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Why hadron spectroscopy
* The mass of the universe is mainly due to hadrons (nucleons forming nuclei)

* Quark masses only accounts for a small fraction of the nucleon mass: 99% is
generated by dynamics of QCD confinement

nucleon )
g constituent mass

1000000

Mass

Mn ~ 1000 MeV

* Light quark visible mass is dominated by QCD dressing effects

«@lop12 p) Hadron Spectroscopy at CLAS and CLASI2 M.Battaglieri - INFN GE



Why hadron spectroscopy

* Quantitative understanding of quark and gluon confinement
* Revealing the nature of the mass of the hadrons

* See the QCD degrees of freedom at work

* Validate lattice-QCD predictions

Perturbative Transition Non- Perturbative

Asymptotic Low energy Con
freedom Large distance onfinement

Effective Mesons
degrees 3

of
freedom Baryons
(models)

High energy
Small distance
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The tool: electromagnetic interaction

) . X, P’
- weaker than strong interactions

- therefore calculable perturbatively -q"q. = Q? = photon virtuality

q,=virtual photon N, N =, N ntw etc.

- based on the well-known QED s = CM total energy momentum
£t = momentum transfer

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

e Direct Y, - qqq system coupling

Baryon * Establish the excitation spectrum
e Access to strong interaction dynamics (Q? evolution of
spectroscopy resonance form factors)
JLab today!
Meson ® qq system — easier to study
* Access to gluonic degrees of freedom
spectroscopy

* towards a quantitative understanding
of quark and gluon confinement

JLab tomorrow!
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The light quark meson spectrum

Constituent Quark Model
Consider light
quarks:
u,d,s

* Quark-antiquark pairs with total spin S=0, |

2 gMesons
and orbital angular momentum L i

SHbpaania

The L = 0 boxes include

2 t h and all oth

* S=5,+S, = L+S o e
©  pmiytcs (s |
2 B . g

Not all the J?© combinations are allowed:
0** 0 0 O |** I* =% |~ 2+ 2% 2+ 2= 3%+ 3+ 3+ 3~ .

N
&)

N
o

* SU(3) flavor symmetry
— nonet (8@ |) of degenerate states

mass (GeV/c?)

JFe= 0+ = (mK.nm) aktf

yING Ty . z /
- = (p,K¥w,d) X\ | | b,K,h R’

=1 Threshold positions &

+- ’ shown for the I
I = (bI’KI’hI’hI ) molecular states

p,K*,00,0

— TKnn

(gg angular momentum)

* A number of predicted states is not experimentally observed and assighments are uncertain

<@z 5 Hadron Spectroscopy at CLAS and CLASI2 M.Battaglieri - INFN GE



The gluons and the meson spectrum

* Understanding gluonic excitations of mesons

and the origin of confinement
qggMesons

* At high energy experimental evidence is « 5
found in jet production ‘

s||ogan|9
splighH

The L = 0 boxes include
2 nonets each and all others

* At lower energies the hadron spectrum include 4 nonets each
carries information about the gluons that
bind quarks

regular meson

N
(6)}
S3|N23|ON UOSIN—UOSIN

* Can we find hints of the glue in the meson
spectrum/?

tetraquarks

N
o

1--
o

L=0

mass (GeV/c?)

Search for non-standard states
with explicit gluonic degrees of
freedom 15

1
0
L=0 -

: Threshold positions are

shown forthe
molecular states

Not-allowed P = 0,0, |, 2% .. P
10 yDri

o KK

L=0

0
+

Unambiguous experimental signature for the
presence of gluonic degrees of freedom in

h)’bl"id Mmesons the spectrum of mesonic states

L= 0 | (qg angular momentum)
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Gluonic excitation models

Flux tube model Normal meson:  Hybrid meson:

; A 3 flux tube in flux tube in
* Gluonic field confined in a tube between q and anti-q [T Rt SRSt HT P
* Linear Regge trajectories CF,m=|0 . m=| S
* Hybrid mesons as transverse oscillation of the tube =1 a CP=(-1) ™ =
3 : : : . q O\e ightest multiplet
Flux-tube breaking give rise to meson decay N "\‘

0,1,2)7%,(0, 1, 2)™,

e, |- [+

Bag model
* Quarks confined inside a cavity

* Full relativistic Lightest multiplet
* Gluonic excitation: gluonic field modes by boundary conditions 01,21~

