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The Qweak Experiment

Highlights

The Qweak experiment 

• will be the first direct measurement of the proton’s 
weak charge. 

•is a probe for new physics at TeV scales, 

(specifically, new PV interactions of electrons with light quarks) 

• requires the brute force of JLab’s high intensity, highly 
polarized electron beam, combined with JLab’s finesse 
in reversing the polarization with negligible changes in 
all other beam properties. 
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Main Detector



Our need to minimize 
the statistical error 
leads to rates of ~1 
GHz/octant.

Our spectrometer has 
to isolate elastic e+p 
events at small angles, 
with the largest 
acceptance possible, 
without tracking 
detectors.

Qweak Torus (QTOR)

detector

QTOR
Collimation 
and shielding

target

A resistive toroidal spectrometer allows us to capture 
>50% of the azimuthal acceptance, with only 0.2% 
corrections from electrons due to pion production. 



TRIUMF Sampling ADCs

Custom 18-bit 500 KHz sampling ADC’s 

Highest technical risk for the experiment.
Noise tests completed 2 years ago.
Cross-talk tests,  and noise during multi-
module readout tests, completed this 
spring.  Looks great! 

Now under fabrication at TRIUMF. 
Tests by P. King 
(Ohio U.) 

Tests by Bill Roberts 
(TRIUMF) 



Gluing

Fused silica radiators will be glued together.
Three main joints: 

LG-to-Radiator-to-Radiator-to-LG 

Complete assemblies are 2.36 m long. 

Gluing infrastructure developed last winter. 

Can’t commit to gluing all 9 production bars 
until QC issues with SES406 glue resolved. 

Gluing 
infrastructure 
and prototyping 
efforts by 
Yerevan group. 



Beam Modulation System



Purpose of Beam Modulation

1. Measure Sensitivities –
Changes in beam parameters (position, angle, energy, etc.) cause false 
asymmetries.   

ΔAcorrection =  (dA/dXi)* ΔXi

2. Isolate Energy Changes 
Unfortunately, we don’t have magical energy monitors on the beamline, 
only  a beam position monitor (BPM) located at a point of high dispersion. 
To isolate beam energy changes, we need to independently vary X, X’, and 
E, upstream of this high dispersion point. 

3. Measure Transport Matrices 
Every BPM contains valuable information, but only if we can relate its data 
to positions and angles that we care about (eg, at the target).  Upstream 
dithering in X, X’, Y, and Y’ will determine this matrix transformation. 



Upstream Siting Strategy
Problem:  New beamline optics, and integrating nature of the Qweak

experiment, mean the old G0 upstream beam modulation 
infrastructure is obsolete.  

(G0 stepwise DC  Qweak 125 Hz sinusoidal)

Task: We would like coils on the beamline to generate pure Xtgt, X’tgt, Ytgt, 
or Y’tgt kicks. But intervening quadrupoles make this model-dependent 
and quite complicated.  

We could blindly run a large number of simulations, putting coils at many 
locations and see what happens at the target. 

OR 
We could run only 4 simulations, starting with pure coordinates at the 
target, and shoot rays upstream. The resulting orbit zero-crossings are 
“magic” in the sense that target coordinates are mapped to angle, so by 
time-reversal, an angle kick at that point would generate the same 
forward orbit for a positron. 



Upstream X’tgt Dithering
Note: OPTIM deck is reversed. Target focus on the left. Beam 
moving to the right. A little virtual dipole was used at the 
target to generate the X’tgt shift.   

Location is 
“quad 5.6” 
counting from 
the right.  
With 0.0 the 
center of the 
Lambertson
(splitter). 

target

OPTIM 
simulations 
by J. Benesch
(TJNAF) 



Siting Overview

Arc
(highly dispersive region) 

Lambertson
(splitter)

somewhat 
dispersive 

region

sweet spot?

X’tgt Xtgt Ytgt Y’tgtThere is one quad we have to 
watch to make sure that Xtgt and 
X’tgt kicks don’t become 
degenerate!



