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The Qweak tracking system
Measurement of the average Q2 and the dilution by background events
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Abstract. The Qp
weak experiment will measure the parity-violating elastic e-p scattering asymmetry to

extract the weak charge of the proton. The experiment employs a toroidal magnet to focus electrons
scattered at 8◦ ± 2◦, corresponding to Q2 ∼ 0.03 (GeV/c)2, on eight Čerenkov detectors located in the
focal plane of the spectrometer. Since the asymmetry is proportional to Q2, it is crucial to obtain an
accurate measure of the acceptance-averaged value of Q2. A tracking system will be used in a low-rate
counting mode, allowing individual events to be observed. This will enable a determination of the average
Q2 by measuring the scattering angle and interaction vertex, for mapping the response across the surface
of the Čerenkov detectors, and for the dilution of the Čerenkov detector signal by background.

PACS. 25.30.Bf Elastic electron scattering – 29.40.Gx Tracking and position-sensitive detectors
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1 Introduction

In elastic electron-proton scattering the parity-violating
asymmetry is proportional to Q2. In the Qp

weak exper-
iment [1,2] a collimator system, optimized by GEANT
simulations, defines the average value of the accepted Q2

by setting kinematical cuts on the electron scattering an-
gles. For Qp

weak it is critical to determine the acceptance
averaged value of Q2 for the electrons from the e-p elas-
tic scattering events of interest with � 1% accuracy. This
translates into a 0.6 mrad precision in the measure of the
scattering angle. Since Qp

weak is an integrating experiment,
the Q2 dependence of the ep cross-section will bias the av-
erage detected Q2. This and any position-dependent de-
tector bias must be taken into account since Q2 may be
correlated with position at the focal plane. Although in
principle these matters can be simulated, it is essential
to check the Monte Carlo using an ancillary calibration
measurement: to measure the scattering angle, interac-
tion vertex, shape of the focal plane distributions, and the
position-dependent detector bias. This information will be
extracted from ancillary measurements at low beam cur-
rent in which the Čerenkov detectors will be read out in
pulse mode and individual particles tracked through the
toroidal spectrometer with a tracking system.

2 Tracking system design concept

The tracking system consists of a set of drift chambers
at three locations along the track. It will be capable
of mapping two opposing octants simultaneously where
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Fig. 1. Conceptual design of the Qp
weak tracking system. The toroidal magnetic

field spatially separates inelastic events from elastic events which will be focus on
a fused silica (quartz) Čerenkov detector per octant located in the focal plane of
the spectrometer. The tracking for single particle will be performed at low beam
current using a set of drift chambers at three locations in two opposite octants
at a time

Fig. 2. GEANT simulation of the spa-
tial separation of the elastic and inelastic
events in the focal plane. The Λ-shaped
Čerenkov detector made from joint quartz
bars will cover/detect the elastic events
with a �0.02% inelastic rate contribution.

the tracking chambers will be mounted on a rotating
wheel assembly. The Čerenkov detectors are operated in
a low beam current counting mode (I∼10 nA,) equiva-
lent to an e-p elastic rate of ∼50 kHz/octant) for back-
ground/acceptance studies using the tracking system, and
in a classic integrating mode (I∼180 µA, equivalent to an
e-p elastic rate of ∼800 MHz/octant) during high beam
current production running where the tracking system will
be retracted.

A Triple GEM (Gas Electron Multiplication) chamber
is situated between the primary and secondary collimator.
A GEM was chosen because of its high rate capability, fast
time response and good position resolution, but it does
not provide any track angle information. Each chamber
has an active area of 16 cm×16 cm, consists of 3200 chan-
nels supporting a rate of 10 MHz and an expected position
resolution of �200 µm.

A pair of horizontal drift chambers (HDC) separated
by 50 cm is situated between the secondary collimator and
the main magnet. Each chamber has an active area of
53 cm×49 cm, and consists of 374 signal wires. The ex-
pected position resolution will be �200 µm. The HDCs
in combination with the GEM will measure the scatter-
ing angle, interaction vertex, and establish the trajectory
upstream of the main magnet. The expected vertex reso-
lution along the target will be �1 mm ; the reconstruction
of the scattering angle will be archived with an angular
resolution of �0.6 mrad. The HDCs will see both elas-
tic and inelastic events and are in direct line of sight to
the target. A low field toroidal sweeping magnet will be
installed between the GEMs and the HDCs to prevent
Møller events (∼30-70 MeV, ∼10 MHz) from reaching the
HDCs. The sweeping magnet will remain on during pro-
duction run to maintain the same conditions between pro-
duction running and Q2 calibration runs.

A pair of vertical drift chambers (VDC) separated by
30 cm will be situated in front of the Čerenkov detectors,

after the shielding wall. Each chamber has an active area
of 200 cm× 50 cm, and consists of 800 signal wires. The
expected position resolution will be ∼100 µm. The VDCs
will map out the position-dependent Čerenkov detector
response across the surface of each quartz bar. With a
known field map of the main and sweep magnets and with
the local track information of GEMs, HDCs, and VDCs
it is possible to reconstruct the particle momentum. This
allows the separation between elastic and inelastic track
events needed for the mapping and background measure-
ments. The global tracking in a toroidal magnetic fields is
not a trivial issue since with a non-homogeneous field there
is no simple analytic expression to describe the track. The
Qp

weak main magnet has a moderate focusing for electrons
regarding the polar scattering angle but it has a strong
defocusing in the azimuthal angle, so each track will have
an unique trajectory parametrization. Therefore the final
track fitting method will depend upon a iterative simula-
tion and comparison method similar to existing algorithms
used by BLAST and CLAS. In addition to the tracking
technique for the background determination long calibra-
tion time-of-flight spectra out to 500 ns will be taken in
order to verify that there are no long-lived backgrounds
or delayed lights coming out of the quartz detectors that
would require a correction to the central value of the mea-
sured asymmetry.
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