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Beam Normal Single Spin Asymmetry

Beam Normal Single Spin Asymmetries (BNSSA) are

generated when transversely polarized electrons K

(polarized perpendicular to their direction of motion) 0 /0
: o

scatter from unpolarized targets. . . - e

Measured asymmetry

of- oy —> ,
A(®) = oA oy =~ ANPTA = AgPrsin(4 - ¢o) X i
T
—> > <
A kxkK = L : ®
where n = ——— , Pt is transverse polarization and Ay is K %
[kx K| BNSSA e
g
Ay Is parity conserving and has a small azimuthal dependence. ¢ > X
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Beam Normal Single Spin Asymmetry

e e
A = 2T, x Im Ty, P v o
N |T1y| Y
T,, —amplitude for 1- photon exchange Y
T,, — amplitude for 2- photon exchange © p e o

one photon exchange two photon exchange

« A, is proportional to two-photon exchange.

* Provides access to the imaginary part of the two-photon exchange amplitude.

» As part of a program of A background studies, we made the first measurement
of Ay in the N-to-A transition using the Q-weak apparatus.
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Q-weak Apparatus & Transverse Measurement

Epeam = 1.195 GeV - = low-current tracking mode (production current x 10-) Quartz
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Q-weak Apparatus & Transverse Measurement

Epeor = 1.155 GeV
<Q? ~ 0.025 (GeV/c)?
<0>~7.9°%3°

¢ coverage ~ 49% of 2m
Current = 180 pA
Polarization = 89%
Target = 34.4 cm LH,
Cryopower = 2.5 kW
Luminosity 2x103%s-1cm-2

:\5
NS Y

¢ => (octant #-1)x45°
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= low-current tracking mode (production current x 10) p

Blue |= production (“integrating”) mode

Toroidal magnet
spectrometer

<Horizonta| drifD
chambers
beam /V

T )\ |

Collimators

Fit regressed main detector asymmetries

in the 8 octants using a fit.

Ay, = magnitude of Ay
¢, = phase offset of ¢
C =A,, + background
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Q-weak Apparatus & Transverse Measurement
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= low-current tracking mode (production current x 10) p
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Fit regressed main detector asymmetries

in the 8 octants using a fit.

Ay, = magnitude of Ay
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1.155 GeV Transverse Data Set
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1.155 GeV Transverse Data Set

Data on 3 types of targets

« Liquid Hydrogen (primary
target)

Aluminum (to constrain
target window
background)

Carbon ( to help
understand elastic and
inelastic BNSSA from

nuclei)

Two polarization
configurations needed to
check the symmetry of the
main detector system.

« \Vertical transverse
polarization

Horizontal transverse
polarization
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1.155 GeV Transverse Data Set

Data on 3 types of targets N o 8 o <r,::>i
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As part of a program of A background studies, we made the first measurement of A in the
N-to-A transition
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1.155 GeV Transverse Data Set

Data on 3 types of targets

« Liquid Hydrogen (primary
target)

* Aluminum (to constrain
target window
background)
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As part of a program of A background studies, we made the first measurement of A in the
N-to-A transition

This talk will focus on hydrogen data in the N-to-A transition
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1.155 GeV Transverse Data Set
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Data on both side of the inelastic peak were taken to improve simulation.
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Raw Transverse Asymmetries (A,/*) on LH,

« ~ 9% statistical measurement of regressed transverse asymmetry in the N-to-A transition.
» Not corrected for backgrounds and polarization.
« ~ 90 degree phase offset seen between Vertical and Horizontal transverse fit (as expected).

