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Why hadron spectroscopy?
* Quantitative understanding of quark and gluon confinement
* Reaveling the nature of the mass of the hadrons
* See the QCD degrees of freedom at work
* Validate lattice-QCD predictions
Perturbative Transition Non- Perturbative
High energy Low energy
Small distance Large distance
Asymptotic freedom cOnfinement
T
!
Effective degrees of
freedom (models) Mesons & Baryons
y
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The tool: electromagnetic interaction
-q™q,,= Q2 = photon virtuality
- weaker than strong interactions s = CM total energy

- therefore calculable perturbatively t = momentum transfer

- based on the well-known QED k’

X, P’

L

q,=virtual photon N, N &, N ax etc.

momentum

The scattering is normally analyzed in term of
the One-Photon-Exchange approximation (OPE)

Pu
e N
2 g system — easier to study
Hadron @ Indirect coupling to initial particle
Spectroscopy @ Access to gluonic degrees of freedom
@ Access to strong interaction dynamics
Large momentum transfer Short distance Hadron complexity
Small impact parameter b ~ 1/sqrt(t) (Asymptotic freedom)
Short interaction time - '
Large Q Q>HEI<Q
High resolving power A~b Eleme“tarY_ Parton
Sma” Observation Scale Long distance Short distance Long distance Scatterlng
- 2
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Physics goal

How QCD-partons manifest themself in strong
interactions in non-perturbative regime

Dynamic properties of constituent partons
» Vector meson photoproduction at large -t
» Vector meson electroproduction at large Q?

\’ Exclusive electro- and photo- scattering
in a wide kinematic range

Beyond the standard quark model

» Pentaquark searches
» Light meson spectroscopy and PWA with CLAS

\’ High statistics, high resolution low energy
exclusive measurement

Meson spectroscopy with real photon at JLab-12GeV
@ The physics program driving the JLab upgrade at 12 GeV

v,
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Jefferson

Recirculation
Ares

’Iﬂ"E FEL J='.-n:.=.'.=r_m""~E

Extraction
Elements

End <&

Stations

CLAS

Lab

Emax
Imax
Duty Factor

o./E
Beam P
E

6 GeV

200 pA
100%

2.5 105
80%
0.8-5.7 GeV

J
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rThe CEBAF Large Acceptance Spectrometer
CLAS

Torus

METERS

01 2 3 45678 910
== — = __=—=_=—|

Electron Beam

Electromagnetic
Calorimeters

Cerenkov
Counters

Drift
Chambers

Time of Flight
Scintillators

~

Performance
# L =10%cm? s
%[ Bdl=2.5Tm
#* Ap/p ~ 0.5-1 %
* ~ 4n acceptance

#* Best suited for multiparticle final states
#* Bremsstrahlung Photon Tagger (AE/E ~10-3)

= Focal Plane, Full- (Eo)
E ;sc: F.—gar:e ™~ \'\.’/ = ;gzirg:ns 4
> Sl o Counters
{ — energy)
= 48 Backing
Counters b . ~
{— timing) * ~ iy T N
-5 - WEg=0.95 089 [o7g) ~ “[c30]
-6 l | | | | | | | | | |
-1 0 1 2 3 4 5 6 7 8 9 10 11
L X [m] J
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The Jefferson Lab and the CLAS detector
Hadron detection efficiency
and kinematic coverage

CLAS coverage
N(1520) 1
l ep-e'X

T}
0
<
1.2 N N(1680)
T
B 1.1 o3 -
1 o §
0. 0
0.8 N
0.7 19
-
0.6 | = - SRR )
- ™ B i e
0.5 Particle - 1~ : :
. s . s ]
0.4 |dent|flcat|on 8 N(©940) A(1232) missing states
0.3 gmeeV) 1. 1.2 14 16 1.8 20 22 24 26
1 . . S —
2% o5 1 15 2 25 3 N
p(GeV) S
[~}
a0 A(1116) CLAS ®
§g ! resolution ~
000 0
G 39(1192) vp - K* X B
Y
6000 |-
=
: v
4000 |- >*(1385) N
I *(1520) )
2000 * >
;/) Y & B CLAS coverage
0|||| ep—-e'pX
0.8 1 1.2 1.4 1.6 1.8 2 2.2

M (yp—K+*X ) (GeV) Mx (GeV) 0. 0.2 0.4 0.6 0.8 1.0 1.2 14
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Why  vector mesons (V) @ectro- photoproductioE?

