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

* Precision Standard Model test
* tests “running of sin?0,,” from M2, to low Q?
* sensitive to new TeV scale physics
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Proton’s Neutral Weak Charge

The Standard Model prescribes the couplings of the fundamental

particles to each other — Qo ¢
U 23 1-83sin’fy sin6,, —
d —13 -1+453 Sin26W “weak mixing angle”

Electromagnetic force — proton’s electric N
charge
Q=2 +2)41(=2) =41 ; °
3 3
Weak force — proton’s neutral weak charge - Q..
Z0
- =2(1—8/3sin2 6W)+1(—1+4/33in2 GW) """ p
v
=1-4sin°0, ~0.07

—> Accidental suppression
sensitivity to new physics
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The Hunt for New Physics

Two complementary approaches to searching for “New Physics”

“Energy frontier”
- like LHC — Large Hadron Collider

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

“Precision frontier”
- examples: Qweak at JLab, u(g-2),
EDM, P decay, n B decay, etc.

— Look for indirect effect of new
particles (“X”) made virtually in low
energy processes
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The Q

weak

Experiment: The 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— 7| 25x10°(1+A)e
—>-- @ ‘ ———————————————————————————————————————————
(180 uA for 2000 hr) , proton 2.5x10%(1-A) &
spin (-) target

Parity violating asymmetry:
A~ -2.3x107 or-230 ppb (parts per billion)

proportional to the proton’s weak charge (“Qweak”)

Asymmetry measured with precision of ~¥2% (5 ppb) — sensitive Standard Model test
— probe for certain types of “New Physics”
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Parity-Violating Asymmetry —Accessing the Neutral Weak Sector
Qweak experiment :

exploit the interference between EM and weak interactions
2

QPW - 1 - 4Sin26w
o >VVY\/\< ' > g -Q//
€ N € N
2
bt
+he)
€ N C
right-handed 46——51—»1?

Z
e N )
left-handed f_%_.g
Y Z
_ . 2
Op—Op >\N‘N<p> d} = Q= 1-4sin 0y,

p
X > ~=230ppb
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Parity-Violating Asymmetry for the Q .., Experiment

@ i . @ -
_ 7
(1) ()

The Qweak experiment at JLAB determines the proton’s weak charge by measuring the parity-
violating asymmetry in elastic scattering of longitudinally polarized electrons on proton.

o 2Mye [—GFQ2] [eGgGg -Gl GE — (1 - 4sin29w)e'Gg4G§\]
4\ 2m o e(GE)? + 7(Gp)?

My
At forward scattering angles and low 4-momentum transfer:
2 AP 4 2
Q7 QL +Q"B(Q7)]

_ —

47t /
“Form factor” term due to finite proton size
— hadronic structure (~ 30% for Qweak)

Q*—0
do, —do._ 6—0

do, +do_

Gp

A =

proton’s weak charge:
Q®,...=1—4sin°0,, attree level

weak —

By running at a small value of Q? (small beam e’ W

energy, small scattering angle) we minimize our
sensitivity to the effects of the proton’s detailed e

spatialfstructure.
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Energy Dependent Electroweak Radiative Corrections

— For useful Standard Model test all electroweak radiative corrections need to be

under good theoretical control

Most significant radiative correction: y-Z Box Diagram

Table 1: D};Z contribution to Q% (Qweak kinetmatics)

Gorchtein & Horowitz 0.0026 + 0.0026 * ®
Phys. RevQLE{DBR2GOAKEUHLATIONS 3
Sibirtsev, Blunden, Melnitchouk, & Thomas 0.004770-005% 3 ~-—
Phys. Rev. D 82, 013011 (2010) 3
Rislow & Carlson 0.0057 +0.0009 ——
Phys. Rev. D 83, 113007 (2007) 3
Gorchtein, Horowitz, & Ramsey-Musolf 0.0054 + 0.0020 3 ®
Phys. Rev. C 84, 015502 (2011) a3
Hall, Blunden, Melnitchouk, Thomas, & Young 0.00557 + 0.00036 [ -~
Phys. Rev. D 88, 013011 (2013) 0 -iééi éﬁ‘ é

. . p .
0,z contribution to Q,, Qweak correction

Example: latter correction is ~ 7.8 = 0.5% of QP

(Hall, et al., Phys. Rev. D 88,013011 (2013)) , 0006/

- calculations are primarily dispersion theory type
- error estimates can be firmed up with PVDIS data

