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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

A brief status report on the experiment will be
given with a focus on existing instrumentation
and demonstrated methodology for application
to lower beam energy realizations of PV g
measurements. e
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The Qweak Experiment: Essentials

Elastic scattering of longitudinally polarized electrons on protons
%

e +p o> e +p

(elastic) scattered e- at small angle ~ 8°

spin (+)
1 GeV e beam — e 2.5x108 (1 +A) e
- @ -mmmm e Qe
(180 zA for 2000 hr) - oroton 25x1016 (1-A) &
spin (-) target

Parity violating asymmetry:
A ~ -230 ppb (parts per billion) at low Q* ~ 0.025 (GeV/c)?

— Measurement of this small asymmetry requires:

high statistics (high beam current, high polarization, high power liquid H, target)

careful attention to systematic errors (false asymmetries, backgrounds,
polarization)

Goal: Measure proton's weak charge - QP,, with ~ 4% precision p

=1-4sin®0
—> corresponds to a 0.3% precision measurement of sin%0,, - e w
~ sensitivity to New Physics due to suppression of QP, in Standard Model



Accessing Neutral Weak Sector

Electron scattering proceeds via exchange of gamma
or Z bosons. 3
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Parity-Violating Asymme’rr'y for the Q.. EXperiment
S e /\’"—).

s(+)
>——-@ S
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s(-)

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.

2Mye _ [—GFQQI [eG;gGg +7GY,GE — (1 — 4sin29W)g'G’g,[G§]
4/2ra e(Gg)? + 7(Gqy)?

At forward scattering angles and low 4-momentum transfer:

A — do, —do_ 82_)—60 \ —Gg [Q QP +Q4B Q2 ]
" do. +do g Artei~/2 weak ( )
" p _ Q*>0,E0 ﬂl/

weak 4 2
-G FQ
4nocf
proTons wea charge: Form factor” term due to finite proton

QPyeak = 1 - 4 sin®0y, at tree level size - hadronic structure (~ 30% for
Qweak)
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.



Existing PV e-p Data - Use To Determine Hadronic Term B(Q?)
A%R = A, /(- GFQ2/47TO:\/_) = peak + Q2B(Q2)

04  Lp- 7= TER T T Fweak T ¥ TRV
- 10 bound from global fit to all
PVES data (as/of 2007)
0.3} .
PDG |t SAMPLE
‘n.ﬁ 021 .,
~<< 1 HAPPEX
0 1 PVA4
SM——-:;E' ‘
preak O |Qweak
0 005 0.1 015 02 025 03
Q* (GeV?)

Ref: (R.D. Young, R.D. Carlini, A.W. Thomas, and J. Roche,
PRL 99, 122003 (2007))

Existing elastic electron-proton parity- vuola‘rmg asymmetry data at higher Q? is adequate
to constrain the hadronic structure term - B(Q?) - for a 4% measurement of Q,eqx



Energy Dependent Electroweak Radiative Corrections

After removing hadronic term, need to correct for energy dependent radiative corrections

Two-photon Exchange (J.A. Tjon, P.G. Blunden, and W. Melnitchouk, PRC 79, 055201 (2009) )
Total correction found to be ~ 0.13%

y-Z Box Diagram

[,z contribution to @Y, (Qweak kinematics)

Gorchtein & Horowitz
PRL 102, 091806 (2009)

Sibirtsev, Blunden & Melnitchouk, Thomas
PRD 82, 015011 (2010)

Rislow & Carlson
arXiv:1011.2397 (2010)

Gorchtein, Horowitz & Ramsey-Muslof
arXiv:1102.3910 (2011)

Hall, Blgnden, Melqitchouk, Thomas & Young 0.0052 + 0.00043
Private communication (2012)

0.0026 + 0.0026
0.0011

0'00471_0.0004

0.0057 + 0.0009

0.0054 +£ 0.0020

Example: latter correction is ~ 7.3 £ 0.6%

old
Calculations are primarily dispersion theory axial
type; error estimates can be firmed up with EC‘_*O
PVDIS data only

More detail in next two talks in PS1:
W. Melnitchouk
B. Rislow




Standard Model Test

_ Q*>0,E0 A

The resulting "static" proton weak charge Qs = —G.q?can be used for SM test
|:4TCOL\/§:|
Quark Vector Couplings 018

