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• Parity violation in e-p scattering at Q2 = 0.028 (GeV/c)2

  → the weak charge of the proton to 4%
  → sin2θW to 0.3%
• Sets a limit on new physics at an energy scale of ~ 2 TeV
• Constrains properties of a possible Z´
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“Running of sin2θw” in the Electroweak Standard Model

+ +   •••
Any discrepancy of sin2θw with the standard 

model prediction indicates new physics.

Radiative corrections cause sin2θw to change with Q :-
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Qp
Weak projected 4% (2200 hours production)

Qp
Weak projected 8% (14 days production)

SLAC E158, Cs APV

FermiLab Run II projected
FermiLab Run I
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• The TeV discovery potential of 
weak charge measurements will be 
unmatched until LHC turns on.

• If LHC uncovers new physics, then 
Qweak will constrain weak charges, 
coupling constants...

g = coupling constant, Λ = mass scale
A 4% measurement of Qpweak probes with 95% 
confidence for new physics at energy scales:
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ēγµγ5e
∑

q

C1q q̄γ
µq +

g2

4Λ2
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     Q-weak

−

+
(Analysis by Ross Young, JLab)

Constraints on quark weak charges imposed by data

QP
W = −2(2C1u + C1d)

Full constraint at 95% 
confidence by combining 

all data plus future 
Qweak

Previous constraint 
(PDG 2006, 95% CL)

(1σ)

SM
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          Present Limit
   (all electron-N PV data 
+ recent JLab PVES results)

  Anticipated
 Q-weak Limit
(assuming SM)

New Physics Limits (assuming Standard Model)

LPV
New =

g2

4Λ2
ēγµγ5e

∑

q

hq
V q̄γµq

hu
V = cos θh

hd
V = sin θh

θh = flavor mixing angle

Qweak constrains new 
physics to beyond 2 TeV, 
raising the lower bound on 
the mass of a possible Z´ 

by ~ 1 TeV.

(Ross Young et al., arXiv:0704.2618v2)

New physics 
ruled out at 95% 

CL below the 
curve
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In the case of a significant deviation from SM...
Constraint including Qweak at central value of current 

measurements

Analysis by Ross Young, JLab

atomic only
with PVES
with Qweak

If LHC finds a Z′, Qweak 
will help determine its 

properties
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measures Qp – proton’s electric charge measures Qp
weak

 – proton’s weak charge 

As Q2 → 0

The link of Qpweak to the real world

Qp
weak = 1− 4 sin2 θW ∼ 0.072 (at tree level)

• Qpweak is a well-defined experimental observable
• Qpweak has a definite prediction in the electroweak Standard Model

The Qweak experiment will measure the parity-violating analyzing power Az:-

Az =
σ+ − σ−

σ+ + σ−
" −3× 10−7

contains GγE,M and GZE,M,
constrained by other expts

Q2 → 0
θ → 0

Az −→
−GF

4πα
√

2
[Q2Qp

weak + Q4B(Q2)]
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Parity-Violating Asymmetry Extrapolated to Q2 = 0
(Ross Young et al., arXiv:0704.2618v2)

Qweak, 4% measurement of ApLR

SM

1σ bound from global fit to all 
PVES data

Includes theoretical 
estimates of anapole 

form factor of 
nucleon

Ap
LR = Az/(−GF Q2/4πα

√
2) = Qp

weak + Q2B(Q2)

PDG

Qpweak
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                                                                                                 ΔQp
weak/Qp

weak

Statistical (2200 hours)                                   2.8%
Systematic:

 Beam polarization                                               1.4%
 Average Q2 determination                                  1.0%  
 Helicity-correlated beam properties                  0.6%
 Uncertainty in inelastic contamination    0.2%
 Target window background                                 <1.0%
 Hadronic structure uncertainties (measured)     2.0%
 Radiative correction uncertainties in Qp

Weak       <1%
Total Systematic                                            2.9%
___________________________________________________
Total                                                        ~4.0%

Anticipated Qp
Weak Uncertainties

                                                                      

→ Δsin2θW/sin2θW = 0.3% 
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Overview of the Qp
Weak Experiment

