Overview on CLAS Baryon Results

Volker Credé

Florida State University
Tallahassee, FL

Hadron 2011
Munich, 06/13/2011

V. Credé Overview on CLAS Baryon Results



Outline

Q Introduction .
@ Search for new Baryon Resonances , S A
@ Toward Complete Experiments

e The CLAS Spectrometer at JLab

e Preliminary Results
@ Photon Beam Asymmetries
@ CLAS Double-Polarization Experiments

@ Summary and Outlook

V. Credé Overview on CLAS Baryon Results



Introduction

Search for new Baryon Resonances
Toward Complete Experiments

G Introduction

Overview S Baryon Results



Introduction

Search for new Baryon Resonances

Toward Complete Experiments

< 0.1fm 0.1-1.0 fm > 1.0 fm
T
|
| ? ! R
Models > ChPT
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
Search for new Baryon Resonances
Toward Complete Experiments

One of the Goals of the N* Program ...

... IS the search for missing or yet unobserved baryon resonances.
Quark models predict many more baryons than have been observed.

Fhk [ Hkk [ kK [k O Particle Data Group
N Spektrum | 11| 3| 6|2 (J. Phys. G 37, 075021 (2010))
A Spektrum 7| 3|/ 6|6 O little known

(many open questions left)

© Are the states missing in the predicted spectra because our pictures do not
capture the correct degrees of freedom?

©@ Or have the resonances simply escaped detection?
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Introduction
Search for new Baryon Resonances
Toward Complete Experiments

One of the Goals of the N* Program ...

... IS the search for missing or yet unobserved baryon resonances.
Quark models predict many more baryons than have been observed.

e I T O Particle Data Group
N Spektrum | 11| 3| 6|2 (J. Phys. G 37, 075021 (2010))
A Spektrum 7| 3|/ 6|6 O little known

) . (many open questions left)
Possible solutions:

1. Quark-diquark structure 2. Have not been observed, yet.

Nearly all existing data on baryons result

One of the internal from 7N scattering experiments.
degrees of freedom )
is frozen. O If the resonances did not couple to 7N,

o they would not have been discovered!!
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Introduction

Search for new Baryon Resonances
Toward Complete Experiments

First Lattice Calculations of Baryon Spectrum

J. Bulava et al., Phys. Rev. D 82, 014507 (2010) (U talk by R. Edwards, Thursday, Plenary 8)
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Many approximations, but efforts show what will be possible.
@ Suggests spectrum at least as dense as quark model
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Introduction

Search for new Baryon Resonances
Toward Complete Experiments

Complete Experiments in Photoproduction

A weak decay has large
analyzing power

Chiang & Tabakin, Phys. Rev. C55, 2054 (1997)

In order to determine the full scattering amplitude
without ambiguities, one has to carry out eight
carefully selected measurements: four double-spin
observables along with four single-spin observables.

Eight well-chosen measurements are needed to fully
determine the amplitude
@ 16 observables will be measured with CLAS
O Allows many cross checks

Target - Recoil

X x|y |y y |z |z e.g. 7p = KA
X y z x y z x |y z 0 published
unpolarized ﬂ L, > T, L,
linearly?, |3 H C.|T. | E F Lo G| T, U data taken
circular P, F [0) G H 0,

S Baryon Results




Introduction
Search for new Baryon Resonances
Toward Complete Experiments

Extraction of Resonance Parameters

@ Double-polarization measurements

@ Measurements off neutron and proton to
resolve isospin contributions:

O AN — 7, n, K)=3/2  — A*
Dynamical Reaction Amplitude
g .A(’}/N — ™, 1, K)lzl/2 <~ N * Theory Analysis

@ Re-scattering effects: Large number of \
measurements (and reaction channels)

needed to define full scattering amplitude.

