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Transverse Beam Spin Asymmetries

o Elastic scattering of transversely
polarized electrons from o 0 —0
unpolarized nucleons. Al =—

=22 <|ajsnlo+a)

e With transverse electron
polarization, A, can be extracted
from the azimuthal dependence of
the measured asymmetries.

« A, arsesfrom interference
of the one-photon and two-
photon exchange amplitudes

* A, comesfromthe
Imaginary part of the two
photon exchange amplitude.

e VanishesinBorn
approximation




Why Is Two-Photon Exchange Interesting?

¢ A, (fromimaginary part) is apossible source of systematic

packground to precision parity-violation experiments!
12 ———71—— 1+ .
n R T e — Measurements at various
0 %ﬂfﬂ: e 7] g kinematics by SAMPLE,
e Y- i Rosenbluth Data 1 A4, HAPPEX, E158
;&:0.6 — i —
" o4 - Polarization Transfer Data $o ° Rea_l part suggested as cause
02 (JLab) % of discrepancy betwe_en |
N Rosenbluth and polarization

0 1 2 ey ; ; transfer elastic form factor
J. Arrington, Phys. Rev. C 68, 034325 (2003) data

® Both rea and imaginary parts provide information on the treatment
of hadronic intermediate states in box diagrams (as are found in
some terms of radiative corrections).



The G Forward-Angle Measurement

GO Experiment

o Experiment measures asymmetries of the
order of afew ppm from parity-violating e-p

elastic scattering — longitudinally polarized
electrons from an unpolarized LH, target.

e Full rangeof Q2 (0.12—-1.0 (GeV/c)?)
obtained in one energy setting (3 GeV).

FP Detectors

e Azimuthally-symmetric spectrometer
focuses recoil protons by Q? into
segmented focal plane scintillation
detectors

» Time-of-flight separates protons from
Collimators pions; custom electronics count scattered
particles

— forward angle run completed

D.S. Armstrong et al, PRL 95, 092001 (2005) — backward anglerun in progress

electron

Target



Transversely-Polarized Electron Beam

Electron beam polarized in the
plane of the accelerator P __.=P, cos(Ny., + 0)

~. 100
Wien filter used to tunethe spinfor £ |
longitudinal or transverse spin in
the Hall C.

P, =74.56 +/ 0.45

Beam properties setup same as the P, 274554104
primary parity-violation L' Transverse Polarization
experiment; beam quality S R —

. . ) -100 -75 -50 256 0 25 50 75 100
comparable to longitudinal running. e (deg)
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P . S S

Hall C Mgdller polarimeter unable to directly measure transverse
beam polarization, so polarization determined indirectly.

Transverse polarization: 74.32+1.02 %



Transverse Analysis Overview

Raw ToF Yields

Correct for deadtime ~=———————p f,, =10-15%
Blind asymmetries

Correct for 499 MHz leakage beam = AA=+1.3+0.41ppm
Check for false asymmetries from > AA<0.12 pom
helicity-correlated beam properties +4 PP
Correct for the background and its . ity = D= 210 B
asymmetry AA,_, =0.2-6.0 ppm

Correct for beam polarization — P =0.7432+0.0102
Unblind Asymmetries

Fit corrected asymmetries for the ¢ dependence and extract AL




Transverse Data Set

| Fr Oct 2 Det 1-8 |

e Took about 30 hours of data.

* The ToF spectrafrom the first
12 detectors were summed into
two spectra: 1-8, 9-12. - Background

= Events
* These two groups correspond
to the following Q2 and &,
Val ueS: ° > 10 19 20 Tirise-of-Flighf{;ns}
Detectors O (O ) Q2 (GeV/c)?
1-8 20.22° 18° - 23° 0.15+ 0.02

9-12 25.91° 24° -29° 0.25+0.03

25

Elastic
Events

Yield (kHz/pA/0.25 ns)
)
|

—
&
[TTTT

« Applied corrections (deadtime, etc.) before summing detectors.
» Defined one elastic cut and four cuts for background events.



Beam Leakage Correction

 The sinusoidal fitsto the asymmetry data showed a global
vertical offset (about - 1.5 ppm over all).

« The beam |leakage correction took care of it.

E aF ¢ = 0.494 + 0.263, A, = -1.227+ 0.387 E el $ = 0.494 + 0.263, A, = -0.341: 0.387
§ 1 A,= -2.068[+0.552,y; =0.614 £ A,= -2.069+0.552, ;> =.605
E T £ F
& o z 1
<4 <« [
A oF
2 1
3f 2p
4f 3
sC 4F
Octant Octant
No beam |eakage correction Beam |leakage correction

( Asymmetries are blinded )



Background Correction

How do we determine A, ,?

 Dilution factors found by fitting
the elastic peak with a Gaussian
and the background yield with a
4™h-order polynomial.

