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Physics Motivation

 Recent advances in Lattice QCD
calculations are closer to
predicting nucleon excited states

 Calculations still not performed at
realistic quark masses

 Most predictions of nucleon excited
states still rely on phenomenological
models

Consituent

* These models predict resonances Quark Model
not yet observed
_ 5 i Di-Quark
e Many properties of “known Model
resonances remain poorly established
Quark and
Flux-Tube
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Polarisation Observables

Photon Target Recoil Target + Recoil

unpolarized
linear pol.

circular pol.

d{T diﬂT = PR - R
— = ——{(1 — prX¥icos(2¢) + px [—prH sin(2¢) + po F]
di} At

—py [T + pr cos(20)] — pz |[—PrG sin(2¢) + poE|}
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Polarisation Observables

Photon Target Recoil Target + Recoil

unpolarized
linear pol.

circular pol.

do

10 0 L px [—prH sin(20) + po F]
ds S Lunpol

—py [T + prcos(20)] pz [—PrG sin(2¢)
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Previous Measurements of the G
Observable

* First measurement of G from from 600-1875 MeV for the n1t*
channel by Bussey et al., Nucl. Phys. B169 (1980) 403-414

» Two data points for n1t" channel at 350 MeV measured by Belyaev
et al., Sov.d. Nucl. Phys. 40 83-86 (1984)

 Six data points measured by Ahrens et al. (2005) for the n1t”
channel and three for the pmt® channel at 340 +/- 10 MeV

channel

ar channel
(E = 340-350 MeV)

(E = 340-350 MeV)

Current data-set for the G J. Ahrens et al, Eur. Phys. J. A 26 135-
5122 Observable (low energies) 140 (2005)
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Torus magnet
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Summary of Experimental
Setup for g9a

e Experiment performed from October 2007 —
February 2008 in Hall B at JLab.

» Used lineary and circularly polarised photon beams
In the energy range 730-2300 MeV.

* Beam polarisation up to ~80%.
* First experiment with the frozen spin target, FROST.
» Longitudinal target polarisation ~80% to ~90%.

* The G observable requires a linearly polarised
photon beam and longitudinally polarised target.
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Analysis Procedure
* Reaction studied: y(p,n)1t’

* Analyse data for polarised butanol and unpolarised
carbon and CH_ targets in the beamline:

Vertex cuts based on
actual target geometry

z-position of vertex

e Channel ID; select t" events and reconstruct
missing mass of the neutron.



Identifying 1t Events

» Make rough mass cut on 11" mass squared (0-0.4 GeV):

p vs. Momentum for m+ events
after initial mass cut

B vs. Momentum for

n+ and proton events
after data reduction

1.5 2 2.5 3 . 5 25 3
Momentum (GeV) Momentum (GeV)

Time difference
between photon
and m+ events
at the reaction
vertex
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Identifying 1" events, continued...

 Correct for 11" energy loss after photon energy and
timing cuts.

* Make better 1" mass cut using AB technique:

AR vs. Momentum
for n+
r ' events events

before cut X H after cut

B vs. Momentum for i+ events
after the delta beta cut

-0.05! : A
g 02 04 0% 08 1 12 14 0 02 04 06 08 1 1.2 14 16 1.8

Momentum (GeV) Momentum (GeV)

04 06 08 1 1.2 14
Momentum (GeV)
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Reconstruction of Missing Mass
WETH G EEY),

» Use missing mass technique:

v+p -1t + X

Reconstructed mass
of the neutron

2pi production

neutron peak
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Neutron Mass Cut

- Butanol is C,H OH, so use carbon target data to assess
carbon and oxygen background:

% 3
; SUbtraCt C Butanol missing mass
) 4 . . histogram, carbon
Butanol Target " m|SS|ng maSS background subtracted

o Carbon Target
Gaussian fit to

obtain width and
centroid of peak

Recons tructed

e orhe R (To make
‘ & neutron mass
o2 L= I 5 o6 V_ | 1 ) T .- C ut O n Iy)

0 0.2 04 0.6 0.8

e Can also fit to the missing
mass peak in carbon to assess

carbon background in butanol:
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Asymmetry Production

 Plot t" azimuthal distribution for each of three beam settings:

50

40

30
20
10

I I 0
150 100 -50 0 50 100 150 150 100 -50 0 50 100 150 -150 <100  -50 0 50 100 150
phi (degrees ) phi (degrees ) phi (degrees)

PARA beam setting PERP beam setting  Unpolarised beam setting

e Use these histograms to produce an asymmetry for each
target setting:
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G Observable Extraction

* Create an asymmetry and fit a function to obtain G:

do do

dQ ~ dQyo

R ELTL G

(1 — prZcos(2¢) — pz [—PrGsin(2¢)]}

Entries 798
%2 I ndf 4335733
Prob 0.1073
po 0.03276 + 0.01986
p1 0.5077 =+ 0.0264
p3 -0.06743 + 0.02930

-150 -100 -50

phi

Asymmetry -ve polarised target Asymmetry +ve polarised target
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G Observable Extraction

* Create an asymmetry and fit a function to obtain G:

f(#) L = PO+ Plcos(2(¢p — P2)) + ‘z n(2(¢o — P2))

PRELIMINARY!