Coupled Channels T

Hadron Models, Lattice QCD

T

http://ebac-theory.jlab.org Qcb
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The CLAS Spectrometer at JLab

e The CLAS Spectrometer at JLab
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The CLAS Spectrometer at JLab

CEBAF Large Acceptance Spectrometer (CLAS)

Torus magnet
6 superconducting coils

Electromagnetic calorimeters
Lead/scintillator, 1296 photomultipliers

target + start count
~

Drift chambers
argon/CO; gas, 35,000 cells

Time-of-flight counters
plastic scintillators, 584 photomultipliers

Gas Cherenkov counters
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The CLAS Spectrometer at JLab

CLAS (Polarization) Run Periods: Photoproduction

® glc: Cy and C,, 19 for yp — prfn~ ||| Coraevey —
(circ.-pol. beam, mostly published)

@ g8b: %, ISand I°
(lin.-pol. beam, H,)

@ FROST
(double pol., C4HyOH)
@ g13
(lin.-pol. beam, D)
@ HD-ICE

O future measurements
(Fall 2011)

distillation chamber
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The CLAS Spectrometer at JLab

Double-Polarization Measurements using FROST

Data forPERP 1366V
. S Calculation
o \
£ o9l
5 09
=
]
8
£ oo \ ;
B \
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g
071

I
55850 55975
Time (Run Number)

FRozen-Spin Target (FROST)

@ P, ~80%
@ Relaxation time ~ 2,000 h

@ Holding mode (0.5 T, = 28 mK)
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

e Preliminary Results
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

Beam Asymmetry Measurements: CLAS g8b

mip) J K\ ‘ @ vp — p7% nat (M. Dugger et al.)
N Arizona State University

—— @ vp — pn, ' (P.Collins etal.)
' Arizona State University

@ yp — pw (P. Collins et al.)
Catholic University

@ vp — prtw (C. Hanretty et al.)
Florida State University

@ yp — p ¢ (J. Salamanca et al.)
Idaho State University

. @ yp — KTY (C. Paterson et al.)
All analyses are about to be reviewed University of Edinburgh, Glasgow

by the CLAS collaboration; held back
by studies of the linear polarization.
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

Beam Asymmetry ¥ inyp — p °

¥Yp —> p

cos(@“) = —E.SS - cos(®, ) = —0.750 !ﬂ 37;-2 = 09 { 1_ (S| 5 COSZ(j)

0.5
,J ! +/\X(—6|Hsin2¢+5@F)
E . cLis . cls
-os b 5 Tty S 5 Ry — Ny (=T + 6, Pcos2¢
_y ERELMMARY ‘ eRELMIARY ‘ | v . )
VT coslt) = O 6L F ) :'—0.55.“; W A ( —61Gsin2¢ + do E)}
0.8 :_ Mﬁ i’

2 6 o W — SAID * CLAS

(E, <2GeV, —0.85 < cosf, < 0.85)

o LEPS 2067

F‘RELIMIN‘ARY
L

REUMNARY )
\ ,
cos(?,.) = —0.38

3
| | L L I H L
cas(Ton) = —0.45 =

0 Serious discrepancies between
models and data.

® CLAS
BONN 2009

.
F"RELIMIN‘AR\( | EREL\MWARY )

n n L n 1
1000 1250 156G 1730 20007000 123¢ 1300 1750 2000
E, (Mev) ARIZONA STATE UNIVERSITY

M. Dugger (ASU), CLAS g8b run group, to be published

V. Credé Overview S Baryon Results



Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

Beam Asymmetry ¥ inyp — p °

¥Yp —> p Yp > p7

1 - cos(®, ) = —0.750 !ﬂ cos{d ) = —0.25 - coa(B,,) = —0.15
0.5 3 et B, A,
a E
E cLAs . oLas o cLas
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=05 & 9 LEPS 2007 - o LEPS 2007 -0.5
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05 x RS
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E, (MeV) E, (MeV)
M. Dugger (ASU), CLAS g8b run group, to be published
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

Beam Asymmetry ¥ inyp — p °

Combination of p 7% and nz* final
states can help distinguish between
A and N* resonances:

