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Parity Violating Electron Scattering and
Q,, of the Proton

PV ep asymmetry in terms of EM and Neutral-weak form factors
APV _ [ GrQ? ] [eG}ZJGg +7G,G%, — (1 — 4sin® Oy )e'G,G4
ep

Aron/2 E(GYE)Q + T(GXﬂQ
At low Q2 and forward angles, can be expressed:
PV
—GrQ?
ep 2 2 _
AO :Q];V_FQB(Q?H) Ao_l4ﬂa\/§]
Suppression of Q, (proton) provides enhanced sensitivity to sin?6,,
Particle | Electric charge Weak vector charge (sin? 6y, ~ %)
e —1 QﬁV:—1+4sin29Wz0
u -}% —2C1, = +1 — %sinzew S +%
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p(uud) +1 Qy =1- 4sin® Oy, ~ 0.07
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Q,(proton) and New Physics

Mass Sensitivity versus AQ" w/ Q’ W
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Weak mixing angle precisely AV
measured at Z-pole S
- Running of sin?6,, to lower mass i
scales (momentum transfers) L
precisely predicted in context of S |
Standard Model = 5l
20
LR ] . < I
Sensitivity to “New Physics” can be 2
described in terms of mass scale A -
and model dependent Coup|ing, g I~ Erler, Kurylov, and Ramsey-Musolf u
- Phys. Rev D 68, 016006 (2003) .
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Q-Weak Experiment at Jefferson Lab

o

‘;

Installed and run in experimental
Hall C at Jefferson Lab: 2010-2012

Aim: Measure PV asymmetry in
elastic ep scattering at Q?~0.025
GeV?

Nominal asymmetry ~ -230 ppb

Three distinct run periods:

1. Fall 2010-January 2011:
Commissioning + “early run”
data sample

January-Spring 2011: Run 1
Fall 2011-Spring 2012: Run 2
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Q-Weak Apparatus

[ Quartz Cerenkov Bars ]
Parameters:
Epeam= 1.165 GeV Horizontal
<532m> = 0.025 GeV/2 Drift Chambers
<B>=79°+3°
¢ coverage = 50% of 21
Ibeam =180 HA
Integrated rate = 6.4 GHz

Beam Polarization = 88% \

Target =35 cm LH, ‘ I ‘
MR,
- &

Cryopower = 3 kW
Trigger Scintillator

Oon®
Ca?®

/

[ Electron beam ]

LH, Target

Vertical Drift Chambers

Collimators

Red = low-current tracking mode [TOFOida| Magnet]
aQnly Spectrometer
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Q-Weak Apparatus
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| Drift Chambers

[ Quartz Cerenkov Bars ]
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First Results: Asymmetry

(Q?) = 0.0250 £ 0.0006 GeV?

Run 0 Results

1
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- 1/25th of total data set (Epeam) = 1.155 £+ 0.003 GeV
Aep = —279 £ 35 (stat) +31 (syst) ppb
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Global Fit to A,, Data

A_p = %/—I—QQB(QQ,H:O) AO:[_GFQ2]
0

Aran/2
¢ This Experiment| Data Rotated to the Forward-Angle Limit
m HAPPEX :
~ 0.4} % SAMPLE Free parameters:
< A PVA4 o 1. Cy,
@ ® GO = S e o 2 C
o - % SM (prediction) | | = _.z==2 " 1d
% 0.3} | 3.p,— strange
N charge radius
s 4. u, — strange
e 0.2t :
- magnetic moment
< 5. G,2T=1) -
;‘ 0.1} isovector axial form
bt factor
0.0 3 . : . . :
0.0 0.1 0.2 0.3 0.4 0.5 0.6
O’ [GeV/cf

PRL 111,141803 (2013
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Neutral-weak Quark Coupling Constants

Combined analysis of
PVES data and
atomic PV

C., =-0.1835+/- 0.0054
C., = 0.3355 +/- 0.0050

Can use C,,and C,4 to
extract Q," and QP

Qyw=-2(C;,+2Cyy
=-0.975 +£0.010

Cw+ Cid

Qry=-22C,, +Cyy
=0.063 £ 0.012 (PVES+APV)
=0.064 £0.012 (PVES only)