HYDROGEN-CELL (transverse, 6700 A): Regression-on_5+1 MD PMTavg Asymmetries. FIT_H = AM sin(¢ +¢,) + C, FIT_V = AM cos(d +¢,) + C

T ndf 6.659/5
Prob 0.2473
¥y 7.081+ 5.72
C -0.2891+ 0.3769
%1 ndf 1.607 /5
Prob 0.9003
0o -10.02 + 10.21
C -1.069 + 0.5702

& Arl-r‘leasured — Axeasured :
u _‘,,\....+,,Ijorizontal Transverse
— ; o - ;?: *., ‘
£ S
& : :... ',‘ K ".' ‘\‘\ >
> - 4 g g“ "o.’ .
-lb 0 —_.‘.*‘ (N ‘.'o J \‘i
GJ _‘.“’ (A ’."‘ R
- K A o) .
S - . 1
Y — Vertical Transverse ".
< — o
"'. + o
[ | | | | | | | |
1 2 3 4 o) 6 7 8
Octant
Nuruzzaman 10/26/13

DNP 2013

Uncertainties
shown here are
statistical only

12



Summary of Uncertainties for A,/

— Horizontal Transverse

E —
Q  —
3 —
2> —
c
£ [
t I
) —
O —
C
35 -

o

stat P reg. scheme reg. time nonlinearity cuts Q7 acceptance  fit scheme Total
— Vertical Transverse

E —
Q_ e
= —
= —
£
= -
t e
Q —
= —
o
= I

o LI TN LU T THAIEE

stat P reg. scheme reg. time nonlinearity cuts Q? acceptance  fit scheme Total

« The uncertainty is dominated by statistics.
« Next largest contribution comes from polarization.

« All other systematics are under control.
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Extraction of Physics Asymmetry

- 4 -
Aln
L - E Apifhi
Beam Normal Single .
Spin Asymmetry AN = Riotal ':41
1- g i
- i=1 -
A,;, = Background asymmetries
f,; = dilution factors
Nuruzzaman
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Extraction of Physics Asymmetry

in
M
P Ab1fb1 B Ab2fb2 B Ab3fb3 B Ab4fb4

- P

Background Asymmetries, Dilutions and Corrections:

Aluminum target windows: A, fo,
Beamline scattering: Apz fio
Other neutral bkg: Aps fis
Elastics: A f

Multiplicative Corrections:
Radiative correction R
Detector bias R
Eective kinematics correction Ry,
Q? calibration R

Nuruzzaman
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Extraction of Physics Asymmetry

in

M

LA f.-Af. -A.f.-A_f
3 P b1 b1 b2'b2 b3'b3 b4' b4
AN_ RRCRDetRBinRQ2

1 'fb1 'sz 'fbs 'fb4

Background Asymmetries, Dilutions and Corrections:

Aluminum target windows: A, Tos
Beamline scattering: A, i
Other neutral bkg: A fos
Elastics: A fa
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Physics asymmetry is highly diluted by the elastic radiative tail.
Careful study is ongoing.
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Summary

» As part of Q-weak background studies, we made the first measurement of A in
the N-to-A transition on H,.

* The uncertainty in the measured N-to-A transverse asymmetry is dominated by

statistics. Other large uncertainties come from beam polarization and elastic
dilution.

To Do:

* Quantify impact of these results on the parity violating N-to-A measurement and
talk to theoretician for model calculation.

Nuruzzaman
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in
- Ab1fb1 B Ab2fb2 B Ab3fb3 B Ab4fb4

~ P
AN = RRCRDetRBinRQ2 1 - fb1 - sz - 1:b3 - fb4

Background Asymmetries, Dilutions and Corrections:
Aluminum target windows: A,
Beamline scattering:
Other neutral bkg:
Elastics:

f
b2 fb2
b3 f

f

> > >

b4

Multiplicative Corrections:
Radiative correction

Detector bias

Eective kinematics correction
Q? calibration

@
=

A A0 0 Q0
J

Q
N
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Uncertainty [ppm]
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Summary of Uncertainties

Horizontal Transverse

« The uncertainty is dominated by statistics.

« Next largest contribution comes from polarization.

