FHRIFMX(KIRKEFE20044) 2 3 E (46eV) > °
v
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e WLV T—2HN SONHEERZ
<%

LEPS YP=2 P —p ON Interaction
SAPHIR

CLAS/Jlab /
yd—>¢d(pn)
LEPS
CLAS
Published data
New data LEPS
CLAS
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Dedicated experiments for pentaquark at
CLAS

e g10
e Photoproduction on deuterium at E < 3.6 GeV
e Completed in 2004

e g11
e Photoproduction on proton at E < 3.8 GeV
e completed in 2004
® eg3
e Photoproduction on deuterium at E < 5.6 GeV
e completed in 2005

Excellent data sets for ¢§ meson photoproduction too !
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o Jlab/CLASICTBHEST
WLEPST—3ZX#9 %
faRER/Fz.

o IRILF—IKFEHDESE
[LEERBCFESI S T-

o EIRIF—IZHITHZ
B IIL—FKBETIL
DA HELNNE

[tin) (ub/GeV?)

do/dt(t

N

—
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vp = ¢p at low energies (CLAS)

X=Pomeron, ©,n

+
Dar,

AT

OBONN{™E7 4) |

ADESY(1978)
¢ DARESBURY(13982) |
&5 SAPHIR(2003)
® LEPS(2004) _
* CLAS g10(prelim)

* CLAS g1 1(prelim) _
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|s this picture valid ?

Y 0

N N

Works well for p and o at higher photon energy
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Another puzzle : ¢-N cross section

Sibirtsev et al.,EPJ. A 29 (2006) 209

e Vector meson dominance

NN = Qg Tonson

e Optical theorem
Sen= 47 IM(T s en)

e Diff. cross section at t=0

Ao p¢
Rl

e VMD estimate, o,y ~10-12 mb

V)
—_—

forward do/dt (ub/Ge

yp —> ¢p

U?N (mbj
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¢-N cross section from A-dependence

® o,\/" is measured by a nuclear
transmission factor (T,) from A-

dependence:
OyA—o X

Ty =
y ) _1 OyN—bX

e SPring-8 data (¢2>K'K",E =1.6-2.4
GeV) on A-dependence:
G¢Ninel= 35+17-11 mb

e Much larger than VDM estimate
Gy~ Ogn® + Og"¢=10-12 mb

T. Ishikawa et. al (LEPS)
Phys.Lett. B608 (2005) 215

I
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Independent measurement of ¢-N cross section

from yd->¢d

Model: T. Rogers, M. Sargsian, M. Strikman

e Single scattering

(o]

NPA622,511(1997), PRC73, 0450

)

L yd — pd

£ =31 GeV

B1p°

! ¢ 3
"2102

d |
d 10 |

e Double scattering

Y o

- = Single scattering
o 0, =10 mb (VMD)
' o =30 mb (VMD)

2 175 A5 125 1

075 05 025

t (GeV/c)*

0
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vd->¢d, differential cross sections

[ B G, 10 mb (VMD) j d
gpn=230 mb (VMD)

Y ¢
¢

~« —T—m—m—m—

N E=2.6-3.6 GeV

L

910 - e This work f _d

1; Single scattering ]

b

®

=

e Prediction from Vector
Meson Dominance

® TinooN = Oy Tynen

O O

e Data favors 6, =10 mb

e In other words, VMD
must be violated if o,y is
-2 -1.75 1.5 -1.25 -1 075 05 -025 0
t (GeV/c) larger than 10 mb.

10

42



vd->¢d,differential cross sections

do/dt nb/(GeV/c)*

10-_—
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E,=2.6—3.6 GeV

- e This work f
[ Single scattering

[ B G, 10 mb (VMD)
g,=30 mb (b= 10GeV?)

05 -0.25 0

t (GeV/c)”

Non-VMD scenario

NN = Qg Tonson

Ton>oN )é oyn(it+p)ed2!

Data are described
with 6,y = 30 mb and
larger slope b=10
GeV? (b~4-5 in VMD)

Another confirmation
of violation of VMD, at
least, in YA reaction
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¢ photoproduction summary & what's next?

e The bump structure in forward cross sections
(LEPS, CLAS)

® Iso-spin decomposition
e New measurement from LEPS on yd->¢d at forward
angles (nucl-ex/0703034, PLB in press)
e s-channel formation (pp—=>¢¢)

e New p beam line at J-PARC hadron hall (LOI, Onishi
et al)

® ¢-N cross section (o, (YA)>> oy (vP,yd+VMD))

e Rescattering amplitude Data?
e Incoherent ¢ meson photoproduction on deuteron <
(LEPS, CLAS analyses in progress) ©
e Recovery of VMD at high energy? o

e E dependence
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