— =

p, ® and ¢ have the same Yy <«>V
quantum number as the photon <=l 2 E
Y beam <=p qq beam i QZ+M2
- \% J
Vector dominance hypothesis
Hadronic scattering <« photoproduction
Total cross section Differential x-section
018 T ———— — Cpor = A 5704525 + B 50.0808 at large -t
(rab)F I [ T T _T_ L u-l
ol 1 (s Simple interpretation in ) ' *}(pr:;t "3y
Regge Theory: i I.:Ziiﬁj;f:}::i ]
4 g WY PT=5.OGeWi'-: !
0.14 . Pomeron exchange < A\
d + E -' }.\\\ ‘,-.i —
reggeon exchange S . 11 / i
] @ forward: t-channel exch. 1074 |- 'if"“'&f‘j E .
i ] @ backward: u-channel exch. sl e
0.1 Mo ey — . / e 1 2 3456 78900
6 10 s (69 100 It [(Gevrc)2)
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(" Vector Meson

g

electro-production point
o » Lifetime decreases
— point-like coupling
e Q= lee’) o h ~ 1/Q?
7 = 4E.E, sin? (9../2) — probes shorter distances
Low Q2 High Q°
i |
_ ey WS

Tt VM
Pomeron/Reggeon %
P

» Dynamics fixed at the real-photm?

exchange
p /\ p, p,
. W,
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Vector Meson

Comparison of
different channels

_ - Different qq Sensitivity to
Y prOdUCtlon composition »different mechanisms
o /
f I ( @ Small impact paramete A
Low t @ Vector Dominance High t ~ : r
@ Diffractive behavior * B ~ 1/sqri(t)
® Diff xsec~ fe* POMERON - y
resolves o
POMERON in 2 gluons a q ) ]
exchange i °F
y v CORRELATIONS
between quark:
P
QUARK e
P i EXCHANGE M * ‘
\ ] . J

@ Sensitivity to a possible g-digark structure (¢ photoproduction)

@ Sensitivity to exchanged quanta structure (p and w photoproduction)
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V M p h OtO p I‘Od u Cti on PhysF.'FE:\?.ODa6n5d(J)'7_2462L§ g(eztooz)

A coherent picture of vector mesons photoproduction

—>p —>pk+k —>po—prn
| : 10% | ‘ﬁ
103 i yp - P q) . 4% S M 10‘; ; 0
-4 © 4 GeV Ref. 4 ] ¥ 7/ p p
- * 2 CeV Ref.2 - . X
- 05 Gev Ref.3 1 1o C ABBHHM E,=25-3.5 GeV ~l0 | 3.377 < £, < 3.557 GeV
102 b o 12 GeV Ref5 _ ¥ ABBHHM 1 E,=3.5-4.5 CeV BN r
g A B GeV Ref. 1 gn O SLAC yp—plotw) E=4 GeV 8 :
. F S
> L *3.6 GeVCLAS™ 13 . S1E S, — Full (Sat traj) E,=3.45 GeV
© e SO -~ Full (NO Sat fraj
. 10 | o DU (N )
- “ 3 : ]
= i . \J,diquork”[‘ . 13 30 3
~ | . N ~ Adw I
35 . L ’ :_;.\..:\ _|F0® i
- 10t
-1 | 10 “. ' g 3
10 E g \\‘ — e 10 .
. ] Pomeron + ff_‘”.\ 2 ';||LI-I‘”S]-|- fo+o
i S —— - ~ A L Sl -4
-2 IIIIIIIIIIII\IIIIII\IIIIIIIIIII\I-LIIII \\ L
05 0!5 1| 15 2 25 3|, 3!5 alt r4; \5 L i > 3 4 5 10 0 6
-t (GeV?) —t (GeV*) 4 (GeV?)
"The ¢ photoproduction\ (- . (The  photoproduction
The p photoproduction
+ =
® POMERON = 2- gluons e P+ f +c exchange at low -t @ P+ 1+ o+m exch. atlow -t

@ Quark-exchange

@ Correlations between quarks Saturated Regge trajectories
@ u-exchange around -t \_ )
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Rho electroproduction

C. Hadjidakis. et al. Phys.Lett.B605:256-264,2005

TL @ Factorization has been proved for longitudinal photons
(Collins, Frankfurt, Strikman)
@ Need Longitudinal/Transverse separation (¢, /c_)

/a\ @ From VM decay, |1f SCEIC is valid (p, ;) W()=(1-p,) +(3p 1) cos’(d)
R=o¢/c =" —8- £ [ 1 oo p, = 0.510.08

