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Qweak uses parity-violating elastic electron-
proton scattering to measure the proton's weak
charge at Jefferson Lab

* Precision Standard Model test
 tests “running of sin?0,," from M2, to low Q?
« sensitive o new TeV scale physics

« Background: What and Why?
« The Science

« The Experiment

« Status and Outlook
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The Qweak Experiment: Essentials

Elastic scattering of longitudinally polarized electrons on protons

%
e'+p—)e'+p

(elastic) scattered e at small angle

spin (+)
1 GeV e beam — e 2.5x10% (1 +A) e
- @ ------m-mee- Q-
(180 A for 2000 hr) - proton 25x1015(1-A) €
spin (-) target

Parity violating asymmetry:

A~ -23x107 or-0.23 ppm (parts per million)
or -230 ppb (parts per billion)

proportional to the proton's weak charge ("Qweak")

Asymmetry measured with precision of 2% — sensitive Standard Model test



The Standard Model

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model is a quantum theory that 285 our curment o of the physics of fundamental particies and fundamental interactions (inleractions ane manifested by forces and by decay rates of unstable particles).
malter constituents force carriers
FERMIONS spin = 112, 312, 512, BOSONS spin =0, 1, 2,
Leptons spin=1/2 \\_ [ Quarks spin =1/2 Structure within "/Unlfled Electroweak spin = 1 {  Strong (color) spin

Mass Electric ApPIoX. | E1actric the Atom Name Mass | Electric : Mass Electric

Flavor Mass GeVic? | charge Name GeVic? | charge

GeVic2 charge

Flavor
GeVic? charge

IJ, et | A0-0.13)x10-2
€ sleciron 0.000511
Color Charge

middie p " - - e .
.?Ii noutrino® (0.009-0.13)x10-7 | . 78 < L.)Il.y quarks and gluons carry “strong charge
(! (aiso called "color charge™) and can have strong
Wi L interactions. Each guark carries three types of
E»’ vl 0.106 i T A = a o color charge. These charges have nothing 1o do
I with the colors of visible ight. Just as electrically-
EH’ Foiting® (0.04-0.14)x10-% [ _' charged particles interact by exchanging photons
0 in strong interactions, colof-charged particles
y interact by exchanging gluons.
L i g . E
-~ = 5 Quarks Confined in Mesons and Baryons
Atom 2 Quarks and gluons cannot be isolated — they are confined in color-neulral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the
18 - color-charged constituents. As cokor-charged particies (quarks and gluons) move apart, the
] i + = hi2x = 10748 s =105« 1 '
unit of angular momentum whare h = h 6.58«10 GoVs =105<10"" Js energy In the color-force field between them increases. This anergy eventually is converted info
Electric charges are given in units of the proton’s charge. In Sl units the elocinc charge of the proton If the proton and neutrons in thi additional quark-antiquark pairs. The quarks and antiquarks then combine into hadrons; those
is 1.60=10""? coulombs 10 cm across, then the quarks and el 5 are the particles seen o emerge.
would be léss than 0.1 mm in size and the
The anergy unit of particle physics is the electronvoll (aV), the energy gained by one antire som would bo about 10 km across. Two types of hadrons have been observed in nature mesons qf and baryons gqq. Among the
electron in crossing a potential difference of one volt. Masses are given in GeVic* many types of baryons observed are the prolon (uud), antiproton (00d), neutron (udd), lambda A
(remamber E = mc?) where 1 GeV = 107 eV =1.60x10"° joule. Tha mass of {uds). and omega LI™ {$ss). Quark charges add in such a way as o
the peoton is 0.938 GeVic® = 1671077 kg . . make the profon have charge 1 and the neutron charge 0, Among
Properties of the Interactions the many types of mesons are the pion x* (u), kaon K- (s3),

B7 (db), and ne (cE). Their charges are +1, -1, 0, 0 respectively

paragraph bakow

Spin is the intrinsic angular momentum of partickes. Spin is given In units of h, which is the guantum e = 107"m