. — Total
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. . 2
Standard Model Test — “Running of sin"0,,“
Full expression for proton’s weak charge with all radiative corrections:
QY =1+ Ap+ Al [(1 — 4sin® 0w (0)) + A + Oww + Ozz + Oz

Correct for all calculated electroweak radiative corrections
Extract sin26W for comparison with other probes

z° ~ ¥
0.0001 0.001 0.01 0.1 1 10 100 1000 10000
Precise low energy 015 ™ ] 024
- 1 r =
measurements: 0.243 1 ] —sm 0.243
[ [
¢ E158 MO”er 0.241 ' i [Qw(e) INUTeV =&—This Result 0.241
, [ E158
electron’s weak charge 0239 1 i . pubihed 0.239
— : 1
. . ) ) 0 0.237 | ! 0.237
* Cs Atomic Parity Violation = _ QW(CS)I i
0.235 ¢ APV 0.235
mostly neutron weak chargeS : |
S 0233 § ! 0.233
[ 1 — Qu(p) Tevatron
e Qweak’s measurement of 0.231 ) I 0.231
[ : SLD
proton weak charge 0.229 1 : 0.229
will complete this low energy 2,7 § i 0.227
Uy ° ” [ 1
weak charge “triad 0.225 b il 1 , , 0225
0.0001 0.001 0.01 0.1 1 10 100 1000 10000
Q (GeV)
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Sensitivity to New Physics at TeV Scales

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

2
g =coupling
LN = ———=€Y,Ys€ E hi 9
P AN2 TuYs vaY'q A=mass scale
Arbitrary quark flavor dependence of new physics: 6
Anticipated 4 \
J 5 Q-weak Limit s
. (assuming SM)
v = cos 0y, hy, = sin 0, s '
=3
Qweak constrains new PV physics to beyond 2 TeV 2 3
Young, Carlini, Thomas & Roche, PRL 99, 122003 (2007) < | )}
2
Present Limit
1 (all electron-N PV data
95% CL + recent JLab PVES results)
0 kA s 3n 2n
2 eh 2
Possible New Physics Scenarios:
» X A ’ 7
\ "/{:\\a //ﬂ ? Z / ? X / ? ‘?
/mm; v Gl ----K + S G N V<Y ra
v 7\ e \P > Ne P
5/30/51PC SUSY Generic Z' VIESON 201BPV SUSY Leptoquarks .

Ramsey-Musolf, Phys. Rev. C 60, 015501 (1999), Erler, et al. Phys. Rev. D 68, 016006 (2003)



New Physics Scenarios — A Recent Example

“Dark photon” — possible portal for new force to communicate with SM

!
u(1)y /)1( u(1), Dark
| ‘ Sector

* Astrophysical motivation: observed excess in positron data

* Could explain muon g-2 anomaly St o

SU(3)xSU(2)xU(1)

“Dark parity violation”
(Davoudiasl, Lee, Marciano, arXiv 1402.3620)

* Introduces a new source of low energy parity violation through mass mixing
between Z and Z, with observable consequences

 Complementary to direct searches for heavy dark photons

O(GeV) scale

0.242 ]
Miarkz = 100 MeV b
vy—DIS 1

Miarkz = 200 MeV
Qweak (first)

~ 0.238
S
= 0.236
D
=
7 0234
L E}
0232 VY e ]
r MESA
i Qweak ) 1
0.230 i "Anticipated sensitivities" SLAC 1
—3‘H‘—2”“—1””0””1””2””3

Log,, Q [GeV]
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Outline

* Experiment: technical challenges and achievements



Parity-Violating Electron Scattering Experiments —
A Brief History

Pioneering (1978) early SM test
SLAC E122 PVDIS — Prescott et al.
A=-152 ppm

Strange Form Factors
(1998 — 2009)

SAMPLE, GO, A4, HAPPEX -

A~1-50ppm s:
o

Standard Model Tests

(2003 — present)

SLAC E158 Moller: A=-131 ppb

JLAB Qweak: A ~ -230 ppb

— smaller asymmetries,

smaller absolute and relative errors

10*

10°

10°

107

PVeS Experiment Summary

I ITIIHII FrrrTTn

| TIIIHI

| lllllll

Pioneering
Strange Form Factor (1998-2009)
S.M. Study (2003-2005)

JLab 2010-2012

E122
©

PVDIS-6
]

C

\J

| llll'l'l ! L 1111l
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Qweak Experimental Apparatus