SLAC: D DIS

All Data & Fits
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(see Kumar, Mantry, Marciano, Souder, arXiV:1302.6263
. 0.0001 0.001 0.01 0.1 1 10 100 1000 | 10000
for recent review ) w[GeV]



Sensitivity to New Physics at TeV Scales

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

g2
PV __ h4 M =coupling
Lnp = — eYYsez vaY'q 97LoLp
4A2 K A=mass scale
Arbitrary quark flavor dependence of new physics: 6
Anticipated ,!' X
Jd 5 Q-weak Limit
- . (assuming SM)
y = €0s 0y, hy, = sin 09y, il /
. . =
Qweak constrains new PV physics to beyond 2 TeV 2
Young, Carlini, Thomas & Roche, PRL 99, 122003 (2007) < | o
Present Limit
1 (all electron-N PV data
95% CL + recent JLab PVES results)
0 o T 3n 2n
2 eh 2
Possible New Physics Scenarios:
» X
\ 7N e . e ?
VaVa GERVaVS LQ| +
./ N - P : P
/ X \
RPC SUSY Generic Z' RPV SUSY Leptoquarks

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



New Physics Scenarios - Some Recent Examples

Low Energy PV and Tevatron Top Arz Anomaly
Gresham, Kim, Tulin, Zurek,, Phys. Rev. D86, 034029 (2012)

Tevatron CDF and DO see excess in - T forward
backward asymmetry

Possible explanation of new, relatively light scalar or
vector particle ruled out by low energy PV constraints

t t Z Z
M § f<§\\,‘
—————— t t S
) i’
u,d u,d u, d u, d u,d u,d

FIG. 1: Appg from t-channel exchange of M (left). Anomalous cou-
pling of Z to u,d ar one-loop is generated by M (center) and by
flavor-conserving Z' associated with certain vector M models.
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Muon Anomaly and "Dark” Parity Violation
Davoudiasl, Lee, Marciano, PRL 109, 031802 (2012)

Possible mass mixing between Z boson and “dark
heavy photons”

— Introduces new source of low energy parity
violation with observable consequences

— complementary to direct searches for heavy
dark photons at JLAB Mz, 5

€7 —
Mz

11074

5x10-3

1%1077 |

5x10-6

1x107° |

S%10~7 £

1%10°7

Combined

[For 6°=107"]
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The Qweak Experiment: Apparatus and Concept
o Elastic e-p scattering: 180 pA 1.1 GeV electron beam on liquid hydrogen target in Hall C

« Toroidal magnet provides large acceptance focusing of forward scattered elastic electrons
- contributions from inelastic and neutral backgrounds < 1%

«  World's highest power liquid hydrogen target (35 cm long, 2.5 kW power deposit)

: Second Shielding
Status: . . czﬁ.?:af;f i
« Data-taking completed in May 2012

* Analysis is in progress S
Collimator

T

|

35 cm Liquid .
Hydrogen Target Toroidal Magnet

Elastic ep

Ring of Integrating
Quartz Cherenkov
detectors




Cerenkov
detectors QTOR magnet lintels

35¢cm LH,
target

triple collimator

I 1.165 GeV
150 A
85% pol.

Tracking System

for Q2 measurements:

(separate runs with <1nA) _ ‘J
trigger vertical horizontal ~
scintillator  drift chambers drift chambers

Qweak runs in two modes

e "Current mode" - I ~ 165 - 180 A, integrate detector PMT signals for ~ 1 msec
« "Event mode" - I ~ 50 pA - 100 nA, insert tracking system, count individual pulses



for high rates... for kinematics...

Quartz Cerenkov Bars
{insensitive to

. “ 0 - o | non-relativistic particles)

Spectrometer

Tracking System

- — 1 I

Region 2: Horizontal
drift chamber location

Region 3: Vertical
Drift chambers

Epean = 1.165 GeV
L., = 180 LA
Polarization ~B87%
Target = 35cm
Cryopower =2.5 kW '

i Spectrometer Magnet

Collimator System ’ |

.




