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Nucleon excitation spectrum

Little known - predictions primarily from the Lattice and
phenomenological models (eg: constituent quark-models, di-quark model...)

Many more
resonances predicted i,
by some models than 70,1-) Sr (1620) | s (70,17)
observed o Digg (1700) | ## (70,17)
issi 56,2F,
Missing E;,,;}:[__ﬁ;
resonances

Not present in nature
or just not yet observed?

Insufficient experimental
observables measured to
resolve ambiguities.
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Meson Photoproduction

Real photons - well understood EM interaction, giving access to EM
properties of resonances.

Meson photoproduction - for pseudo-scalar mesons:

4 invariant complex reaction amplitudes
16 single and double polarisation observables

Partial Wave Analysis (PWA) fits used to extract resonance
parameters (eg: angular momentum, parity).

Require measurements of cross-section and 7 additional, carefully
chosen polarisation observables to remove ambiguities.

W.-T. Chiang and F. Tabakin, Phys. Rev. C 55, 2054 (1997).

Different polarisation observables are extracted through different
combinations of polarised beams and targets and measurements of
recoil polarisation.
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Polarisation Observables

Usual Helicity
symbol representation
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TRe(StS, — ND*)
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2Im(S; D* + SyN*)

—2Im(S2D* + SIN*)

, —2Im(S,S,* + ND*)
Cydafdt —2Re(S;N* +S1D*)

C,dofdt 1S21%—18:12 = |Ni%+ D2
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Transversity
representation
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Experiment
required &

{e; =
{e; -2
{—xx'}
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{~;z;x'}
{—z;2'}

Complete
measurement
requires cross-
section, 2, T, P and
four double-
polarisation
observables!

a) Notation: {P,;P; P}
Py Beam polarisation

L(@) Linear polarisation at

angle 6 to scattering plane

C Circular polarisation

P, Direction of target

polarisation

P, Component of recoil

polarisation
measurement

I. Barker, A. Donnachie, J. Storrow,
Nucl. Phys. B 95, 347 (1975)
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Measuring polarisation observables
eg: beam asymmetry, X

do

{1-Pl"Ycos 2¢

Pf faq %(m)unpol

W: 1.740 - 1.750 GeV, Cos Theta: 0.20 - 0.25, CM 2 I ndf 8.798 /15
) p0 -0.04632 + 0.01703
PARA events 1846 p1 -0.6637 + 0.0230
N7 =N 0 (1 — P> cos 2{0) _ ;’;‘;" events ;gig p2 -0.09302 + 1.08721
N, =N,(1+PXcos2¢)
N.—N,
>Pcos 2@ =
| I\I
1 ‘j J_
Removes
detector

systematics
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N* programme

EM interaction does not conserve isospin — multipole
amplitudes contain isoscalar and isovector contributions of EM
current.

Both proton and neutron targets are therefore required to
study different isospin couplings.

Different meson production channels are sensitive to different
resonances.

® 7y +p total

CLAS N* programme is on track t
for a range of meson channels, wit
and neutron, using both polarisec
and photon beams.

E(GeV)
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The Jefferson Laboratory
CLAS:

Multi-layer onion of detectors for
charged and neutral particles.

Very large angular coverage:
Near full coverage in azimuthal angle
and from 8° to 140° in scattering angle.

1.4 km racetrack electron beam
accelerator with two LinAc sections.

Operating at up to 6 GeV.
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The Photon Beam

=
S
=
&
=
5
S
a

Photon Energy {MeV)

Linear photon polarisation (up to > 90%b): unpolarised electrons
through highly ordered crystalline radiator, typically 20 — 50 ym diamond.

Crystal orientation chosen to produce a “coherent” peak of polarised
photons at the required energy.
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Recoil polarisation

Currently unable to measure recoil nucleon polarisation, although
possibility is a recoil polarimeter similar to that used W|th the Crystal
Ball at MAMI, Mainz (Dan Watts, Edinburgh). w

Hyperons are “self-analysing” - polarisation
can be determined through the angular
distributions of their weak decay products:
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Unpolarised target experiments

Two recent experiments:

Linearly polarised photons in range 0.9 — 2.1 GeV on
LH, target. Measurements on the proton of:

beam asymmetry from ° yp— n™n, 7% (see M. Dugger’s talk)
YP—MP
YP—N'p

beam-recoil double polarisation observables from
yp—KY (K*A, K*20, KOT+)

Complements earlier G1 experiment with circularly polarised photons

Linearly (1.1 - 2.3 GeV) and circularly (0.4 - 2.5 GeV)
polarised photons on LD, target. Complementary measurements
on the neutron.
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G8b preliminary photon asymmetry results - K*A
(Craig Paterson, Glasgow)

= Compared with previous results from GRAAL (red)
« 7 energy bins 50 MeV wide
= Range 1175 — 1475 MeV
« Good agreement with previous results

Photon Asymmetry 1.225GeV yp -> K'A Photon Asymmetry 1.275GeV yp -> K'A

08 1
cos(6)Kem

0.8 1

cos(6)Kem

Photon Asymmetry 1.375GeV yp -> K'A Photon Asmm'

w1 b

0.8
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cos(6)Kem cos(6)Kem

cos(6)Kem
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G8b preliminary photon asymmetry results - K*A
(Craig Paterson, Glasgow)

« Compared with previous results from LEPS (rec)
= 6 energy bins 100 MeV wide Increase the angular
= Range 1550 — 2050 MeV coverage to backward angles

LEPS also recently have some consistent, new
points at backward angles.
Hicks et al., PRC 76, 042201(R) (2007).