CQM + constituent gluon
* qq + massive transverse quasi-gluon (J,"2%2)
* Gluon adds in relative S-wave to a qq pair is S-wave or P-wave

qq in S-wave + Lightest multiplet qq in P-wave + Lightest multiplet
JPe%=1" in S-wave [EECHE NN JPe%e=1- in S-wave |E(BRCER RN

* Repulsive 3-body force selects J,"6“¢=1*- in relative P-wave added to a qq pair is S-wave or P-wave
qq In S-wave + qq In P-wave + Lightest multiplet

in S>- Lightest multiplet in P- : :
Jngng I +- in P-Wave (0’ | ’2)-+’ |- Jngng I +- in P_Wave 0+-’( | +-)3’(2+-)2’3+_’ (0, | ’2)....,.
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Hybrids decay modes Ne 7 Twban Lusesa

Exotics PSS IKP

) -+ 81-168 b\x, pr, fim, ayn,
n(1295)x, K'K, KK

* Decays can only be calculated within models: 59158 ar, fin, 7(1300),
3P~ M — L |[PC=++ K{'K.K{K
* °Po: M— qq with |*~=0 95-216 KK, KAK, K*K
_ : : . s 247-429 7 (1300)7, hyx
* Flux-tube model: Ttb: Tf1: TTP: NTT: N’TT 0 262 by, i, K(I460)K
170: 60 :5-20:0-10:0-10 259-490 K(1460)K, K{'K, hyn
. . 5-11 amw,a\w, hw
* Some hints: o b, o
* hybrids with vector qq quantum number ) 5-18 KK, K{'K.K3K.hin
* pairs of not identical mesons
° Pair’s of L=O mesons suppressed Particle Jre Total width (MeV) Large decays
e pairs of (L=0)(L=1) favored Non exotics PSS IKP
| 70-121 112 a7, pI
. 1 61-134 60 pr, wn, p(1450)x
 Lattice QCD I 95-155 120 KEK,K*K, ¢n
I+ 108-204 269 p(1450), pr, K*K
* sparse results (so far) fH 43130 436 KK, oy
° 3 2 It 119-164 219 K*(1410)K ,K*K
width overestimates (compared to other models) o oot 13 (1370
0+ 81-210 196 ag(1450)r, K*K
0+ 215390 335  KZK.fo(1370), K*K
17 177-338 384 o(1420)7 . K*K
g 4 305-529 632 p(1450)x, pr, K*K
To define the experimental program we need to 301-373 443 K*(1410)K. ¢, K*K
. .« o : 27-63 59 P, fort
have reliable prediction of hybrids decay 7_og P et

38-91 69 K;K,K*K

@lobi2 8 Hadron Spectroscopy at CLAS and CLASI2 M.Battaglieri - INFN GE



Lattice QCD calculations

Standard
mesons-

1+- 0++ 1t+ 9t+ 3++ qtt 3+—

®\‘ p Pion mass = 700 MeV %Z%

0t1 "2 "3 4 2 t4t

1+t ot 2t

Exotics

CJq7S
CJq7 P
g7 D

=y

J.Dudek et al Phys.Rev.D82 (2010) 034508 ].Dudek et al., Phys. Rev. D84, 074023 (201 I)

B R e B s

m, = 702 MeV |

my = 524 MeV |

mass (1) [GeV]

m, = 444 MeV |

Hadron Spectroscopy at CLAS and CLASI2

1.5

1

[

1 (PNR X D?Lz

3S1

=1 ap

B (mvm x D)™ty

in blue: overlap with
JPC=1-* operator
interpreted as

qq in S-wave +
J¢"&C&=1*- in P-wave

* Interpretation in
term of CQM +
Gluon field

* Dependence on
Lattice size

* Dependence on
pion mass

TTTTTTI T I TIT T TIT T TTTITTTIT T TTITTTTTT TTTT

UKQCD %6
MILC 97
MILC 03
CSSM 05
SESAM 99
UKQCD 06
MILC 03
LATHAD 10

Al
0 025 0

5 075 1

v by b b by
1.25 1.5 1.75 225 25
mass (1) [GeV]
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QCD Lattice calculations

negative parity . positive parity EXOtiCS
- - = & Lattice-QCD predictions
= | for the lowest hybrid
-
i’ states
0 ~2.0 GeV
|-+ ~].6 GeV