Qweak Target - World's Highest Power Liquid Hydrogen Target
I 6400300 Fluid Velocity Contour['§§]

5.95e+00
5.50e+00
5.05e+00
4 .59e+00
4.14e+00
3.69e+00
3.24e+00
2.79e+00

233400
1.88e+00
1.43e+00
9.78e-01

| 5.26e-01

| 7.40e-02

\
-3.768e-01 i J'/ :
-8.30e-01
-1.28e+00
I‘lfiﬁiﬁ; 7 electron T/
|

Asher? direction

LH, Flow S

g
. vt
- e < i

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 nA 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”

See talk: "Designing High Power Targets with Computational Fluid
Dynamics (CFD), Silviu Covrig (PS5C)




Target Density Fluctuations

Critical that target density fluctuations at
our data rate (960 Hz) be kept less than
counting statistics fluctuations ~ 236 ppm
(achieved! contribution < 46 ppm)

Raster Scan @ 182 mA

10 —— 77—
s, = 1.3+ (19.4/x)2.399

E L Run 12104 ]
g8 75+ May 2011 -
8 |
o}
S I
= .
o 50F -
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25_ ] 1 1 1
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-FT of noise spectrum
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Amplitude [V/uA]
3
&
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Need a fast reversal
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Pump Scan @ 169 mA, 4x4 mm Raster
125

11805 12095

May 2011 s, =28+ (659/x)1.168 |

100
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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 25Angstroms (rms)

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

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

 Yield 10

O pe's/track with 2cm Pb pre-radiators

f'l

400

300 -

, Y. (IVerlicaI] [cm]
(=]

P O S
40800 200 200 -10

X (Horizontal) [cm]

8

(pawBlap uopoag ss040) suun Aeliqly



Qweak Electronics (current mode)

Current mode experiments require low noise amplifiers and high resolution digitization;
Qweak relied on custom made (at TRIUMF) low noise I-to-V preamps and high resolution
inTengTOPS/A DCs component side:

PMT > preamplifier > ADC

20pe 50,000 e

per event perevent gy |
I ’
800 MHz, : :
; l\ b | YME digital i
] [/ —integrator |+ jo DAG |

LB pA B4V !
x2000 | :

in shielding | outside hall

VME integrator —
18 bit ADC sampling at 500 kHz
FPGA sums 500 samples into one data word

same resolution as a 26 bit ADC

Run 182: Channel 8, Input voltage = 4.823 V| e

%‘“‘ 3 %‘?‘“m":;ﬁ
gw’?
5 Felec ~ 2 ppm << 1_‘coum‘ ~ 236 pPpm

10° ? RMS — 2.2 ppm

oL AV=1110V — from test on bench with battery;

SRR actual noise as installed in hall ~ 10 ppm
1:‘ ,ﬂ L PR SRR N THNNR [N SN N RN S (SN AT ST JRSY ) (S S T 1 | .)(10.6
-10 -5 0 5 10

Quartet asymmetry in channel 8 ADC readout



Collimation and Shielding - Reduction of Backgrounds

Three layers of lead collimation and concrete shield wall

to control background /

Small aperture tungsten collimator plug placed in
collimator 1 to block low angle scattered particles from
interacting with downstream beampipe

\

Sim. with “plug” ' | /Sim. without!"plug” | = |

Diffuse backgrounds directly demonstrated with measurements
« Beamline background (direct measurement) : “tungsten shutters” ~ 0.19 + 0.06%
« Event mode (Cerenkov/scintillator anti-coincidence) neutral background ~ 0.38 + .14%




QP,.ok Uncertainty Goals for Full Data Set

AAp/vy.s' / Aphys' AQP weak/ Qp weak

Statistical (~2500 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% 4.2%

G, — O
Aep= e

-G F 2 P 4 2
C,+0_ [4%&\/5}[(? Quea + 2 B(Q )]

Other important subsystems that contribute to this goal (not covered here):

Tracking system (low current running; Q* and background measurements)
Background and luminosity monitor detectors

Beam property modulation system and feedback for reduction of helicity-
correlated beam properties

Precison Beam Polarimetry (Compton and Moller) see Dave Gaskell talk,
"Electron Polarimetry at Low Energies in Hall C at Jefferson Lab", (PS5B)
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Details of Qweak Dataset

Qweak data was taken in three running periods - each with its own "blinding factor"

Running periods:

Commissioning Run:  November 2010 - January 2011 ~ 44 C
Production Run 1: February 2011 - May 2011 ~ 360 C
Production Run 2: November 2011 - May 2012 ~ 680 C