L & CLAS .
E = OnFL1S7S 4R
& GRAAL 2005

DHPL 1976
+ YERE 1979

YERE 1883
A GRAAL 2005

T PRELIMINARY PRELIMINARY
£ cos(ten) = 0.35 £ cos(te, ) = Q.45
i n 1 n 1 n 1 n 1 = n ‘l il 1 L 1 n 1
) e 4 e
T
LT PR rge 1 1
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* Sm
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E E 8NN 2005 2/31I=317T L> 1/3/ =1 ] = L>
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M. Dugger (ASU), CLAS g8b run group, to be published
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

Asymmetry ¥ inyp — p7° and yp — nzt

Yp > pm Yp > N

& CLES
© GRAAL 2000 * GRAAL 2001
* GRAAL 2001

B W CLAS L & CLAS
[ & DNPL 1576 b & DNFL 1978 <R
0 = » YERE {278 [ & GRAAL 2005 r
= YERE 1383 |4
E & GRAAL 2005 £
~O5 B PRELIMINARY E PRELIMINARY PRELIMINART E PRELMINARY
E cos(B,) = 0,35 £ coslt, ) = 0.45 cos(lhon) = 0.35 cos(tn,) = 0.45
=1 Bl L 1 L 1 L 1 L i L ‘l ' L | L 1 | ' 1 L 1 L LA ' 1 L 1 L 1 ' 1
1 T ; @ CLiS F * CLiS A
4 YERE 1873 & TERE 1978
0s ! e SN,
C * CLAS
O & CLAS F A OMPL 19768
= & DWPL 1876 .3 < YERE 1978 - E
t t * YERE 1979
E £ 0O YERE 1984
_os F E BOHN 2008 F
= £ PRELMINARY E PRELIMINARY FRELIMINARYY PRELIMINARY
E cos(By . £ CO5(Peq ) = 0.65 coF(Vym) = .55 cos(Ban,) = 0.65
L I — o T B A M .|.\‘\‘|ﬂ.|‘\‘\.\‘
S ' z # 133
05 I . s 0.5 E\é @ x & & [®
5 RIS
o ® CLAS o -
* YERE 1878 * YERE 1979 » CLis « cuS
05 E o YERE 1974 3 & YERE 15679
o PRELIMINARY FRELIMINARY PRELIMINARY & JERE 1373 PRELIMINARY
, aos(Bp) = 0.75 005( B} = 0.55 s08(W,n) = 0.75 005(Bn) = 0.85
L L 1 L 1 L 1 L L 1 L L 1 L 1 | L 1 L 1 L 1 L 1 L 1 L 1 L
1000 12500 13GG 1730 20007000 125Q 1300 1750 2000 10600 1Z50 0 1300 1750 20007000 125G 1500 17500 2000

E, (MeV) E, (MeV)
M. Dugger (ASU), CLAS g8b run group, to be published

Cred Overview AS Baryon Results



Photon Beam Asymmetries

Preliminary Results CLAS Double-Polarization Experiments

Beam-Target Polarization Observables

N W. Roberts et al., Phys. Rev. C 71, 055201 (2005)
| =1o{(1+A-P)
+60(19 + A -P)
) . <« Double-Meson
+ 8, [sn2B8(1° + A -P%)+

Final States

cos23(1° + A;-P°)]} (15 Observables)

. v +p total

At higher excitation energies:
43%%¥“ﬁ“*”ﬁndmawsmw

Multi-meson final states play an increasingly
important role.

—NA
i
\Te
Y
A

o(mb)

* oem 0
£ | #F“i aa

o#p0O
°3x%
Mg >

——N& [0 Search for states in cascades!

E(GeV)

Proton
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

Photoproduction of 77~ off the Proton: Kinematics

Two mesons in the final state require 5 independent variables!
For example: E’yv G)c.m.7 ¢*7 9*7 Mp+meson1

Single-meson reactions:
O p-meson system in the reaction plane

Two-meson reactions:
0 Reaction and decay plane
form angle ¢
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ISinyp - prtn

Preliminary Results

Photon Beam Asymmetries

CLAS Double-Polarization Experiments

1100 < E, < 1150 MeV

Two mesons in the final state require 5 independent variables.

