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Introduction
Physics with the CLAS Detector
The CLAS Detector at Jefferson Lab

Physics with the CLAS Detector

Wide range of experiments covering mostly
@ Meson spectroscopy
O P. Eugenio, Tuesday: 10h20

@ N* Program (baryon spectroscopy, transition form factors)
O M. Williams, K. Park, V.C., this session

@ Nucleon structure (through)
@ Elastic scattering
@ Deep inelastic scattering
0 S. Niccolai (GPD's), Monday: 14h00

@ Nuclear transparency and nucleon correlations in nuclei
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Physics with the CLAS Detector

The CLAS Detector at Jefferson Lab

< 0.1fm 0.1 -1.0 fm > 1.0 fm

' - -

| ?
Models > ChPT
g, £ 99 ? e Quarks and Gluons ! ? Nucleon and

as Quasiparticles Mesons

© What are the relevant degrees of freedom?

@ What are the corresponding effective interactions responsible for
hadronic phenomena?
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Introduction
Physics with the CLAS Detector

The CLAS Detector at Jefferson Lab

One of the main goals of CLAS ...

Search for missing resonances
Quark models predict many more baryons than have been observed

N Spectrum
A Spectrum

Fhkk | kkk | kx| ok = according to PDG
11| 3(6]|2 (Phys. Rev. D66 (2002) 010001)

7] 3|/ 6|6 = little known
(many open questions left)

Possible solutions:

1. Quark-diquark structure

2. Have not been observed, yet

Nearly all existing data result from

one of the i )
internal degrees 7N scattering experiments

of freedom O If the missing resonances did not couple to
is frozen N7, they would not have been discovered!!

V. Credé Overview of CLAS Physics



Introduction

CLAS Spectrometer

Torus

T
agger Y-

Drift Chambers\A

TOF

Cerenkov

Calorimeters

0.4 GeV LINAC

Extraction
Elements

GHARACTERIS TCSE

Electron Coverage: 0:15-50°

Hadron Coverage:
0:15-140°, ¢:80% 2n

Aplp ~1-2%
0,Ad ~ 2 mrad

Resolution :

L =1 x 103* cm2sec 1
Fy=1x107/s
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Transition Form Factors
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The CLAS Excited Baryon Program Double-Pion Production
Transition Form Factors

The Excited Baryon Program at JLab

The excited baryon program has two main components:

@ Establish the systematics of the spectrum
[0 Provides information on the nature of effective degrees
of freedom in strong QCD
@ Probe resonance transitions at different distance scales
(electron beams are ideal to measure transition form factors)

[0 Provides information on the confining forces of the
3-quark system
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Resonances in ~(
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The CLAS Excited Baryon Program

Double-Pion Production
Transition Form Factors

p—>p7r T
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Q’=0.65 GeV?

Q°=0.95 GeV?

1.30 GeV?

@ 27 channel sensitive to N*'s
heavier than 1.4 GeV

@ Provides complementary
information to the 17 channel

@ Many higher lying N*'s decay
preferably to Nzr final states
via intermediate states

Solid curves are from fits using

14

15

16

17

3/2%(1720
Pq3(§720)) the recent JIMO6 model with and
' without a new ?(1720)P-3 state
18 19 2 21
W(GeV) W Gev
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The CLAS Excited Baryon Program Double-Pion Production
Transition Form Factors

Resonances in v*)p — prta—

ggof 2 2 /13\35 E 2 2
\b/ggé: m Q°=0. GeV 330;_ =0.65 GeV’ @ Background
; © 5k y
ook /\\ : L" @ Resonances
S0F N 3
of E: t Combined analysis of preliminary
20 //k oF real (M. Bellis) and also published
R oo e, | virtual photon data (M. Ripani):
14 16 18 2 14 16 1.8 2 . .
photo-production electro-production  Fit needs both the candidate
§3()E 2 ) 1 30 0o 7(1720)P73 and the N(1720)P13
o 5F ©°=0.95 CeV i state.

