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The Quark Weak Vector Charges
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The Quark Weak Vector Charges

Note the roles of the proton and neutron are almost reversed:

ie, neutron weak charge is dominant, while proton weak charge is almost zero.
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Qw
p is the 

neutral-weak 
analog of the 

proton’s 
electric 
charge
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The Quark Weak Vector Charges

This suppression of QW
p has two benefits:

1. A weak proton charge measurement of a given relative accuracy lets you measure sin2θW with 
almost an order of magnitude better relative accuracy. 

2. Potential pulls from TeV-scale physics on QW
P are relatively large. 

Note the roles of the proton and neutron are almost reversed:

ie, neutron weak charge is dominant, while proton weak charge is almost zero.
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What is this θW?

5

In the Weinberg-Salam theory,  it is the angle by which the W0 and B0 are 
rotated to produce the physical Z boson and photon. 

While GF controls the overall coupling strength in the weak interaction, the 
weak mixing angle θW determines the specific neutral current couplings to 
quarks, leptons, and neutrinos. 
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A SM Test at High Energy with sin2θW
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In the on-shell scheme, 

sin2θW = 1 – MW
2/MZ

2  .

MZ is extremely well known. This means that MW 

can be determined indirectly at Born level using

MW
2 = MZ

2 (1-sin2θW)

(the real calculation has logarithmic dependences 
on the top quark and Higgs masses, αEM, etc.) 

This indirect result can then be compared to 
direct measurements of MW. (yellow at right)

Combined Tevatron 2 results:
PRD 97, 112007 (2018)
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A SM Test at High Energy with sin2θW
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In the on-shell scheme, 

sin2θW = 1 – MW
2/MZ

2  .

MZ is extremely well known. This means that MW 

can be determined indirectly at Born level using

MW
2 = MZ

2 (1-sin2θW)

(the real calculation has logarithmic dependences 
on the top quark and Higgs masses, αEM, etc.) 

This indirect result can then be compared to 
direct measurements of MW. (yellow at right)

The direct and indirect measurements of MW continue to agree.  

Combined Tevatron 2 results:
PRD 97, 112007 (2018)

Recently, the combined CDF and D0 results from 
Tevatron 2 allow an improved comparison. 
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The Running of sin2θW
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The magnitude of sin2θW is set by 
precision data near the Z pole. 

The running due to γ-Z mixing is 
calculable at lower energy scales to 
high precision. 

So what’s the point of Q-weak?

Comparing sin2θW(0) with sin2θW (MZ) 
constrains the presence of non-SM 
shifts in the EW radiative corrections.
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The Running of sin2θW
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The magnitude of sin2θW is set by 
precision data near the Z pole. 

The running due to γ-Z mixing is 
calculable at lower energy scales to 
high precision. 

So what’s the point of Q-weak?

Comparing sin2θW(0) with sin2θW (MZ) 
constrains the presence of non-SM 
shifts in the EW radiative corrections.

• In the context of the SM, all data should be consistent with the same running curve.
• Experiments can be differentially sensitive to new physics (eg, e-e, e-q, ν-e, ν-q). 
• The Q-weak experiment is sensitive to new electron-quark physics in a very different 

isospin combination than the Cesium APV experiment. 
Latest Q-weak Results, David Mack (TJNAF)
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Interpretability of the Running of sin2θW
Although Qw

p ~ 1-4sin2θW, there are substantial box diagram corrections.  
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Interpretability of the Running of sin2θW

• WW box is relatively large, but 
precisely calculable due to point-
like interactions of both bosons. 

• γZ box contains significant long 
distance contributions, but the 
uncertainty makes a smaller 
contribution than Z pole data. 

Although Qw
p ~ 1-4sin2θW, there are substantial box diagram corrections.  

Qweak(proton) can be 
calculated to ~1%, 

well below our experimental 
sensitivity. 

Z pole uncertainty 
dominates

interpretability
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Determination of Qweak(proton)
from PV Electron Scattering
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Accessing Qw
p from PV Electron Scattering 

Parity violation in electron scattering arises from V x A couplings of the Z.