-150 -100 - 0 100 150 -150 -100 -50 0 50 100 150
phi phi

Asymmetry -ve polarised target Asymmetry +ve polarised target
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Calculating the Dilution Factor f

 This takes into account the ratio of unpolarisable to
polarisable protons in butanol:

PRELIMINARY!  [BIL{VilelaMt-TeileI{e]¥]glo
eramol targey neutron mass to be between 0.5
10 -Function describing carbon and 074 (dependent
S on photon energy
o R T . and polar angle, 6)

and with ~5%-10%
error.

mass /GeV
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Cross-Checking Results:
G Observable

 First step Is to check that asymmetries obtained from both
target settings (polarised parallel or anti-parallel to the
beam direction) are the same:

G Asymmetry for all angles

m Negative Target Setting

m Positive Target Setting

1.6
CMS Energy (GeV)
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Cross-Checking Results:
2 Observable

* From fits to butanol asymmetries can also extract 2.

do F{ S (9
L1 — prlicos(29)

749 B df unpol

« Compare values of 2 obtained for both targets and
for both target settings
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Cross-Checking Results:
2 Observable

» Consistent values of 2 obtained for both targets and
for both target settings:

Sigma asymmetry, extracted from
butanol and CH2 data

PRELIMINARY!

—_— — ' |

mCH2 data, negative (butanol) target setting

m CH2 data, positive (butanol) target setting

m Butanol Data, positive target setting

1.6
CMS Energy (GeV)
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Preliminary Results for G

cos(@) = -1.0 to -0.6

PRELIMINARY!

++¢T*++ 2 HL i

1 ‘ L 1
2000
CMS Energy (MeV)

cos(0) = 0.2 to 0.6

PRELIMINAI

RY!

cos(B) = -0.6 to -0.2

PRELIMINARY!

; Tl
_ 3— +++$ +++¢+ﬂ+++++#+++?+

R U N
1500 2000
CMS Energy (MeV)

cos(0) = 0.6 to 1.0

PRELIMINARY!

C“MS Energy (MeV)

cos(0) = -0.2 to 0.2

PRELIMINARY!

ﬁ++j i, # W %

P I
2000
CMS Energy (MeV)

e g9a data in the
energy range
730 — 2300 MeV
for fixed angular
bins

e Plots shown for
nTt" channel




Comments about Results

 Preliminary values of G have been extracted for
the y(p,n)Tt" channel in the energy range
730-2300 MeV.

 Most comprehensive measurement of G in the
7/30-2300 MeV energy region to date.

« Some refinement of particle ID cuts and
calculation of dilution factor required.
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Calculation of Flux Ratio

 Normalise PARA and PERP ¢-distributions by
dividing through by AMO distribution

e Fit to calculate flux relative to AMO for PARA and PERP data
e Obtain flux ratio for PARA and PERP data sets

N(o)y L = A(d)F 1 (1 £pyiXcos(2(¢p — dg)) £ pyp.Gsin(2(0 — ¢g)))
I | Py 2\ Po)) T P||Ll _.

N(®)anmo = A(Q)Fano

PARA phi distribution for the CMS | =t Pl PERP phi distribution for the CMS [ &ntries
Energy Range 1.4 to 1.42 GeV | gy 100.8 Energy Range 1.4 to 1.42 GeV
L 130.5

04817 = 0.0342
0.02646 = 1.41306
-0.1554 = 0.0465
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Calculation of Flux Ratio

 Normalise PARA and PERP ¢-distributions by
dividing through by AMO distribution

e Fit to calculate flux relative to AMO for PARA and PERP data
e Obtain flux ratio for PARA and PERP data sets

PARA phi distribution for the CMS | =t Pl PERP phi distribution for the CMS [ &ntries
Energy Range 1.4 to 1.42 GeV | gy 100.8 Energy Range 1.4 to 1.42 GeV
L 130.5

04817 = 0.0342
0.02646 = 1.41306

p2
Flu ratio, F IF p3 0.1554 = 0.0469

PARA  AMO ‘}>
&
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Calculation of ¢_Offset

- Aim to assess offset of PARA and PERP beam settings

- Extract parameter from fit to normalised 1" azimuthal
distributions (data from unpolarised CH ) target

N(d) L = A(o) Fip(1+p X cos(2(¢d — ¢g)))




Calculation of ¢_Offset

- Aim to assess offset of PARA and PERP beam settings

- Extract parameter from fit to normalised 1" azimuthal
distributions (data from unpolarised CH ) target

f(é)L = PO(1 £ Plcos(2(¢ — P2)))




Calculating the scale factor

x10

* DIVIde bUtanO| mISSIng 16 Mlissil}g rr;)ass |
plots for butano
mass plot by carbon (black) and

missing mass plot

- Fit to the flat region to the
eft of the missing mass
peaks

0 02 04 06 08 1 12 1.4 0 02 04 06 08 1 12 1.4
mass /GeV mass /GeV
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