-1.0 < cos( By ) < -0.9

-0.9 < cos( B ) < -0.8

-0.8 < cos( Oy ) <-0.7

-0.7 < cos( By ) < -0.6

@ Here: integrated over 2 variables (a mass, further angle)

@ Linearly-polarized photons on unpolarized target
Ol=Ilog{1+41°sin258+ ¢ 1°cos2p}

@ E, €[1.10, 2.10] GeV in 50-MeV wide bins

@ 0* and ¢* describe 7 in the rest frame of the two mesons.
- -

1

-0.6 < cos( By ) < -0.5

cos( Or-) < 0.5

0.5 < cos( B ) <0.6

0.6 < cos( B ) < 0.7

0.7 < cos( O ) <0.8

0.8 < cos( B ) <0.9

0.9 < cos( B ) < 1.0

—— o
o, - — e e = oo
0 i e S, S o, o (. oot ‘-_ __.'- e W =]
e
-2 (0] 2 2 (o] 2 2 (o] 2 2 (0] 2 2 (o] 2
Pre

C. Hanretty (FSU), CLAS g8b run group, to be published
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

ISinyp - prta- 1100 < E, < 1150 MeV

-1.0 < cos( By ) < -0.9 -0.9 < cos( B ) < -0.8 0.8 < cos( B ) <-0.7 -0.7 < cos( Oy ) < -0.6 -0.6 < cos( By ) < -0.5
e -, -‘&
(O e S IR s Tl i S e e 5 e b s i =
1 -0.5 < cos( By ) < -0.4 -0.4 < cos( B ) <-0.3 0.3 < cos( B ) <-0.2 -0.2 < cos( Oy ) <-0.1 -0.1 < cos( B ) < 0.0
P F F F ™ e e,
o |, Lo =, L -
0 ram e e e — -~ . _
- - - - - - -—_ _—.
-0.0 < cos( Oy ) < 0.1 0.1<cos( 8 ) <0.2 o o 0.4 <cos( 8- ) <05
@
i S
o]
1
0.5 <cos( 6 ) <0.6 0.6 < cos( 8 ) <0.7 0.7 <cos( B )<0.8 0.8 < cos( 6 ) <0.9 0.9 <cos( 6 )<1.0
0 e -, f o™ e, o e o T T
[ — o . . ol RO, for e -
e
-2 (0] 2 -2 (o] 2 -2 (o] 2 -2 (0] 2 -2 (o] 2

C. Hanretty (FSU), CLAS g8b run group, to be published
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

ISinyp - prta- 1150 < E, < 1200 MeV

-1.0 < cos( By ) < -0.9 -0.9 < cos( O ) < -0.8 -0.8 < cos( Oy ) <-0.7 0.7 < cos( Oy ) < -0.6 -0.6 < cos( By ) < -0.5

. - -,
oI o T N i ST I R
e o —n =
1
-0.5 < cos( By ) < -0.4 -0.4 < cos( B ) <-0.3 0.3 < cos( B ) <-0.2 -0.2 < cos( Oy ) <-0.1 -0.1 < cos( B ) < 0.0

0 P

1
-0.0 < cos( B ) < 0.1
- -
@ F oo = "
(. o - - -
o - 3 -
- e, = F b -
1
0.5 < cos( Oy ) < 0.6 0.6 < cos( B ) < 0.7
0 Jm——— o "-—_‘_
[ T o
-2 ¢} 2 -2 o 2 -2 o 2 -2 [} 2 -2 ¢} 2

C. Hanretty (FSU), CLAS g8b run group, to be published
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Preliminary Results

1200 < E, < 1250 MeV

Photon Beam Asymmetries

CLAS Double-Polarization Experiments

-1.0 < cos( By ) < -0.9

(O e SRy S

e

-0.9 < cos( B ) < -0.8

——

"]

