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Outline

● Brief Introduction and Motivation

● Overview of the Experiment

● Look at Data Quality
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Introduction to Qweak

● Parity-violating elastic electron-proton 
scattering at Jefferson Lab

● First direct measurement of the proton's 
weak charge Qp

W
 (4% goal)

● New determination of sin2θ
W
 at low Q2 (0.3% 

goal)
● Sensitive to new PV electron-quark 

interactions at the TeV scale
● Complementary to Atomic Parity Violation
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(ratio of isotopes measures Qp
W
 if neutron skin is under control)
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Introduction
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Introduction
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Quark Couplings

● Qweak will fully constrain the vector quark 
couplings:
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Weak Mixing Angle

● Running of sin2θ
W 

with momentum 
transfer

● Array of existing 
measurements 
with different 
sensitivities to 
new physics
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New Physics
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Parameterize new physics with a new contact interaction in the Lagrangian:

Atomic only

with PVES

Qweak (4%)

Arbitrary quark flavor dependence of new physics:

~2 TeV

g=coupling
Λ=mass scale
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Parity-Violating Asymmetry
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Parity-Violating Asymmetry
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Parity-Violating Asymmetry
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Radiative Corrections

Focus on:
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Several corrections: Δsin2θ
W
(M

Z
), WW and ZZ box – but these have small uncertainties

Blunden, Melnitchouk, Thomas (2011)

*

*

*
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Uncertainties

● Anticipated uncertainties with ~2500 hours of production 
running:

0.3% on sin2θ
W
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                                                                            ∆Az/Az              ∆Qw/Qw

Statistical (2500 hours)                        2.1%                  3.2%

Systematic:
Hadronic structure uncertainties          ----                   1.5%
Beam polarimetry                                 1.0%                 1.5%
Absolute Q2 determination                   0.5%                 1.0%
Backgrounds                                         0.7%                 1.0%
Helicity correlated beam properties    0.5%                 0.8%

Total:                                                     2.5%                  4.2%

Additional error of 1.1% - 2.8% from the γZ box correction to 
Qp

W
 leads to an error on Qp

W
  of 4.3% - 5%
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Qweak Overview
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Qweak Overview

35 cm LH
2
 

targetPrimary collimator

Čerenkov 
detectors

e-

Quartz 
scanner W plug

(beam coll.)
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1.16 GeV
180 A
85% pol.

QTOR spectrometer
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Qweak Overview

1.16 GeV
180 A
85% pol.

35 cm LH
2
 

targetPrimary collimator

QTOR spectrometerČerenkov 
detectors

Tracking System
for Q2 measurements:
(separate runs with <1nA)

Region 2: Horizontal
Drift Chambers

Region 3: Vertical
Drift Chamberstrigger

scintillator

e-

Quartz 
scanner W plug

(beam coll.)
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Qweak Status
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Target Performance
● Talk by Greg Smith

Low frequency noise onsets at 
higher currents:

Flip Rate: 960Hz
12

World's highest power cryotarget
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Target Performance
● Talk by Greg Smith
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Current Scan @ 3.5x3.5 mm2 Raster

Runs 8862-8877
Jan 2011

σb
 =-0.0 + 1.242E-05 * x^3.000

Boiling Noise versus Current:

Low frequency noise onsets at 
higher currents:

Flip Rate: 960Hz

Small contribution added in 
quadrature with statistical width
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World's highest power cryotarget
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Detector Performance
● Talk by Dave Mack

- Preradiated bars to reduce low 
  energy backgrounds

Battery noise tests of electronics chain:

13

Event Mode ADC Spectra: ~85 pe's:
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Detector Performance
● Talk by Dave Mack

Battery noise tests of electronics chain:

(2 orders of magnitude better
 than track counting statistics)

13

- Preradiated bars to reduce low 
  energy backgrounds

Event Mode ADC Spectra: ~85 pe's:
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Tracking Performance
● Region 2 and Region 3 Drift Chambers at ~50 pA

Region 3 Projection:

Electron Profile at Detector

Simulation

Position Resolution
Region 2: 350 microns (software work underway)
Region 3: 250 microns (meets design goals)
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Preliminary

Preliminary
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Polarimetry
● Talk by Amrendra Narayan

Moller Polarimeter: 
       invasive measurement

Run

Compton Polarimeter: 
       runs continuously

Preliminary

Preliminary

Polarization of 86%-88% achieved, systematic analysis still underway
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Data Quality

● Understanding the asymmetry width

Asymmetry measured in quartets at 240 Hz:         +--+  or  -++-

width 236 ppm

We get a 1 ppm measurement 
every 4 minutes!