35 cm Liquid Hydrogen Target

Polarized Electron Beam

Collimator With Eight Openings
θ = 9 ± 2°

Toroidal Magnet

Eight Fused Silica (quartz)
Cerenkov Detectors

5 inch PMT in Low Gain
Integrating Mode on Each
End of Quartz Bar

Elastically Scattered Electrons

325 cm

580 cm

Luninosity
Monitor

Region 3
Drift Chambers

Region 2
Drift Chambers

Region 1
GEM Detectors

Polarized Electron Beam, 1.165 GeV, 180 µA, P ~ 85%

35cm Liquid Hydrogen Target

                Collimator with 8 openings
θ= 8° ± 2°

Region I
GEM Detectors

Region II
Drift Chambers

Toroidal Magnet

Region III
Drift Chambers

Elastically Scattered Electron

Eight Fused Silica (quartz) Čerenkov Detectors
Integrating Mode

             Luminosity 
              Monitors

~3.2 m

Region I, II and III detectors are for 
Q2 measurements at low beam current
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R-2 HDCs
(Fabrication underway)Target 

(Design)

Beam

QTOR + Power Supply
 (Installation of coils almost 

complete - Bates)

Downstream
Pb Shielding

(Complete)

Major Components of the Qweak Experiment

GEMs
(Prototype + parts) 

  R-3 VDC
(Fabrication to start soon) Cerenkov Detectors

(Components at JLab)

Lumis
(Design)

Collimators
(Design complete)

R-3 Chambers & 
Rotation System
 (Rotator ready for 

shipping)

New Quartz 
Scanner 
(Design) 

Central scattering angle:  8° ± 2o

Phi Acceptance:                >50% of 2π
Average Q²:                     0.028 GeV2

Acceptance averaged asymmetry: –0.28 ppm
Integrated Rate (all sectors):       ~6 GHz  
Integrated Rate (per detector):   ~750 MHz

Ebeam =   1.165 GeV
Ibeam  =  180 µA
Polarization ~85%
Target = 2.5 KW
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Assembly of QTOR 
magnet at Bates
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A little on systematics...

Expected PV asymmetry -3x10-7.

Limit individual systematic errors to ~6x10-9, 
make corrections accurate to 10%.

Example, sensitivity to:

beam motion
beam breathing
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Event rate in 1 detector as function of position of beam on target 

Detector

1

Large 
sensitivity  
to position 
or size of 
beam on 
target

xtarget (cm)

ytarget (cm)
1

0

10–1
–1

4 mm × 4 mm 
raster

Rate per bin
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Events from all 8 Cerenkov bars, perfect detector array
Rate

xtarget (cm)

ytarget 
(cm)

1.00.0-1.0

1.0

0.0

-1.0

Wide, flat 
region 

(“neutral 
axis”), 

relatively 
insensitive 
to position 
of beam

66

65

64

62

63
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xtarget (cm)

Neutral axis

Rate

4 
m

m
4 

m
m

Effect of asymmetric Cerenkov array

xtarget (cm)

Rate

Neutral axis
Beam must be within 0.7 mm of neutral axis 

for ±20 nm position modulation on helicity flip

xtarget

xtarget

ytarget

ytarget

-1.0 0 1.0

Bars should be positioned to ~2 cm

Perfectly symmetric Cerenkov array

One Cerenkov bar moved out radially 5 cm

-1.0 0 1.0
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• Qweak Experiment

• Precision measurement of the proton’s weak charge in the simplest system.

• Fundamental 10 σ measurement of the running of sin2θW at low energy.

• Sensitive search for new physics with CL of 95% at the ~ 2.3 TeV scale.

• Would raise the lower bound on a possible Z´by ~ 1 TeV.

• If LHC discovers a Z´, Qweak will place a constraint on its properties.

• Possible 12 GeV Parity-Violating Møller Experiment at JLAB

•  Conceptual design indicates reduction of E158 error by ~5 may be possible at 
12 GeV JLAB.

Summary
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Extra Slides
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Previous constraint 
(PDG 2006, 95% CL) SM

Analysis by 
Ross Young

(not including Qweak)

Constraint at 95% CL 
including PVES
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Variation of rate with angle of beam on target

Bar 1 gain increased 10%
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Low Energy Weak Neutral Current Standard Model Tests

These three types of experiments are a complementary set for exploring new
physics possibilities well below the Z pole.

Low energy
weak charge “triad” (M. Ramsey-Musolf)
probed in weak neutral current experiments

SLAC E158: parity-violating      
Moller scattering                                                                                         

e + e →  e + e

Cesium Atomic Parity Violation:  
primarily sensitive to neutron 

weak charge 
JLAB Qp

weak: parity-violating           e-
p elastic scattering                                                                                         

e + p →  e + p
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JLab Qweak

•   Qweak measurement will provide a stringent standalone constraint
    on leptoquark based extensions to the SM.
•   Qp

weak (semi-leptonic) and E158 (pure leptonic) together make a

    powerful program to search for and identify new physics.

SLAC E158

Influence of Possible New Physics on Qpw and Qew
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