Neutrinos

Neutrinos are produced in the sun, supemnovae, reactors, acceleralor
coliisions, and many other processes. Any produced neulrino can be Vi N e > Th 1
described as one of thres neutrino lavor states veg, Vi, o ¥y, labollod by the / 2 I Weak Ehlwomagn‘ﬁc Sﬁ'ﬂlﬂ blmll't HI‘ lAd .tl o ki
type of charged leplon associaled with its production. Each s a defined : ¥ teraction nteraction Interaction articie venture.or
quantum mixture of the threa dafinile mass neutrinos ¥ ¥y, and ¥y for Pmperty - . R 'Eler‘"cmak] — g
which currently allowed mass ranges ane shown in the table. Further Acls on o Flavor i I olor This charl has ¥
exploration of the properties of neutninos may yield powerful cues o puzzies t i Josy Enefgy avo Slactic Cha L £ Cham u S Dep'!rtmcn! Of E nerr;y
about matter and antimatter and the evolution of stars and galaxy siruciures Particles experiencing Al [a] s, Leptons Electrically Charged Quarks, Gluons U.S. National Scienice Foundation

The strengths of the inlaractions (forces) are shown relative o the strength of the electromagnetc force for fwo u quarks separated by the specified distances.

Matter and Antimatter

For avery particle typa there is a comasponding antiparticie typo, denoted by

a bar over the particle symbol (unless + or — charge is shown). Particle and
cle have identical mass and spin but opposite charges. Some Strength at {

electrically neutral bosons (e.g., 2°, 1, and 1, = ¢ but not K = d§) are their \

own antipanicles.

{nat yet observed )
10-41 0.8 25 iy fenl
10-41 10-4 60 CPEPweb.org
Unsolved Mysteries

Pa nlcle Processes Driven by new puzzies in our undarstanding of the physical world, particle physicists are following paths to new wonders and
Those disgrams ane an artist's concoption. Blue-grean shaded areas reprosent the doud of gluons. startling discoveries. Experiments may even find axtra diménsions of space, mini-black holes, andior evidence of string theory.

Particles mediating Graviton w+ w- z¢ Gluons Lawrence Berkeley National Laboratory

Universe Accelerating? ! Why No Antimatter? ' Dark Matter? ' Origin of Mass?
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Elastic electron-proton scattering - Standard Model "Players'
In the Standard Model, the electron and proton interact through two of the four
fundamental forces - weak and electromagnetic - the unified “electroweak” force
9
ELEMENTARY &+ p e +p

PARTICLES Participants:

A\ O\ " proton - 2 up quarks, 1 down quark (uu d)

mass = 0.938 GeV/c?

electron - mass = 0.000511 GeV/c?

Force carriers: N

Electromagnetic:
y - photon - mass = 0 GeV/c?

Weak:
Z0 boson - mass = 91 GeV/c? 7"
o p

Z0 produced virtually;
Heisenberg (AE At > h) says its okay!

e p




Elastic electron-proton scattering - Standard Model Couplings
The Standard Model prescribes the couplmgs of the fundamental particles to
each other — Q' Q*

u 23 1-28/3sin0y
d -1/3 -1+4/3sin’0y

Electromagnetic force — proton's electric charge

Qp=2(+§j+l(—§):+l ¢ 4

Weak force — proton's neutral weak charge - Qweak
P =2(1-8/3sin?6,, )+1(~1+4/3sin? 6,
=1-4sin’ 0,

What is sin°0,, - "weak mixing angle"? — key parameter of the Standard
w g ang YP

Model |
v\ _ [ cosby sinfy \ /[ B"
Z%)  \—sinfy cosfy )\ W°

sin°0,, - "weak mixing angle”, parameterizes the mixing between the two
neutral currents in the model — needs to be determined from experiment