Error: RMS/sqrt(N)

16



Katherine Myers (GWU) PAVI11 5-9 September 2011

Data Quality

● Understanding the asymmetry width

Asymmetry measured in quartets at 240 Hz:         +--+  or  -++-

width 236 ppm

Error: RMS/sqrt(N)

Accounting for the width:  170 μA

 pure counting statistics: 215 ppm
+ detector resolution     : 232 ppm
+ current normalization
          and target boiling: 236 ppm

   

16

We get a 1 ppm measurement 
every 4 minutes!

Well understood
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Data Quality

● Slug Plots: 8 hour blocks of slow helicity reversal

uncorrected, unregressed, 60 ppb blinding box!

Multiple methods for removing helicity correlated 
uncertainties through slow reversals:

IHWP: reversed each slug ~ every 8 hours
Wien flip: reversed 6 times over course of Run I    (fairly new)
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Helicity-Correlated Beam Properties

Detector sensitivity to 

helicity-correlated beam

parameters can lead to 

a false asymmetry

Detector asymmetry
vs

Helicitiy-correlated
position differences

18

slopes
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Regression/Beam Modulation
● Different methods to extract sensitivity slopes

e.x. Beam Modulation:
    deliberate modulation
    of the beam using pair
    of coils

Target

Measure detector response:

Regression uses natural beam motion to extract slopes

19
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Property Proposed Specification Run I Achieved
(preliminary)

Charge Asymmetry (ppm) <0.1 0.008 ± 0.015

TargetX Differences (nm) <2 3.9 ± 0.5

TargetY Differences (nm) <2 -5.7 ± 0.5

TargetX Slope Differences (nrad) <30 -0.11 ± 0.016

TargetY Slope Differences (nrad) <30 -0.002 ± 0.016
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Ancillary Measurements
● Transverse Asymmetry

– Large, parity-conserving asymmetry (ppm level) that leads to a false 
asymmetry due to residual transverse polarization and broken 
azimuthal symmetry 

– Dedicated measurements with purely transverse polarization

– Preliminary data quality is good; correction considering transverse 
contamination and broken symmetry will be small (ppb level)

21

Preliminary
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Ancillary Measurements
● Backgrounds Measurements

22

Aluminum Target Windows:

~3% dilution
~20% correction due to 

                few ppm asymmetry

Preliminary

Preliminary Preliminary
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Ancillary Measurements
● Backgrounds Measurements

Expected error bar

N    Δ Asymmetry: ~0.1% dilution, ~1% correction

Does not have to vanish in Q2     0

QTOR Scan to benchmark simulation:

Sim: inelastic peak (x10)

data

Total
Simulation

23

Sim: e+Al 
        (x10)

Sim: elastic
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Outlook

0%

5%

10%

15%

20%

25%

0 28 56 84 112 140 168 196 224 252 280

ΔA/A (%)

Calendar day of scheduled beam

Run 1 Run 2: 70% Goal Run 2: 50% Run 2: 30%

2.0%

2.5%

3.0%

3.5%

4.0%

4.5%

5.0%

100 128 156 184 212 240 268 296

ΔA/A (%)

Calendar day of scheduled beam

● Statistics:

Summer
Down

d
A

/A
 (

%
)

d
A

/A
 (

%
)

30% efficient

50%
70%

Statistical 
goal = 2.1%

We're on our way!
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end of run
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Summary

25

First Commissioning Beam: July 2010
Commissioning Run: Fall 2010

“Run I” : Jan-May 2011
“Run II”: November 2011 – May 2012

Some teething pains:

- downstream beamline vacuum, target pump, 10 kA magnet power supply

- P2 * I exceeds proposal (150-180 μA, 86-88% polarization)

- all critical subsystems fully commissioned

- several preliminary ancillary measurements complete (each valuable and
       competitive on its own)

- have 24% of proposed statistics on hand

- no show stoppers found: well prepared for Run II of Qweak which will 
        start in November

But many more successes:
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Thank You!

