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Overview

 (Qweak measures the parity violating elastic asymmetry in e-p
scattering at Q= 0.025 GeV* in order to extract O (p) and sin’0

— Deviation from SM expectations would be a sign of new physics
with a TeV mass-scale

* (Qweak had three running periods in Hall C at Jefferson Lab
— Run 0: (Jan-Feb 2011); about 1/25 of the total data set.
Published Oct 2013; Phys.Rev.Lett. 111, 141803.
~ Run | (Feb-May 2011) Ongoing analysis; results likely within a year
- Run 2 (Nov 2011-May 2012) °"*°

e Several ancillary measurements were taken to determine or constrain
background processes or corrections
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Parity-Violating Electron Scattering
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Parity violated in the weak interaction: form a parity-violating asymmetry
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Parity violating electron scattering
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Weak Charges

Electron-quark scattering, four-fermion contact interaction
Gr _ _ _
Lo =~ V2 Y [Cueymseny a + Cagevueiy*r a) + L12,

Particle | Electric charge Weak vector charge (sin? 8y ~ %)
e ~1 Qe = —1+4sin“Oyw ~0
u +2 —2Cy, = +1-8sin?0y ~ +1
d —§ —2C1d:—1+%sin2(;iwz—%
p(uud) +1 Q) =1—4sin°6y ~ 0.07
n(udd) 0 Qp = -1

Note “accidental” suppression of Q% . ;
this leads to sensitivity to New Physics
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Sensitivity to new physics

e Suppose some new physics adds a contact term to the PV
electron-quark Lagrangian, with coupling constant, g, and

mass, A:
Erler et al. PRD 68, 016006 (2003)

CEY, = LB+ LRY,

e—q
Gr g*

= ——=€ 5650'“—%—& 5e2hﬁ"“

\/§ Y - 1q97Y 4 AA2 Yy . vary dq

RPC SUSY Generic Z' RPV SUSY Leptoquarks
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Qweak Overview

Jefferson Lab (6 GeV Era)

QOweak Installation:
May 2010-May 2012

j ~1 year of beam in 3
running periods:

i * Run0
Jan — Feb 2011
gl SN * Run 1
R Feb — May 2011
= e Run 2

=

Nov 2011 - May 2012

Asymmetry ~250 ppb
Error goal ~5 ppb
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Qweak Ap p aratus Quartz Bar Detectors

Production Mode: 8-fold symmetry

180 uA, Integrating

Toroidal
Spectrometer

35 cm LH target

=1.16 GeV
I =180 uA
P =88% Acceptance-defining
Pb collimator

High-density concrete
shielding wall
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Qweak Ap p aratus Quartz Bar Detectors

Production Mode: Vertical 8-fold symmetry
180 pA, Integrating Drift Chambef

Toroidal
Spectrometer

Tracking Mode: \
50 pA, Counting Horizontal

2
(Q” Systematics) Drift Cham

ber

35 cm LH target

=1.16 GeV
I =180 uA
P =88% Acceptance-defining
Pb collimator

Trigger

. . Scintillators
High-density concrete

shielding wall
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Qweak During Installation

Quartz Bar
.. Detectors

Toroidal
- Spectrometer

4

AR

Acceptance-defining &
Pb collimator

High—density concrete
shielding wall
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Target Design and Performance
» 35cmLH, (4% X))

| Target “Boiling” Noise:
- 20K, 30-35 psia

target density fluctuations

- ~3 kW power .
_ _ Beam Raster Size Scan @ 182 pA
» Designed using CFD TOO ey
- s, = 1.3 + (19.4/x)"2.399
e i Run 12104 -
8 75r May 2011 -
3 . '
(]
P ANSYS % i
5 50e+00 [ )] 50 ]
IZ:EZZ.‘?Z ®
e = s
.?::::gg 25_....|....|....|....|.... .
- B 25 30 35 40 45 50 55
?:2:2; 8°+3° Acceptance Raster Size (mﬂ}

-B.30e-01 A - N IEDY meid

IOA _* Fluid Velocity Simulation 47 ppm/quartet; small contribution
to ~230 ppm width from statistics

Contours of X Velocity (m/s) Apr 05, 2009
FLUENT 12.0 (3¢, dp, pbns, rke)
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Main Detectors

* Eight 2m long radiation-hard fused silica Cerenkov detectors

Installed 2cm lead pre-radiators

Azimuthal Symmetry

Fused Silica Bars e
(synthetic quartz) | '_

"

Magnat Goilg <\
S
ep

Electrons focused on detectors by QTOR
Photons show collimator aperture shape
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Kinematics Determination