1A

ANN (NAN
AN

Production: ~ 800 MHz rates r
' L
must integrate PMT current 0 00 s  time

Quartz Bar Detectors

Production Mode: 8-fold symmetry

180 uA, Integrating

Toroidal
Spectrometer

35 cm LH, target

E=1.16 GeV

[=180 pA

P =88% Acceptance-defining
Pb collimator

High-density concrete
shielding wall
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Qweak Experimental Apparatus

UA
Tracking (event) mode: low rate; )

each event individually registered ; 190 s time
Quartz Bar Detectors

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

Toroidal
Spectrometer

Tracking Mode: \
50 pA, Counting Horizontal

2 .
(Q° Systematics) Drift Cham

ber

35 cm LH, target

E=1.16 GeV

[=180 uA

P =88% Acceptance-defining
Pb collimator

Trigger

. . Scintillators
High-density concrete

shielding wall

5/30/14 MESON 2014 16



Qweak During Installation

Quartz Bar
: {21 I i .
A e . Detectors
- Spectrometer - e |

——

. High-density concrete
Acceptance-defining & shielding wall
Pb collimator : 7
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Parity-Violating Electron Scattering Method

How do we take the bulk of our data? Pretty
simple actually...

* Integrate the light signal in the Cerenkov s (@1KH2 samping)

detectors, sum them, and record the value every v
1msec DetectorSignalf]WH,..IH I | I ........ |'_
t
@ . . . . HelicityStates | 4! = ! = i | =i (4 =| 4+ = = 4
* "Normalize™ the integrated signal (S) to the ‘. !
amount of charge (Q) in the beam Y Y Y
S A, A, A, A
¢ F||p the e|eCtr0n beam he||C|ty and form the MD Asymmetry :: Blinded (60 ppb box) :: Not Regressed Entr'esm S
asymmetry from four adjacent data samples: 4000 Mean 005576
3500:—
+ — C
A _ Y - Y 30002—
PV _ =
Y+ + Y 25005— 236 ppm
o 2000 per quartet
* Repeat 2 billion times! (2200 hours of data- 15007 (= 4 msec)
taking) to get desired statistical error 1000
500;—
ob— L . A I R B ol
-1000 -500 0 500 1000
asymmetry (ppm)
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Qweak Technical Challenges

A — A
A = — Jalse fback Aback (forjfback << 1)
P

o beam
Statistics on 4,

e Small counting statistics error requires —

e reliable high polarization, high current polarized source
e high power cyrogenic LH, targets
e |arge acceptance high count rate detectors/electronics

while minimizing contributions of random noise from
e target density fluctuations
e electronics noise (in integrating mode)

Systematics:

* Minimize helicity-correlated beam properties (4, )

e Capability to isolate elastic scattering from other background processes
(dilution factor f,,., , background asymmetry 4, )

e High precision electron beam polarimetry (P,,,,,)

* Precision Q? determination (4 « Q2 )

5/30/14 MESON 2014 19



Liquid Hydrogen Target

FFT of normalized yield spectrum
150 A
20 pA

 World’s highest power cryotarget ~ 3 kW

e Used computational fluid dynamics (CFD) 6| Need fast reversall

R

* Designed to minimize contribution to random

Amplitude [V/uA]
o

noise from target density fluctuations — “boiling” 107
. . L. . TS N N N R NN N W N
Achieved! 46 ppm < 236 ppm counting statistics noise 0 50 100 150 200 250 300 350 400 450
Frequency [Hz]
Luid Vel C Pump Scan @ 169 nA, 4x4 mm Raster
6406400 Fluid Velocity Contour 125 S
B Y ANSYS [ 11805-12095 ' 1
Myl May 2011 s, =28+ (659/)"1.168 |
s 100} ;

3.24e+00
2.79e+00
2.33e+00

1.88e+00
1.43e+00
9.78e-01
5.26e-01

LH, Flow

——Assumes 1/f

7.40e-02

Target Noise (ppm)
o
|

3.786-01
?.;:&0010 42 ppm at 169 uA,
17300 [ |4x4 mm? raster!
amen 3 electron _ ‘
i direction i 25|0 — 115 — 210 — 215 — 30
Contours of X Velocity (m/s) Apr 05, 2009 Pump &)eqj (Hz)
FLUENT 12.0 (3d, dp, pbns, rke)
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Qweak Main Detector

- Main detector: Large array of eight Cerenkov radiator bars (each 200 x 18 x 1.25 cm3)

« artificial fused silica for UV transmission, polished to 25 Angstroms (rms)

Fused Silica Bars

 Spectrosil 2000: rad-hard, non-scintillating, low-luminescence |cmhricqars |

* Two 5” PMTs per bar, S20 cathodes for high light levels

* Yield 100 pe’s/track with 2 cm Pb pre-radiators

Elastic
ep
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Precision Polarimetry

Qweak requires AP/P < 1%

Strategy: use 2 independent polarimeters

* Use existing <1% Hall C Mgller polarimeter:
* Low beam currents, invasive
* Known analyzing power provided by
polarized “saturated” Fe foil in a 3.5 T field.