(raw data recorded)

Commissioning Run:
Separate blinding factor (allows early unblinding)
~ 4% of our total data set
Some equipment for highest precision was still being commissioned
- ie. Compton polarimeter, beam modulation, and injector spin
manipulation will only be used for the full dataset
Data taking period: Jan. 31, 2011 - Feb. 8, 2011

All results that follow are "Commissioning Run" Data that were first released at
2012 APS Division of Nuclear Physics meeting in Newport Beach, CA



Errors and Corrections for Commissioning Dataset

For “25% Commissioning Data set”

Source of Error (A)

A_meas Statistics

A _meas Systematic*
Polarization

Al Window Asym

Al Window Dilution
QTOR Transport Asym
QTOR Transport Dilution
Beamline Asym
Beamline Dilution

N— A Asym

N — A Dilution

Det. Bias correction**
EM Rad. Corrections
Total Systematic
Total

Contribution

(ppm)
0.0358
0.0151
0.0049
0.0087
0.0046
0.0021
0.0017
0.0232
0.0035
0.0002
0.0006
0.0019
0.0014
0.0302
0.0469 (16%)

Anl,,gas — Y fi A,
1-> fi
Aeas = —204.6 £+ 30.5ppb

Apy

APV = S i 35.1(813&13)
+29.6(sys) ppb

16.3% relative error

Correction Correction
(ppm)
Polarization -0.0265
Aluminum Windows -0.0592
QTOR transport channel (neutrals) 0.0000
Beamline Backgrounds (neutrals) +0.0102
N — A electrons +0.0006
EM radiative effects + Detector bias -0.0088
Total -0.0829

*Includes cut dependence, regression systematics, detector non-linearities, and transverse asymmetris
**Simulation-based correction for variation in light produced across the detectors & non-uniform Q"2

distributions.



Correction for Helicity-Correlated Beam Parameters

Ao = A +Z(8A JAP, for P, =x,v,0,,0,,E
Chonn — 42,2+ 12.8 ppb

Sensitivities determined through linear regression A ggitional uncertainties froms:

on natural beam motion. nonlinearity effects 4 ppb
Large beam differences required large corrections.  X-sensitivity determination 8 ppb
monitor dependence 7 ppb

Regression Correction vs Slug
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Wien 0 TargetY Differences (RMS Errors) = = %

o 20—
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Aluminum Target Window Background Correction

Large asymmetry and high fraction
make this a big effect.

Correction driven by measurement.

fal = 3.23+0.24 %

*Rate from windows measured with empty
target (actual windows)

*Corrected for effect of hydrogen using
simulation and data driven models of
elastic and QE scattering.

Dilution Factor: Dependence on Gas Density

.06

MM - Cold Gas
MIDS - Colil Gas
MM - Empty Cell : :

MIDS - Emply Cell po -

0056

EEEN

sz

TR i I ETE S SRR

By

5__.: COBE [ deme el
[

0032

.ﬁq_.—|

0028 |
{3 (0,0M04 (O 0.0 2 (.00 5

Hydrogen Gas Density (gfcm®#3)

C'a1 = —64 £+ 10 ppb

Apap = 1.76 £ 0.26 ppm

» Asymmetry measured from thick Al target
*Measured asymmetry agrees with expectations
from scaling.

_Grem N
Apy (83X Qi‘“ — | Qw
Simulated e- profile at detector:

uittas D1 16 o bm W el

G4 B "

" Upstream wmd::nw T

e R S




Beamline Background Asymmetry

*Various "background” detectors observed
highly correlated non-zero asymmetries
* Asymmetrias were primarily from beamline

Cheamline = —10.2 + 23.5 ppb

background (hypothesis: asymmetric “beam halo” events
interacting in Tungsten beam collimator and beamline)

*Beamline background contributes only ~0.19% to the signal

of the main detectors.

*Background detectors provided continuous monitoring of
any asymmetry associated with this background

*Correction is determined from the upstream lumis.
*Relationship to main detector determined using a variety of
methods (including direct blocking of primary events),

appears to be well understood.

Example of the correlation between background detectors.

wn
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=
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Asymmetry
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Including Q, ...« Asymmetry with Other PVES Asymmetries

Q*Gr ALrR 60
Ap = — AP = s [QF, +#O?B(Q?
421 LR Ap Qw (Q7)]
047 daa rotated to the forward-angle limit | ] r
0.3} Hadronic part can
be extracted
through global fit of
= 02 PVES data.