« All other systematics are under control.
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— — .10 0.053 0.064 0.064 =
— E— — 0.004 0.006 : : : 0.039 -

stat P reg. scheme reg. time nonlinearity cuts Q7 acceptance  fit scheme Total
— 0.806 Vertical Transverse 0.822
[ 0.093
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: : T I ITTHHTIIII I
stat P reg. scheme reg. time nonlinearity cuts Q? acceptance  fit scheme Total
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Extraction of Physics Asymmetry

_ P
AN - RRCRDetRBinRQ2

in
- Ab1fb1 B Ab2fb2 B Ab3fb3 B Ab4fb4

Background Asymmetries, Dilutions and Corrections:

Aluminum target windows: A, =8.432+£0.985 ppm
Beamline scattering: A, =2.22916.843 ppm
Other neutral bkg: A,; =0.000£0.200 ppm
Elastics: A, =-5.305+0.166 ppm

Multiplicative Corrections:

Radiative correction Rgc = 1.000+ 0.000
Detector bias Rpet = 1.000+ 0.000
Eective kinematics correction R, = 1.000+ 0.000
Q? calibration Ry, = 1.000 £ 0.000

1 _fb1 _fb2 _fb3 _fb4

f,, = 0.033+0.002
f_, =0.018 % 0.001
f, =0.024+0.010
f, =0.701+0.035

c,, = 0.278
c,, = 0.040
c,, = 0.000
c,, =-3.719

DocDB 1819

Elog 782, 784

Elog 714, DocDB 1549
Elog 837, DocDB 1601

Place holder
Place holder
Place holder
Place holder

Extracted physics asymmetry A = 41.05 = 7.90 ppm.

Nuruzzaman
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Beam Normal Single Spin Asymmetries

1y exchange:

A4
A4
Y

N = A —>——p—
|

v*NA form factors

2y exchange:

e_ . e e X e
N_’_E_._i=-= —D—E =
N ] A N A A
v*NA form factors y*AA form factors

Nuruzzaman

DNP 2013 10/26/13






Polarimetry

Two independent polarimeters were used to measure beam polarization:

Electron
Detector

Dipole Dipole

Scattered

E ono. GUNUUNVUNGY oo |
% Backscattered

Compton Polarimeter

Fabry-Perot
Optical Cavity

« existing Hall C Mgller polarimeter to measure absolute beam polarization to <1% at low
beam currents.

« New Compton polarimeter is used to provide continuous, nondestructive measurement of
beam polarization at nominal experiment beam current.

IS . L
A typical measured polarization is shown T ®F , . P
in the figure. S 58 E iyt mﬂﬁ%ﬂ gwiﬁw A
0 - o i s -$ﬁ+
N8 E ; : 3 '4}?] b
Measured beam polarization during o s« [ @ HallC,EDet - o
commissioning period using Moller © o f I HallE, Moller A
. . (W - O Hall C, Meller : ' . !
polarimeter is ~ 89 £ 2 % (Compton results N N SR SR U R
during commissioning was not available) 23000 23500 24000 24500 25000 25500
Run Number
Nuruzzaman 10/26/13 26
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Extraction of Physics Asymmetry

n
= - Ab1fb1 B Ab2fb2 B Ab3fb3 B Ab4fb4

P
PHYS RRCRDetRBmR 1-F,-f -3 -Tig

Background Asymmetries, Dilutions and Corrections:

Aluminum target windows: A, fos C,,

Beamline scattering: A, fi, C,,

Other neutral bkg: A, fia Cos

Elastics: Ay Foq Coa
Nuruzzaman

DNP 2013 10/26/13
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Extraction of Physics Asymmetry

in
=0 - Ab1fb1 B Ab2fb2 B Ab3fb3 B Ab4fb4

. ~ P
Aphys = RrcRpetReinR g2 1-f -f f

b1~ bz'fbs' b4

Background Asymmetries, Dilutions and Corrections:

Aluminum target windows: A, =8432+0.985 ppm f . =0.033+0.002

(@)

= 0.278  DoecNR 1819

Beamline scattering: A, fio C,,
Other neutral bkg: A fia Cos
Elastics: Ab4 fb4 Coa

Asymmetry from this analysis shown  Elastic dilution is used for Al. target

at the beginning of the talk windows correction — J. Magee.
(Inelastic dilution for Al. target
window is similar as elastic — K.
Myers thesis p.122). Need an
update.