* Compton (photon & electron) polarimeter (1%/h) Mgller Polarimeter
* Continuous, non-invasive

* Known analyzing power provided by QWEAK, Polunzqtmn o

1 ‘-/

circularly-polarized laser N 2E B
90 A
W%Mﬂ L
: c 88 —+M¢¢J &3%*@% d Vo
Compton Polarimeter g o6 %w#: 4
O sl Prellmmary o
T B . A
O 8 F g Compt S
e o F O LomPron et . L
= w, aaaaaaaaaa CE 78 E o MoII(-::r, ller : Y
. . % E [ : . | . L ! " |

23000 23500 24000 24500 25000 25500
5/30/14 MESON 2014 Run Number



Aluminum Window Background

Large A (asymmetry) & f (fraction) make this our largest

correction. Determined from explicit measurements

using Al dummy targets & empty H, cell.

(from published Run 0 result)
CAI = —64+10 ppb
AAI = 1.76 = 0.26 ppI1n

a1 =3.23+0.24 %

* Dilution from windows measured with
empty target (actual target cell windows).

* Corrected for effect of H, using simulation
and data driven models of elastic and
quasi-elastic scattering.

0.06

0.056

0.052

0.048

Measured Dilution Factor
=)
E

£

" [m MDI-Cold Gas : .
....... % MDI - Empty Cell ,’,
I |—— Lincarfit to cold gas points| Py : T
e  F———— —— S Y S SR, N SN S
: : : 7
LT
e ,-i/‘ .......... erereresenens eereserenssebe sestenessenns
..,, ..... ’f/, ............... S ARRRRRRRURURRRE. SUUURRRRUVRRRANL JURRRRRRRRUTUDNR ROORRsRRRRAS
’:/ :

....... ’:,
. A A - Need correction for

* Asymmetry measured from thick Al targets
* Measured asymmetry agrees with
expectations

from scaling.

Apy(2X) =

. Q%G
dran/2

Qo+ () ow]

r

>

Al windows, need to be
accounted for in the
asymmetry

0.036 oo (N AR AR LA AR AR ...
0.032 Il‘ ............................ hyd rogen presence ...........
0028 e
0 00004 0.0008 00012 0.0016
5/30/14 Hydrogen Gas Density (g/cm**3) MESON 2014
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False Asymmetry Corrections — Beam Related

Parity-violating electron scattering - the whole accelerator is part of the experiment!
: > y| ._;‘ , =

spefialized yaAs

e laser e\
z 100 kV

@’ | pogkels cell \\\V fa ST S B

| - ’ | polaioed Y, =5 ' ‘. A L 25 0A Ax;
| I Accele7/or £ \' i LDy corr =1\ Ox; !

half-wave plate .
Polarized source CEBAF Linear Accelerators (x,x",y,y",E)
Helicity-correlated beam parameters ——

(position, size, energy):

e Controlled by careful laser setup at polarized
source (kept to < few nm in Hall C)

e Corrected for by measuring parameter differences , i
and sensitivity slopes with 2 techniques: =
. - ‘ ! | 0 M{’
natural and driven beam motion ] ) i L
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Outline

* First measurement of proton’s weak charge — results and
implications



Brief History of Qweak

Brief timeline of Qweak
* Proposal 2001
e Design/construction 2003 — 2010
e Data-taking 2010 - 2012
* Finished in May 2012 when Jlab “6 GeV Era” ended

May 18,2012: JLAB Director Hugh Montgomery
“pulls the plug” on the “6 GeV Era”

5/30/14 MESON 2014
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Brief History of Qweak
Brief timeline of Qweak
* Proposal 2001
e Design/construction 2003 — 2010
e Data-taking 2010 - 2012
* Finished in May 2012 when Jlab “6 GeV Era” ended

K N

May 18,2012: JLAB Director Hugh Montgomery “and then the rains came” — Great Hall C flood —
“pulls the plug” on the “6 GeV Era” Aug. 25, 2012