Authors claim that combined fit of
various single differential cross
sections allowed to establish all
significant mechanisms.
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The CLAS Excited Baryon Program Double-Pion Production
Transition Form Factors

Reasonable Description of N7/N77 Electroproduction

The CLAS-Collaboration phenomenological models (UIM/DR/JM)
reproduce reasonably well comprehensive CLAS/world data on all
observables in Nn/N7w electroproduction:

@ Isobars used in N77 electroproduction
O All well-established N* — 7~ A** decays + 3/21(1720)
Q All well-established N* — pr decays + 3/2+(1720)
© Observed for the first time in CLAS data:
mt D83(1520), w+F$5(1685), and W*P§3+(1640)
@ Models can be used to evaluate N* electrocouplings
O Information on contributing mechanisms will be used by

EBAC for N* studies in advanced coupled channel analysis
(Julia-Diaz, Lee, Phys. Rev. C76, 065201 (2007))
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The CLAS Excited Baryon Program Double-Pion Production
Transition Form Factors

Roper Electro-Coupling Amplitudes A, », Sy,

S 60 |- S 50
> 5 & >
L 40 |- . D 40
£ E & 30
Q 20 |4, =]
=, Ll <20
< = ”?10
20 Hf \ .
a0 Ea ar o3> - RN
Sl SV 5 SUNES lq*+qg>
60 1% 20 | g
= 7;\ - ‘ \\\ Ll | L \/'\/,\/‘ Ll ‘ - = :\ Ll ‘ 1 \’/I/\ ‘ I | Ll ‘ -
80 30
0 1 2 3 4 0 1 2 3 4
2 2 2 2
Q (GeV?) Q” (GeV?)

Is Roper a 3-quark state?
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The CLAS Excited Baryon Program Double-Pion Production
Transition Form Factors

Roper Electro-Coupling Amplitudes A, », Sy,

S 60 |- S 50
> 5 & >
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£ E & 30
Q 20 |4, =]
=, Ll <20
< = ”?10
20 Hf \ .
a0 Ea ar o3> - RN
Sl SV 5 SUNES lq*+qg>
60 1% 20 | g
= 7;\ - ‘ \\\ Ll | L \/'\/,\/‘ Ll ‘ - = :\ Ll ‘ 1 \’/I/\ ‘ I | Ll ‘ -
80 30
0 1 2 3 4 0 1 2 3 4
2 2 2 2
Q (GeV?) Q” (GeV?)

Is Roper a 3-quark state? Hybrid (glue) nature ruled out.
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The CLAS Excited Baryon Program Double-Pion Production
Transition Form Factors

Roper Electro-Coupling Amplitudes A, ,

—— Bare electrocouplings (from |. Aznauryan)

Dressed electrocouplings (accounting for only N7 in dressing)
(B.Julia-Diaz, T-S.H.Lee, et.al, Phys. Rev. C77, 045205 (2008))

75 E

s E

350 F

gz& E A —

YO0F//p 1/2

-25 E # Much better data (description) at
-50 F Q? < 0.6 GeV? offer evidence
-75 E for sizable contribution from meson-
—100 _ baryon cloud.
-125 F

g 05 1 15 2 25 3 35 4 45
-
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The CLAS Excited Baryon Program Double-Pion Production
Transition Form Factors

S11(1535) Electro-Coupling Amplitudes A, », S1 /7
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Hyperon Photoproduction

The CLAS Polarization Program

e The CLAS Polarization Program

proton
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The CLAS Polarization Program IR fEEE P EE e

Cx (and C,) in Hyperon Photoproduction

T T T T T T T T T —
- Fp — KT +A
e o st [ 8T =22==7 Circularly-polarized
W=: ‘678 GIeV | W=1 733 Gle\/ | W=: .786 Gle\/ | beam
T T T T T T T T T
e oo e ooy o] [oemoe oot Cx/C; Characterize
W3 Gev WC 889 Gev WC1.838 Gev polarization transfer
2 —— — — from beam to recoiling
1 hyperon
0k ODOQ 5 ‘?::_f:.e._g_ 5 °°°Q
_1 W=1.987 GeV W=2.034 GeV W=2.38 GeV
_2 1 1 1 1 1 1 1 1 1
-1-050 05 1
cos g¢™ Bradford et al. [CLAS Collaboration], Phys. Rev. C 75, 035205 (2007)

V. Credé Overview of CLAS Physics



Hyperon Photoproduction

The CLAS Polarization Program

(Cx and) C, in Hyperon Photoproduction

T T T T T T T T T
o0 0y 00 btu s 0 aoed  Circularly-polarized
.............. - beam
W=1.678 GeV Ww=1.733 Gle\/ W=1.786 GeV
o . el "7 7 1 Possible relation:
N | ‘?.:_:'_—";—_;U:;,,» °6°°°° C,~Cy+1
W=1.838 GeV W=1.889 GeV W=1.938 GeV
2 ———— — —
1 ogpeey
0 —
_1 W=1.987 GeV W=2.034 GeV W=2.08 GeV
2 A R MR TR S
-1-050 05 1
cos g™ Bradford et al. [CLAS Collaboration], Phys. Rev. C 75, 035205 (2007)
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The CLAS Polarization Program

Hyperon Photoproduction

Cx and C, in Hyperon Photoproduction

Conclusion:
A hyperons appear
100 % spin polarized.