Cornell (W)-2.1 GeV

p p’ 8 1- pOO Dﬁj ) Sos r““ =0:51+0.08 : Des; (W )=2.2 GeV
10 L o (W26 Gev
D'l"z W(¢)=1-2p1_1c0S(2¢) ; o & Cornell {W:f.5 Gev
“.a p, =0 (96% C.L.) - T ] . ;z H @1@% I % %

Hermes (W }=4.GeV

— e
OF%e¥xC

=]
@ &
[
IHlHI\‘HH‘HH||HH‘IIH‘HI\‘HH‘IIH'HH
b
I
~—1
J
T T IHIII‘
| H"H [
L e ]
»—o—Uﬂ»—q—q é

. T T T T % /_5 CHIO (W =12 GeV
1 T I L — ¥ - EGe5 (W =18 GeV
o_1S L 1 L L t H1{W}=75 GeV
ZEUS (W )=50 GeV
o1 1 NMC (W }=14 GeV
10 &=
o _0S — L L | L L L L L |
1 1 1 L 1 1 1 1
10 1 10
= =3 2
Q (Ge\lz)/
| |
| |
Results

@ The Transverse cross section is reproduced by the
Regge based model (+Q? monopole form factor)
(J.M.Laget F.Cano)

@ The Longitudinal cross section is reproduced by
a GPD based model

(Vanderhaeghen, Guichon, Guidal)

H {no D-term) bw=5 bs=1.
(| = - H (+D~-term) + E (only D-term)+ lbw=5 bs=1

S e Doty et @ New data are currently under analysis
t!.*i * I:S 1:6 I? ] ‘IS I ‘IB * 2 2:1 ] 21:2 ‘ 2:3 2.9 J
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Phi electroproduction

J.Santoro. et al. nucl.ex:0803.3537

4 p
. . - 00
2 Same analysis machinery as for the rho electroproduction R=0/0c==—
LT & 4. p
» Longitudinal/Transverse separation (¢ /c_) %
(o
@ SCHC valid assumption in this kinematic 10¢ Lo
C b f
W(¢)=1-2p1_ICOS(2¢) W(9)= (1' poo) +(3p00-1) cOSz(ﬂ) 1;_ I ;) i ’ %L
PO p, = 0.45£0.07 : i 4 %T’f T
§ 2F §107 | B *
e | ) = * 10—1 = by ® CLAS/Santoro
E150 ¢ l l AT g8 | l . ©  CLAS/Lukashin
P . o 3 | . | A HERMES
..'% 1 [ * | 1 ® 51 | | p3 i T *  Cornell/Dixon
T N\ — 1 102F ¢ ZEUS/Chekanov
0.5¢ j - L ¢ PERAAdET
AT D SR T ™ o L ol -1
L ™56 100 150 20%) (2615:95;%05) 0 0.5 0 0.5 cos(e,) 10 1 Q2 (1((;)9\/2) )
é )
< a2k Q?=1.6 GeViQ .
E 10 e Q2=2.1 GeV?2 530_ 1](Q2+M$)“ Resu ItS-
g | % aoseve n=249+0.33 @ VMD predicts Q? behavior (n=2)
5 100 =5.0 GeV?| ol
s | _ » R=¢ /c,=~0.85
1L 1o @ Sensitivity to gluon GPD's
i I @ Good agreement with the 2-gluon
10°7'F . T 00 s 5 R exchange model used for
hotoproduction
-t (GeV?) QiGevy) P P
. J
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Omega electroproduction (High -t,W,Q?)

L.Morand et al. Eur.Phys.J.A24:445-458,2005.

( . - . N[ = = - )
Angular decay distribution Differential cross section
@ Results show p, ; #0 :
@ SCHC not valid in this Q2 range — % .
o ”% ok 0f = 0.84 GeV* | Q* = 2.35 GeV*
seool G W = 2.30 GeV W= 2.47 GeV |
- = DESY [ JLab '
2000; 3 | 10—1 i ]
10005— E W(¢)=1_2p1_1cos(2¢) % E Fﬁ(szt)
- - -
ool 1 _p,,=-0.07+0.03 E‘“ | 452 ’
[+] 50 100 150 200 250 (p:)o(deSQSS §
AQ ; B I D S
- 5 1 2 3 4 5 1 2 3 4 5
:::wzk —t (GeV?) —t (GeV?)
o + e o dosd @ Regge approach valid at large -t and Q2
s o T T e @ t-exchange still dominant in this Q2 range
ZEE+ ‘I‘ W:_r“‘f“: oosdr ood] {OW =t hieh \
2s =1 T e @ Hadronic form factor s "
1 PR o do/dt ~ 1/ (Q* + A %) '
Ty 3o sweww] oo | |[High -t
p “°"‘°i’ . e @ Coupling to point-like
e e W objects (partons) b .
-77_4‘: 0074 + 0.027 Ef‘}f‘: 0174 £ 0.026 [ | dc/dt ~ flat
w40 mided g 51 XB \ /
>/ \_ J
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The space time structure of hard scattering process