-0.8 < cos( Oy ) <-0.7

-0.7 < cos( By ) < -0.6

-0.6 < cos( By ) < -0.5

- —_—
e =

-0.5 < cos( O ) < -0.4

-0.4 < cos( O ) < -0.3

-0.1 < cos( By ) < 0.0
-

C. Hanretty (FSU), CLAS g8b run group, to be published
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

ISinp —» prta- 1250 < E., < 1300 MeV

-1.0 < cos( By ) < -0.9 -0.9 < cos( O ) < -0.8 -0.8 < cos( Oy ) <-0.7 0.7 < cos( Oy ) < -0.6 -0.6 < cos( By ) < -0.5

C. Hanretty (FSU), CLAS g8b run group, to be published
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Photon Beam Asymmetries

Preliminary Results CLAS Double-Polarization Experiments
S —prtn- 1300 < E 1350 MeV
SInyp - prn'm < < €
1 -1.0 < cos( Bx ) <-0.9 -0.9 < cos( B ) <-0.8 -0.8 < cos( 6 ) <-0.7 -0.7 < cos( B+ ) <-0.6 -0.6 < cos( B ) <-0.5
- - "
0 --o.-...._ 0P oo o F -_—-"h."-_ o
_s
1 -0.5 < cos( O ) <-0.4 -0.4 <cos( B ) <-0.3 -0.3 <cos( 6 ) <-0.2 -0.2 <cos( O ) <-0.1 -0.1 < cos( Bx ) <0.0
E . o
e - _“'-«-_ - - - -
P S o - o - - -

e - e -
o e --F—-_-_'-.. e . e e b= d-H-'.- =
faa - o - - - - '____..
L E - E bt & P |
-2 o} 2 -2 o] 2 -2 (o] 2 -2 o} 2 -2 o] 2
C. Hanretty (FSU), CLAS g8b run group, to be published A
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

ISinyp - prta- 1350 < E, < 1400 MeV

-1.0 < cos( By ) < -0.9 -0.9 < cos( O ) < -0.8 -0.8 < cos( Oy ) <-0.7 0.7 < cos( Oy ) < -0.6 -0.6 < cos( By ) < -0.5

1
-0.5 < cos( By ) < -0.4 -0.4 < cos( O ) < -0.3 -0.3 < cos( Oy ) <-0.2 -0.2 < cos( By ) <-0.1 -0.1 < cos( By ) < 0.0
v
F oo F oo b F oo F -
i - - - o~ - -
- - - b " e i - -
o+ Qe F " 3 — i3 - 3 - _
- - - - — - "
o o -
1
-0.0 < cos( Oy ) < 0.1 0.1 <cos( 6 ) <0.2 0.2 <cos( B )<0.3 0.3 <cos( 6 )<0.4 0.4 <cos(6r) <05
—— -, -
- | e F o = 1 e S b

C. Hanretty (FSU), CLAS g8b run group, to be published
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Preliminary Results

Photon Beam Asymmetries

CLAS Double-Polarization Experiments

1400 < E., < 1450 MeV

1 -1.0 < cos( By ) < -0.9 -0.9 < cos( B ) < -0.8 -0.8 < cos( Oy ) <-0.7 -0.7 < cos( By ) < -0.6 -0.6 < cos( By ) < -0.5
0 F __—.-——""""-—-
1 -0.5 < cos( By ) < -0.4 -0.4 < cos( O ) < -0.3 -0.3 < cos( Oy ) <-0.2 -0.2 < cos( By ) <-0.1 -0.1 < cos( By ) < 0.0
L b - e
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= - - - e - -
o+ o o F — - F i
- . - = - - - -
| — - | e - — =
- "
1
-0.0 < cos( Oy ) < 0.1 0.4 <cos(6r)<0.5
- P,
—_— - —- -'-F*-h_
o _ o
- - o
- - )
b - =
1
0.5 <cos( 6 ) <0.6 0.9 <cos( 6 )<1.0
3 3 3
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0 — o L = - - - " e ]
e oncmcr - - "= - I,
F 2 S S =
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Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