Drift chambers before Target Tracking  Focal Pane
and after magnetic field ﬁﬁ, Tracking Petectors bl Detectors

Detectors

| ow current, reconstruct

individual events i = =T
e Systematic studies
Q? Distribution in Octant 1 (Sim & Data) —2m__
Fooref 02 Measure light-weighted acceptance
50.016[— . D 2 .
3 Simulation (Q* varies by factor of 2 over acceptance)
2z C [ R
ooz Data —. Pr01ect10n of H1ts at Detector e
E 001 = 2 o L | —o.0e
Z - o o
- o _ZW, —lo.05
3 w&k WM
0.006 — 334 ;— —0.03
0,0045— Zzi%: 'i "-".'.I": [ ..r ikl .'.'.:.
SR 4
00_' il 6.01' 002 003 004 005 [O.Elﬁl = 'o‘(ln' 008 06 B0 %o 40 =0 o 2o an S
G* (Gevic’ Ammuthal
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Precision Polarimetry

« Two independent devices for <1% polarization

Mgller

, . PRELIMINARY Polarization — Run 2
- low current only, invasive :

90

o)
N
o

(o]
(5]

[ 4 Moller polarimeter

o)
N
o

| @ Compton polarimeter - electron detector
| 1 1 | | 1

22500 23000 23500 24000 24500 25000 25500

Measured polarization (%)

Compton run number

Electron
—

Dipole

Fabry-Perot
Optical Cavity

Compton: Photon and Electron G el VA e
i Photons

- continuous measurement,
high current
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Measurement process

Ims(@1KHz sampling)
‘J. -

« “Helicity windows” occur at v
abOUt 960 HZ Detector Signal [~ ... oo [ i o o b e |
- Groups of four windows Helcty S@tes | =L sk [k k| s
have helicity pattern +--+
or -++- chosen A, A, A, A
pSGUdOFandOﬂﬂy \ MD Asymmetry :: Blinded (60 ppb box) :: Not Regressed h1

Entries 93341

. . . . = Mean -0.05576
- Helicity reporting is delayed “™: RMS 236
3500—
» Detector and beam monitor 30005 For 165 A beam current
signals are integrated over 25000 puartet RNB: 236 ppm
. = E in 6.5 min: 0.8
the W|ndOW 200" rror in 6.5 min ppm
« Asymmetries are constructed -
for each pattern Y. —-Y o
-_ - 500 —
Y++Y- 0" 1000 B0 0 s00 1000

asymmetry (ppm)
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Beam Parameter Corrections

Example: Detector Sensitivity to X position variation

o H e I i C i ty CO rre I ate d b e a m Run 11781: Main D Barsum X-Sensitivities (| /mm) for Qweak Target: LH2, 164.7 uA, 4.0x4.0 mm

MD2 ASYM [ppm]

parameter variations can oo il g Gl e
produce an asymmetry in the ¥ . " R m

Ha—
=

detectors -

- Symmetric detectors give o e
- - LT | &
partial cancellation = B et b
m w f é E Ll h}tj# o . ‘&W}il‘\ - f w&m

. . e L ,H*,‘lw o o T
- Large HC beam variations = LIS

can be reduced by retuning TR e

Bty I
- Measured detector-beam LTI B

S &
=
N

[

correlations can providea iy i

(0]0) rreCtion SR . : LR 1

Acorr = 31 (22) Ax;
corr — =1 ) X / Regression Correction from Qweak “Wien0”

/ / (PRL 111, 141803): A =-35+11ppb
(x,x",y,y",E)

corr
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Beam Parameter Corrections

 Two ways to determine

sensitivity of the detector
asymmetries to beam
parameter variations

- Regression: Natural jitter

of beam parameters

- Dithering: Occasional

“large” driven variation of
each beam parameter

Corrections based on the two
methods are in excellent
agreement for this subset of
our data where both are
available
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Run2 measured asymmetry

Asymmetry (ppb)
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Preliminary - Blinded (arbitrary offset)

Raw

-160.0 + 8.6 ppb

Reduced y? ::

Regression

1.38 Reduced 32 ::

-159.4 + 8.5 ppb

0.61

Dithering

Reducedy? :: 0.57
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» About 77% of the run2 data-set
« Asymmetries have no corrections
other than beam parameter

correction
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Some Backgrounds

« Target cell backgrounds

— Recall that aneak~ 1

Scattering from the
aluminum cell walls will
contribute a large
asymmetry

- Need dilution and Al
asymmetry

 Inelastic scattering from LH2

- Measure the asymmetry
with reduced magnetic field
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 Two-boson exchange

