NEW RESULTS OF NUCLEON RESONANCES
STUDIES IN PHOTO AND
ELECTROPRODUCTION OF CHARGED
PION PAIRS IN CLAS DETECTOR



The studies of N* electrocouplings: motivation & objectives

My analysis seeks to determine

YNN* transition helicity amplitudes (electrocouplings) at photon virtualities
Q2<5.0 GeV? for most of the excited proton states at W < 2.5 GeV from
double pion electroproduction channel.

Consistent results on electrocouplings of N* states determined in
independent analysis of major N and Nt exclusive channels will
demonstrate reliable extraction of this fundamental quantities

Explore signals from  3/2+ (1720) candidate state and search for
possible new states at 1.8<M<2.0 GeV

For the first time determine electrocouplings of high lying N*(>1.6 GeV)
which decay mostly to Ntr.

Physics analysis of expected resonance electrocouplings will allow us
explore behavior of the structure of exited states of different quantum
numbers at the distances which correspond to the transition from
combined contributions from inner quark core and external meson-
baryon cloud to dominance of quark degrees of freedom
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Extraction of g NN* electrocouplings from the data on exclusive
meson electroproduction off protons

Resonant amplitudes Non-resonant amplitudes
T, TUT
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'Al/z(Qz), A3/2(O~2); Sl/z(Qz)
or N*’s photo-/electrocouplings g NN* are defined See details in:
*G,(Q?), G,(Q?), G,(Q?) at W=M,,. through the N* electromagnetic I.G.Aznauryan and
! $ or’ ’ decay width : V.D.Burkert, Progr.
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* Consistent results on g NN* electrocouplings from different meson electroproduction channels and
different analysis approaches demonstrate reliable extraction of N* parameters.

* For electrocouplings extracted from one pion channels, please see talk by Ki Jun Park and
I.G.Aznauryan et al., CLAS Coll., Phys Rev. C80, 055203 (2009).



W & Q? distribution for * 1t p events
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3-body final state kinematics
variables

3-body final state kinematics variables:

M,» M, are invariant masses of the n'n" and pn”
systems respectively;

dQ =d(cosB)de 1s solid angle for emitted m;

o .+ 18 the angle between two planes on the plot.




Cross-section extraction

d o 1 AN 7-fold differential cross-section

> T 2
deQ dr L eﬁf . AWAQ AT dr = dM;[+ﬂ-_dM7z'+pd COS(Hﬁ_ )d¢ﬁ_d05”+p

L — luminosity, AN — number of events inside multidimensional cell,
eff-efficiency determined from monte-carlo simulation. Then we
obtain virtual photon cross-section

dc 1 do
dt T, dwdQ’dr




2.0<Q%<2.4 GeV? 1.5<W<1.525 GeV
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2-d photoproduction cross-sections

W=1.81 GeV.
3
= |
a
D
1.2 1.4 1.6
M(p n*), GeV
W=1.81 GeV.
R e
@ =300
D
2 =250

<200

=150

50
% |
0.4 0.6 0.8
M(rn* "), GeV

W=1.81 GeV.

0(n”), rad

0.4 0.6 0.8
M(n* ), GeV

W=1.81 GeV.

o(n”), rad

2 14 1.6
M(p ), GeV

8(r), rad

W=1.81 GeV.

ol . L
1.2 1.4 1.6
M(p ), GeV

W=1.81 GeV.

I180

=1160
—1140
=120

I 100

=180

60

40

20

0
1.2 1.4 1.6

M(p *), GeV



Photoproduction at W = 1.61 GeV
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Integral photoproduction cross-section
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Amplitude in JM model

A+ (1232)P,,, N°(1520)D,
A+ (1600)P,,, N°(1680)F

The data-driven reaction
model for extraction of
1,NN* electrocouplings
and nA, pp decay widths
from fitting all available
observables of y,p ->n*np
Tt exclusive reaction.

1. V...Mokeev, V.D. Burkert, et al., (CLAS Collaboration) Phys. Rev. C86, 035203 (2012).
2. V.I.Mokeev, V.D. Burkert , et al., Phys. Rev. C80, 045212 (2009).
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Roper electrocouplings
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Baseline equipment

Forward Detector (FD)

- TORUS magnet (6 coils)
- HT Cherenkov Counter

- Drift chamber system

- LT Cherenkov Counter

- Forward ToF System

- Pre-shower calorimeter

- E.M. calorimeter

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

Beamline
- Polarized target (transv.)
- Moller polarimeter
- Photon Tagger

Upgrades to the baseline

Under construction
- MicroMegas
- Central Neutron Detector
- Forward Tagger
- RICH detector (1 sector)
- Polarized target (long.)
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