ISinp — prta- 1450 < E., < 1500 MeV

1 -1.0 < cos( By ) < -0.9 -0.9 < cos( B ) < -0.8 0.8 < cos( B ) <-0.7 -0.7 < cos( Oy ) < -0.6 -0.6 < cos( By ) < -0.5
F F F b
s o =
o] 0! e et
- - - h
1
-0.5 < cos( By ) < -0.4 -0.4 < cos( B ) <-0.3 0.3 < cos( B ) <-0.2
b Fame Fo™=a_
- - - b -
(o2 o ™ F R F e,
- o " - - R -
3 — | e | -
1
0,2.5 cos( O ) <03
L S F - F = = E - E -
— - - - - - - = - - -
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he - b - - he ™ - ]
F Co = [ e == | el 3 e |
1
0.5 <cos( 6 ) <0.6 0.6 < cos( 8 ) <0.7 0.7 < cos( O ) <0.8 0.8 < cos( 6 ) <0.9 0.9 <cos( 6 )<1.0
3 3 3 e E
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— et - - b - o oo
o, > - -
3 3 3 3 o’ E
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Photon Beam Asymmetries
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ISinp —» prta- 1500 < E., < 1550 MeV

1.0 < cos( B ) < -0.9 20.9 < cos( O ) < -0.8 0.8 < cos( B ) < 0.7 20.7 < cos( 6 ) < -0.6 20.6 < cos( B ) < -0.5
i Fe L s =
0 hoote, Soverveve ol T wem ==, b = [ ma F o= e o S S
o A B e L - == e SR -_—— .
3 b = Sea | e -
1
20.5 < cos( O ) < 0.4 “0.4 < cos( O ) < -0.3 0.3 < cos( By ) < 0.2 20.2 < cos( 6 ) < -0.1 20.1 < cos( O ) < 0.0

1
-0.0 < cos( Oy ) < 0.1 0.3 <cos( 6 )<0.4 0.4 <cos( 8- ) <05
-
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e
o o
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1
0.5 <cos( 6x)<0.6 0.6 < cos( B ) <0.7 0.7 <cos( B )<0.8 0.8 < cos( 6 ) <0.9 0.9 <cos( 6 )<1.0
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1100 < E, < 1150 MeV
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1150 < E, < 1200 MeV

C. Hanretty (FSU), CLAS g8b run group, to be published
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1250 < E, < 1300 MeV

Photon Beam Asymmetries

CLAS Double-Polarization Experiments
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Photon Beam Asymmetries

CLAS Double-Polarization Experiments

1650 < E, < 1700 MeV

3.14 <@ <-2.83

P

2.83 <@ <-2.51

2.51 <@ < -2.20

- -4

2.20 < - < -1.89

- - -

1.89 <@ <-1.57

—
- ]
' -

B t

-1.26 <@ < -0.94

3 I

-0.94 < - < -0.63

- -

-0.63 <@ <-0.32

-0.32 < g < -0.00

W TN

-0.00 < @r+ < 0.31

e

0.31 <@ <0.63

0.94 <@w <1.25

1.25 <@r < 1.57

1.57 <@ < 1.88

1.88 <@n <2.20

e

2.82 <@r <3.14

1

1.2 1.4 16 1.8

1.2 1.4 16 18

1.2 1.4 16 1.8

C. Hanretty (FSU), CLAS g8b run group, to be published

Cred Overview

12 14 16 1.8

AS Baryon Results

1.2 14 16 18 2

Mo



Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

The CLAS FroST (g9a) Experiment

 ARIZONA STATE
UNIVERSITY

V. Credé Overview on CLAS Baryon Results
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Double-Polarization Measurements: CLAS FroST

@ ~p — pn (Dugger, Morrison et al.)
Arizona State University

@ p — pw (Collins, Vernarsky et al.)
Catholic University, Carnegie Mellon

@ vp — nxt (E) (S. Strauch et al.)
University of South Carolina

@ p - nx' (G) (J. McAndrew et al.)
University of Edinburgh

® 7p — p7° (E) (H. lwamoto et al.)
George Washington University

@ 1p = prtr (P (S. Parketal)
Florida State University

@ vp — K'Y (S. Feganetal.)
University of Glasgow
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P,inyp—prta