We isolate the small EM x Weak 
interference term, normalized to |EM|2 , 
thru the  PV asymmetry.

By varying the angle and momentum Xfer,
one can extract Qwp and axial couplings, etc. 

We wanted  A(e) x V(q) to dominate.
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Accessing Qw
p from PV Electron Scattering 

Parity violation in electron scattering arises from V x A couplings of the Z.

We isolate the small EM x Weak 
interference term, normalized to |EM|2 , 
thru the  PV asymmetry.

By varying the angle and momentum Xfer,
one can extract Qwp and axial couplings, etc. 

We wanted  A(e) x V(q) to dominate.

In the limit of low momentum transfer and forward kinematics, the leading order term 
for elastic scattering contains the weak charge: 

At our chosen kinematics, Qw
p dominates at ~2/3 of the total asymmetry.

Roughly 

-200 ppb

14Latest Q-weak Results, David Mack (TJNAF)



Fully Corrected Elastic e+p Asymmetry 
(evolved to Ө = 0° at fixed Q2)
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D. Androic et al., Phys. Rev. Lett. 
111, 141803 (2013)
http://arxiv.org/abs/1307.5275v2
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This is the world PV elastic electron scattering 
dataset as of 2013 when our first paper came out.  

http://arxiv.org/abs/1307.5275v2


Fully Corrected Elastic e+p Asymmetry 
(evolved to Ө = 0° at fixed Q2)
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D. Androic et al., Phys. Rev. Lett. 
111, 141803 (2013)
http://arxiv.org/abs/1307.5275v2
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The asymmetry is 
small at low Q2.

The circled point 
is 4% of the final 
Q-weak dataset. 

This is the world PV elastic electron scattering 
dataset as of 2013 when our first paper came out.  

http://arxiv.org/abs/1307.5275v2


Methodology
We flip the longitudinal beam polarization about 1000 times per second, with a brief 
pause for the beam polarization and intensity to stabilize. 

(Faster than that would lead to excessive dead-time.)

17Latest Q-weak Results, David Mack (TJNAF)
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We flip the longitudinal beam polarization about 1000 times per second, with a brief 
pause for the beam polarization and intensity to stabilize. 

(Faster than that would lead to excessive dead-time.)

With an electron scattered into each detector every nsec, the signal must be integrated.
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Methodology

• Effect of target density fluctuations and charge monitor are coherent in all 8 
detectors, so their noise specs must be  << 1/√Nwhole detector ~ 200 ppm per quad. 

• Minimal beam parameter changes on spin flip (averaged over the run) 
ie, << wavelength of visible light!

• Corrections for remaining small false asymmetries that do occur on spin flip
• Precise absolute measurements of Q2, beam polarization, and backgrounds.
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We flip the longitudinal beam polarization about 1000 times per second, with a brief 
pause for the beam polarization and intensity to stabilize. 

(Faster than that would lead to excessive dead-time.)

With an electron scattered into each detector every nsec, the signal must be integrated.
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How Small is the ~200 ppb Q-weak PV Signal?
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If this figure were to scale, the 
zero of the vertical axis would be 
roughly 250 km below our feet.
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How Small is the ~200 ppb Q-weak PV Signal?
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If this figure were to scale, the 
zero of the vertical axis would be 
roughly 250 km below our feet.

It is like the thickness of a coat 
of paint on top of the 325m 

Eiffel Tower.

And we have to measure it 
to few percent accuracy!
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Statistical Facts of Life 
of Measuring Very Small Asymmetries

How long would it take to measure a 200 ppb asymmetry to 1% if one were 
tracking particles at Rate = 10 MHz (eg, 10 detectors each with 1 MHz rate)?

ΔA = 1/√N

N = 1/ΔA2 = 1/(0.01*200x10-9)2 = 2.5x1017 events

22

That’s 0.25 billion billion events.

