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Studying the Excited States of the Nucleon
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Figure from: B. Krusche and S. Schadmand, Prog. Nucl. Phys. 51, 399 (2003)



Extraction of Resonance Parameters

® Measurements of eight observables
needed to unambiguous[y determine Meson Production Data

the four amplitudes of single meson
photoproduction:

— differential cross section: do/dQ

Dynamical Reaction Amplitude

. . . Th A I .
—single polarization observables: eory nalysis

plle \

—double polarization observables

N* Parameters

e CLAS experiments with T
— Polarized beam Hadron Models, Lattice QCD
— polarized target (FROST, HD-Ice) T
— baryon recoil polarization (weak QCD

decay of hyperons)

Excited Baryon Analysis Center at JLab; http://ebac-theory.jlab.org/



The CEBAF Large Acceptance Spectrometer

CLAS

Photon tagger (20%-95% of Ep)

B. Mecking, et al., Nucl. Instrum. Methods Phys. Res. A 503, 513 (2003).

® Large acceptance spectrometer
® Polarized tagged photon beam
® Polarized target (FROST, HD-Ice)



Pion Photoproduction: Observable E

® Circularly polarized beam / longitudinally polarized target

do do
B )-(%), 0-mre

beam target

spin spin

® Estimator for E NT - . ~
E = L N =N N : &— —p

hP,P,N"+N-

® Data N* from butanol target , n \
® Bound-nucleon background is )‘( O.rn
14

accounted for by the dilution
factor h ”

1.S. Barker, A. Donnachie, and J.K. Storrow, Nucl. Phys. B75, 347 (1975)
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e Circularly polarized photons

— Tagged photon beam
— E. = 1.65 GeV, 2.48 GeV

— Electron beam polarization:
P. =~ 85%

— Avg. beam charge asy.
ON/N < 0.1%
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e Longitudinally polarized target
— Frozen Spin Butanol (CsHsOH)

- Pz =

with polarized free protons
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— Target depolarization:

T = 100 days



Stability of Beam/Target Polarization
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® Per-run sign of

P-Ps is understood

® Asymmetry of

butanol data
stepwise constant

Target de- and
re-polarizations
under control

Systematic
uncertainty of
U(pzpe) ~ 5%.
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Particle ID and Coincidence

® Particle identification through
time-of-flight measurement

® Tagger - CLAS coincidence

= f (Tag ) - 7l.vem‘ex (CLAS)

coinc vertex

® Event selection

‘Afﬂ‘ <l1lns
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Frozen Spin Butanol (C4sHsOH)
with polarized free protons

Carbon target to determine
bound nucleon background

Polyethylene farget for
systematic studies

Events from butanol in the
carbon-target region at
extreme forward angles are
taken into account in the
dilution-factor calculation.



Y(p,m*)X - Missing-Mass Distribution

o e e Identification of reaction

W = 1.650 - 1.675 GeV channel:

Mx & MN

Butanol

Carbon (scaled)

® Butanol target: m* production

L
€ 5ot _ off free and bound nucleons
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O ® Background from reactions off
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® Quenching of the asymmetry
signal

N
= 2 A= hA
total
N N 12
— h — free — 1_ C
N total N total

® For the butanol target
(C4H9OH) the simple estimate is
h =~ 10/74 =~ 0.14

® h = 0.5 after event selections
® Figure of merit

® Dilution factor channel
dependent



Y(p,m*)n - Selected Preliminary Results
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Y(p,m*)n - Selecfed Preliminary Resul'rs (1)
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Y(p,m*)n - Selected Preliminary Resul’rs (2)
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Y(p,m*)n - Polarization Observable E

CLAS Preliminary SAID SPO9 Solution
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® W < 1.7 GeV: SAID solution describes main features of the preliminary
data remarkably well.

® W > 1.7 GeV: Partial-wave analyses currently ambiguous; new data will
provide additional constraints and stringent fests.

SP09: M. Dugger, et al., Phys. Rev. C 79, 065206 (2009)



Summary

® CLAS Frozen-Spin-Target (FROST) Program N
Yp—>T n

® Preliminary results for double-polarization
observable E in * photoproduction

® About 700 data points covering a wide energy and angular range

-0.9 < cos(0Oqcm) < +0.9
1.25 GeV < W < 2.25 GeV

Average uncertainty for E: +0.08 (statistical) and < 10% (systematics)

® The data will greatly constrain partial-wave analyses and reduce model-
dependent uncertainties in the exfraction of nucleon resonance properties,
providing a new benchmark for comparisons with QCD-inspired models.