(].M. Laget Phys.Rev.D70:054023,2004 At At A
A —F
2 — _ 1
Two scales: s = k\ T
-t and Q? 0
y
High Q? M%i <]
M=
m AN : B//
~—~
L Low t High t y
4 )

Non perturbative partonic regime

Effective partonic degree of freedom

@ Regge quanta exchange in terms of QCD fields
pomeron exchange < 2-gluon exchange
reggeon exchange < quark exchange

@ Dressed gluon and constituent quark propagators: from Lattice

- GPD-based interpretation is still in progress y

15) MESONOS8 Meson spectroscopy at CLAS M.Battaglieri INFN-GE



i Beyond the quark model: hybrids and exotics

Quarks are confined inside colorless hadrons
they combine to 'neutralize’' color force

q 9 .q’

Other quark-gluon configuration can give colorless objects

@ &) @
q 9

molecules pentaquarks glueball mesons hybrid mesons

QCD does not prohibit such states
but not yet unambiguously observed

- W,
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The pentaquark

1, S* =0, 1/2* LEPS @ Spring-8 (Osaka)

®+ Strangeness = +1 T. Nakano et al. Phys. Rev. Lett. 91 012002, 2003

Mass ~ 1.530 MeV
F~15Mev IIII|IIII|IIII|IIII|I

-
O

@ First clear evidence of exotic
configurations (light and narrow)

@ New kind of particle will
influence our understanding of
baryons structure

n

@ 5-quark states are predicted in
many theoretical models

Events/(0.02 GeV/c?)
>
I I I I | I I I I | I I I I | I I I

— 1
1
—

o

4 Many experiments with | 1.5 1.6 1.7 1.8
different probes and targets in MM —(GeWc2)
many different labs aimed to K

reproduce the initial finding

. W,
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1
The pentaquark
JLab experiments
CLAS @ jlab
100
» New high statistics, high G [ O'K H. 1
precision, photoproduction > 8 e MW' MH +++M +jl++1"H
experiment on both proton and %60- f
deuteron target = ok ++H‘++
= oo
» Results for reactions T WF f* B. McKinnon et al.
+ %0 © obiimtieiii,, | Phys, Rev. Lqtt. 96 212001 2006
Y p— ©*K? (6*-nK*and ©*—pK°) Y3 145 15 155 16 16 L7 175 18
v n— 0K M(@nK") [ GeV/c’]
show no indication of a narrow 0 ps @ Ko
resonance > ++++++*++***+ i,
§ 1500 +++++ t ++++++HH+H
> An upper limit of 0.75nb I, o T
(3.0nb) was set for O+ E e
- = +
production on proton (neutron) S 500 M. Battaglieri et al.
0 - Phys. Rev. Lett. 96 042001 2006
1.4 1.5 1.6 1.7 1.8
JLab showed M, (GeV)
its discovery potential!
_ W,

18)
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o ,

Meson spectroscopy with photons at JLab

§ @D q

hybrid mesons

* Understanding gluonic excitations of mesons and the origin of confinement

. leptan I {-0)
Gluon jets observed moson Gluonic *13:;‘:,
at high energy o degrees_ of_freedorrg m
missing € @)
i (@58)
7l ¢ (o
1 — = ==
r* IHD; A:‘H.Hﬁ:l %a NFH.}S} :::{ums;
q Ky (i POAE 0%
— eHOEIT)  UF(1058) K88 A (fes0) IR =153
1 i {0398 | y-(1056) | | ROtdeay  =(1221) | =38 e
3-Jet | |
g Spectroscopy

‘ l one of the most important issue in hadron physics and main
motivation for the JLab 12 GeV upgrade (GlueX program in Hall-D)
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Meson spectroscopy with photons at JLab
Indications from Lattice-QCD simulations