SM prediction = 0.0710(7)
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A., Extraction and Uncertainties

P
Aep — Rtot

Rtat — RRC’ RDet Ran RQ2
T_ t_ Central Q2 calibration
Corrects avg. A to A(<Q?>)

Light variation across detector

—— Radiative correction

f, (A,) = aluminum target cell wall background™
f, (A,) = background from beamline £, =3.6%
f5 (A3) = soft, neutral backgrounds
f, (A,) = inelastic processes (N=>A) .
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A., Extraction and Uncertainties

Correction Contribution

Value (ppb) | to AA., (ppb)
Normalization Factors Applied to Argw

——

Beam Polarization 1/P -21 : 5 ;
Kinematics Rt 5 9
Bckgrnd Dilution 1/(1 — fio) -7 -
Asymmetry corrections o
Beam Asymmetries kA4 -40 QS)
Transverse Polarization kAt 0 5
Detector Linearity kA, 0 4
Backgrounds kP f; A; o(fi) | 0(A)
Target Windows (b;) -58 4 8
Beamline Scattering (bs) 11 3 23
Other Neutral bkg (bs3) 0 1 <1
Inelastics (by4) 1 1 1

2013 PRL Systematic Uncertainties
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Polarimetry

Electron
Detector

Scattered
Fabry-Perot Electrons

Optical Cavity

Backscattered
Photons

\i/'c‘ IR EETR W 4}_(;4\4 R ¥ l:erl(;::(t)gr
AAAAR /,\\

Compton Polarimeter

Q-Weak polarimetry precision goal: dP/P = 1%

Strateqgy:

1. Use existing Mgller polarimeter to make
precision, periodic measurements at low current

2. Build new Compton polarimeter to make
continuous, non-invasive measurements

- 2 independent techniques!

Q-Weak early result relied on Mgaller only.

Quoted uncertainty for 2013 PRL: dP/P =2% Mgller Polarimeter
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Polarlmetry (Preliminary) — Run 2
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Run number

Systematic uncertainties
- Compton: dP/P = 0.59%
- Mgller: dP/P = 0.84%

Both techniques agree to < 0.8%

Final polarization for experiment
extracted using Compton
polarimeter with comparison with
Mgller to improve the
normalization uncertainty

e ——————— }¥=—— Normalization uncertainties

A Py /- stat (inner) +/- point-to-point systematic (0.53%)

® Pcompion +- stat +/- point-to-point syst. (0.41%) 14



Beam parameter corrections

Beam parameters that change
with helicity can give rise to false

asymmetry
5

0A
Ap = (—) Azx;
eam ; axz \ h
Sensitivity Helicity correlated

position, angle, or E

Can measure sensitivity 2 ways:

Asymmetry (ppb)

0

-50

-100
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-200

1. Regression — use “natural’
motion of beam to determine
response

2. Dithering — drive the beam

(w/large amplitude)

-250

Run2 measured asymmetry

I I R

Preliminary - Blinded (arbitrary offset)

Raw Regression Dithering

-160.0 + 8.6 ppb -159.4 + 8.5 ppb

Reducedy? :: 1.38 | Reducedy? :: 0.61 | Reducedy? : 0.57

159.3 + 8.5 ppb

i

T T

Y

T
f‘k

—_—

T T 1

I Y B

[ N N e s I

Excellent consistency between
regression and dithering, for subset of
data where both are available

115011 LdD

7 7.5 8 8.5

Wien (monthly)

9 9.5 10

- 77% of Run 2 data set

- Beam parameter correction only
- No polarization, Al subtraction
- Statistical errors
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Beamline backgrounds