"Running” of the Weak Mixing Angle - sin®0,,

0.25
N ¥
CE | i E — Current Data
L Q*‘Q L — Qweak (in progress)
NE L mm Standard Model
0.24 — { APV
— Tevatron
0.23 — PDG 2010 : SLC
—  [.Phys.G37, 075021 (2010) <
_I ||||||I| | |||||||| | |||||||| EI |||||||| 1 |||||||| | ||||||I| | |||||||| [ R

0001 001 01 1 10 100 1000
Q(GeV)
"Running” of the weak mixing angle — key prediction of the Standard Model
(Q = 4-momentum transfer between scattering particles)

« Experimental Standard Model measurements (cross sections, asymme‘rrles
decay rates, etc. in electroweak processes) extract values of sin°0yy
— success of SM is due to internal consistency of these values

« If an experiment disagrees with the SM prediction then it could be a signature
of "New Physics"



The Hunt for New Physics

Isn't new physics supposed to come from energies > 1000 GeV =1 TeV?

How can Q.. (scattering experiment with beam energy 1 GeV) hunt for New Physics?

“Energy frontier”
- like LHC - Large Hadron Collider

— Make new particles ("X")
directly in high energy collisions

"Precision frontier"
- like Jefferson Lab

— Look for indirect effect of
new particles ("X") made virtually
in low energy processes

¢
o
(¢




Queak New Physics” Sensitivity

What kinds of New Physics is Qweak sensitive to?
—  supersymmetry, heavy Z', leptoquarks, ...

JLab Qweak SLAC E158
proton weak charge electron weak charge
Qv = 0.0716 " Q% = 0.0449
(proposed)

—O— 40.0029 Experiment —e—

| I
| [
B SUSY Loops —
Partlcles I |
' |
' |
—_— RPV SUSY —
| [
L » Leptoquarks I
| [
- Supersymmetnc S‘( l . I l
"shadow" partlcl ot Sl

» y

\ 4 //‘T.‘."‘H\ll , éﬂ ? Z o x e { c {?
o S \\ p & P P
/ X A %

RPC SUSY Generic Z' RPV SUSY Leptoquarks



New Physics Energy Reach of Q..

What energy scales can a precision 4% measurement of Q.. reach?

Parameterize new physics with a new contact interaction in the Lagrangian:

2
PV 8 B .
= ————eY,Y5€ E h4 g=coupling
LNP 4ANA? L qu A=mass scale
Arbitrary quark flavor dependence of new physics:
—=cosB, A, =sin0
v — h vV — h
10

Qweak (4%)

with PVES
Atomic only
95% CL
0.1
0 T /4 3nm 2n
2 2

On

Qweak constrains new PV physics to beyond 2 TeV
Young, Carlini, Thomas & Roche, PRL 99, 122003 (2007)



Historical Example: Top Quark
Past example of interplay between energy frontier and precision frontier
"Precision frontier”

Precision electroweak measurements (LEP at CERN and SLD at SLAC) were
sensitive to “virtual top quarks” in loops

Prior to the direct top quark discovery, theorists predicted it would fall in a range

from 145 GeV/c? - 185 GeV/c? t
W\/WQMAMW ZWMMQWWWZ
b

t

"Energy frontier”
Top quark was produced directly at Tevatron at Fermilab in 1995

Top-Quark Mass [GeV]

. . . CDF B 176.1+6.6
Direct production at energy frontier >

D& I 1220 =71

Average 174.3+5.1

) . o ) LEP1/SLD —a— 170.7 £10.3
Indirect evidence at precision frontier >

LEP1/SLD/m,, /T, —a— 1775+93

1é5 150 1';'5 2(IJO
m, [GeV]

Figure 4. Measurements of the top quark mass at Fermilal: {CDF and D0} and indirect
prediciions from precision measurements (LEPL, SL.D and Mfw}.a