Latest Q-weak Results, David Mack (TJNAF)



Statistical Facts of Life 
of Measuring Very Small Asymmetries

How long would it take to measure a 200 ppb asymmetry to 1% if one were 
tracking particles at Rate = 10 MHz (eg, 10 detectors each with 1 MHz rate)?

Time =  N/Rate =  2.5x1010 sec

1 year  = 3.2x107 sec   793 years

ΔA = 1/√N

N = 1/ΔA2 = 1/(0.01*200x10-9)2 = 2.5x1017 events

For ΔA < 10 ppb like Q-weak, experiments are not feasible in event- or tracking-mode.

The only choice is to design a low-background experiment and integrate.  

23

That’s 0.25 billion billion events.

Latest Q-weak Results, David Mack (TJNAF)



The Apparatus  

24Latest Q-weak Results, David Mack (TJNAF)



Bird’s-eye View 
of 

Accelerator
Site

A B C

D

25

JLab Proposal

The Qweak Experiment: 
“A Search for New Physics at the 
TeV Scale via a Measurement of 

the Proton's Weak Charge“, 
December 10, 2007

http://qweak.jlab.org/doc-
public/ShowDocument?docid=703

Latest Q-weak Results, David Mack (TJNAF)
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From Polarized Injector to Detectors
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Q-weak Spectrometer (basics)

Scattered electrons

Quartz Cherenkov bar

Collimators

Qweak Toroidal
Magnetic 
Spectrometer 
(QTor)

High density concrete shield wall

27

Ebeam= 1.16 GeV

Lum. = 1.7 x 1039 cm-2s-1

θ = 6° - 12°

Q2 = 0.025 (GeV/c)2

Total Rate = 6.4 GHz

Must isolate elastic e+p events 
at small angles, with the largest 
acceptance possible, without 
tracking.

(A new particle traverses each 
detector every nsec.)

Electromagnet! No ferro-
magnetic materials could be 
used. 

Beam 
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Q-weak Spectrometer (dressed)

LH2 target

Beam 

Collimators

Qweak Toroidal
Magnetic 
Spectrometer 
(QTor)

Horizontal Drift 
Chambers

Quartz Cherenkov 
bars

Shield Hut

Vertical Drift 
Chambers

Trigger Scintillators
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Too many custom subsystems to discuss. Essentially two experiments in one:

1. Parity production with integrating detectors at 180 muA
(luminosity of 2E39)

2. Background and acceptance studies with standard event mode detectors 
down to 100 pA

(6 orders of magnitude range in beam currents)

Latest Q-weak Results, David Mack (TJNAF)



Target Cell

LH2 Transverse Flow: 
1.1 kg/s
15 L/s

3-7 m/s 

Electron Beam
180 μA, 4x4 mm2

Cell 35 cm long
Al entrance window ~0.1 mm thick, 22.2 mm Φ
Al exit window ~0.125 mm thick over 15 mm Φ,

0.635 mm thick over 173.5 mm 
Scattered electron acceptance ±13.9°

30Latest Q-weak Results, David Mack (TJNAF)



Time (sec)

Target Bubble-ology
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Pump speed = 28.5 Hz 
Main 

Detector 
Yield
(V/μA)

Changes in column density between + helicity and – helicity samples are a source of 
noise. The main source is transient bubble formation on the Al windows. This is seen 
coherently by all 8 detectors so it doesn’t average away. Need a great target!

The target under nominal 
running conditions. 
(rare 1% drops in ρ*t)
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Target Bubble-ology
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Pump speed = 28.5 Hz 
Main 

Detector 
Yield
(V/μA)

Changes in column density between + helicity and – helicity samples are a source of 
noise. The main source is transient bubble formation on the Al windows. This is seen 
coherently by all 8 detectors so it doesn’t average away. Need a great target!