= More bins for our data

Photon Asymmetry 1.55GeV yp -> K'A Photon Asymmetry 1.65GeV yp > K'A Photon Asymmetry 1.75GeV yp -> K'A

'1-1 0.8 -06 -04 -0.2 1] 0.2 0.4 0.6 0.8 1

cos(6)Kem

1708 06 -04 w02 0 02 04 06 08 1
cos(6)Kem
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G8b preliminary recoil polarisation results - KA
(Craig Paterson, Glasgow)

1175MeV 1225MeV 1275MeV
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P obtained from acceptance-corrected
proton distribution

B CLAS g8b
B GRAAL
o557 B CLAS J.W.C. McNabb, et al. (CLAS) Phys. Rev. C 69, 042201(R) (2004)

o] .
Cos(8)Kcm
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G8b preliminary O, results - KA
(Craig Paterson, Glasgow)

Comparison with
Regge-plus-
Resonance model
from Gent group

Large Polarizations

Some evidence for
an important role for
missing D,,(1900)
state

Poor agreement at
low energy
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photon asymmetry X ratio (free / quasi-free p)

G13: How free is the nucleon?
(Russell Johnstone, Glasgow)

Compare photon asymmetry of free and bound proton:
vp (n) — K*A® (n) (G13 data) with yp — K*A? (G8 data)

[13Gev]
“l “l b

—g— * 1.3-1.5GeV * 1.5- 1.7 GeV Indicates that

1.1 - 1.3 GeV _ _ quasi-free
i £ e | T neutron is a
d 5 ‘ good

o 1 approximation to

a free neutron
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G13 preliminary beam asymmetry results - K%

Photon Asymmetry 1.3GeV yn -> K%
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G13 preliminary beam asymmetry results — K°A®°
(Neil Hassal, Glasgow)

Photon Asymmetry 1.3GeV vn -> K°A
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G13 preliminary K*0 and £-(1385) identification
(Paul Mattione, Rice)

Cut on overlap between invariant masses of K*0 and X-

100
L]
a0
T
&0
50
40
3
20
1
L]

1.7 1.
Invarlant Mass (GeVic®}

After cut:
yn — K*O A ~5000 events
yn — K" X*~ ~35000 events
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G13 preliminary beam asymmetry results — pn
(Daria Sokhan)

Cos6: -0.8 - -0.7 Cos6: -0.7 - -0.6 Cos6: -0.6 - -0.5
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® Previous data (Alspector, PRL 28, 1403 (‘72), Abrahamian,SJNP 32, 69 (‘80), Adamyan, JPG 15, 1797 (‘89)).
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G13 preliminary beam asymmetry results — pn
(Daria Sokhan)
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® Previous data (Alspector, PRL 28, 1403 (‘72), Abrahamian,SJNP 32, 69 (‘80), Adamyan, JPG 15, 1797 (‘89)).
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FroST — target for polarised protons

Beam: circularly and linearly polarised photons at 0.5 - 2.4 GeV.

Target: polarised butanol (C,H . OH)

Measurements of single and double polarisation observables from:
Yp—7p, TN
Yp—TP
YP—Np
vp—KY (K*A, K*X0, KOT*)

G9a: Nov 2007 - Feb 2008
target polarisation

G9b: Mar - July 2010
target polarisation

Trigger of at least one charged particle in CLAS
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FROST

Butanol target polarised via Dynamic Nuclear Polarisation (DNP)

Polarisation maintained during experiment by 0.5 T

superconducting holding coils — providing either a | @‘————h”' ' -

longitudinal or a transverse magnetic field.

Custom built dilution refrigerator maintains v. low
temperature for long polarisation relaxation time.

NG
S

Racetrack coils for
transverse polarization

Hall B

i
—
Polarizing Magnet Frozen Spin Target

FROST Heat shield and holding coil Gasics o
asGas nA
stil]

T at operation < 30 mK | = NN
Polarisation > 90%

Relaxation time up to
4000 hours

a 0.56T holding field at 22.3 Amps.

2 meters
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FroST: helicity asymmetry Einyp > " n
(Steffen Strauch, USC)
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HDice - polarised neutrons

Designed to run both with

photon and electron beams
HDice

Under construction! - i __ Transfer
‘ 5 ——" Cryostat

~ HDice In-Beam Cryostat

Design team: Sandorfi, Kageya, Lowry, Wei, Deur.

HDice IBC-CLAS lo
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In short...

Exciting experimental N* programme of meson photoproduction
underway at CLAS

Transversely and longitudinally polarised targets
Experiments on both proton and neutron

HDice experiment expected to complete the set of polarisation
measurements on a number of channels.

Approaching a model-independent analysis of meson photoproduction
data, which promises much greater insight into the nucleon resonance
spectrum.

Watch this space!
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Thank you!
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