Parity-Violating Asymmetry

Qweak experiment - exploit the interference between EM and weak interactions

2

Py = 1 - 4sin0
V4 / W W
S O '
¢

5
right-handed —%—»——- k

left-handed E

Lo

Y Z
~ ~230 ppb
A_OR=OL >\m\m<p> @\pp>




Parity-Violating Asymmetry for the Q.. Experiment

do, —do_ (922—?00 —GF 2 4 2
A = - > b B
do. +do_ Lm > [Q Qe +Q'B(Q )}
E, S ‘/\/@
E—
s(+) P
e‘ R ./9
—
s(-) P

"Form factor” correction due to finite
Qz - 4-momentum transfer proton size - not a pointlike particle

A 4

: 2
Increasing Q

By running at a small value of Q? (small beam energy, small scattering angle) we
minimize our sensitivity to the effects of the proton's detailed spatial structure.



Overview of Jefferson Lab - The Parts CPITICG' to Qweak

CEBAF Polarized Injector:

— Polarized electrons photoemitted
from GaAs wafer

— Laser light is polarized; reversed
rapidly with high voltage pulses to
"Pockels cell”

— Much effort goes into insuring that
position, angle, intensity, of laser
beam doesn't change with “flip” - only
circular polarization

polarized-source

specialized GaAs
optics N
laser

100 kV

_ pockels'céfl \/
X I\_  polarized _
L electrons —

| | 7 Accelerator

1alf-wave plate _ , Ll nhear
- " Accelerators




Overview of Q,..x Apparatus

(
Array of 8 Cerenkov

Toroidal Magnet: Detectors (quartz bars)

focusses elastically
LH, Target Scattered electrons =

Collimation/Shielding -
passes small angle
 scattered electrons




Qweak Apparatus Overview

Cerenkov QTOR spectrometer




e
Qweak assembly in Jefferson Lab Hall C - Spr'mg 2010 M-
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Main Detector Shield House
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Experimental Technique
How do we take the bulk of our data? Pretty simple actually...

« Integrate the light signal in the Cerenkov detectors, sum them, and record the
value every 1 msec

* "Normalize" the integrated signal (S) o the amount of charge (Q) in the beam

Y =2

Q

 Flip the electron beam helicity and form the asymmetry

Y -Y
APV Y++Y—

« Repeat 4 billion times! (2200 hours of data-taking)




Anticipated QP, ..« Uncertainties

AA phys / A phys AQPweak/ preak

Statistical (2200 hours production) 2.1% 3.2%
Systematic:

Helicity-correlated Beam Properties 0.5% 0.7%

Beam polarimetry 1.0% 1.5%

Backgrounds 0.5% 0.7%

Absolute Q? determination 0.5% 1.0%

Hadronic structure uncertainties -- 1.5%

Total 2.5% 4.1%

Due to hadronic dilutions, a 2.5% measurement of the asymmeftry is required to
determine the weak charge of the proton to ~4%.

Aep = 9. "9 — |:i:|[Q2 erx)/eak +Q4B(Q2)]

o, +0_ 4o~/ 2

First - statistics on the raw measured asymmetry A ->———



Statistical Error

To achieve our desired final statistical error the error on each 4 msec measurement
of the asymmetry (“quartet”) needs to be small

At 165 pA, total detected rate is 5.83 GHz — expect ~ 23 million primary events
— Expect 207 ppm error from “counting statistics” per quartet

— Observe slightly higher value (236 ppm) for understood reasons

— Doing this 4 billion times gives final error of ~ 5 ppb
Full Detector Asymmetry

| MD Asymmetry :: Blinded (60 ppb box) :: Not Regressed | h1
Entries
4000F g;asn .05576 )

3500

3000

2500 -
Need to keep all other sources of RFS IS 2S0ipE

random noise small compared to this.
Potentially most problematic
contribution was target density
fluctuations BUT... e

0

2000

1500

1000

1 1 1 1 1 1 1 1 1 1 1 | 1 1 | 1 1
-1000 -500 0 500 1000

asymmetry (ppm)