[ FrOct8Det18

n
[3,]
T | T

Elastic peak

Yield (kHz/pA/0.25 ns)
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e Asymmetries were fitted with a

NA Oct 7 Det 1-8 |

linear background and a constant

elastic asymmetry. E
— Asymmetries vary smoothly across =
elastic peak. 2
S
f — Yelas ?
S
Yelas T kag

An = fsA\eIas T (1_ fs)Abkg

- 6.694 + 3.060 2 = 0.396
15
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(asymmetries are blinded)




Systematic Errors

Source Uncertainty
Helicity-correlated beam parameters < 0.12 ppm
L eakage beam 0.41 ppm
Beam polarization 1.4%
Longitudinal polarization 0.002, 0.021 ppm
Background Correction 0.4—-0.7 ppm, 0.8 — 3.9 ppm
Deadtime 0.05 ppm

For example:
Octant 1, Detectors 1-8:  Ayas = —4.55+2.00, £0.79,, ppm



Asymmetry (ppm)
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Transverse Beam Spin Asymmetry Results

Q?=0.15(GeV/c)?
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A,= -4.042+1.052, % =0.602 %
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Aen, ppm

Comparison to Theory

A =-4.04+£1.05 ppm,
Q° =0.15+0.02 (GeV/c)?,
6., = 20.22°

Ah =-4.81+2.03 ppm,
Q? =0.25+ 0.03(GeV/c)?,

- Beam Energy = 3 GeV
10 ' | ' | ' | ' | ' Oy = 25.91°

0 0.1 0.2 0.3 0.4 0.5
2 2
Q, GeV

—— M. Gorchtein, Phys.Rev.C73, 035213 (2006)
—— A Afanasev & N. Merenkov, Phys.Lett.B599:48 (2004), hep-ph/0407167 v2



GP Backward-Angle Transverse Data

e'T+p—>e'+p

I e —— O
: & ok 200
e Transverse beam spin s 0 i
asymmetry datais being 5 o

takenonboth LH,and LD, = %} r-e3cey ™8/ [i1E=0asGey >
0 _ 0 50 100 150 0 50 100 150
as part of the G°backward e
angle measurement to g
& 30 F

constrain systematic errors.

40 |
° HCM - 1300 :ggiEﬁn;smGey |
o0 w0 e Yo s w0 150
O, (deg) 0, m (deg)
2 , Accumulated .
Beam Energy <Q >(GeV/c) Charge Statistical Error
0.362 GeV 0.23 3.59 C ~ 5.6 ppm
0.687 GeV 0.62 2.69C ~ 15 ppm

B. Pasquini & M. Vanderhaeghen, Phys. Rev. C70, 045206 (2004); Data from A4 collaboration



GY Backward-Angle Transverse Data

[ in (BLUE) and Out (RED) |

Transverse Asymmetry (ppm)
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Backward-Angle Transverse Lumi Data

Transversedata Transverse Lumi Data

taken with lumis

shows lovely
sinusoidal trend

Longitudinal data
In this data set does -

too! (But much
smaller — note
scales)

Givesadouble

check and a better

Longitudinal Lumi Data

E
(=}
S
E
)
-

understanding of

spin direction and

transverse
corrections.
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Conclusions

 \We have made measurements of the transverse beam
asymmetry for elastic e-p scattering at a beam energy of 3 GeV:

An (PPM) Q* (GeVicy?  beu
- 4.04+1.05 015+0.02  20.22°
- 4.81+2.03 025+0.03  2591°

« Backward-angle data have been taken, at beam energies of
about 362 and 687 MeV, with analysis underway and more to
COMe.
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Measurements of A_ by Parity-Violation Experiments

Parity-violation experiments measure these asymmetries to assess
possible systematic error contributions

+ Published Results (on hydrogen targets):

Beam Energy &, A, (ppm)
SAMPLE 200 MeV 142° -16.4+5.9
A4t 569 MeV 56° - 859+ 1.16

A4t 855 MeV 56° —852+247
*S.P. Wells et al., Phys. Rev. C 63 (2001) 064001; TF.E. Maas et al., PRL 94 (2005) 082001

+¢» To come In the near future:

« HAPPEX at JLab -3 GeV, forward angles, on H and “He
« A4 at Mainz- 315 MeV, backward angles, on H
e GO0 at J_ab — backward angles, currently running



Comparison to Theory

Normal beam asymmetry for elastic ep-scattering
Unitarity-based model predictions
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A =-4.04+£1.05 ppm,
Q° =0.15+0.02 (GeV/c)?,
6., = 20.22°

A =-4.81+2.03 ppm,

Q? =0.25+ 0.03(GeV/c)?,
6, =25.91°

Figure courtesy of A. Afanasev

A. Afanasev & N. Merenkov, Phys.Lett.B599:48 (2004), hep-ph/0407167 v2
B. Pasquini & M. Vanderhaeghen, Phys. Rev. C70, 045206 (2004)



GY Backward-Angle Transverse Data

« Dataanalysis for these Beam  (Q°) Accumulated Statistical
data underway Energy (GeV/c)? Charge Error

e Datablinded in both plots 0.362 GeV ~ 0.23 3.59C ~ 5-6 ppm

¢ 6., ~130° 0.687 GeV  0.62 2.69C ~ 15 ppm

e Time permitting, more dataon LD, at 362 and 687 MeV, more statistics
on LH,.

In (BLUE) and Out (RED)| 362 MeV I (BLUE) and Out (RED)| 687 MeV
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Transverse Analysis Overview

Blinding Factor

Raw Asymmetries, A .«

Beam and instrumental corrections:
Deadtime
Helicity-correlated beam properties
L eakage beam
Beam polarization

E Background correction
_> Aphys

l

Extract A,