0.0} Standard

Model

Qweak point:
000 005 0.0 0.5 020 025 030 035 4% of total data
Young et al. PRL99 122003(2009) (? (GeV?)

The Qweak point is based on the asymmetry determined from the early commissioning data

(47 of totaldata) =\ _ 5812+ 35.1(stat) + 29.6 (syst) ppb
at Q* =0.025 (GeV /c)?

phys



Impact on Quark Vector Coupling Constants
After correcting for energy dependent electroweak radiative corrections —

Qu =0.0945 £ 0.156 (stat) £ 0.0132(syst) £ 0.001 (th) (for 4% of data)
QP 2(2C1s + Crg) *  Standard Model Value
w — lu 1d

Combined fit of Atomic Parity

0.1% - eo0oo0o0 ) )
| SLAC: DDIS | Violation (APV) data.
- Combined fit of Parity Violating
e PVES and APV combined
© 0.14 —
1
¥)
PVES
0.12
0.1

08 -07 -06 -05 -04
C1u=Cia RDY et al., PRL99,122003(2007)



Impact on Quark Vector Coupling Constants
After correcting for energy dependent electroweak radiative corrections —

Qu =0.0945 + 0.0156 (stat) + 0.0132(syst) £0.001 (th) (for 4% of data)
5 *  Standard Model Value
QW — "2(2C1u + Cld)

0.18 ) ) o0 000

Combined fit of Atomic Parity
Violation (APV) data.

Combined fit of Parity Violating
L] Electron Scattering (PVES) data.

0.16
- PV/ES and APV combined
~ Qweak Commissioning Run
g.j 0.14 — (4% of data)
<)
0.12
0.1

08 -07 -06 -05 -04
C1u=Cia RDY et al., PRL99,122003(2007)



Impact on Quark Vector Coupling Constants
After correcting for energy dependent electroweak radiative corrections —

Qu =0.0945 + 0.0156 (stat) + 0.0132(syst) £0.001 (th) (for 4% of data)
QP 2(2C1s + Crg) *  Standard Model Value
w — lu 1d

015 veees COmbined fit of Atomic Parity

] Combined fit of Parity Violating
0.16 Electron Scattering (PVES) data.
- PV/ES and APV combined
~ Qweak Commissioning Run
g.j 0.14 L (4% of data)
<) Qweak and PVES combined
| — without APV
0.12
+PVES
0.1 |

08 -07 -06 -05 -04
C1u=Cia RDY et al., PRL99,122003(2007)



Impact on Quark Vector Coupling Constants
After correcting for energy dependent electroweak radiative corrections —

Qu =0.0945 + 0.0156 (stat) + 0.0132(syst) £0.001 (th) (for 4% of data)
QP 2(2C1s + Crg) *  Standard Model Value
w — lu 1d

015 veees COmbined fit of Atomic Parity
' | SLAC:DDI Violation (APV) data.

] Combined fit of Parity Violating

0.16 Electron Scattering (PVES) data.

- PV/ES and APV combined
...... | Qweak Commissioning Run
"""" B 29 of data)

C1utCia

— Qweak and PVES combined
— without APV

0.12

— PVES, APV and Qweak

+PVES
0.1 |

08 -07 -06 -05 -04
C1u=Cia RDY et al., PRL99,122003(2007)



Impact on Quark Vector Coupling Constants
After correcting for energy dependent electroweak radiative corrections —

QP =0.0945 + 0.0156 (stat) = 0.0132 (syst) +0.001 (th) (for 4% of data)

Qﬁf - _2(2C1H + Cld)
0.1¥
SLAC: D DI

0.16
3 = ...5._,..-- ........
0 0.14 -
%
<)

Final projected
0.12 uncertainty
+/PVES
0.1
-0.8 -0.7 -0.6 -0.5 04

*  Standard Model Value

Combined fit of Atomic Parity
Violation (APV) data.

Combined fit of Parity Violating
L] Electron Scattering (PVES) data.

— P\/ES and APV combined

Qweak Commissioning Run
— (4% of data)

— Qweak and PVES combined
without APV

— PVES, APV and Qweak

Potential impact of uncertainty
I from total expected Qweak data set
is shown at arbitrary location.

