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Forward Detector (FD)
- TORUS magnet 
- HT Cherenkov Counter 
- Drift chamber system 
- LT Cherenkov Counter 
- Forward TOF System
- Pre-shower calorimeter 
- E.M. calorimeter  

Central Detector (CD)
- SOLENOID magnet 
- Silicon Vertex Tracker 
- Central Time-of-Flight 

Beamline
- Cryo Target
- Moller polarimeter
- Shielding
- Photon Tagger

Upgrade	to	the	baseline
- Central	Neutron	Detector					
- MicroMegas
- Forward	Tagger	
- RICH	detector	
- Polarized	target

MM

CND
FT

RICH



CLAS12 in Hall-B
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Angular	range
Track
Photons

50 – 400
20 – 400

350 – 1250
---

Resolution
dp/p	(%)

dq (mr)
Df (mr)

<	1	@	5	GeV/c	
<	1
<	3

<	5	@	1.5	GeV/c
<	10	– 20
<			5	

Photon	detection
Energy	(MeV)
dq (mr)

Neutron	detection

>150
4	@	1	GeV
Neff<	0.7	

---
---
Neff<	0.3

Particle	ID
e/p
p/p
p/K
K/p
p(h)ggg

Full	range
<	5	GeV/c
<	2.6	GeV/c
< 4 GeV/c
Full	range

---
<	1.25	GeV/c
<	0.65	GeV/c
<	1.0	GeV/c
---



Photoproduction of	Hidden-Charm	
Pentaquark in	CLAS12













e+e- with CLAS12 – E12-12-001
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Vector Meson Production Time-like Compton Scattering

























A	Search	for	Hybrid	Baryons	with	
CLAS12
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Hybrid	Baryons	in	LQCD

1.3GeV

clustered
in	masses

J.	Dudek et	al,	Hybrid Baryons in	QCD,		Phys.Rev. D85	(2012)	054016

QCD	allows	for	the	existence	
of	Hybrid	Baryons.

LQCD	predicts	several	hybrid	
baryons	states.

Regular	
states

Hybrid	
states

Differently	from	the	case	of	hybrid	mesons,	hybrid	baryons	are	
predicted	to	have	same	quantum	numbers of	N*	resonances

The	nucleon	
mass	is	shifted	
~300	MeV	to	
higher	masses



Separating	Q3G from	Q3 states:	A1/2,	3/2(Q2)	and	
S1/2(Q2)

Transverse helicity amplitude	A1/2(Q2),	A3/2(Q2)	and	longitudinal helicity amplitude	
S1/2(Q2)	allow	to	distinguish	Q3G from	Q3 states

Electroexcitation via	quasi-real photon exchange can	
be considered for practical purposes photo-

production

V.	I.	Mokeev,	CLAS	Collaboration, PHYSICAL	REVIEW	C	86,	035203	(2012)



Q3G

Q3G

Separating	Q3G from	Q3 states
Transverse helicity amplitude	A1/2(Q2)	and	longitudinal helicity amplitude	S1/2(Q2)	

allow	to	distinguish	Q3G from	Q3 states

A	suppressed	longitudinal	amplitude	
S1/2(Q2)	in	comparison	with	transverse

electro-excitation	amplitude

A	drop	of	the	transverse	helicity amplitudes	
A1/2(Q2)	faster	than	for	ordinary	three	quark	
states,	because	of	extra	glue-component	in	

valence	structure
I.	G.	Aznauryan et al.,	CLAS	Collaboration,	PHYSICAL	REVIEW	C	80,	055203	(2009)
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Signature
Based	on	available	knowledge,	the	signature	for	hybrid	baryons	may	
consist	of	:	

•	Extra	resonances	with	Jp=1/2+ and	Jp=3/2+ ,	with	masses	from	1.8	GeV
to	2.5	GeV and	decays	to	Nππ	or	KY	final	states	

•A	drop	of	the	transverse	helicity amplitudes	A1/2(Q2)	and	A3/2(Q2)	faster	
than	for	ordinary	three	quark	states,	because	of	extra	glue-component	
in	valence	structure	

•A	suppressed	longitudinal	amplitude	S1/2(Q2)	in	comparison	with	
transverse	electro-excitation	amplitude	

The	proposal	focuses	on:
e	p												e	p	p+ p-

e	p												e	K+L,	e	K+S0



Scattered	electrons	will	be	detected	in	Forward	Tagger	for	angles	from	2.5° to	4.5°.		
FT	allows	to	probe	the	crucial	Q2 range	where	hybrid	baryons	may	be	identified	due	
to	their	fast	dropping	A1/2(Q2)	amplitude	and	the	suppression	of	the	scalar	S1/2 (Q2)	
amplitude.

Experiment

CLAS12

Scattered	electrons	will	be	detected	in	the	Forward	Detector	of	CLAS12	for	
scattering	angles	greater	than	about	6°.	Charged	hadrons	will	be	measured	in	
the	full	range	from	6° to	130°.

FT

Q2 range	of	interest:	0.05	- 2	GeV2

CLAS12



A	hypothetical	hybrid	baryon	contribution	added	at	the	amplitude	level	to	the	best	
presently	available	models:					MR =	2.2	GeV ΓR=0.25	GeV JP =	1/2	+		(JP =	3/2	+)

The reaction cross section has been calculated with and without the baryon
resonance contribution to determine:

1. Minimum beam time needed to obtain statistical uncertainty for cross sections
comparable with CLAS photoproduction data.

100 days of beam time (50 days at 6.6 GeV & 50 days at 8.8 GeV)

1. The Legendre moments of the unseparated and polarization interference
components of the cross section.

Search for distinctive structures to the added resonance.

2. The statistical sensitivity to hybrid baryons electrocouplings.
Minimum electrocoupling values with 100 days of beam time.

4. The	capability	of	extracting	the	added	resonance	parameters	from	expected	
data. Blind	analysis	of	quasi-data.

Quasi	– Data	Analysis



Extraction	of	Legendre	Moments
e	p									e	K+L

Significant	structures	appear	in	most	of	the	Legendre	moments	at	the	value	of	
W	=	2.2	GeV,	corresponding	to	the	mass	of	the	added	hybrid	baryon	

• J =	½					Regge	+	Res.	
• Q2 =	1	GeV2 Mres =	2.2	GeV				A1/2 =	0.04	GeV-1/2 S1/2 =	0

First	Legendre	Moments

sU sLT

Black	curves	RPR	2011	model
Blue	points	RPR	2011	+	Resonance
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Summary
• A program to search for new states of baryonic matter: hybrid baryons.
• Complementing the international program to search for hybrid mesons.
• Identification of hybrid baryons will verify fundamental expectations of
strong QCD on the role of glue.

• Search for these states in exclusive channels will cover the kinematical
range Q2 > 0.05 GeV2, W< 3 GeV.

• Demonstrated for two major electroproduction channels pp+p- and K+Y
that, with 100 days beam time with CLAS12, we have the statistical
sensitivity to find new excited states and identify their nature.

• Amplitude analysis will be developed with the theoretical support
groups to establish the existence and properties of new resonances in
the 1.8 GeV < M < 3.0 GeV mass region.