Contribution from beamline backgrounds [ | ieer o K
largest uncertainty in 2013 result “apad| E ' J’
- e . Al
—> Thought to be interactions of beam :1; (
halo with narrow aperture of y
collimating “plug” =
- Dedicated measurements were , Octants | and 5
performed (“blocked octant”) to R e
constrain size and asymmetry of e
these backgrounds : f=0.79% Correlation between asymmetries in
- Size and asymmetry of these background detectors
backgrounds can be measured using -She sl

Intercept  0.5295+ 0.16

ancillary detectors that have smaller
(fractional) contribution from elastic
signal

Slope 1.398 + 0.02899
77 RS R S ———

asym_qwk_pmtonl (ppm)
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Kinematics and Aluminum Background

Q? Determination

« Significant effort underway in analysis of low current
tracking data for determination of nominal Q?

* Uncertainty dominated by determination of scattering
angle

* Excellent agreement between data and simulation
Aluminum Background
* Need both asymmetry and dilution with good precision

* |ncreased data set over 2013 result — smaller statistical
uncertainties

« Systematic uncertainties in both A and f will be improved

.geff;Zon Lab
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Qweak Run 2 - Blinded Asymmetries

(statistics only - not corrected for beam polarization, Al target windows, AQ? , etc.)

Physics Asymmetry = (IHWP,,

-IHWR, )

a
P | | |
-100 I Iﬂ |
%% 100¢ LT i |I O 8 1. ] !| 1l IIi!!
£ € 200 T 1T "| [
E | ﬂ | |
> -300 ||
<_400:. " 1 N N N L 1 N N " N 1 N N N . 1 "
150 200 250 300
Data Set #

NULL Asymmetry = (IHWP, + IHWP, ) /2

Asymmetry (ppb)
o
llllllllllllllll'lllll
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200

Data Set #

250

Raw=-161.8+7.6
(X2/ NDF = 1.40, Prob = 0.043

Regressed =-160.9 £ 7.6
(X2/ NDF = 1.19, Prob = 0.18)

Beamline
Bkgd Corrected =-164.5 £ 7.6

(X2/ NDF = 1.08, Prob = 0.33)

Raw =4.7 £ 7.7
(X2/ NDF = 1.84, Prob = 0.001

Regressed =7.9+7.7
(X2/ NDF = 1.38, Prob = 0.048

Beamline
Bkgd Corrected =-1.4 £ 7.7

(X2/ NDF = 1.29, Prob = 0.097
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sin?(6,,)
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Summary

 First results from Q-Weak (4% of total data set)
— PRL 111,141803 (2013)

Acp = —279 £ 35 (stat) £31 (syst) ppb

« Significant progress has been made in analyzing full

data set — both statistical and systematic uncertainties
will be much improved

* Final results expected soon

 In addition to main ep results several results coming from
ancillary/background measurements are expected
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Additional Measurements

PV asymmetries

— Longitudinal asymmetry from aluminum (neutron
radius a la PREX?)

— Longitudinal asymmetry in resonance region
— Longitudinal asymmetry (Delta) 2 2 beam energies

« Parity conserving (2-boson exchange) azimuthal
asymmetries

— Hydrogen elastic - constrains backgrounds in main
measurement, but also provides information on 2-
photon exchange effects in form factor extraction

— Hydrogen resonance (Delta)
— Aluminum, carbon
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97 collaborators 23 grad students

The Qweak Collaboratlon 10 post docs 23 institutions

Institutions:
|.|!|- R | -- e ¥ 1 University of Zagreb
. 2College of William and Mary
: 3 A. I. Alikhanyan National Science Laboratory
4 Massachusetts Institute of Technology
5 Thomas Jefferson National Accelerator
Facility
6 Ohio University
7 Christopher Newport University
8 University of Manitoba,
9 University of Virginia
10 TRIUMF
" Hampton University
12 Mississippi State University
13 Virginia Polytechnic Institute & State Univ
14 Southern University at New Orleans
15 |daho State University
16 Louisiana Tech University
17 University of Connecticut
18 University of Northern British Columbia
19 University of Winnipeg
20 George Washington University
21 University of New Hampshire
22 Hendrix College, Conway
23 University of Adelaide
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