C1u=Cia RDY et al., PRL99,122003(2007)



Weak Mixing Angle

First direct measurement of proton's weak charge (based on only 4% of the dataset):

Q) =0.0945 + 0.0156 (stat)  0.0132 (syst) = 0.001 (th)

agrees well with Standard Model prediction:

Q) (SM) =0.0712 + 0.0008

Using calculated electroweak radiative corrections can extract mixing angle for
comparison with other observables:

Ow(p)=[puc+ A1 —4sin? 8y (0) + AT+ Oyt Oz + 0,z

0-24‘5 _l '||i||1|[ T IIIIlIII T '||||'||r T |II'|1||I T 'Illlﬂ] T III'HIII T |'||||'||i T 11T 1
P NuTeV =
0.240 |- Q,(e) I =
” TQuAPY) | -
— — -I- —
2 .F :
= 0.235 — =]
Nq} : tfull Qweak dataset Q (p)* :
E | | expected precision) .{usiwng only 4% of EP 1 _
7] — Oweak dataset) —
0.230 - sSID 7]
0.225 - —
|||l|||l 1 ||||]||I 1 ||||'||£ 1 |||||||I L |||||Ii 1 ||||l||| ] IIIIIII! | RN

0.0001 0.001 0.01 0.1 1 10 100 1000

W [GeV]

10000

* Uses electroweak radiative corrections frorm Erler, Kurylov, Ramsey-KMusolf, PRD 68, 016006 {2003).



P

.r"l

Other Physics Results Anticipated from Qweak

*Proton weak charge final ~4% measurement

*Proton-elastic transverse-asymmetry (2-photon exchange)
*Nuclear-elastic transverse-asymmetries (Coulomb distortion)
*N-A PV measurement at 2 beam energies

*Transverse asymmetry in A production at 2 beam energies.
*Non-resonant inelastic PY measurement (gamma-Z box diagram)
*Non-resonant inelastic transverse asymmetries

*PY asymmetries in pion photoproduction at 3.3 GeV
*Transverse asymmetries in pion photoproduction at 3.3 GeV

Non-resonant inelastic PY measurement

N N |
6| ©'=0.06GeV’ ! Proton-elastic transverse-asymmetry
T M“\\ = e o R e S .
- 5 L \-II".-.'.... x._xl'f ! T L s _ 4 e " ; *
é |I . /_,-" E g. — ] .r! .
L .I". lr & 2 L i .
= 4 - L = [ & &
:._ \ s, SN el R 5 g b
\ 5 ||g 0= i N 4 ¥ :
1, J-'lr BEHMT (j[]ll:l (prelim.) E I ’4' e
3r I'-.1 i - - with CR background ;“' 21— % -
F —— & = ¥y (reference) - ! "," ‘h'é-., *,' e
N et S TRT SR G e T A A, [ S L T .43_.,5___.-"'. - N o
2 F
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Motivation and Interpretation

Qweak apparatus and performance highlights with emphasis on aspects
useful for lower energy PVES experiments

Results from "25% Commissioning Dataset"
- First Direct Measurement of the Proton's Weak Charge

Thoughts about reusing Qweak apparatus at lower energies



Qweak Apparatus Reused at Lower Energy?

As a thought experiment, what is achievable by re-using the Qweak apparatus at a lower
beam energy for a much lower Q? measurement of the proton's weak charge?

FEL at Jlab anticipates E ~ 80 - 610 MeV
for external targets at full capability

How Qweak would
look at FEL, as an
example

Existing Qweak
Apparatus

Bend for Energy
Measurement

New Exp Hall

vertx_in

-Standard Qweak apparatus at 200 MeV
e v Sy n s s

Quick Monte Carlo study by Juliette Mammei s
(using standard apparatus with same relative 60
target/collimator/spectrometer postions)

indicates there is a focus down to 200 MeV

340

320

* We do get a focus at the detectors!

N R O Ol O B N
50 0 50 100

|
150
verty_in

E o oas
280" 350 100

— Make a quick check on what sort of precision could be achieved at 600 MeV for standard
Qweak apparatus.