Nuruzzaman
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Extraction of Physics Asymmetry

in
FM - Ab1fb1 B Ab2fb2 B Ab3fb3 B Ab4fb4
PHYS RRCRDetRBmR 1-f . -f. .. -f . -f

b1 b2 b3 b4

Background Asymmetries, Dilutions and Corrections:
Aluminum target windows: A, f, C, ,

Beamline scattering: o =2.22916.843 ppm f,,=0.018£0.001 ¢ ,=0.040 Elog782, 784

Other neutral bkg: f
Elastics: f

b3 b3

> > >

b4 b4

Preliminary estimation using Mark. D  Measured for inelastic beamline
and Kent's method for 25% paper. background — J. Leacock thesis p.
Assumed 10 times larger 169)

background for inelastic compare to

elastic. Error bars are also blown up

by factor of 10 to give a conservative

estimate. Will update soon.

Nuruzzaman
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Extraction of Physics Asymmetry

in
- Ab1fb1 - Ab2fb2 - Ab3fb3 - Ab4fb4

P
= RgrcRpetReinR 2
PHYS RC" *Det’ *Bin - - - -
1 fb1 fb2 fb3 fb4
Background Asymmetries, Dilutions and Corrections:
Aluminum target windows: A, fos C,,
Beamline scattering: A, f, C,, ,
Other neutral bkg: A, =0.000+0.200 ppm f .=0.024+0010 c¢_,=0.000 Elog 714, DocDB 1549
Elastics: A f \Cb4
For now just taken from 25% LH, Using QTor transport channel

paper as place holder. Will update. analysis — Rakitha (Elog 714 )
Should not be a significant
correction.

Nuruzzaman
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Extraction of Physics Asymmetry

in
FM - Ab1fb1 - Ab2fb2 - Ab3fb3 - Ab4fb4
PHYS RRCRDetRBmR

1- fb1 ) sz B fb3 B fb4
Background Asymmetries, Dilutions and Corrections:
Aluminum target windows: A, f, C,,
Beamline scattering: A, fio C,,
Other neutral bkg: A, fia c:b3
Elastics: A,, =-5.305+0.166 ppm f,=0.701+0.035 ¢, =-3.719 Elog 837, DocDB 1601
Elastic transverse asymmetry — From geant-lll simulation — Adesh
Buddhini Elog 837. Most important correction
for this data set. Thisis a
conservative estimate of dilution.
Assumed * 5.0% error on dilution
due to 10.0% discrepancy between
simulation and data. Need to update.
Nuruzzaman
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Extraction of Physics Asymmetry

in
FM B Ab1fb1 B Ab2fb2 B Ab3fb3 B Ab4fb4
PHYS RRCRDetRBInR

1- fb1 ) sz ) fb3 } fb4
Background Asymmetries, Dilutions and Corrections:
Aluminum target windows: A, f C,,
Beamline scattering: A, fio C,,
Other neutral bkg: A, fia C,s
Elastics: A,, =-5.305+£0.166 ppm f ,=0.701£0.035 ¢ ,=-3.719 Elog 837, DocDB 1601

100 L A T T T T T T T T T T T T T T T
Residuals before beamline bkgd subtraction
Residuals after beamline bkgd subtraction =
90 -

80

From geant-lll simulation — Adesh
Elog 837. Most important correction
for this data set. Thisis a

70 -

60 -

c | conservative estimate of dilution.
i wp ot o Assumed £ 5.0% error on dilution
. 6700A .
- | due_to 10.0% discrepancy between
1 simulation and data. Need to update.
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