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Physics Motivation: 

N* studies in double pion photo- and electroproduction with CLAS

Evaluation of  g p → p   exclusive cross sections

from CLAS data

Conclusion

Plan:



N* studies with CLAS 

The main goals of the of the N* program:

 determine the relevant degrees of freedom in N* description

 Search for “missing” baryon states.

 explore the strong interaction in the non perturbative regime of  

QCD trough the studies transition form factors

from the ground to excited nucleon states

Nucleon-meson

system



The program of the N* studies with CLAS 

What channels do we need to 

analyze?

The πN and ππN are two major 

contributors to the N* excitation 

region.

Strongly coupled by the final state 

interactions and may affect other

channels with smaller cross-section

πN and ππN channels offer credible 

information on most N* 

photocouplings



Why do we use two pion photoproduction? 

 Huge statitics of the CLAS g11 data. It allows to determine the 

relevant  mechanism  contributing to this channel.

 Sensitivity to the high-lying N* , since most of N* with masses more

than 1.6 GeV decay preferably into two pions

 Promising opportunity for  the “missing” baryon state search in 

combined analysis of  two pion electro- and  photoproduction



CLAS detector at JLAB

Supercondacting

spectrometer

 ~4π coverage

Continious e/γ beam

up to ~ 5 GeV

Detection of

multiparticle final 

states

Jefferson Laboratory

Newport News, Virginia, USA



G11A Data set in JLAB

Continious 60 nA electron beam E = 4GeV for 50 days

Tagged photons:1.6-3.8 GeV

Bremstrahlung tagging system (0.5% energy resolution)

LH2 target

CLAS ~4π spectrometer for detecting multiparticle final states.

Charged particle identification. Kinematic Fit.

(Drift chambers + Time of flight scintillators.)

Reliable acceptance area

Detection Efficiency (Monte-Karlo simulations)

Analysis of the reaction  γp → π+ π–p



Cross section

g p → p   .

The kinematics of the 3 particle finale state is described with 5 

independent variables. Our choice is: 

• two invariant masses M(p ) and M(  ) 

• two spherical angles q and f describing the direction of the p.

• a is rotation angle around the direction of the p-momentum

(The unpolarized x-section is f-independent.)

Due to the high statistics of G11 1-fold

and 2-fold differential x-section can be 

extracted in relatively small W-bins (25 MeV)
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Dead zone problem 

CLAS has dead zones. They  are mainly located in forward and backward  

angles.

Two attempts were tried to extrapolate the cross section 

in dead area

1. Naïve approach

Accounting for the dead zones is made in the following way: In each bin of one fold 

differential x-section the percentage of the dead zones  from contributing 

multidimentional cells was evaluated as a ratio of the number of dead cells to the 

total number of contributing cells. Then the x-section can be corrected by dividing 

by this factor.

2. Model extrapolation

The cross section in dead multidimensional cells was set to be equal to the model cross 

section. Phenomenological isobar model of two pion photo- and electroproduction in the 

resonance region.  [Phys.Rev.C C80 054212 (2009)]



Extrapolated Cross Section 

Initial x-sec within 

CLAS acceptance is 

shown in blue

The x-sec 

extrapolated in 

naïve approach is 

shown in black

Red crosses stand 

for extrapolated 

x-sec (1st method) 

W =1.61



Extrapolated Cross Section 

Initial x-sec within 

CLAS acceptance is 

shown in blue

The x-sec 

extrapolated in 

naïve approach is 

shown in black

Red crosses stand 

for extrapolated 

x-sec (1st method) 

W =1.81



Extrapolated Cross Section 

Initial x-sec within 

CLAS acceptance is 

shown in blue

The x-sec 

extrapolated in 

naïve approach is 

shown in black

Red crosses stand 

for extrapolated 

x-sec (1st method) 

W =1.98



Cross section

Integrated cross section from CLAS. 

ELSA & SAPHIR

CLAS preliminary accounted for dead zones

CLAS preliminary. No acc. 

for dead zones

CLAS extrapolated



Cross section

2-fold differential x-sec.   M .vs. M. (Dalitz plots)



Cross section

2-fold differential x-sections  qs .vs.  Invariant Masses.  



Cross section

2-fold differential x-sec.   M .vs. a.



Conclusion 

 One- and two-fold differential cross sections are obtained for 

W=1.6-2.6 GeV. Extrapolated cross section is available for W=1.6-2.0 GeV. 

 Physics analysis of this data within the framework of reaction model 

developed in JLAB-SINP/MSU collaboration is in progress with a goal  to obtain 

information on resonance photocouplinngs from this exclusive channel, which is 

in particular sensitive to high lying N* with masses above 1.6 GeV.