1) Linear potential between quarks 2) Self-interacting gluons forms
is behind the confinement a string-like flux tube

How do we look for gluonic degrees
of freedom in the real worid?

o ,
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Meson spectroscopy with photons at JLab
Meson map
qgMesons
< >
3.0 | ]
_ Hybrid mesons and
;hniul;ejs[}et;?;e:l: gc;“doih ers g lueballs mass ra nge:
include 4 nonets each g
' 5 i 1.4 GeV - 3.0 GeV
e __ |5 |l (5 GeV < E, <12 GeV)
= L=2
& l - L=23 ]
@ 20 [ Lattice-QCD
w u £ - - -
[l |5 predictions for
the lowest hybrid
| - states
1.5
= | e Threshold positic 1-+ 1.9 GeV
shown for the
molecular states
1.0 | —
L = | -O 1 2 3 4 5 | (qd angular momentum)
\_ J
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Meson spectroscopy with photons at JLab

* Search for mesons with 'exotic’' quantum numbers
(not compatible with quark-model)

S=Sl+52 J= L+S P=(1) L+1 C= (-1) L+S
Not-allowed: JP¢= 0, 0+, 1+, 2* ...

4} L
. / Unambiguous experimental signature for the presence of
I gluonic degrees of freedom in the spectrum of mesonic states

S+

=@ o

Normal meson: Hybrid meson:

flux tube in flux tube in
ground state 9 0\9 excited state q .—-\0 Elcui(th . I;f
m=0 = m=1 ) ’
CP=(-1) s+ q CP=(-1) s 3

-

Combine excited
glue quantum 1BE e ot

number with those > v o JPC _ gt= 1=+ o

of the quarks

JPC =gt 11t~ ,27%

exotic

— - —

L=0,8§=0 L=0 85=1

.
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Meson spectroscopy with photons at JLab
Why photoproduction?

* Photoproduction: exotic J°¢ are more likely produced by S=1 probe

excite
the
glue

> x
(K)

M
N N
produced hybrids
are not expected to be exotic

#* Production rate for exotics is
expected comparable as for
regular mesons

-

Few data (so far) but expected
similar production rate as
regular mesons

Cross section

M
N N
produced hybrids
can be exotic

20 r

I'n‘.

I\

-\ regular mesons @ EY = 5GeV
I

\
./ X=a2

\

15

10

\. Exotic meson @ EY = 8GeV

4 E \

X = 7,(1600)

Yyp—> X"n

 — s —

0.0 0.2 0.4
pr.]
—t [GeV/c]

.
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Partial Wave Analysis

1) the isobar model

fa) resonance: X decay
e.g. 3ntsystem

(b) isobar: R__decay

X(27) = £(1275)n £.(1275) > nn Does the
ExoticP state T TN PWA work
] with photo-
production
data?
Use the PWA
o 2 705 %os0 6 50 o machinery on
p CLAS data
2) Moments+Dispersion relations e.g. 2nsystem )
1) Moments of the angular distribution in term of partial waves !,f"
éa )

(Y)\,u>(E’Y:t1 M) =

24)

1 do
40—y, (Q
\/471’/ d T dtdMdS), w($2x)

(Yoo) = N [IS* +|P_* + |Ro* + [P [* + |D_|*

+Do? + | Dy |* + | F-|* + |Fo* + | F4 ]
\_ Y

Short range (QCD)
production

-
e —

2) Parametrize partial waves in term of knowr
e phase shift and unknown coefficients using
Dispersion Relations

3) Derive partial wave cross sections to
compare with models

Meson formation

A

Wﬂ |'U':|' B

-
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Coherent meson production on nuclei
% Eliminate s-channel resonance background
(ypsprx g D
N N ) N
7% Simplify PWA: S=1=0 target acts as spin and parity filter for final state mesons
# Production cross section expected ~ e™®|A Fa(t)]|? - low -t kinematic
Detection of recoiling nucleus: Photon beam: quasi-real
- low -t (p~0.2-0.5 GeV) - small size photoproduction
- thin (gas) target (~103 g/cm?) - high flux Hall-B
d Meson spectroscopy on “He _1500f 1)
o |
y*He — *He 77 y*He — *He 1°q' > 1000.
# Strongest evidence of JP°=1" #;(1400) exotic E B
meson 1 p — nnn’in E852-Brookhaven S 500}
% Search for a resonance in P-wave in ©’n and ©°n’ % o N -
7% Known (non-exotic) resonances can be used as a (] 1.5 2.0 25
\benchmark (e.g. JF€=2*+ a5(1232)) M (n'7") (GeWcz) J
_ W,