Hybrid mesons and
my = 396 MeV glueballs mass range:

|.4 GeV - 3.0 GeV

isoscalar mmem
f s

isovector
YM glueball

This mass range is accessible in photoproduction experiments with a beam
energy in the range 5 GeV <E <|2 GeV

Perfectly matched to JLabl2 energy!
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Jefferson Lab (yesterday)

Recirculation
Arcs

£ E

max
I

max
0.4-GeV Linac

Duty Factor
0.4-GeV Linac Og/E

Refrigerator, Be am P

E

" Hellum ) )

“Extraction
Elements

Il Hadron Spectroscopy at CLAS and CLASI2

~ 6 GeV
~ 200 A
~ 100%
~25 107

~ 80%
~ 0.8-5.7 GeV
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Jefferson Lab at 12 GeV

Add 5
cryomodules

\4

20 cryomodules
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20 cryomodules

\ Add 5

cryomodules

Enhance
equipmentin Beam Power: | MW

existing halls Beam Current: 90 uA
Max Pass energy: 2.2 GeV
Max Enery Hall A-C: 10.9 GeV

Max Energy Hall D: |2 GeV

CLASI2
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Meson spectroscopy with photons at JLab-12 GeV

e Determination of JPC of meson states requires PWA
e Decay and production of exclusive reactions
e Good acceptance, energy resolution, particle identification

Hall-D - GlueX Detector 0 Go.od hermeticity
* Uniform acceptance

¢ Limited resolution
GlueX Detector S © Limited plD

FCAL
barrel d )

calorimeter

Hall-B - CLASI2 Detector

7‘!11 Region 3

=y
I ] Region 2 I

I 1 Region 1

time-of
-flight
target (BCAL) (TOF)

(LH2)
upstream

veto

Cerenkov
counter

\ /

Solenoid ‘
3
')

. ¥ g —
wire tracking . GOOd reSOIUtlon

chambers
o
superconducting G o]e d P I D

magnet * Reasonable hermeticity
* Un-uniform acceptance
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Why photoproduction

% Photoproduction: exotic |°© are more likely produced by S=1 probe

excite
the

glue

produced hybrids produced hybrids
are not expected to be exotic can be exotic

Need spin-flip for exotic quantum number No spin-flip for exotic quantum number

? : < 2 - A.Afanasev and P. Page et al. PRAS7 1998 6771
% Linear polarization acts like a filter to disentangle the [ EEREEIEHIEIES

production mechanisms and suppress bg vyp—> X*n

regular mesons @ EY = 5GeV

| \

Exotic meson @ E, = 8GeV
X =n (1600)

% Production rate for exotics is expected comparable as
for regular mesons

=
S
=
3
=
w3
s
=
=

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

—t [GeVic]®
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Meson spectroscopy with photons at JLab-12GeV

Photon beam requirement With a 12 GeV electron beam only
* High luminosity few choices

% Tagger (initial photon energy) is required to add 'production’

information to decay - Bremsstrahlung (Hall-D)

* Linear polarization is useful to simplify the PWA and - Low Q2 eIectroproduction (Ha||_B)

essential to isolate the nature of the t-channel exchange

The Hall-B real photon tagger

Focal Plane,
384 Front
Counters

( —» energy)

48 Backing
Counters
( — timing)
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Quasi-real photoproduction with CLASI2
(Low Q? electron scattering)

; Forward Tagger 0.5-4.5 GeV

e cLasH 0 [25°-48
e 8, 0 [0°-360°
_— 6.5 - 10.5 GeV

/ (Q* [ 0.01-03GeV® (< Q%> 0.1 GeV?)
N 3.6 - 4.5 GeV

% Electron scattering at “0” degrees (2.5° - 4.5°)
low Q? virtual photon < real photon

% Photon tagged by detecting the scattered electron at low angles
High energy photons 6.5 <E < 10.5 GeV

% Quasi-real photons are linearly polarized
Polarization ~ 70% - 10% (measured event-by-event)

% High Luminosity (unique opportunity to run thin gas target!)
Equivalent photon flux N, ~ 5 10° on 5cm H, (L=10%> cm™*s™)

% Multiparticle hadronic states detected in CLASI?2
High resolution and excellent PID (kaon identification)

