The Qweak Experiment: Early Results and Outlook

Scott MacEwan

University of Manitoba

(For the Qweak Collaboration)

6th Workshop of the APS Topical Group on Hadronic
Physics
April 8th-10th, 2015

.{effe?son Lalq

UNIVERSITY
OoF MANITOBA



Motivation

Qweak apparatus
Early Results
Recent Progress

Results & Conclusion



Motivation and Formalism



The Electroweak Interaction

The proton's weak charge is highly suppressed in the standard model.
A high precision measurement could be sensitive to certain types of

new parity-violating physics!
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Parity-Violating Electron Scattering
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Scattering amplitudes will have both EM and weak contributions.
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Measure the parity-violating asymmetry:
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Parity-Violating Electron Scattering

Left-right helicity asymmetry for protons:
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As Q-0 and 6-0:
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Hadronic structure
Constrained by older PVES data
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Apparatus



Q-weak Apparatus
/ Parameters: \ Quartz Cerenkov Bars
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e Q-weak Apparatus

Parameters:
E _beam =1.165 GeV
<Q2>=0.025 GeV?
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Liquid Hydrogen Target

35 cm long. Aluminum housing T | |
with high purity thin target /
windows LH, Flow

Designed using computational
fluild dynamics...a new
procedure for JLab!

Dissipated ~3 kW of power g & e ———
| = Y 5.500+00
The world's highest power | § :=«
LH2 cryotarget! e pow N
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e
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Main Detectors

Quartz bar Cherenkov detectors
(200 cm x 18 cm). 2 PMT's each

Radiation hard, low scintillation,
uniform response.

13 cm diameter PMTs on either
end. Swappable bases:
Counting mode — High gain (JLab)

Integrating mode — Low gain (Manitoba)

Pb pre-radiators to provide low-
E shielding and boost signal.

800 MHz per bar in int. mode.
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Polarimetry

Electron
Detector

Fabry-Perot
Optical Cavity

A \_J" .\E'_ ’\

*Goal: perform measurement of
polarization to 6 P/ P = 1%

*Use two different polarimeters:

» Existing Hall-C Mgller polarimeter
* [nvasive to production
 Known analyzing power from polarized Fe foil in high B-field

 New Compton polarimeter
* Non-invasive
 Known analyzing power from circularly-polarized laser
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Early Result
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Extracting Aep from A

I

False Asymmetries

Amsr — Araw =+ A'reg =+ AT =+ AL

=3
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Wien 0: Measured Asymmetry, Corrections and Final Asymmetry
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Apeg = Linear Regression

AT = Transverse Asymmetry
A1, = Detector Non-linearity

Asymmetry or Corrections (ppm)
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Al windows
Beamline bkgd
Soft neutrals
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A

* = Measured asymmetry for source i
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Extracting A_ from A

I

o

4% of total Qweak data set result:

Agp = —279 =

= 35(Stat) 5

- 31(sys)ppb

.




Extraction Detalls

5 parameter fit using PVES data up to Q%=0.63 (GeV/c)?
GZ(T=1) HAPPEX SAMPLE GO0, PVA4, Q-weak

Cl{u,d}7 Psy Hs, A W — _2(201U + Cld)

Result is a function of A, in Q2 and 6.

Kelly form factors used, including conventional dipole form for
rk form f IS:
strange quark form factors G- 1 A= 1(QeV/o)
(1+ 5)2
SEZPSQQGD ?WZIUSGD
GZ(TzO)

A IS constrained by past calculations.
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Reduced Asymmetry

*Rotate point to =0 in order to show on one plot:
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) — 0.3}
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for L1,z energy and '>0.1 QW(p) = 0.064 * 0.012
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Recent Progress
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Polarimetry (Preliminar

X — —
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Systematic uncertainties: Q95 - s Mgller -
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Final results to use using ™ e e 0.

Compton with comparison to 92 |- ¢ Compton (30 run av.) -
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Q? Measurement (6 Determination)

0? — 255 (1 — cos @)
Dominant uncertainty: 1+ %(1 — cos0)
0 determination Scattering Angle
Data from Tracking 0.012
system Simulation
' 0.01 Data

GEANT4 simulation &
data analyzed with the
same code. 0.006

0.008

0.004

<0>: Data and simulation .02
currently agree to <0.5%

0= 6 8 10 12 14

0 [degrees]
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Aluminum

Large PV asymmetry:
~2 ppm (compared to ~-220ppb!)
More Al data analyzed:
180ppb — 70ppb
Systematics also to improve over initial PRL2013 result.