May 2014: Jefferson Lab has begun 12 GeV commissioning; first physics beams in fall 2014
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Qweak Data Taking Periods and First Results

Qweak had ~ 1 calendar year of beam split into 3 running periods
Each period had its own “blinding factor” to avoid analysis bias:

* Run O:January — February 2011

* Run 1: February — May 2011

* Run 2: November 2011 — May 2012

Run O results (about 1/25 of data set) published in PRL in Oct. 2013

week ending

PRL 111, 141803 (2013) PHYSICAL REVIEW LETTERS 4 OCTOBER 2013

5

First Determination of the Weak Charge of the Proton

D. Androic,! D.S. Armstrong,2 A. Asaturyan,3 T. Averett,2 J. Balewski,4 J. Beaufait,5 R.S. Beminiwattha,6 J. Benesch,5
F. Benmokhtar,’ J. Birchall,® R.D. Carlini,>*" G.D. Cates,” J. C. Cornejo,” S. Covrig,” M. M. Dalton,” C. A. Davis,"°
W. Deconinck,” J. Diefenbach,'" J.E. Dowd,” J. A. Dunne,'? D. Dutta,'> W. S. Duvall,"* M. Elaasar,'* W.R. Falk,®
J.M. Finn,z’>l< T. Forest, > 16, Gaskell,5 M.T. W. Gericke,8 J. Grames,5 V.M. Gray,2 K. Grirnm,lé’2 F. Guo,4 J.R. Hoskins,2
K. Johnston,16 D. Jones,9 M. Jones,5 R. Jones,'” M. Kargiantoulakis,9 P. M. King,6 E. Korkmaz,18 S. Kowalski,4
J. Leacock,13 J. Lf:<:1<ey,2’i A.R. Lee,13 J.H. Lee,ﬁ’z’§ L. Lee,lo’8 S. MacEwan,8 D. Mac:k,5 J.A. Magee,2 R. Mahurin,8
J. Mammei,"*! J.W. Martin,'® M. J. McHugh,?® D. Meekins,” J. Mei,” R. Michaels,” A. Micherdzinska,”® A. Mkrtchyan,’
H. Mkrtchyan,3 N. Morgan,13 K.E. Myers,zo’q[ A. Narayan,12 L.Z. Ndukum,12 V. Nelyubin,9 Nuruzzaman,“’12
W.T. H. van Oers,'®% A. K. Opper,20 S.A. Page,8 J. Pan,8 K.D. Paschke,” S. K. Phillips,21 M.L. Pitt,13 M. Poelker,5
JLE Rajotte,4 W.D. Ramsay,lo’8 J. Roche,® B. Sawatzky,5 T. Seva,! M. H. Shabestari,'? R. Silwal,” N. Simicevic,'°
G.R. Smith,5 P. Solvignon,5 D.T. Spayde,22 A. Subedi,'2 R. Subedi,20 R. Suleiman,5 V. Tadevosyan,3 W. A. Tobias,9
V. Tvaskis,lg’8 B. Waidyawansa,6 P. Wang,8 S.P. Wells,16 S.A. Wood,5 S. Yang,2 R.D. Young,23 and S. Zhamkochyan3

5/30/14 MESON 2014 28



Extraction of Qweak from e-p Asymmetry

Run O Results (1/25% of total dataset) — published in PRL 111, 141803 (2013)

2 2
A, =-279 +35(stat) = 31 (syst) ppb  at <Q > =0.0250 (GeV /¢)
0 0.05 0.1 0.15 0.2 0.25 03 o ‘1W55Wm%m bMaRmémﬂomemewd&memﬁ
0 . yer—r R — . . . — m HAPPEX
: , . G0 GI:ID 0.4 i/\A/XPLE
- I T u H A 4
N o I R <ol
2 Qweak l { covag | = 0.3l SM (prediction)
€ i * Q-wea
8- (4% of data, 1 } = i Quweak
£, . . ! + 002
e '3 days@100%) [ ™
€ 5 & } o
2 IIO
6 F ; <\E Ol
7 &
< 0.0 e
8 Q2 [(GeV/c) 0.0 0.1 0.2 0.3 04 0.5 0.6

0°[GeV/c]

Global fit of world PVES data up to Q% = 0.63 GeV? is done to extract the proton’s
weak charge

Aep/Ag = Qi + Q°B(Q%, 0),

ho=[2%]

Q,,(PVES) =0.064 +0.012

0,,(SM)=0.0710 = 0.0007

First determination of proton’s weak charge in good agreement with Standard Model