Photon Beam Asymmetries
CLAS Double-Polarization Experiments

700 < E, < 800 MeV
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P,inyp — pata- 700 < E, < 800 MeV
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S. Park (FSU), CLAS g9a run group, Ph.D. dissertation
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P,inyp — pata- 800 < E, < 900 MeV
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inyp — prtr- 900 < E, < 1000 MeV
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0.0<cos(8;)<0.1 | 0.1<cos(6;)<0.2 0.2 < cos( 6, ) <0.3 0.3 <cos( 6,)<0.4 0.4 <cos( 6, )<0.5

0.5 <cos( 6, ) <0.6 0.6 < cos( 6, ) <0.7 0.7 < cos( 67 ) < 0.8 0.8 < cos( 8 ) < 0.9 0.9 < cos( 6, ) < 1.0

S. Park (FSU), CLAS g9a run group, Ph.D. dissertation
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P,inyp - pntn~ 1000 < E, < 1100 MeV

-1.0<cos(B;)<-09F -0.9<cos(B;)<-08F -08<cos(6;)<-07F -0.7<cos(6,)<-0.6F -0.6<cos(6,)<-0.5

0.1 < cos( B, ) < 0.0
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inyp — prfr- 1100 < E, < 1200 MeV
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P,inyp—prta

Photon Beam Asymmetries

CLAS Double-Polarization Experiments

1200 < E, < 1300 MeV

-1.0 < cos( B, ) < -0.9
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-
2437+ PV . < asaapaiereres.

-0.9 < cos( 6, ) <-0.8

-0.8 < cos( O, ) < -0.7

0.7 < cos( B, ) < -0.6

0.6 < cos( B, ) < -0.5

0.5 < cos( B ) < -0.4

-0.4 < cos( 6y ) <-0.3

-0.3 < cos( ;) <-0.2

 pcasasgasscseees T i O e

0.1 < cos( B, ) < 0.0

S. Park (FSU), CLAS g9a run group, Ph.D. dissertation
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inyp — prta- 1500 < E, < 1600 MeV
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inyp — prt7- 1500 < E, < 1600 MeV

1 -1.0<cos(B;)<-09F -0.9<cos(B;)<-08F -08<cos(6;)<-07F -0.7<cos(6,)<-0.6F -0.6<cos(6,)<-0.5
-~

0 Hezge: iy w-o-ﬂ'_._""-hnu.p ot _._ui

1

-0.5<cos(B;)<-04F -04<cos(Br)<-03F -03<cos(6r)<-02F -0.2<cos(6;)<-0.1F -0.1<cos(8;)<0.0

0.0<cos(8;)<0.1 | 0.1<cos(6;)<0.2 0.2 < cos( 6, ) <0.3 0.3 <cos( 6,)<0.4 0.4 <cos( 6, )<0.5
==

- =

2=

1
0.5 <cos( 6, ) <0.6 0.6 < cos( 6, ) <0.7 0.7 < cos( 6 ) <0.8 0.8 < cos( 6, ) < 0.9 0.9 < cos( 6, ) < 1.0
= g et
[OJE PSRRI A S S - FURON
et '
-
2 0 2 2 0 2 2 0 2 2 0 2 2 0 2

S. Park (FSU), CLAS g9a run group, Ph.D. dissertation

V. Cred Overview S Baryon Results



Photon Beam Asymmetries
Preliminary Results CLAS Double-Polarization Experiments

Helicity Difference in vyp — nx*

Y(p.m*)n - Selected Preliminary Results (1)

W =1.250 - 1.275 GeV W = 1.325 - 1.350 GeV W = 1.400 - 1.425 GeV
T T T T T T

—— SAID (SP09)
MAID (2007}
—— SAID (SM95)
® CLAS Preliminary

—— SAID (SP09)
MAID (2007)
SAID (SM95)
® CLAS Prefiminary

—— SAID (SP09)
- MAID (2007)
——- SAID (SM95)
CLAS Preliminary

| . _

L L L L L
-1.0 -05 0.0 05 1.0 -10 0.5 oo o5 10 -10 -0.5 o0 05 10

cos(e,™ cos(eS™ cos®, ™
W = 1.475 - 1.500 GeV W = 1.550 - 1.575 GeV W = 1.625 - 1.650 GeV
—— SAID (SP09) —— SAID (SP09) —— SAID (SP09)
Y MAID (2007) | i - -mAID 2007y | = ———-maDEoen
SAID (SM85) N ——- SAID (SM95) —— SAID (SM95)
® CLAS Preliminary \ ® CLAS Preliminary ® CLAS Preliminary
w o w
1.0 05 0.0 05 1.0 10 05 0.0 05 10 10 05 0.0 05 1.0
cos(e™ cose°™ cose ™