Complementary to Hall-D (GLUEX)
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The Forward Tagger for CLASI2

| —
~ .
—

Scintillation
Hodoscope

«\ D implementation

FT-Cal: PbWO, calorimeter FT-Hodo: Scintillator tiles  FT=-Trck: MicroMegas detectors

electron energy/momentum veto for photons electron angles and polarization plane
Photon energy (V=E-E') Edinburgh+JMU+NSU Saclay + Ohio

Polarization €' = | + VZ/2EF’
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FT design, prototyping and construction

Motherboard

Thermal Shield
Preamplifier

support Rails

LED Calibration System
and Support

Crystal Supports

SoS oS oS
SEEEERZTEEEE

Iy
73
i’
“
7
iy
)
i’
7
‘4
i’
4
]
by

Lg0-0g0e 03¢
thg»u.w«'co
2o

LNF-BTF Protol6 Test
7, 7] Energy Resolution
rll// “M7Z7ANZ4 M C /Da ta

p | | ki

[ 1-1 LR T S—

Time sigma (n

1000

Energy (MeV)
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From the data to the spectrum:
Partial Wave Analysis

(a) resonance: X decay (b) isobar: R__decay

Exotic state
JPC X(27)— £(1275)n £.(1275) = 1

e Parametrize the cross section in term of partial waves
e Fit to data to extract amplitudes

e A model is needed to parametrize amplitudes: Isobar Model, Dispersion Relations, ...

Is this adequate for current and future experiments?

e Exotics, if exist, are tiny: how to deal with the background?

e How to go beyond the Isobar Model?

e Do the amplitudes incorporate all the necessary constraints?

e Are experimental data precise and abundant enough to constraint PWA?

... ot every bump is a resonance and not every resonance is a bump!
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Partial Wave Analysis (PWA)

Reference reaction 171" P-wavepn (m-m-m")
Yp~— (n) W T
A high wave

FAN
(AN

X Possible evidence of exotic meson TT;(1600) in
TTp = p TI' T 11" (E852-Brookhaven)

: . . | | . A highwave
* Not confirmed in a re-analysis of a higher ~ KR e < jow wave

statistic sample

* Now confirmed by Compass A2 17

1.6 1.8 . 1.4 1.6 1.8 2.0

M[3n] GeV/c? M[3n] GeV/c?

* Simple final state with low bg

Clear evidence of non-exotic
27" state a(1320)

No-evidence of exotic |-* state TT,(1600)

-t
N
S

Events/40 MeV
S
Events/40 MeV

n1(1egg)i R
f Jf 1
My Tt 4

12 14 16 1.8 : 12 14 16 1.8
M(t*n*r) (GeV) M(r*n*’) (GeV)

Relevance of baryon resonance background

100

Pioneering PWA in CLAS
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- - x10°Mass-Dependent Fit: 2**1*D Intensity 10°  Mass-Dependent Fitto 177175
The 31T system with CLAS e e o S I Sy
gl2 data set

: M =1309 +0.00853 M =1198 +0.1
eI =108.7 +0.0255

Inital x2: 1.42e+07
: Final x*: 9.61e+05
" Total events: 1.62e+08

=N

' =289.8 +0.201

Inital x:  1.42e+07 |
Final x2: 9.61e+05
Total events: 1.25e+08

w

Events per 20 MeV /¢
Events per 20 MeV/c?

M(!7r+7r+7r‘!) (GeV{CQ)

[Entries: 510486 - A T

T

. Y T
I AL
L]

¢ L}
..1.0 H -'.’ et

| | | | | : : i 0.0 : -
: : : ; : : : 00 1200 1400 1600 ) 1800 2000 1000 1200 1400 1600 ) 1800 2000
Lo ............. ....... PRELIMINARY ............. N M(7I'+7I'+7I'_) (Mev/cz) PRELI M I NARY M{mr+mrtar—) (MaV /~2)
: : ? 5 5 5 Mass-Dependent Fit: 1-+1+S — 2°+1%D §¢ pox10°  BWFittothe 277 fym Intensity
; i ; -y A =3.34e+05 +1.466+04
45| M =1.65e+03 +4.06
| + = '+ — “lr -235  +116
I t

”>‘. Inital v2: 1.58e+08

N
= =
T

3

) + N >  |Finaly:  9.55e+03

+++++" 2.5 Totaleventé: 2.45e+0é
{

o

mr

d¢ radians per 20 MeV/¢?