Longitudinal e- spin

v-Z box contributions lead to
~6% shiftin Q°  with error

wea

estimates of about 1%
Transverse e- spin

2-y exchange with transverse
electron spin leads to a
azimuthal asymmetry
variation
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Measured Dilution Factor

Backgrounds: Aluminum

« Largest background correction from aluminum alloy target
windows (0.25% X ): -64 + 10 ppb

Dilution measured with empty target Asymmetry measured with thick
and cold gas tracking runs

.06

0.056

0.052 |

0.048

{1.044

.04

0.036

0032

0.028

[ [ ® MDI- Cold Gs ; -
....... % MDI - Empty Call !’,
— — Lincar fit to cold gos peints | - :

e e T T e e e R SO
: : : : -
LT

e TS Ji,.-"' ........... R SR FER
e

.-.u..i...i ..... ’r".? ................................................................................
: - :
: -

fix‘ ................................................................................................
-~

fa1 =3.231+£0.24 %

....... #;’.-r Need Correction for

I

g ............. ........ hydrogen presence

APV —

Detector Profile for Upstream Window r

T L r T R r TN rr i r T E RN T TN TrT T r T T T S TR LI LTI T

Hydrogen Gas Density {gfcm**3)
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dummy target (4%)

~GrQ? Ny
ravz A+ (7) 9

AAI = 1.76 - 0.26 ppin

IR .'I ISk i |I|:|
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Transverse Asymmetry

e Dedicated measurement with fully transverse beam

— Constrains false asymmetry for A result
cp
— | — — — Vertical fit A, cos{o+ou}+c . ———.
4 :_ — — — Horizontal fit A, cos(o+0 ) + C j//’/ —+ .\\\X/// \\\i
—_ = 7 7/ N,
g. 2— yd 4 N
o N / AN
~ "‘_{\ / 4 AN
Q 0 —} /* ¥ \§
Q N / / N
£ - \\ / ) 4 \\
; -2 [ N // / N
7] | \ 7/ / AN
< B \\{/ y N
40 7K _-£ 90°phase shift between ™
i R T vertical and horizontal
I TN O T N (S ST TN TR NN SRS Y SO T NN SR TR AN SAN SN SO TR TR SR SN WA ST SR SO S S N N WA N
1 2 3 4 5 6 7 8

Octant Number

* Good cancellation
(symmetry factor)

o Small residual PT

when running

 Correction < 4 ppb

* Transverse result: nucleon structure and 2y exchange

The data provide an integral test of
all allowed virtual excitations of the
protonupto E =17 GeV
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Ancillary Measurements

Many additional measurements under analysis:

- PV asymmetry: - PC Transverse asymmetry:
e elastic #’Al « elastic ep
e N A « elastic *’Al, Carbon
(E=1.16 GeV, 0.877 GeV) ‘N> A
e Near W = 2.5 GeV e Maller
(related to yZ box) e Near W = 2.5 GeV
’ l(DEiO: ggogg\r/c))duction » Pion photoproduction

(E = 3.3 GeV)
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(1/25th of total dataset) Kinematics:

First Results: Asymmetry

e Run O Results

Published 10/2/2013: PRL 111,141803 (2013)

(Q2) = 0.0250 £ 0.0006 GeV?
(Epeam) = 1.155 + 0.003 GeV

(A., = —279 + 35 (stat) £31 (syst) ppb |
0 0.05 0.1 0.15 0.2 0.25 0.3
N i o
g | Qweak U Qe
&3 (4% of data, H
£, | 3days @ 100%) } }
.| g
~= F
g 1
7
gt 1
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Q? [(GeV/c)?]

22



Extracting the Weak Charge

Global fit in Q* and 0 to the reduced asymmetry
Al A,=0", +O°B(Q°) 4,=—(G,J4ma~2)0’

weak

Using 5 free parameters: C ,C ,p, 1, & the isovector part of GAZ
- GES, GMS, and GAZ use a dipole, (1+Q*/A*)>, with A =1 GeV/c

e Employs all PVES data up to Q* = 0.63 (GeV/c)

* On p, d, & *He targets, forward and back-angle data

- SAMPLE, HAPPEX, GO, PVA4
Uses constraints on 1soscalar part of GAZ

e Zhu, et al., PRD 62, 033008 (2000)
All ep data corrected for E & Q° dependence of yZ-box
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Electroweak Corrections
Q0 = [1+ Ap+ Al [(1— 4sin 0y (0) + Ag] + Oww + Ozz + Oz

1.2
- Most of these well known and precisely

calculated - except for yZ-box

- yZ-box: significant energy-dependent
correction first identified by Gorchtein
& Horowitz