Time (sec)

The target under nominal 
running conditions. 
(rare 1% drops in ρ*t)

The target during a stress 
test.
(frequent 3% drops in ρ*t)

Pump speed = 12 Hz 

Latest Q-weak Results, David Mack (TJNAF)
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The proposal assumed ΔP/P ≤ 1% , so two independent 
polarimeters were employed: 

1. Legacy Hall C Møller polarimeter (e+ee+e): 
• Limited to few muA beam currents
• Known analyzing power provided by polarized Fe 

foil inserted into the beam in a 3.5 T field
• Invasive to production

Møller Polarimeter

Precision Polarimetry

Latest Q-weak Results, David Mack (TJNAF)
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The proposal assumed ΔP/P ≤ 1% , so two independent 
polarimeters were employed: 

2. New Compton polarimeter (γ+eγ+e): 
• Full production beam current
• Known analyzing power provided by 

circularly-polarized laser
• Non-invasive to production

1. Legacy Hall C Møller polarimeter (e+ee+e): 
• Limited to few muA beam currents
• Known analyzing power provided by polarized Fe 

foil inserted into the beam in a 3.5 T field
• Invasive to production

Møller Polarimeter

Compton Polarimeter

Precision Polarimetry
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The proposal assumed ΔP/P ≤ 1% , so two independent 
polarimeters were employed: 

2. New Compton polarimeter (γ+eγ+e): 
• Full production beam current
• Known analyzing power provided by 

circularly-polarized laser
• Non-invasive to production

1. Legacy Hall C Møller polarimeter (e+ee+e): 
• Limited to few muA beam currents
• Known analyzing power provided by polarized Fe 

foil inserted into the beam in a 3.5 T field
• Invasive to production

Møller Polarimeter

Compton Polarimeter
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A Mini-Measurement in 1/250 Second

• Helicity flip every 1/960 sec
(“freeze frames” the target)

• PMT anode current integrated 
for each helicity state,
normalized to beam charge

(corrects for variations in beam current)

• Quartet asymmetries calculated 
(cancels linear drifts in signals!)

Latest Q-weak Results, David Mack (TJNAF)



37

A Mini-Measurement in 1/250 Second

(Quartet Asymmetries over several days)

Gaussian Fit 
(σ=230 ppm)

Data

• Helicity flip every 1/960 sec
(“freeze frames” the target)

• PMT anode current integrated 
for each helicity state,
normalized to beam charge

(corrects for variations in beam current)

• Quartet asymmetries calculated 
(cancels linear drifts in signals!)

Latest Q-weak Results, David Mack (TJNAF)

Plot of the ensemble of asymmetry mini-
measurements at right. 

Asymmetry width ~230 ppm at 180 μA is 
dominated by √N .

Requires 8 hours of integration to achieve 
+-100pb sensitivity.

Requires days of integration for a blurry 
statistical picture to emerge. 



The Analysis –
several years of strangling snakes

38Latest Q-weak Results, David Mack (TJNAF)

Beamline 
background

Transverse 
rescattering
background



Beamline Background
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Although the main detector had 
only 0.2% background dilution, 
the latter turned out to have an 
unexpectedly large and (slowly) 
time-dependent asymmetry. 
(Right)

•This background injected slug-
scale excess noise at the O(10) 
ppb level, or O(5)% of our 
experimental asymmetry. 

Latest Q-weak Results, David Mack (TJNAF)

Asymmetry in 
Luminosity Monitor

(diffuse background plus eeee)

Asymmetry in 
Blocked Main Detector

(diffuse background only)



Beamline Background
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Although the main detector had 
only 0.2% background dilution, 
the latter turned out to have an 
unexpectedly large and (slowly) 
time-dependent asymmetry. 
(Right)

•This background injected slug-
scale excess noise at the O(10) 
ppb level, or O(5)% of our 
experimental asymmetry. 
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Asymmetry in 
Luminosity Monitor

(diffuse background plus eeee)

Asymmetry in 
Blocked Main Detector

(diffuse background only)

This background was 
strangled by removing 
residual correlations 

between the main 
detector and 

background detectors. 
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• Cause? One hypothesis is that 
ps-scale, helicity dependent 
time differences in the injector 
are converted by bunching into 
halo differences.  