5/30/14

MESON 2014 29



Quark Vector Coupling Constants

G | S
PV 5oy o5 (7 A y p e
Le-q_—‘\/ZC/HI/SCZ(I(]C]'/“CI Q — 2(2C1U + Cld)
’ L
0.18 ' ' ' ' _ e i
Inner Ellipses - 68% CL Cii=28,8y
; - 95%, A
0171 Outer Ellipses - 95% CL o
APV + PVES Improved precision on quark coupling constants
0.16 | Combined Result
3 C. =-0.1835+0.0054
t 015
A oot C,, =0.3355+0.0050
0.14
$ / sin’0 Combining this result with the most precise
0.13 | © Z atomic parity violation experiment we can also
v 4% of  d extract, for the first time, the neutron’s weak
015 | | on y. 60 .Qwea. ata charge:
-0.70 -0.65 -0.60 -0.55 -0.50 -0.45 -0.40
Co e Co 0! (PVES+APV) =-0.975+0.010

O,y (SM) =-0.9890 = 0.0007

5/30/14 MESON 2014 30



Running of Weak Mixing Angle
Using calculated electroweak radiative corrections can extract mixing angle for
comparison with other observables:

Q%/ = [1 + Ap + Ae] [(1 — 4 8in” HW(O)) + Ae’] + Uww +Uzz + D’yZ

0.0001 0.001 0.01 0.1 1 10 100 1000 10000
0.245 —_—l—l-rrmi r—rrrr———rrr————rrr—r———rrr——r——rry— I!ITI-FI'II!H" 0.245
1} Qu(p) JLab 1
0-243 [ (4% Of Qweak data e Er|ler MSbar i 0'243
i + PVES) —8— This Result 1
0.241 \ Qul(e) NuTeV T 0241
i E158 = Published .
0.239 ¢ _ + 0.239
[ ® Ongoing ]
~ 0.237 § } 0237
g’ Qw(Cs)
o 0235 § APV } 0235
N: : r
‘% 0233 1 } 0233
! LEP T
I evatron .
0.231 ¢ T 0.231
; } SLD ;
0.229 ¢ / T 0.229
: Qu(p) JLab ]
0.227 1 || (estimated final uncertainty) T 0.227
0.225 - S S B p E I E— i!- 0.225
0.0001 0.001 0.01 0.1 1 10 100 1000 10000
Q(GeV)
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Outline

e Status of analysis towards final precision result



Status of Analysis of Full Qweak Dataset

Data analysis in progress for the full dataset
Example: Status of corrections for helicity-correlated beam parameters
(sensitivity of detector asymmetries to beam position variations) A_,, = 5° (c))_A) Ax;

- “Regression”: Natural jitter of beam parameters (x,xy,y",E)
- “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
Run2 measured asymmetry

0_

Preliminary - Blinded (arbitrary offset)

= Raw Natural Driven
- -160.0 + 8.6 ppb -159.4 + 8.5 ppb -159.3 + 8.5 ppb

= Reduced y?= 1.38 | Reduced y?= 0.61 | Reducedy?= 0.57

-100

* Includes about 77% of Run 2 dataset
(~ 50% of overall dataset) - l l
*

Asymmetry (ppb)
| |
L
—_——
-—
l———
—_——
M-
——

* Asymmetries have no corrections other 2%
than beam parameter corrections B
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Conclusions
First published result from the Qweak experiment

PRL 111,141803 (2013) - based on just 4% of data taken

A, =-279 = 35(stat) + 31(syst) ppb <Q2> =0.0250 (GeV /c)’

First determination of proton and neutron weak charges:

O, (PVES) =0.064 £0.012 O, (PVES+APV) =-0975+0.010

0,,(SM)=0.0710 = 0.0007 O,y (SM) =-0.9890 = 0.0007

In good agreement with Standard Model predictions

Final result using full dataset expected ~ 1 year from now

e Statistical error 5 times smaller, reduced systematics, no show
stoppers found in analysis so far

e Additionally, many ancillary results under analysis
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Ancillary Measurements

Qweak made several ancillary measurements to determine and
constrain background processes and corrections —

many will result in physics publications

- PV asymmetry: - PC Transverse asymmetry:
» elastic “’Al » elastic ep
e N > A » elastic ?’Al, Carbon
(E=1.16 GeV, 0.877 GeV) N A
 Near W = 2.5 GeV « Maller
(related to yZ box) . Near W = 2.5 GeV
' (PEiO: g.gogep\r/?duction * Pion photoproduction

(E = 3.3 GeV)