1.0

0.8

ReD,,(E) (x 107)

. PRL 107, 081801 (2011) _

- Hall et al model dependence constrained o4

by JLab PVDIS data o , |
. 1 2
Table 1: IZIE’:Z contribution to @7}, (Qweak kinetmatics) E (GeV) :
Gorchtein & Horowitz 0.0026 + 0.0026 h ®
Phys. Rev. Lett. 102, 091806 (2009) )
Sibirtsev, Blunden, Melnitchouk, & Thomas 0.004770005% - @—
Phys. Rev. D 82, 013011 (2010) N
Rislow & Carlson 0.0057 4+ 0.0009 E [ —
Phys. Rev. D 83, 113007 (2011)
Gorchtein, Horowitz, & Ramsey-Musolf 0.0054 £ 0.0020 a P NE——
Phys. Rev. C 84, 015502 (2011) a
Hall, Blunden, Melnitchouk, Thomas, & Young 0.00557 + 0.00036 @
[ T

Phys. Rev. D 88, 013011 (2013)
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First Results: Weak Charge

Aep/AU — %V+QQB(Q219:0) ) AU

€ This Experiment

e .Data Rotated to the Forward-Angle Limit.
m HAPPEX :
I 0.4} % sawvpPLE 8
= A PVA4 - B
S ® GO ) -
9 0.3 2 SM (prediction) = )
m A o {
7 }« 'i:’::’
+ 25d
+02 i X
O >
<I'I:O 0.1 § } P (PVES) =0.064+ 0.012
o 2 {fV(SﬁfI) = 0.0710 £ 0.0007
<00 - - - - -
0.0 0.1 02 03 04 05 0.6

O°[GeV/c]

Published 10/2/2013: PRL 111,141803 (2013)
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| Global fit of world
1 PVES data up to

Q’=0.63 GeV?

g

Data rotated to

| forward-angle

for plotting

{ Remove energy-

& Q?-dependence
of yZ-box

4% of

Qweak
Data



First Results: Quark Couplings

0.18 —————— -
Inner Ellipses - 68% CL Black dot is SM value
017 Outer Ellipses - 95% CL <% Green band is Cesium APV — more
o | sensitive to isoscalar combination
(Dzuba et al., PRL 109, 203003 (2012))
_ 016 Blue ellipse is combined PVES
O (now with Qweak)
t 0.15] Red is combined APV+PVES fit
O «BSGSP‘P\'
014 | (1 = —0.1835 £+ 0.0054
' o C1q = 0.3355 £ 0.0050
0.13| > z .
Quw (PVES + APV) = —-0.975+0.010
012 | | | QY (SM) = —0.9890 £ 0.0007
.0.70 -0.65 -0.60 -0.55 -0.50 -0.45 -0.40
C1u - C1d 4% Of
Qweak

Published 10/2/2013: PRL 111,141803 (2013)
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First Results: Weak Mixing Angle

- — = a2
At tree level: Q7 =1 -4sin"0

0.0001 0.001 0.01 0.1 1 10 100 1000 10000
0.245 i ——— A ——rrrrr——r i ———rrrrrret et .-ll r—rrrret  0.245
I Qu(p) JLab E_
0-243‘ : {45er Df Qmak data w— Frler MShar ] 0-243
L + PVES} = This B [ '
0.241 ¢ \) Qyle) NuTeV s Hesult T 0241
[ E158 m Published :
0.239 + + 0.239
.- ® Ongoing !
O 0237 l } 0237
~ Qw(Cs)
o 0.235 APV } 0235
N= o
- 0.233 T 0.233
EP } Tevatron )
0.231 } 0231
: { LD ]
0.229 ¢ / T 0229
: Qy(p) JLab ,
0.227 (estimated final uncertainty) T 0227
0.225 R S S B B I E—— B m— "!- 0.225
0.0001 0.001 0.01 0.1 1 10 100 1000 10000
Q (GeV)
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Each
experiment
sensitive to

different types

of new physics
Curve from Erler,
Kurylov, Ramsey-

Musolf,
PRD 68, 016006 (2003)

4% of

Qweak
Data



“Teaser”

=) ¢ This Experiment | Data Rotated to the Forward-Angle Limit
m HAPPEX

Il 0.4}{x savpLE i p
D A PVA4
N ® GO T e
Ql 2 SM (prediction) ‘_,»:j,,« i

= 0.3|

m ,,-"’,""—
iy e

Q {

+ 0.2

o =

/]

[

< 0.1

"--.% 2>

<C

O
OO

0 01 02 03 04 05 06
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A/A,= Qi+ Q°B(Q’, 6=0)
O ) -