• The HW plate didn’t cancel all 
of it, possibly because the 
bunching drifted over 8 hours. 

E. Kargiantoulakis, U. of Virginia,  
https://qweak.jlab.org/do-
public/ShowDocument?docid=2276

https://qweak.jlab.org/do-public/ShowDocument?docid=2276


Checking the Quality of Integrating Mode Data
with no peaks, no tracks, no side-band subtractions etc.

41James Dowd

Experimental Asymmetry – Corrections make 
small changes in the average of fitted P*Apv :

raw regressed  BB corrected
-161.8  -160.9  -164.5 ppb (+-7.6ppb)

In-Out already cancels some noise, but probability 
suggests that corrections are successful:

P = 4.3%  18%  33%

Latest Q-weak Results, David Mack (TJNAF)
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Experimental Asymmetry – Corrections make 
small changes in the average of fitted P*Apv :

raw regressed  BB corrected
-161.8  -160.9  -164.5 ppb (+-7.6ppb)

In-Out already cancels some noise, but probability 
suggests that corrections are successful:

P = 4.3%  18%  33%
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Null Asymmetry – P*Apv is consistent with zero 
as desired even before correction:

raw regressed  BB corrected
4.7  7.9  -1.4 ppb  (+-7.7ppb)

But the probability suggests the noise was there 
(as expected) and the corrections are successful 
since it improves from unlikely to credible: 

P = 0.1%  4.8%  9.7%



PC Transverse Asymmetry
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PC Transverse Asymmetry
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PC Transverse Asymmetry
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But it 
looked 

like 
this!

More scattering 
toward the right 

pmt

Less scattering 
toward the left 

pmt

The cause: electrons hitting the detectors have 
precessed, giving them large transverse polarizations. 
A large PC asymmetry and light collection do the rest:

The effect nearly cancels in the average of 
the two pmts. But broken symmetries in light 
collection left us with a 0.5σ correction. 



Results
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Global fit of PV Elastic Electron Scattering Data
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Recall

Dividing out the leading Q2 dependence and constants, and making some small angle-
dependent corrections, make it easier to see the Q-weak point and world data on the 
same plot: 

Latest Q-weak Results, David Mack (TJNAF)

Nature 557, 207–211 (2018)

Q2 (GeV/c)2

QW
p + Q2 B

Q-weak 
Expt



Global fit of PV Elastic Electron Scattering Data

A = -226.5 ± 9.3 ppb*

QW
p(SM)  = 0.0708(3)

QW
p(Q-weak) = 0.0719(45)

48

Recall

Dividing out the leading Q2 dependence and constants, and making some small angle-
dependent corrections, make it easier to see the Q-weak point and world data on the 
same plot: 
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QW
p

Nature 557, 207–211 (2018)

* Aep = -226.5 +- 7.3 (statistical) 
+- 5.8 (systematic) ppb

Q2 (GeV/c)2

QW
p + Q2 B

Q-weak 
Expt



Separating the Weak Charges 
of Up and Down Quarks

The Q-weak measurement 
defines one band:

QW
p = 2QW

u + QW
d

while Cs Atomic PV defines 
another

QW
Cs = 188QW

u + 211QW
d 

allowing the weak charges of up 
and down quarks to be 
separated. APV + PVES

Combined 
Result

SM

C1u = -0.1874(22)  
C1d = 0.3389(25) 

49Latest Q-weak Results, David Mack (TJNAF)

C1u = -QW
u /2

C1d = -QW
d/2
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Weak Mixing Angle Result

Nature 557, 207–211 (2018)

Latest Q-weak Results, David Mack (TJNAF)

Q-weak and APV 
together tightly 
constrain new 

electron-light quark 
PV interactions



Summary
• The weak vector charge of the proton, Qw

p , is 1-4sin2θW suppressed hence a good way 

i. to measure sin2θW at low energies,   

ii. to search for new PV interactions between electrons and light quarks. 