25)
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r N
Meson spectroscopy with photons at JLab-12GeV

* The photon beam

® With a 12 GeV electron beam only few choices:
1) Bremsstrahlung

2) Quasi-real electro-production

@ Tagger (initial photon energy) is required to add 'production’
information to decay

@ Linear polarization is useful to simplify the PWA and essential
to isolate the nature of the t-channel exchange

Y% X 7# Essential to isolate production mechanisms (M)
7 Polarization acts as a J°c filter if M is known

7# Linear polarization separates natural and unnatural
N N parity exchange

Hall-D and Hall-B will host real photon beam!

o ,
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Meson spectroscopy with photons at JLab-12GeV

Coherent tagged Bremsstrahlung

diamond
crystal

Quasi-real electroproduction at very Low Q2

Hall-D Incoherent & coherent
X [ spectrum
3 |
1t =3l ‘/\
40%
Performance polarization

% (0.5 - 0.95) Epeam — 6 < Ey < 11 GeV (10MeV resolution) in peak
% Photon Flux ~ 107- 102 y/s

~

12 GeV electrons

% 30cm LH target - L ~ 103! cm?s!
electrons| # Linear polarization ~ 50% - 15% (collective)

7 8 9 10
photon energy (GeV)

Hall-B
Esmtterfd 1-4GeV
) 0.5 - 1.2° g Performance b
0 09 - 360° % 7 < Ey < 10 GeV
v 7-10 GeV % 5cm LH target —» L ~103* cm2s?
Q? 0.003 - 0.029 GeV~ # Linear polarization ~ 65% - 20% (individual)
W 3.9 -46 GeV # Capability of forward tagging (electron detection)
i 0.0001 - 0.002 . J
\_ J
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é - )
Real and quasi-real photon beams at JLab-12GeV
Coherent tagged Bremsstrahlung:well established technlque
\0 Hall-B real Bremsstrahlung Photon Tagger o ; .
E N Data for. PERP 1 3GeV
2500 — Calculahon ' —
Performance 4 -
*® EY =0.8-5.4 GeV (}Q_%;Q.E_OAI_EI:N) - é : 5 \
% AE,/E,~103 At~2 ep-opyYYYX
# Linearly polariz¢ 2000 F
(coherent Brems
1750 f,(980) 1000 - a (980)
v f.(1270) ’| L
1500 I|||I [ )
Quasi-real electroproduction | .lf T 1 i,
at very Low Q? . s | ‘n:°
g £ 600 e — e
\’ #* Test level 500 = : I[)| ﬂ ()
% Fake “0°” electroproduction 750 i 5
(no electron in the trigger) 400 I- |
from huge collected statistic 500 : |
200 - h*
250 [ ﬂ:
Bright meson peaks show up . X :'!]
- - , x 0 1 T
The technique works! s M. (Ce¥)
\ - J
o .
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Meson spectroscopy with photons at JLab-12GeV

* The Detector
@ Determination of J°¢ of meson states requires Partial Wave Analysis

@ Decay and Production of exclusive reactions
@ Good acceptance, energy resolution, particle Id

\-’ Hermetic charged/neutral particles detector

Hall-D - GlueX Detector Hall-B - CLAS12 Detector

reau-yruss uelector
(FCAL)

ca lﬁi;:; ter time-of
-flight
target (BCAL (TOF)

(LH2)

upstream
verto
(UPV)

Cerenkov
counter

wire tracking
chambers

superconducting
magnet
LTCC

J

.
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Conclusions
[ New precise and abundant data from CLAS@)efferson Lab J
E

xclusive reactions reveal hadron complexity beyond quark model

Dynamic properties of constituent partons

Interacting partons in meson photoproduction
® Production mechanisms help to understand confinement

Beyond the standard quark model

Search for exotic configurations (pentaquarks, S=+1)
@ New high statistics, high precision, low energy measurement show no
indication of a narrow resonance setting an upper limit for ®* production

Meson spectrum investigated in photoproduction
» PWA (IM and Moments + Dispersion relations) feasible in CLAS

* Better understanding of hadrons structure and nuclear dynamics
* Progress in understanding confinement in QCD and the role of
constituent quark and gluons to describe the non-perturbative regime

~ N
Near future:

Dedicated detectors and high intensity photon beams at Jlab-12

will make JLab-12 the ideal facility to study hadron spectroscopy
§ J
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