1_\S'[alt = \/Fczount + 1"2 + 1"2

electronics target



Qweak Target - World's Highest Power Liquid Hydrogen Target
I 6400400 Fluid Velocity Contourfjl/i§&

5.95e+00
5.50e+00
5.05e+00
4.59e+00
- 4.14e+00
3.69e+00
3.24e400
2.79e+00

2330400
1.88e+00
143400
9.78¢-01

| 5.26e-01
| 7.40e-02

3.78e-01
-8.30e-01 :
-1.28e+00

I ames §  election

-2.19e+00;__ |
direction |

LH, Flow S}

t‘
A
e
/,,\"J" e

-2.64e+00
Contours of X Velocity (m/s) Apr 05, 2009
FLUENT 12.0 (3d, dp, pbns, rke)

« Target has power capacity of 2500 W - adequate for
180 pA electron beam on 35 cm target

 First target of this type to use computational fluid
dynamics (CFD) in its design

« Designed to minimize contribution to random noise from
target density fluctuations - "boiling"




Target Density Fluctuations
Critical that target density fluctuations at our flip rate be kept

less than counting statistics fluctuations ~ 236 ppm

(achieved! contribution < 46 ppm)

1. Versus time, two beam currents
. target bubble formation ?

2. Fast Fourier transform —
rapid spin flip immunizes the
experiment to low freq. noise!

Main detector yield

qwk_md1neg.hw_sum Yield | versus time

0.0445 __ ......................... .............

wul | lbeam = 20 BA

Amplitude [V]

1 [l | | 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1
150 200 250 200 3A0

k_md1 .h Yield FFT | omdtneg20ua-ton "

74' A ey Wﬁm © Entrles 100000

Mean 239

10°F RMS 139
; 150 pA, 3x3, 30 Hz |

20 pA, 3x3, 30 Hz

Amplitude [V/uA]
o

Yo A A

—
=)
4

o b b b b v b b b v Ty
0 50 100 150 200 250 300 350 400 45C
Frequency [Hz]

1 spin cycle = 480 Hz

0.0418 >

Amplitude [V]

0.0416 ' T .
0.0414 8

0.04121

R lllllllllllllllllllll """"""" Ibeam =150 p_A

0.041 - e l ..................... ) ......

0.0406 brovre: | ................... l ........................................... | | T T I |
0 50 100 150 200 250 300 350 400

Time [sec]




Anticipated QP, ..« Uncertainties

AAphy.«s' / Aphys AQPweak/ preak

Statistical (2200 hours production) 2.1% 3.2%
Systematic:
Helicity-correlated Beam Properties 0.5% 0.7%
Beam polarimetry 1.0% 1.5%
Backgrounds 0.5% 0.7%
Absolute Q? determination 0.5% 1.0%
Hadronic structure uncertainties -- 1.5%
Total 2.5% 4.1%

—Helicity-correlated Beam Properties (like beam position, angle, energy):

Acorrected m— Ameasured — Afalse

Two correction procedures applied:

Linear regression using "natural beam motion”

Beam modulation (Josh Hoskins, BC.00005)




Helicity-Correlated Beam Properties - "Natural Beam Motion

n

The beam parameters (like X beam position) can be different for + and - helicity

AP =P, -P.

Response of detector
to natural beam
motion fluctuations in
the X direction;
Symmetry of the
detector reduces
sensitivity to position
and angle motion

MD1 YIELD [mV/uA]

MD2 YIELD [mV/uA]

MDS8 YIELD [mV/pA]

A

false

3296,
06

WA

we continually measure this and correct for it
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Anticipated QP, ..« Uncertainties

AA phys / A phys AQPweak/ preak

Statistical (2200 hours production) 2.1% 3.2%
Systematic:

Helicity-correlated Beam Properties 0.5% 0.7%

Beam polarimetry 1.0% 1.5%

Backgrounds 0.5% 0.7%

Absolute Q? determination 0.5% 1.0%

Hadronic structure uncertainties - 1.5%

Total 2.5% 4.1%
Acorrected
—Beam Polarimetry: Aphys =
P beam

Typical electron beam polarization is ~ 88%; accurately measured with two
techniques:

* Moller polarimetry 6+6 e +¢ (Josh Magee, BC.00006)

« Compton polarimetry (Amrendra Narayan, BC.00007)



Compton Polarimetry
Compton backscattering: boost laser photon energy; can be done non-invasively

é + 77 —> e’ + 7/’ qw detector

Electron
Detector

Dipol :
ks Scattered
Fabry-Perot Elect
Optical Cavity
— S =\ ,- Photon
i quuaaanay oo
Backscattered
Photons
N+ - N_ A 0.14 ThCOt
T s . y
Aexp — —N+ T N- — PePyAth where Pe - 2 :3:;0
yiith 0.12 Polatization:
0.1 90.4 % +/-0.7%
- Q
2 ()] . 0.08
' 04 [ -U iﬁ/
A ;o w ~. 0.06
z | B
oo | = g 0.04
. o g
Zerq crossing 1 > 002
<
£ 0 o’
(o]
S 0.02

\ 777777777777777777777777 ~0.04
6 A 10 12 14 16
..I, iaa l..AJAl..l,
el L)

Distance from beam (mm)

k (sca'l"rer'ed photon)



Anticipated QP, ..« Uncertainties

AA phys / A phys AQPweak/ preak
Statistical (2200 hours production) 2.1% 3.2%
Systematic:
Helicity-correlated Beam Properties 0.5% 0.7%
Beam polarimetry 1.0% 1.5%
Backgrounds 0.5% 0.7%
Absolute Q? determination 0.5% 1.0%
Hadronic structure uncertainties - 1.5%
Total 2.5% 4.1%
—»Backgrounds: Aep 1_ f [Aphys —f Aback]

Physics asymmeftry is corrected for asymmetries from background processes
(“dilution factor” = f):

* Aluminum target windows
* Inelastic e-p scattering (John Leacock, BC.00003)
« Beamline backgrounds



Aluminum Background Asymmetry

The target cell has aluminum end windows

« Aluminum asymmetry is larger than e-p asymmetry; we must measure it in

separate runs

 ‘dilution” f ~ 3%, anticipated asymmetry correction ~ 20%

Al windows, need to be
accounted for in the

asymmetry
e
> H2
T 35em

MD Asymmetry (ppm)

MD Asymmetry (ppm)

4% DS Aluminum Asymmetry
January 2011 Unregressed Data [ g [qwp QUT
| | | | | | ™ IHWPIN

1 2 3 4 5 6 7 8 9
Slug Number
| | | |
| E 3
_______________________ 7 N
L

| | | |
our IN OUT + IN OuT - IN

Total Asymmetry by IHWP Seiting



Anticipated QP, ..« Uncertainties

AA, /A
AQPweak/ preak
Statistical (2200 hours production) 2.1% 3.2%
Systematic:
Helicity-correlated Beam Properties 0.5% 0.7%
Beam polarimetry 1.0% 1.5%
Backgrounds 0.5% 0.7%
Absolute Q? determination 0.5% 1.0%
Hadronic structure uncertainties -- 1.5%
Total 2.5% 4.1%

o,—-0_ _ -G
pom 20 [ )R re'el@)

— Absolute Q? determination:
Must measure Q? accurately in order to extract Q° from Acp

Dedicated tracking system was built; tracks individual events at low beam current



Qweak Tracking System
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Q% Measurement with Qweak Tracking System
Measurement of Q° requires Q 2 _ 4EE 'sin 2 Q

* Measurement of scattering angle 6 before the magnet 2

« Verification of elastic scattering event after the magnet (correct E')