• Elastic PV electron scattering at low momentum transfer allowed us to determine the 
weak vector charge of the proton.

• The Qweak Experiment finished successfully after 2 years in situ, ~1 year of beam on 
target. We have  

i. measured the smallest & most precise e+p PV asymmetry ever.

ii. determined QW(p) at low energies

iii. Combined our result with Cs APV, sharpening C1u, C1d, and Qw(n).  

• Along the way, we discovered two new backgrounds that future, higher precision PVES 
experiments will have to contend with: 

i. The source of the diffuse background asymmetry which changes with time is not 
well understood, but reversing the Half Wave Plate more frequently will help, and  
regression against a diffuse background detector will get the rest. 

ii. While microscopic modelling of PC transverse asymmetry effects in detectors is 
difficult,  minimizing the relevant broken detector asymmetries will help.  

51Latest Q-weak Results, David Mack (TJNAF)

Our results have the sensitivity to observe multi TeV-scale PV interactions, 
but are consistent with the SM.  
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Description Reference

Q-weak home page https://www.jlab.org/qweak/

New Physics Sensitivities
(most notably lepto-quarks)

“Weak Charge of the Proton and New Physics”, Jens Erler et al.
Phys. Rev. D 68, 016006 (2003).

http://arxiv.org/abs/hep-ph/0302149

Proposal The Qweak Experiment: 
“A Search for New Physics at the TeV Scale via a Measurement 

of the Proton's Weak Charge“, 
December 10, 2007

http://qweak.jlab.org/doc-public/ShowDocument?docid=703

High accuracy calculation of the
running of the weak mixing angle

“Weak Mixing Angle at Low Energies”, J. Erler and M. J. 
Ramsey-Musolf, 

Phys. Rev. D 72 (2005) 073003
http://arxiv.org/abs/hep-ph/0409169

First Q-weak Result in PRL “First Determination of the Weak Charge of the Proton”, D. 
Androic et al., 

Phys. Rev. Lett. 111, 141803 (2013)
http://arxiv.org/abs/1307.5275v2

Updated  RPV SUSY Sensitivities Fig 10 in “The Weak Neutral Current”, Erler and Su, Prog. Part. 
Nucl. Phys. 71 (2013) 119-149,  http://arxiv.org/abs/1303.5522

Dark Z’ “Muon Anomaly and Dark Parity Violation”, 
H. Davoudiasl et al., PRL 109, 031802 (2012),

http://arxiv.org/abs/1205.2709

Final Qw(p) results “Precision Measurement of the Weak Charge of the Proton”, D. 
Androic et al., Nature 557, 207-211  (2018) . 
https://www.nature.com/articles/s41586-018-0096-0
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Why Qwp and what is it?
1 Weak Vector Charges 
2 What is Theta_W?
3 A SM test at high energy
4 Running of sin2thetaW 
5 Interpretability of the Running 

Determining Qwp from PVES
6 Accessing Qwp from PVES
7 Apv vs Q2
8 Methodology
9 How Small is the 200 ppb asymmetry?
10 Statistical facts of life of very small asymmetries

Apparatus
11 Accelerator site
12 Schematic of injector to detectors
13 Spectrometer basics
14 Spectrometer dressed
15 Target cell 
16 Bubble-ology
17 Precision beam polarimetry 
18 A mini-measurement every 1/250 second

Analysis
19 beamline bkg
20 checking data quality 
21 PC transverse asymmetry

Results
22 Reduced Apv vs Q2 (and Qwp extraction)
23 Qw(up) vs Qw(down)
24 Weak mixing angle result

Summary                                              25 Summary
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Uncertainties

2% on Az

 4% on Qw

 0.3% on sin2W 

Latest Q-weak Results, David Mack (TJNAF)

Goals:

Achieved:

What Goal on 
Apv

Achieved 
on Apv

Statistics 2.1% 3.2%

Systematics 1.36% 2.6%

Total 
Uncertainty

2.5% 4.1%
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Nature 557, 207–211 (2018)
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Inelastic e+p Transverse Asymmetry Results

64

The prediction of a very large asymmetry at forward angles is confirmed.