Projections for Using Qweak Apparatus at 600 MeV

Projected rates/asymmetries for standard Qweak apparatus at 600 Mev:
for Case A: standard 2.5 kW LH, target; Case B: 3.8 kW LH, target
Compare to MESA P2 as reference example

MESA P2" Q-weak 600, case A | Q-weak 600, case B

Epeam 200 MeV 600 MeV 600 MeV
Time 10000 hours 10000 hours 10000 hours
Current 150 pA 200 pA 300 pA
LH, Target Length 60 cm 35¢cm 35cm
Polarization 85% 85% 85%
Central 0 20° 8° 8°

<Q*> .0029 GeV? .0065 GeV? .0065 GeV?
Total rate 440 GHz 30 GHz 44 GHz
Asym. Width @240 Hz 23 ppm 89 ppm 74 ppm
Apnys (PPD) -20.25 ppb -46 ppb -46 ppb
Hadronic “B” term 9% 10% 10%

AA (stat) 0.25 ppb (1.2%) 0.96 ppb (2.1%) 0.79 ppb (1.7%)
AA (syst) 0.19 ppb (0.9%) 0.41 ppb (0.9%) 0.41 ppb (0.9%)
AA (tot) 0.34 ppb (1.7%) 1.20 ppb (2.6%) 1.01 ppb (2.2%)
AQ P, 0.0014 (2.0%) 0.0021(3.0%) 0.0019 (2.6%)
Asin20,, 3.6x10* (0.15%) 5.4x10* (0.23%) 4.7x10 (0.20%)

* MESA P2 parameters come from F. Maas talk at "Dark Forces at Accelerators” Frascati, Oct. 2012




Projections for Using Qweak Apparatus at 600 MeV

Epeam» CUrrent, LH, 200 MeV,150uA,60 cm 200 MeV,150uA,60 cm 200 MeV,150uA,60 cm
<Q*> .0029 GeV? .0065 GeV? .0065 GeV?
Total rate 440 GHz 30 GHz 44 GHz
Asym. Width @240 Hz 23 ppm 89 ppm 74 ppm

Apnys (PPD) -20.25 ppb -46 ppb -46 ppb
Hadronic “B” term 9% 10% 10%

AA (stat) 0.25 ppb (1.2%) 0.96 ppb (2.1%) 0.79 ppb (1.7%)
AA 4 (SYst) 0.19 ppb (0.9%) 0.41 ppb (0.9%) 0.41 ppb (0.9%)
AA (tot) 0.34 ppb (1.7%) 1.20 ppb (2.6%) 1.01 ppb (2.2%)
AQP, 0.0014 (2.0%) 0.0021(3.0%) 0.0019 (2.6%)

Assumes standard target/collimator/spectrometer geometry as at 1165 MeV; no further
optimizations done yet; more statistical power may be possible

Figure of merit: Case A has ~ 1.7 worse statistical error in equivalent time
Case B has ~ 1.4 worse statistical error in equivalent time

Compton polarimetry may be(?) possible at 600 MeV to needed accuracy

Hydrogen target: Case A assumes parameters of existing LH2 target (~ 2.5 kW)
Case B assumes density fluctuations under control at 1.5x (~ 3.8 kW)

Factor of 4 lower in Q° than Qweak - hadronic contribution ~ 10% (~ 30% for Qweak)

Note: systematic error for Qweak cases just assumes same relative number as MESA P2



Conclusions

Qweak has produced the first direct measurement of the weak charge of the
proton, with ~4% of the total data set.

The result is a 167% measurement of the PV asymmetry:
A s =—281.2 + 35.1(stat) £ 29.6 (syst) ppb

at the effective kinematics <Q2> =0.0250+.0006 (GeV/c)>

This is a 22% measurement of the weak charge of the proton:

Q) =0.0945 + 0.0156 (stat) + 0.0132 (syst) +0.001 (th)
The result is ~1.1 sigma higher than the SM prediction:

Q4 (SM) =0.0712 + 0.0008

Analysis of the full dataset is in progress —
~25 times more statistics and additional calibration data are in hand for high
precision with low systematic error

A preliminary, non-optimized estimate of the figure of merit for the standard
Qweak apparatus re-used at 600 MeV beam energy indicates a ~ 2.6-3.0%
precision determination of QPy, at Q° ~ .0065 (6eV/c)? appears possible.

Thanks to Qweak collaborators (especially Mark Dalton) for many slide materials used here.
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