Ongoing analysis improvements to extraction of the aluminum
dilution as well. 1~ 3.2%
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Beamline Backgrounds

— N

Highest contribution to systematic uncertainty for the | \.—
PRL2013 result. " ,_Hsuers ‘
-

m"‘ ?‘hf'
Background from electrons scattering on . | '
beamline or tungsten plug collimator.
Thought to be associated with large
asymmetries on outer part of the beam
(“halo”).

Yield fraction on Main Detector measured
directly by blocking primary e on two

Tungsten “plug”

ST )

¢ l Octants | and 5 = "'l' ¥

. \ blocked with shutters [l s -
"", - . : E

[
L

\

OCtantS: MD Correlation between bkgd asymmetries, Run2 |
¥ / ndf 107.5/ 124
b2 ~ O ¢ ]' 9% Prob 0.8541

Intercept  0.5295+ 0.16
Slope 1.398 + 0.02899 ; g :
20 _ ..................................... ........ e

Background detectors in various locations
monitored this component and measured T
highly correlated asymmetries. ! LS ——
Scaling of background asymmetries also ' . el
consistent with expectation from dedicated IR IS 7 N B S
measurement. T N T S

asym_uslumi_sum (ppr

asym_qwk_pmtonl (ppm)




Blinded Asymmetries

Blinded

(statistics only - not corrected for beam polarization, Al target windows, A02, etc.)

2
g0
> 100
1]

£ -200
£

> 300
< 400

Asymmetry (ppb)
o

Physics Asymmetry = (IHWP - IHWFE, )

180 200 250 300
Data Set #
NULL Asymmetry = (IHWP, + IHWP, )/ 2

Data Set #

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

Regressed =-160.9 + 7.6
(2/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
()(%/ NDF = 1.84, Prob = 0.001)

Regressed =7.9+7.7
(2/ NDF = 1.38, Prob = 0.048)
Beamline
Bkgd Corrected=-14+7.7
2 - -
(X“/ NDF = 1.29, Prob = 0.097) 23



Electromagnetic Form Factor

Sensitivit
Compute QP using a “perfect” SM asymmetry at our kinematics
with 4 different EMFF's:

Arrington & Sick 0.0705  0.0023
Kelly 0.0702  0.0023
Simple Dipole 0.0702  0.0022

Friedrich & Walcher 0.0683 0.0022

What about errors on EMFF's?
Compute QP 1000 times varying FF's within errors provided

by fit authors.
Arrington & Sick most appropriate for our low Q? in fit
methodology AND error analysis.

J. Friedrich and Th. Walcher. EPJ A 17(4):607—-623, 2003. 24
J. Kelly. Phys. Rev. C, 70:068202, 2004
John Arrington and Ingo Sick. Phys. Rev. C, 76:035201, 2007.



Electromagnetic Form Factor

Sensitivi
ensitivit
g 200— Constant 172.8+5.185
3 180 Mean 0.0708 + 4.021e-05
© 160 Sigma  0.001158 + 3.995e-05

140

120

mnf—

80/

60—

0.067 0.068 0.069 0.07 0071 0072 0073 0074 0.075

QpW
Efforts ongoing...study using the “perfect” asymmeptry point.

Use RMS width of QP distribution to quantify error from EMFF's

25

1.6% fractional uncertainty on QP using Arrington & Sick.



Conclusion

Initial results already available in 2013PRL.:
Aep = —279 £ 35(stat) £ 31(sys)ppb Qg = 0.064 £ 0.012

C1, = —0.1835 4 0.0054 Ci1qg = +0.3355 £ 0.0050

Finalizing analysis efforts being made on polarimetry,
Kinematics, backgrounds, extraction methodology...

Large bounty of physics results from primary and ancillary
measurements (aluminum, transverse, alternate kinematics...).

Final result expected SOON
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Gain-switched Diode
Laser and Fiber

Polarized Source

Attenuator

l_l_\

11/
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Rotatable GaAs
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Amplifier
L w
Shutter
Helicity Quartet
Pattern 960 Hz Helicity Fiber |
Helicity 15° Dipole
17 == a8 2 a0 S Generator
nHelicity Va.cuum
Delayed Helicity Fiber Window
=L )| ey 3 V-WienFilter
H ” C Fibers Gate
a :
iber Eg Spin Solenoids
7/ Charge Pre-Buncher
’~ Feedback m A1
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0.245 ek o o+ - b - o / o [
Qu(p) JLab
0.243 (49{_} of Qweak data m—— Erler MShar
+ PVES) = This Result i
0.241 \) Qule) NuTeV 0.
E158 m Published
0.239 0
l @ Ongoing
o 0.237 0.
e Qw{CS}
o 0.235 APV "
B
‘o 0.233 0
EP. { Tevatron
0.231 0.
} LD
0.229 / (
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0.225 o P T s e ey ey i ).
0.0001 0.001 0.01 0.1 1 10 100 1000 10000