Latest Q-weak Results, David Mack (TJNAF)



65

Nature 557, 207–211 (2018)
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Hadronic Physics Spinoff:
Transverse Asymmetry Bn in e+p Elastic Scattering

66

Bn is a parity conserving, transverse, single-spin 
asymmetry due to the interference between 1γ and 2γ
exchange. 

In terms of physics - Since Bn depends on 
the imaginary part of the 2γ exchange 
amplitude, our 1.16 GeV beam energy data 
provide an integral measurement of all proton 
excitations up to Ecm = 1.7 GeV.

Uncorrected asymmetry

B Waidyawansa talk at PAVI14,
http://pavi14.syr.edu/Slides.html

Latest Q-weak Results, David Mack (TJNAF)

As a background - Bn is O(100) times larger 
than Apv, so a few % PT can give sinusoidal 
variations in the detector signal which are as 
large as the Q-weak signal. Small broken 
asymmetries in our detector could lead to 
O(1)ppb corrections. 

http://pavi14.syr.edu/Slides.html


Elastic e+p Transverse Asymmetry Results

67

Good news – this is probably the 
most accurately measured e+p
asymmetry at the GeV scale, < 3%.

Bad news – publication has been 
delayed for years while we studied
the PC rescattering background 
(~1%). 

Green curve - A pioneering model 
which used only MAID single π
amplitudes significantly under-
predicted the data.  

Orange and Purple curves - Models 
which use photo-production data to 
constrain the forward Compton 
amplitude do reasonably well. 

Intermediate states in the 2γ box diagram like N + multi-π are important.

Θlab (deg)

Bn
(ppm)
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Energy Scale of a Qw
p Measurement

The sensitivity to new physics Mass/Coupling ratio can be estimated by adding a new 
PV contact term to the electron-quark Lagrangian

(Erler et al. PRD 68, 016006 (2003)):

where Λ is the mass and g is the coupling. 

A new physics “pull” on the proton weak charge, ΔQw
p, can then be related to the mass to 

coupling ratio: 

• Assuming ΔQw
p = 4% x Qw

p, and g ~ 1, then Λ is TeV scale.

• But sensitivity is “broad band” in mass: a 200 MeV/c2 new particle  with small couplings 
could have the same pull as a 20 TeV/c2 particle with large couplings. 

• Note that accessing the TeV scale via precision electroweak measurements is tough due 
to the square root factor of the experimental error:  

going from 1 TeV to 2 TeV requires a FOM which is 24 = 16 times greater. 68Latest Q-weak Results, David Mack (TJNAF)



R-parity Violating 
(tree-level) SUSY:

No obvious dark matter. 
(“New” particles would decay to 

normal matter.)

R-parity Conserving 
(loop-level) SUSY:

Dark matter may be the lightest 
SUSY particle.

(It got “stuck” carrying the R 
quantum number.)

SUSY Sensitivities 
updated with plot from Erler and Su (2013)

“The Weak Neutral Current”, Erler and Su, 
Prog. Part. Nucl. Phys. 71 (2013) 119-149,  

http://arxiv.org/abs/1303.5522 69Latest Q-weak Results, David Mack (TJNAF)

http://arxiv.org/abs/1303.5522
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PRL 109, 031802 (2012)
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PRD 97, 112007 (2018)
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Q-weak’s Keyhole on New Physics

72

Our experiment is sensitive 
to new physics with PV 
couplings of electrons to light 
quarks.  

In this 2003 study, our 
biggest sensitivity was to 
lepto-quarks. 

The RPV SUSY limits got 
much tighter in 2013.

Erler and Su, 
Prog. Part. Nucl. Phys. 71 (2013) 119-149. Erler et al., Phys. Rev. D 68, 016006 (2003).
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Q-weak’s Keyhole on New Physics
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Our experiment is sensitive 
to new physics with PV 
couplings of electrons to light 
quarks.  