=1
4
B S SR L) S
2
-3
4

: : : : i : ' - i i i - i %60 ;1‘5.(;)(‘).,.:* 1400 1600 1800 ;(;00
1.0 12 14 16 1.8 2.0 . 1000 1200 1400 1600 1800 2000 M(r* 7 7) (MeV/c?)
M(r+rtn) (GeV/c?) M(x*m*n~) (MeV/c?) - S

T o Intensity 1=21- (o] Intensity Evidence of dominant resonances
p - ntensi 4 17 [pr]p | : :
610t p7r p T ‘ X100 ! , ! ‘
: PRE ARY and no-evidence of exotic state
. | 5 : confirmed

PWA in CLAS is feasible!

Needs to have higher energy,
i i Pttt higher statistics and and test
1000 15?)0M(;14257r)( &(%)3/02) 1800 { 20 |0 e 18b(+) 2000 other final states

=> CLASI2
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PWA with CLASI2

YP— N1 T 1T
* The process is described as sum of 8
isobar channels:

az — p 1 (D-wave)
ai — p 1T (S-wave)
ai — p 11 (D-wave)
T2 — p 11 (P-wave)
T2 — p 11 (F-wave)
T2 — f2 T1(S-wave)
M2 — fo 11 (D-wave)
1 — p 1 (P-wave) (exotic)

Black = generated blue/red = fit t=0.2 GeV? (0.5 GeV?)

L
31 Inveriarn Mass [Gevic”)

* Amplitudes calculated by A.Szczepaniak i~ TR LA
and PGuo e (Zx’étig'wa"e’
e CLASI2 acceptance projected and fitted ) -

* PWA is stable against CLASI2
acceptance/ resolution distortion

PWA in CLASI?2 is feasible!

<@z 22 Hadron Spectroscopy at CLAS and CLASI2 M.Battaglieri - INFN GE



Other examples of PWA with CLAS

MB, R.DeVita A. Szczpaniak et al Phys.Rev.Lett. 102:102001,2009
MB, R.DeVita A. Szczpaniak et al Phys.Rev. D80:072005,2009

1 do
VAT / by dtd M dS), Vou($2)

YP pTT (Yau) (Ey,t, M) =

MRy RS T=le b VA BCREAEN A mplitude parametrization (Dispersion relation)

S A Related to nn scattering matrix: phase-shift, inelasticity, S-P-D-F
P-wave: P meson amplitude in 0.4 GeV < M_ < 1.4 GeV
D-wave: f,(1270)

S-wave: O, f,(980) and f,(1320)

J\S :lalm.l(s)

{\
>
¥
<
=

3
-
A

2
S
vV

amr = [A + Bs + Cs? + - - -] k]

l Expanded in a Taylor series: coefficient fit to the experimental moment
0.8 1 i .
M, (GeV)

<Y,,> (ub/GeV?)

| |
0.8 1

M__(GeV)

4 First observation of the f,(980) in a photoproduction experiment

Hadron Spectroscopy at CLAS and CLASI2

<Y,,> (ub/GeV?)
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Other examples of PWA with CLAS

B4 amplitude
YP?pPW = pTITIM A.Szczepaniak & M.Pennington extension of Veneziano
amplitude (arXiv:1403.5782)

Decay decuples production » Correct analytic structure (poles)

from genuine meson-meson + Proper asymptotic behaviour (Regge)
interaction ['(n—as)l'(n — ay)
Apom(s,t) =
« M(TT*TT") <0.45 GeV L(n+m—as — o)
 3-body effects _ oo (e — )L
- oo B An(sat) (n_as)(n_at) ;an,z( Ug Oét)
Ay = EpuvaB P4+P_Po€) A(Sa t, U’) N
. (N +1—as)l'(N+1—ay)
=) AspyxAv = K*W,(0,¢)|A]? (N +1—n)T(N+n+1—oa, —ay)
AN
K? = stu—m?(M? —m?*)? = |p; x pp|?

1<m<n

The residue of A_(s,t) fora =n isa

Wo(0,9) = Spin density matrix polynomial of order (n-1) in t.