What About the Skin Effect?

We plan to modulate at up to 250 Hz. Measurements show attenuation of 
magnetic field by standard stainless steel beam-pipe is < 10% below 3 KHz. 

That means we don’t need no steenking ceramic pipes. 

S. Phillips (EES)



How Large an Amplitude to Dither?

At nominal luminosity (about 800 MHz/octant), the  entire Qweak array requires 
156 seconds to reach 1 ppm sensitivity. Ultimately, this determines the minimum 
practical dithering amplitudes. Eg, 

for Abeam = 10 ppm, a 1% measurement requires 4.3 live hours.  
(43 clock hours if dithering only 10% of the time)  



dX’ Amplitude

dX’ = 10 ppm/((10 ppb/nrad)/50) = 50 μrad
I estimate the required kick as 

50 μrad * (100 G-cm/20 μrad) = 250 G-cm

Sensitivity 
simulations by
J. Birchall
(U. Manitoba) 



Dithering Summary

We have identified: 

• “magic” locations for coils. 

• nominal kick amplitudes at target for 10 ppm:

Position: 50 microns requiring 10-20 G-cm

Angle: 50 microrad requiring 250 G-cm

E: 10 ppm requiring 10 keV

• candidate coils, MAT (HF). 

• power supply requirements 



The Qweak Experiment

Schedule

Approved (8%) January 2002

1st Jeopardy Review January 20004

2nd Jeopardy Review (4%) January 2008

(4% measurement endorsed by the PAC) 

Upcoming:

Installation  Fall 2009

Commissioning Spring 2010



Supplementary



The Qweak Experiment

Main Detector

• 8 fused silica radiators
200 cm x 18 cm x 1.25 cm 

• Spectrosil 2000
Rad-hard, low luminescence (expensive)

• 900 MHz e- per bar

• Light collection by TIR
5 Angstroms rms  polish (even more expensive)

• 5” PMTs with gain = 2000

• S20 photocathodes (Ik = 3 nA)

• Current mode readout (Ia = 6 μA)

Elastic  focus – blue Inelastics - red
Toroidal spectrometer 
produces 8 beam spots

Each beam spot is 2 
meters long!



The Qweak Experiment

Weak Charges of Light Quarks

This suppression of the proton weak charge in the SM makes it  more 
sensitive to new physics (all other things being equal). 

Note the roles of the proton and neutron are almost reversed

(ie, neutron weak charge is dominant, proton weak charge is almost zero!).



dX Amplitude

dX = 10 ppm/((10 ppb/nm)/50) = 50 μm
I estimate the required kick as 

0.050mm * 400 G-cm/mm = 20 G-cm

Sensitivity 
simulations by
J. Birchall
(U. Manitoba) 



Upstream Ytgt Dithering
Note: OPTIM deck is still reversed. Target focus on the left. 
Beam moving to the right. Jay put in a little virtual chicane to 
generate the 0.5mm Ytgt shift. 

Location is 
“quad 3.8” 
counting from 
the right.  
With 0.0 the 
center of the 
Lambertson
(splitter). 



Upstream Y’tgt Dithering
Note: OPTIM deck is still reversed. Target focus on the left. 
Beam moving to the right. Jay put in a little virtual dipole to 
generate the Y’tgt shift.   

Location is 
“quad 0.1” 
counting from 
the right.  
With 0.0 the 
center of the 
Lambertson
(splitter). 



Siting Detail

Kick Ideal Site Closest Practical Comments

Xtgt Q4.9 H coil at Q4.8 Shift new FFB coils 
downstream a bit?

X’tgt Q5.6 H coil at Q5.7 Swap large pipe for 
small pipe. 

Ytgt Q3.8 V coil at Q3.8 Swap large pipe for 
small pipe. 

Y’tgt Q0.1 V coil at  Q0.2 Tight area. Just 
enough space for a 
MAT (HF) coil. 