In this 2003 study, our 
biggest sensitivity was to 
lepto-quarks. 

The RPV SUSY limits got 
much tighter in 2013.

Erler and Su, 
Prog. Part. Nucl. Phys. 71 (2013) 119-149. Erler et al., Phys. Rev. D 68, 016006 (2003).

Latest Q-weak Results, David Mack (TJNAF)



Low Energy PV and the Tevatron Top AFB Anomaly  

M. Gresham et al., arXiv:1203.1320v1 [hep-ph] 6 Mar 2012

Tevatron CF and D0 
collaborations saw an excess in 
the t-tbar forward-backward 

asymmetry, AFB. 
(Precision measurements can also be 

made at the energy frontier!)

A possible explanation which 
avoided known constraints was
a new, not-too-massive, scalar 

or vector particle. 

X

Sufficiently precise low energy PV experiments 
can constrain new physics models. 74Latest Q-weak Results, David Mack (TJNAF)



Polarized Source
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8 hour
reversal

960 Hz
reversal

monthly
reversal
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x10-3
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Gamma-Z Box Correction

~7% correction

Q2 Dependence
E Dependence

• Calculations are primarily dispersion theory type 

• error estimates can be firmed up with data! 

γZ

The □γZ is the only 

E & Q2 dependent 

EW correction. 
 Correct the 
PVES data for 
this E & Q2

dependence.

Latest Q-weak Results, David Mack (TJNAF)
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LH2 Cryotarget Design

World’s highest power and lowest 
noise cryogenic target ~3 kW

IBeam = 180 uA

L = 35 cm (4% X0)
Pbeam = 2.2 kW

Aspot = 4x4 mm2

V = 57 liters
T = 20.00 K
P ~ 220 kPa

Centrifugal pump
(17 l/s, 7.6 kPa)

3 kW Heater

3 kW HX utilizing
4K & 14K He coolant

35 cm cell (beam 
interaction volume)

Solid Tgts

Fluid 
velocity

beam

beam

(m/s)
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Jlab Exo-Skeletons
Manitoba radiator modules  (physicist responsibility) were installed in a strong, 

stiff Jlab exo-skeleton suitable for carrying Pb shielding and pre-radiators (engineering 
and safety responsibility). 

Each module carries 200 lbs (90 kg) of Pb bricks to provide limited shielding 
for PMTs. (Pre-radiators would double that.) 

79Latest Q-weak Results, David Mack (TJNAF)



Collimation
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Physics Motivation

82

+gravity

+dark matter

+dark energy

Latest Q-weak Results, David Mack (TJNAF)



What the Data Look Like

83James Dowd

Experimental Asymmetry –
Corrections barely change the 
average of fitted P*Apv, but 
the probability improves.

Noise is being removed.

P = 4.3%  18%  33%

Null Asymmetry –
Is consistent with zero, and the 
fit probability improves from a 
very unlikely value to a credible 
value after corrections. 

Noise is being removed.  

P = 0.1%  4.8%  9.7%
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Target Cell

LH2 Transverse Flow: 
1.1 kg/s
15 L/s

3-7 m/s 

Electron Beam
180 μA, 4x4 mm2

Cell 35 cm long
Al entrance window ~0.1 mm thick, 22.2 mm Φ
Al exit window ~0.125 mm thick over 15 mm Φ,

0.635 mm thick over 173.5 mm 
Scattered electron acceptance ±13.9°

84Latest Q-weak Results, David Mack (TJNAF)



Q-weak Spectrometer (detail)

LH2 target

Beam 

Collimators

Qweak Toroidal
Magnetic 
Spectrometer 
(QTor)

Horizontal Drift 
Chambers

Quartz Cherenkov 
bars

Downstream 
Luminosity 
Monitors

Shield Hut

Used only during low current tracking mode operation

Vertical Drift 
Chambers

Trigger Scintillators

85

Luminosity 
Monitors
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