Kinematically not
required, unknown
origin!

R2=P24+C2+C2<1

W=1.67Gev {f w=1.73Gev { W=1.78 GeV ]
| ¢ Py F ‘xb“_.n“lk o o ° o]
M T A FThere
" WZ1.83GeV T WZ=1.88Gev {f W= 1.93GeV ]
4,0 P I S ISP PR
v . * * & o @
w=1.98Gev { " w=2.036ev If W = 2.08 GeV ]
L2 A — ¢+“.o"‘“** s —o]
¢ IF F +
T w=2.126ev |} w=2.17Gev {f ; W =221 GeV ]
ELEP P EFENS | SR P ST DS SLAY K S S
g : * (S (¥ ' ]
f L n n C n n n aC n
832 X —
IS) wE225Gev {f W=2.29GeV ] )
R SR SIS E Inequality:
(@) I ++ L + +
a O 0 ‘
e‘/ c.m.
cos(OF™)
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The CLAS Polarization Program

The Double-Polarization Program (FROST) at JLab:
@ E02-112 = Photoproduction of Hyperons (K+A (£°), KOL+)

@ E03-105 = 7, 7*n Photoproduction
E 04-102

@ E05-012 = 7 Photoproduction
@ E06-013 = ~«"n~ Photoproduction
The Polarized Deuterium-Target Program (HD-Ice target from BNL):
@ E06-101 = An—7p, 7Tan, KY (KA, KOL0 K*x~)
Polarized photon beams on unpolarized targets:
@ g1,98 = Reactions on Hydrogen (v')
@ gl13 = Reactions on Deuterium (V')
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The CLAS Polarization Program IR fEEE P EE e

Linearly-Polarized Beam at JLab: g8b Run Group

Raw beam asymmetry (P = 0.8, assumed)

yp > pm yp >
op [ 7= 125GV FE = T125Ge @ Many channels being analyzed:
8 . @ High statistics > 10 billion events
E‘E;;‘M%ch‘e‘v‘ .| @ High photon polarization from
. W 1.3-2.1GeV
B T o NI R (/> TR Preliminary analysis of yp — N7
o ?EY: 1.225 GeV, ;Ey = 1.%v (Mike Dugger ASU)
N g o P, estimated at 0.8

@ — SAID prediction
@ Data with statistical errors
(no systematic)

RO SR EIN SR SN RN BRI B
05 o 0.5 ~05 0 0.5
cos(Bn) cos(Ven)
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The CLAS Polarization Program

Polarized photons

5 1.1 -2.3GeV (inear)
. 0.4 -2.5GeV (cireurar)
Deuterium target 11

517070 cvents

S K* MM [proton target] vs. K + A° MM [deuterium target] |
1 3 ummary
gg 1.25 TS

Status
Data cottecteda Nov 2006 — Jun 2007

Calibration socon complete

Sar, L T -
3% s paration

N L
1 1.05 11

Acieast 7/ PrnDtheses in progress
Raw asymmetry (assumed beam P = 1.0)vs. cos theta i CMS, Enargy range 1.5 130 GeV

a2 1
N* Physics: yn— N*— ... 20 4 RewBeom Asymmerry
KOA, KOZO, K+ -, KO'A, K+ Z(1385) %osi -+ yn — T p
™o s, We R
éwf .
Nuciear effects, YN interactions, pQCDi %a.zi -
yd— ... O
T o e KAAP, KON, KOSO,, & N Bl
0 G €02/ oo §al s
TYa, Na, Wa, Pa, Npn pn E] 05 o

0.5 1
Cos theta in CMS




Summary and Outlook

@ Summary and Outlook
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Summary and Outlook

Successful Excited-Baryon (Meson) Program using CLAS
@ Improved statistics for previous measurements

@ P1,(1440), D13(1520), S1,(1535) electrocouplings determined
from CLAS data for the first time at 0.2 < Q2 < 4.5 GeV?

@ New data has revealed some hints for new N* resonances

Double-Polarization Program
@ Complete determination of KA amplitude
@ Almost complete sets for Nw, N», N7, ...

FROST completed with longitudinal target polarization
O Program on transversely-polarized target in 2009
HD program scheduled to run in 2010
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