* Detailed measurements of spatial light distribution from detectors
("light-weighted" Q? distribution)

reconstructed Q"2 h

Entries 4933
Mean  0.02696
140 RMS__ 0.01357

<Q*>,0ea=0.026 (GeV /)’ Electron Profile at Detector

QZ>mmm,i0.027(GeV/c)2
Q> Simulation
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(GeVic2 Region 3 Projection:
| reconstructed scattering angle | h
Entries 4933
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Scattered Electron Beam Envelope After Magnet

¢ak  Animation from track reconstructed profiles from vertical drift
chambers after the QTOR magnet

Track Projection on SW01 1 AU gttt ne pew
Entries 479407
100 Meanx  160.3 | |
o P LA L S e nen IR Meany -0.8498 ]
> 80— RMS x 12.42
= K RMSy  20.45
= 600 |
/] &
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Q 40
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0
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60—
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-1 0? 3t | R | R TOINE ; r l [ aal | 1 e | A L L1 1 1
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(yes, there is one dead wire...)



Anticipated QP, ..« Uncertainties

AAphys / Aphys AQP weak/ Qp weak

Statistical (2200 hours production) 2.1% 3.2%
Systematic:

Helicity-correlated Beam Properties 0.5% 0.7%

Beam polarimetry 1.0% 1.5%

Backgrounds 0.5% 0.7%

Absolute Q? determination 0.5% 1.0%

Hadronic structure uncertainties -- 1.5%

Total 2.5% 4.1%

. _GF 2 4 04
Ao = {4na\/§}[Q Queas +Q )] -

_»Hadronic struture uncertainties:
HAPPEX

The "form factor” B(Q?) term - due to ‘ A
proton structure i /

— Determined by extrapolation from 0
previous PV electron scattering at higher Q? R I I S I FLEE
to Qweak Q% of ~ .026 (GeV/c)? T Gy

! Qweak

SAMPLE




Data Quality - Slow Reversals

We are measuring a small quantity for a long time; what diagnostics do we have to
know that everything is "OK"? — "slow" reversals are one example

« IHWP: "Insertable Half Wave Plate” at the polarized injector
— reverses electron beam helicity, but nothing else; real physics asymmetries
should reverse sign under this reversal (fimescale ~ 8 hours)

2 £
pogkels cell
) C == .
polarized
electrons .

Accelerator

half-wave plate

« "Double wien": Accelerator system that manipulates electron beam helicity to
reverse it and nothing else; real physics asymmetries should also reverse sign
under this reversal (timescale ~ 1 week)

uncorrected, unregressed, 60 ppb blinding box! v in
E 08— -
a — T In
* 0 Behavior under IHWP reversal (i)
= ,} " out
B * ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, % IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII (out)
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Future Prospects at Jefferson Lab

Jefferson Lab will double its beam energy ("12 GeV Upgrade" project); with

running anticipated at the new energy by ~ late 2014.

— There are two major approved projects involving PV electron scattering

MOLLER Experiment (Measurement of a Lepton Lepton Electroweak Reaction)

0.250 o

E+e—>e +¢ = o

* Parity violating Moller scattering at 11 GeV ozes|
«  Will improve E158 error by factor of 5 :
- Competitive sin? 0,, with Z pole measurements

0.240 _ I Moller [SLAC]{

1 Apv(cs)

; aw(u)

sin

0.235

LN |

Moller [JLab] =
- Qweak [JLab] | A s(had) [SLC] -
0.230 PV-DIS [JLab] | Agg(D) [LEP] |
02os il vd il il vl il o
’ 0.001 0.01 0.1 1 10 100 1000

Magnet Steel
\

SOLID (Parity Violation in Deep Inelastic Scattering)

* Broad program built around retasked solenoidal magnet
 Electroweak couplings

* Charge symmetry

« Higher twist

- SIDIS

|
[
Coil / Cryostat

Fixed Supports —

Left End Cap

Left Baffle
Assembly




Summary and Outlook

« The Qweak experiment at Jefferson Lab is well underway, with ~25% of
its data collected in "Run I" with the remainder expected in "Run IT"
from November 2011 to May 2012

« The Qweak experiment will make the first direct measurement of the
weak charge of the proton, with an anticipated precision of ~ 4%.