— The coefficients a . must be Re 0((s) 4
Nl Red(s)=a+bs

constrained to cancel even t powers

Gt ResA,, = E Qp,i(—n — at)z_l
i=1

1 =04F

0.35F

0.3F

ot SR +n=1 ok
! i -n=2a2,2=0
-n=3 a;, = 2%a3,2 * (3+a,)
-n=4a,, =0anda,, = 2%a,, * (4+a,)

1 1 1 1 1 1 L
0.10 0.15 0.20 0.25 0.30 0.35 0.40
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Work in progress

YP 2 pkk
* S.Lombardo (IU)
* Full analysis from gl | CLAS6 data set

* S-P interference in 2k system

YP?PTN
* A.Celentano (Genova) PhD Thesis
* Amplitudes provided by V.Mathieu (ECT*) and A.Szczepaniak (IU&]Lab)
* Preliminary analysis on CLAS6 data to fix parameters

* Full projection on CLASI2 and PWA

Yp = PTIN', Yp = PTIW,Yp —* pTIQ,Yp = pN®,Yp = pkkTT, Yp = pkkTrTT, Yp = pkkw
* Theoretical support:
A.Szczepaniak,V.Mathieu, E.Santopinto (INFN-GE), A.Vassallo (GE), J.Ferretti (UMAS)

e Experimental Analyis:
S.Fegan (INFN-GE), A. Filippi (INFN-TO), S.Hughes (Edinburgh), K.Hicks (OhiolU),
S.Lombardo (Cornell),A.Rizzo (RomaTV), L.Zana (Edinburgh)
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How to develop a strong analysis framework?

* Implementing reliable amplitudes Prepare the framework for

e Check amplitudes with existing data future experiments

* Developing common tools and procedures: Establish shared

e Common PWA framework across different experiments (eg AmpTools) procedures and tests tc
* Wider data access and distribution claim a discovery of
* Computing: fitting procedures, GPUs, etc. new physics

*Learning & teaching

* Promote exchanges between experimentalists and theorists Promote a two-ways
* “HS data analysis for dummies” and “HS theory revealed” communication EXP-
* Workshops and schools to share expertise and establish common rules THE

International Workshop on
2 SN SES R 3 > NN A Jefferson Lab Advanced Study Institute
ECT* -European Centre for Theoretical Studies in Nuclear Physics NEW PARTIAL WAVE ANALYSIS 2012 ATHOS 2013

and Related Areas EXTRACTING PHYSICS FROM L(XSESOSOS[?DE‘(%SSESOES/?TION May 21 - 24 « Kloster Seeon
O PEOPLE @ ECT O REACHING ECT* O INFORMATION FOR VISITORS PRECISION EXPERIMENTS: B8 EXPERIVENTS

Techniques o of Amplitude Analysis 4 @ — . : - Int.ernat.lur_lal Workshop on_
ek o i Al - s AL AT =~ = N New Partial-Wave Analysis Tools for Next

HASPECT week - Genova - November 27 - 30, 2012 FERTN <0 1PN : : Generation Hadron Spectroscopy Experiments

F WILLIAM & MARY & '\ e 4

{ % { ¥
Participants Marco Battaglieri, Andrea Celentano, Raffaella De Vita, Stuart Fegan, Sal Lombardo, Vincent X ¢ ok e, S METHODS AND TOOLS 1 HEAVY MESON DECAYS
Jean-Marc Laget, Adam Szczepaniak, Andrea Vassallo URG’ VIRGIN [A' USA | F ) 5 74 -

2011 Confe rences, Wo I'kShODS Remote connection Dave Ireland viay 30", 2012
Agenda DRAFT inesday, June 13", 2012
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HASPECT: Act locally but think globally!

G IObaI Strategy: Hadron Spectroscopy Portal HOME EXPERIMENTS ANALYSIS THEORY MESONS LINKS

*Creation of twin and parallel centers for both analysis igfiedon et .. FAR@= =1t SN 2 i o
and theory development
*Collaboration and exchanges: personnel, short visits, ...
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Conclusions

* Recent LQCD results renew interest in Hadron Spectroscopy

X First PWA results obtained with CLAS detector in photoproduction

* Comprehensive meson spectroscopy program at JLab (Gluex & CLASI2)

X Exotics and strangeness-rich mesons search with CLAS|2 detector exploiting
excellent resolution and particle ID

% Bremsstrahlung and Low Q? electron scattering to produce a high intensity,
linear polarized, real (Hall-D) and quasi-real (Hall-B) photon beam

* New analysis framework: global effort to provide a robust analysis framework
(PWA, amplitudes, FSI, ...)

Dedicated detectors and high intensity photon beams at JLab-12 are
under construction, ready to run in a near future!
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