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The N* spectrum and its Classification

Observed spectrum with supermultiplets = degrees of freedom
= 3 quarks with SU(6)xO(3) symmetric interactions
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Electromagnetic Excitation of N*'s

The experimental N* Program has two major components:

curate measurements of transition form factors (A, A7
S1/,) of known states as photon virtuality (Q?) to probe their
| structure and confining mechanism
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2) Search for undiscovered new baryon states.




Electromagnetic Excitation of N*

T re

EH @

of probe

solution

low lq

- Allows to address the central question:
What are the relevant degrees-of-freedom
at varying distance scale?
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Electromagnetic Excitation of N*'s
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1. Measure different exclusive processes

2. Measure polarization observables




CLAS

Exclusive Processes in N* Studies
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CEBAF at Jefferson Lab and CLAS

E ~ 6 GeV
= ~ 200 pA
Duty Factor ~ 100%
o:/E =25 107

Beam P ~ 80%




Reaction Identification
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» In contrast to elastic scattering, resonances cannot
be uniquely separated in /nclusive scattering — need

to measure exc/usive processes.

M. Ripani, INFN Genova
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Electroproduction data and analyses from CLAS

Reaction W (GeV) Q2% (6eV?) Observable Physics extracted
ep o epTEO 1.1-14 04 - 1.8, 3-6 O1+*¢ O, O7T, OLT" do/d&2 A (GMI REM' RSM)
ep > epnd 11 14 0.4 - 0.65 oL A6, B, R
ep > epnd honiasnte o s s le e ] KA Comparison to models
P1;(1440) (Ay/2, Sy/2),
ep > enn* 11-16 0.25-0.65 G1*€. 6|, Orr, O\t D;3(1520) (A1/2, As/2, Si/2),
S11 (1535) (A2, S1/2)
I P, (1440) (Ayz, Sy2),
ep > ent 13-15;115-17 | 04-0.65;172-4.16 6|7 OT*E 6, Orr, Oit, O| 1 D13(1520) (A1/2, A3z, S1/2),
S11 (1535) (A2, S1/2)
ep~>ent 1.12-184 035-15 (A{+ nA, )/ (1+eR) Comparison to models
ep > epn 15-186 0.25-15 B o ohae coRiill N S (1535) (AL Sii)
TR0 e iy
o, do/dQ > Legendre coeff. in
: Si11 (1535) (Ay/2, S1/2) +
1. = 2. .1 - . * ‘ v * H
e ae e e further PWA
or/o, o 1/c
Simultaneous fit of do/d6 and P;1(1440), D,5(1520),
I 14-2113-1 05-15:02-0.
ep—>epnn 57 b-15 6 do/dM p..(1720), Do,(1700)
_(;p > ekKA =15 03-15 A transferred pol. P, P', Comparison to models
ep > eK*A, K'x0 16-24 05-28 oT,0L, OTT, OLT Comparison to models
?p > eK'A 1.65 - 2.05 0.65,1 oLt Comparison to models
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How N* electrocouplings can be accessed

* |solate the resonant part of production amplitudes by fitting the
measured observables within the framework of reaction models,
which are rigorously tested against data.

* These N* electrocouplings can then be determined from resonant
amplitudes under minimal model assumptions. /< 7, 1), U,..
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Non-resonant amplitudes.

Used Dispersion relations (DR) and Unitary Isobar Model
(UIM) Fits
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CLAS i electroproduction data

Complete angular distributions in ®, and ¢,, in wide W & Q? range.
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CLAS n* electroproduction data
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Legendre Moments of o1 + eo;.
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P,1(1440) contributions to Leg. Mom. of o1 + €o,

Q?=2.05 GeV-?
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Integrated Target and Beam-Target Asymmetries

CLAS
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The asymmetries are integrated over 8" and ¢ in the Q? range from 0.187 to 0.770 GeV?

and will further reduce the model dependence of the extracted resonance parameters.
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v p—A(1232) P,,(1232): Rey, and Rgy,

~ 0
Ry = EpyMyy Ef, -1
Rov=S14My, = -2 LW—‘l.—ﬂ—-—.ﬁ
v" Rgy < 0 favors oblate shape of e _: ® allA .
the A, prolate shape of the x| "o Rem
nucleon at large distances -8 -
v’ Scattering off massless 7
fermions: Helicity is conserved,
thus ~ 0
v Ayp=0 D E 5
Rew 2 1, Ry > const =10 .
: oz =15
We are still far from .20 Boxaliise. Rsp
PQCD asymptotia -25 ;’ﬂ:mzlmslm ==
-ao ________________ at0, Lee
-35

(not shown here) -
LQCD calculations: 1 3 -
encouraging, work in progress... Q (GeV )

M. Ripani, INFN Genova 16




v*p— Roper P;(1440) Helicity amplitudes
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- Sign change of Ay,
- Gluonic excitation ruled out due to Q? dependence of both amplitudes.
- High Q? behavior consistent with radial excitation of the nucleon as in CQM
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5,(1535) Helicity amplitudes
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- Hard A ;,, form factor confirmed (Slow fall-off with Q?)
- First measurement of S;,,. Sign inconsistent with CQM.
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Helicity Amplitudes for y*p->D;5(1520)
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Q2>0.6 GeV?
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CLAS12 - Detector




Projections for N* Transition
Amplitudes @ 12 GeV
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Summary

‘New accurate measurements on Q? dependence of
transition form factors of low lying excited states
of the nucleon.

*More analysis results on transition form factors
of higher mass states.

‘Extensive program is underway with polarized photon
beams and polarized targets to search for
new baryon states.

*Approved proposal for a transition form factor program
at high Q? at the Jlab 12 GeV upgrade with CLAS12.

22