D. Androic, D. Armstrong, A. Asaturyan, T. Averett, J. Balewski, J. Beaufait, R. Beminiwattha, J. Benesch, F. Benmokhtar, 
J. Birchall, R. D. Carlini (PI), G. Cates, J.C. Cornejo, S. Covrig, M.M. Dalton, C. A. Davis, W. Deconinck, K. Dow, X. Deng, 
J. Diefenbach, K. Dow, J. Dowd, J. Dunne, D. Dutta, W. Duvall, M. Elaasar, R. Ent, J. Erler, W. Falk, J.M. Finn, T. A. Forest, 

W. Franklin, M. Furic, D. Gaskell, M. Gericke, J. Grames, K. Grimm, F. Guo, M.H. Shabestari, D. Higinbotham, M. Holtrop, 
J.R. Hoskins, E. Ihloff, K. Johnston, D. Jones, M. Jones, R. Jones, K. Joo, E. Kargiantoulakis, J. Kelsey, C. Keppel, P. King, M. Kohl, 
E. Korkmaz, S. Kowalski, J. Leacock, J.P. Leckey, A. Lee, J.H. Lee, L. Lee, A. Lung, N. Luwani, S. MacEwan, D. Mack, J. Magee, 
R. Mahurin, J. Mammei, J. Martin, M. McHugh, N. McMahon, D. Meekins, J. Mei, R. Michaels, A. Micherdzinska, A. Mkrtchyan, 

H. Mkrtchyan, R. Munroe, K.E. Myers, A. Narayan, Nuruzzaman, A. K. Opper, S. A. Page, J. Pan, K. Paschke, S. Phillips, M. Pitt, 
B. (Matt) Poelker, J. Rajotte, W. D. Ramsay, M. Ramsey-Musolf, J. Roche, B. Sawatzky, T. Seva, R. Silwal, N. Simicevic, G. Smith, 

T. Smith, P. Souder, D. Spayde, A. Subedi, R. Subedi, R. Suleiman, V. Tadevosyan, E. Tsentalovich, W.T.H. van Oers, 
B. Waidyawansa, D. Wang, P. Wang, S. Wells, S. A. Wood, S. Yang, R. Young, S. Zhamkochyan, Z. Zhao, X. Zheng, D. Zou

Spokespersons:
     R.D. Carlini (PI)
     S. Kowalski
     S.A. Page

Project Manager:
     G. Smith
     

22 thesis students
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backups...
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Radiative Corrections
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Estimates of Zγ box diagram on Qp
weak (at our kinematics)

  Gorchtein & Horowitz                              ~ 7%    

          Phys. Rev. Lett. 102, 091806 (2009)    

                                                           

  Sibirtsev, Blunden, Melnitchouk, Thomas        6.6 +1.5%

-0.6%

              Phys. Rev. D 82, 013001 (2010)        

  Rislow and Carlson                                             8.0 ± 1.3%
              arXiv:1011.2397

 Gorchtein, Horowitz, Ramsey-Musolf                7.6 ± 2.8%
                arXiv:1102:3910

Erler, Kurylov, Ramsey-Musolf
 

(c.f. Qp
weak ≈ 0.07 )

   Electroweak Radiative Corrections
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Sensitivity to New Physics
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Constraints on New Physics

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

Arbitrary quark flavor dependence of new physics:

Atomic only

with PVES

Qweak (4%)
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Parity-Violating Asymmetry Extrapolated to Q2 = 0
(Young, Carlini, Thomas & Roche, PRL 99, 122003 (2007) )
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