« The expected precision on QP, ..« Will result in the most precise
measurement of the weak mixing angle at low energies

0.25

£

N

=

N
&29' E — Current Data
Q 1 — Qweak (in progress)

= Standard Model

E158
E APV

0.24

LEP1 /T Tevatron

0.23 PDG 2010

J.Phys.G37, 075021 (2010) § SLC

1 III|IIII 1 llIIIuJ 1 IIIII¢:I IIII|,|.|] 1 IIIIIL|! 1 IIIIIIII 1 IlIIIL|J L
0.001 001 0.1 1 10 100 1000
Q(GeV)

* Building on techniques developed by Qweak, further parity-violating
electron scattering experiments are planned at Jefferson Lab for the
"12 GeV Era"
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Backups



Parity-Violating Asymmetry Extrapolated to Q2 =0
(Young, Carlini, Thomas & Roche, PRL 99, 122003 (2007) )

Divide out leading
Q? dependence:

A;U i p
LR R weak
+ B(QY)Q’
; L

PDG

04
03| oweak
B SAMPLE - I il
Sa| \
L]
‘w: ! HAPPEX =
—_ Dashed line includes
01 theoretical estimates of
— anapole form factor of
nucleon (only small
/}' difference at low Q2
Yﬂung R-:rss et al PRL 99 ]’?EI}{H 'JE}{IT

preak '
0 UUS 0.1 015 02 025 03

A= AQ; * Ahﬂdmnic i Am:fa! Q2 (GEVZ
== 017 ppm - 0.07 ppm -0.01 ppm axial:

| (4% of asymmetry)

contains G=,

Katherine Myers (GWU)

hac}rn nic:

(31% of asymmetry)
contains G7 _,

GZ

E.M

Constrained by
HAPPEX, G°,

MAMI PVA4

large electroweak
radiative corrections
Constrained by G°
and SAMPLE

PAVI11 5-9 September 2011



Quark Couplings

. Qweak will fully constrain the vector quark couplings:

0.18
SLAC: D DIS
QL = -2(2C, + Cig |
W (21 ) 0.16 |
HAPPEx,GO,PVA4, SAMPLE =~ |t
Quweak : Anticipated error E 0.14 ’
band assuming SM ¥) -' .
* = SM prediction 0.12 |
Plot from Young, Carlini, Thomas 0.1 '

& Roche, PRL 99, 122003 (2007) 08  —07 0.6 05 04

Ciu=Cia
Katherine Myers (GWU) PAVI11 5-9 September 2011



Radiative Corrections

Several corrections: Asin?6,(M,), WW and ZZ box — but these have small uncertainties

Focuson: yvZ Box Corrections near 1.16 GeV

k K * In 2009, Gorchtein and Horowitz showed the vector
k _— ko ok —— k hadronic contribution to be significant and energy dependent.
Rislow and Carlson b ‘ I q q l : \; rq

*This soon led 1o more refined calculations with corrections

P of ~8% and error bars ranging from +1.1% to +2.8%.

* Tt will probably also spark a refit of the global PVES
database used to constrain 6.3, 6,3, G,.

Blunden, Melnitchouk, Thomas (2011)

(V and A are hadronic couplings)

T T T T T T

A 1
- " M " L 1 " L L L M " " L 3
o 1 2 3
E (GeV)
*Does not include a small contribution from the elastic. For"rhcommg axial results for Q" have
** 5 7%xQ,P(LO) = 0.0026. Q,P(LO) = 0.04532. the potential to impact the
***Tneluded in Q,P. For reference, Q,P =0.0713(8). inferpretation of Cs APV. 1

Katherine Myers (GWU) PAVI11 5-9 September 2011