Q (GeV)

29



Quark Couplings

0.18

0.17}

0.16}

Cig +Cyy
o
o

0.14}

0.13}

Ul%

Lnc = = > (CrgBvurseqyq + Cageyueqyvsq)

Yy
TR
X
VES Qweak
e\
1330‘5% %.
70 -065 -060 -055 -050 -045 —-0.40

Clu _Cld

L . separates the individual

guark contributions.
Qweak sensitive to vector

couplings Cl{u’d}

*Using all world data, extract
couplings:

C1y = —0.1835 £ 0.0054
C1q = +0.3355 £ 0.0050
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Electromagnetic Form Factor

Sensitivit

Compute QpW 1000 times, ™
varying the EMFF's within 100
errors quoted by the fit 10
authors. 120

100

BER Arrington and Sick

Ongoing analysis! Kelly

width is very sensitive to:
Asymmetry point
Strangeness
parameterization

0.07
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Kelly EMFF Errors

GHp/"u'pGD

GHn/‘u'nGD

07 100 10" 100 ‘lo® 100 10" 100
Q* [(GeV/c)] Q*  [(GeV/c)?]



Arrington&Sick

EMFF Errors

on

error

e p—

04 05 06 07 08 09 1.0

Q [GeV/c]

0.2

04 06
Q [GeV/c]
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Raw Asymmetry

APV = -279 = 35 (statistics) = 31
(systematics) ppb
<Q2> = 0.0250 = 0.0006 (GeV/c)2
<E> =1.155 += 0.003 GeV

® GO Fit
= HAPPEX| ——ar2-Fit
A PVA4 Pata

H
o
g -2 = SAMPLE pr f
GEJ + Qweak (L:OS:
g -3 1 o HAPPEX
= . ]| Experiment
E 1| (4% of our
£ 5] data)
E .
2 -6 ]
A R E——————————\
0 0.05 0.1
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Teaser to Final Result

SIMULATED FIT SIMULATED FIT SIMULATED FIT
Assumes anticipated final uncertainties and SM resullt.

/ ¢ Simulation Data Rotated to the Forward-Angle Limit \
— B HAPPEX .
T -
s}
Ql .
et
an)

0.4} % sampLE

A fake Qweak
point with an
estimated final
error bar at the SM
value.

A PVA4
® GO
0 3 =2 SM (prediction)

0 . . . . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6
O°[GeV]’

5

SIMULATED FIT SIMULATED FIT SIMULATED FIT




Radiative Corrections: yZ-Box
w = [oNC + Ac] {1 — 4sin® Oy (0) + Aé} + Uww +Uzz @

Significant energy-dependent correction
« |dentified by Gorchtein and Horowitz in 2009, extensive studies since.
eHall et al (Phys.Rev.D 88, 013011, 2013)

e Constrains model-dependence using parton distribution functions and recent JLab
PV data.
. 7.8+0.5% shift of SM value of @ .

0.008

0.006/

SN}
O]

2 0.004

0.002}

0.000_"_1- P
0. : .




Raw Asymmetry

[2013 Result
/ 0 0.05 0.1 0.15 0.2 0.25 0.3
I e e e e S S S e S S S S S B S s e S e S e s S, s, s,
[ _ ' T * G0
-1 :SOpl-b IN 3 dayS £ " ‘ " HAPPEX
: JE ¢ | SAMPLE
_ 27 i i L PYAY
g i ] : * Q-weak
-3 [ '
> | )
D4
= [
E 5 | H ]
LA !
< |
_E, -
7 f
"

Q2 [(GeV/c)?] /
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Q3-Dependent yZ-Box Correction

J

Re O z(E=1.165 GeV, i

0.0054

0.0052

0.0048

— ___I o
B ~_ -
", |
EI-H\:-HH
| .-H‘*-HH
| '”‘m
- | " -
| H'\-\.\,h
1 -,
|
|
| T
- |
| o
| N
l
L |
|
(QWEAK (t = -0.03 GeVe)
|
| ! L | |
0.02 0.04 0.06 0.08
-1 (GeVE)
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