SPO9: M. Dugger, et al., Phys. Rev. C 79, 065206 (2009); SM95: R. A. Arndf, T. I. Strakovsky, R. L. Workman, Phys. Rev. € 53, 430 (1996);
MAID: D. Drechsel, S.S. Kamalow, L. Tiator Nucl. Phys. 4645, 145 (1999)

S. Strauch (University of South Carolina)
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Helicity Difference E inyp — nn™

Y(p.m*)n - Selected Preliminary Results (2)

W71700-1 725 GeV W71 775-1 BOOGGV W = 1.950 - 2.000 GeV
i e S
T i—-map@on | ] e ¥ T M T " ——-mapon ]
——= SAID (SM95) - SAID (SM95) —— SAID (SM95)
w o0 w w
-1.0 05 00 05 1.0 -1.0 05 0.0 05 10 10 -05 00 05 1.0
cos®™ cos®™ cos@™
W =1.850-1.875 GeV W =2.100 - 2.150 GeV W =2.200 - 2.250 GeV
— SAID (SPO9) —— SAID (SP09) — SAID (sP09)
I —.mab@on ] e Z— = =
—— SAID (SMI5) r— SAID (SMI5)
——— SAID (SM95) o,
e f ; e f , o f
w o w w V
Y s I\;I}H!
; , S ,
-1.0 05 00 05 1.0 -1.0 05 00 05 10 -10 -05 00 05 1.0
cos® ™ cos(@°™ cos©°™

SPO9: M. Dugger, et al., Phys. Rev. C 79, 065206 (2009): SM95: R. A. Arndt, L L Strakovsky, R. L. Workman, Phys. Rev. € 53, 430 (1996);
MAID: D. Drechsel, S.S. Kamalov, L. Tiator Nucl. Phys. A&45, 145 (1999)

S. Strauch (University of South Carolina)
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Helicity Difference E inyp — nn™

Y(p.m*)n - Selected Preliminary Results (2)

W = 1 700 - 1 725 Ge\/ W= 1 775 - 1 800 GGV W = 1.950 - 2.000 GeV
T

T T
— saD (spog; — saD (SPDE) —— SAID (SP09)

Prehmmary results for E from FROST

. @ About 700 data points covering a wide energy and angular range:
A @ —0.9<cosf,+ <0.9

9 1.25GeV < W < 2.25 GeV

@ Average uncertainty for E: +0.08 (stat.) and < 10 % (sys.)

@ W < 1.7 GeV: SAID solution describes main features of the
preliminary data remarkably well.

a— @ W > 1.7 GeV: Partial-wave analyses currently ambiguous; new
a0 data will provide additional constraints and stringent tests.

SPO9:
MAID: D. Drechsel, S.S. Kamalov, L. Tiator Nucl. Phys. A&45, 145 (1999)

S. Strauch (University of South Carolina)
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G Observable inyp — nz™

cos(6) =-1.0 to -0.6 cos(8) = -0.6 ta -0.2 cos(8) = -0.2 t6 0.2
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J. McAndrew (University of Edinburgh)
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G Observable inyp — nz™

: cos(8) = -1.0 to -0.6 cos(6) = -0.6 to -0.2 cos(@) = -0.2 to 0.2
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J. McAndrew (University of Edinburgh)
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Helicity Difference E in yp — p °
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Helicity Difference E in yp — p °

|| Helicity Asymmetry (2)
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Helicity Difference E in yp — p °

Helicity Asymmetry (3)
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