E Anywhere Q5 to Q7 Q5 to Q7 See Roger and Curt.

Once it is clear that  what type of coil will be used, we’ll check the 
impact of ideal versus practical locations.  



The Qweak Experiment

Example: Energy Scale of an Indirect Search 

• The sensitivity to new physics Mass/Coupling ratios can be estimated by adding a new 
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” ΔQ can then be related 
to the mass to coupling ratio: 

which reaches the TeV scale for a 4% Qweak experiment. 

(If Qweak didn’t happen to be suppressed, we would have to do a 0.4% measurement to reach the 
TeV-scale.)



Going from Abeam to dXi

To estimate dX for Abeam = 10 ppm, we need the 
detector sensitivities. For now, I’m using simplifed
versions of Jim Birchall’s “whole array” sensitivities 
which are good to about a factor of 2:

Position Sensitivity:   (10 ppb/nm)/50

Angle Sensitivity:  (10 ppb/nrad)/50

Energy Sensitivity: 1 ppb/ppb 

This may be a good place to mention that I haven’t yet corrected for the 
FOM difference between step-wise dithering and sinusoidal dithering.  

Amplitudes will have to increase a bit. 



MAT (HF) Electromagnet Specs

Data by Sarin Philips (EES):

Magnet Constant (B/I) = 33 G/Amp

Length = 10 cm (roughly)

IntBdl = (B/I) x Length = 330 G-cm/Amp * I

Inductance = 3.8 mH

R = 1.6 Ohms

The total impedance is 

Xtot= 1.6 Ohms + 2*pi*Freq*3.8mH (reactance dominated)

The current needed for a nominal 100 G-cm kick is 
I = 100 G-cm/(330 G-cm/Amp) = 0.33 Amps



Power Supply Requirements for MAT (HF) Coils 
The two critical parameters are 

Vmax – voltage headroom, to avoid clipping, and 

dV/dt – slew rate, to avoid distortion

To estimate an upper limit to these  parameters, we assume we’re driving a 100 G-cm 
kick at 250 Hz (twice our nominal frequency): 

Vmax = I*X = 0.33A * 7.6 Ohms = 2.5 Volts
dV/dt max = 2.5V/(Period/4) = 2.5 V/msec

S. Philips (EES)



Upstream Xtgt Dithering
Note: OPTIM deck is now reversed. Target focus on the left. 
Beam moving to the right. Jay put in a little virtual chicane to 
generate the 0.5mm Xtgt shift. 

Location is 
“quad 4.9” 
counting from 
the right.  
With 0.0 the 
center of the 
Lambertson
(splitter). 

target



Tune Sensitivity

Arc
(highly dispersive region) 

Lambertson
(splitter)

X’tgt Xtgt

Horizontal optics has a lot of zeroes. It was perhaps inevitable that an Xtgt zero 
and X’tgt would be close to one another. 

Quad 5 is the one we have to watch to avoid degeneracy.



Upstream Siting Criteria

Arc
(highly dispersive region) 

Lambertson
(splitter)

somewhat 
dispersive 

region

• Zero-crossing, or close to it.

• Locate just upstream of the 3C Arc
(so that many BPMs are sampled, while retaining some hope of controlling the optics) 

• Avoid regions of significant dispersion. 

sweet spot?

Beam right to  left. Count quads same direction. 



dE Amplitude

dE = 10 ppm/(1ppb/ppb) = 10 ppm
This is only 10 keV which should be no problem for a 
single SRF cavity.  It’s also well within the momentum 
acceptance of the beamline. 



How Large an Amplitude to Dither?

To  measure sensitivities with reasonable accuracy, be able to track significant changes,  
and allow for the low dithering duty factor, the minimum dithering amplitude in any 

beam parameter would ideally be 1 to 10 ppm.  Eg,
for Abeam = 10 ppm, a 1% measurement requires 4.3 live hours.  

(43 clock hours at 10% df)  