-

=

“Teaser”

¢ Si?ulation Data Rotated to the Forward-Angle Limit
B HAPPEX
A4t % SAMPLE
A PVA4
® GO
3 _ 2 SM (prediction)
2t
11 Simulation on SM
> with anticipated errors
0 . . . . .
0.0 0.1 0.2 0.3 04 0.5 0.6
Q°[GeV]’
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c-p transverse asymmetry

e Pasquini/Vanderhaeghen Model
* Includes intermediate states: proton (elastic) and nN (inelastic)
e Computed via N — znN electroproduction amplitudes from MAID
e Afanasev/Merenkov and Gorchtein Models
e Optical theorem: relates forward Compton amplitude to total photoproduction
Cross section
 Effectively includes both =N and nnN states
e For all models, inelastic dominates over elastic

———— B.Pasquini & M.Vanderhaeghen
A.Afanasev & N.P.Merenkov
M.Gorchtein (with = 1o bounds)

C : Po—— ; = Q_ Experiment
L : : : —— : - weak _

 Kinematics:

e Q2=0.0250=+0.006 (GeV/c)2

« E=1.155+0.003 GeV

* Scattering angle = 7.9° £ 0.3°
e Preliminary

A =-530£0.07+0.15 ppm

Beam Normal Spin Asymmetry (ppm)

* No radiative corrections
e Results from B. Waidyawansa : : 5 TTIL] SO . SO SRR R oot S
om b. Waidy eousey | Prelimina ry s
Ph.D.thesis; being prepared for = ; ; : ;
. . _ I_ | 1 | 1 L1 1 | 1 | 1 L | 1 1 1 L | 1 | 1 1 I 1 | 1 | I L | 1 1 I 1 1 1 | I L1 L | I | 1
publication 855 60 65 70 75 80 85 90 95 100
9Lub
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Transverse asymmetry on nuclel

e Calculations with inelastic intermediate hadronic states agree with
experimental data up to A = 12, but fail to describe Pb (A = 208)

e No calculation includes both Coulomb distortion and a full range of excited
intermediate states.

* Adding data between A=12 and A=208 (such as Al, A=27) will shed light on
this issue

Preliminary Qweak error estimates - displayed at A, =0
Inner error: statistical; Outer error: conservative total error

2ceo YAl @
2
: =
Figure adapted from PREX F —— {
collaboration; EE H 5026 &
PRL 109, 192501 (2012) S S . 775 d
< @ 'H HAPPE % N Osp P o s P
. . — B ‘He HAPPEX .\ BN ‘?/‘5‘0‘1‘;
Calulations by M. Gorchtein 124 C PREX AN 7%, Go)
and C. J. Horowitz, 14 :_: “Pb 1:"?; N\ 63?@
- X L N
Phys. Rev. C 77, 044606 16 E-™ QWeak (prelim.) AN\
- 'l L 1 L I 1 L 1 L I L 1 L L I \\l 1 h‘ 1 I L 1 L L 1
(2008). 0 0.1 0.2 0.3 0.4 0.5
Q [GeV]

P.M. King; Qweak; APFB2014 31



Summary

« First published result from the Qweak experiment

4% of
QOweak
Data

Aep = —279 £ 35 (stat) £31 (syst) ppb

- Determination of the proton and neutron weak charge

W (PVES) = 0.064 + 0.012 [Q’{;,(PVES + APV) = —0.975 + o.ouﬂ
P (SM) =0.0710 + 0.0007| (@ (SM) = —0.9890 =+ 0.0007

In agreement with Standard Model predictions
* Final result expected ~year from now

- Statistical error 5 times smaller, reduced systematics, no
show stoppers found

- Additionally, many ancillary results under analysis
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97 collaborators 23 grad students

Th e Qweak COI Iabo rati O n 10 post docs 23 institutions

Institutions:
. 1 University of Zagreb
k] L &
I.!! - .,;."_-_ .!._!_ ! 2College of William and Mary

3 A. I. Alikhanyan National Science Laboratory
4 Massachusetts Institute of Technology
5 Thomas Jefferson National Accelerator Facility
8 Ohio University
7 Christopher Newport University
8University of Manitoba,
? University of Virginia
10 TRIUMF
1 Hampton University
12 Mississippi State University
13 Virginia Polytechnic Institute & State Univ
14 Southern University at New Orleans
15 ldaho State University
16 Louisiana Tech University
17 University of Connecticut
18 University of Northern British Columbia
19 University of Winnipeg
20George Washington University
2t University of New Hampshire
2 Hendrix College, Conway
ZUniversity of Adelaide
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