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Abstract. The upcoming parity violating deep inelastic scattering (PVDIS) experiment E08-011
in Hall A at Thomas Jefferson National Accelerator Facility (Jefferson Lab) aims to measure a
combination of the axial hadronic couplings of the electron with a factor of six improvement in
precision over world data. Precise data for the couplings are essential to search for physics beyond
the Standard Model. The experiment will measure a 10~4 asymmetry using polarized electron
scattering from deuterium with a beam energy of 6 GeV. Recent progress on the preparation for
this experiment, with an emphasis on the tests of the data acquisition system and the capability of
measuring a small asymmetry, deadtime, and pileup effects are presented.
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INTRODUCTION

Parity violating electron scattering is one of the centerpieces of Jefferson Lab’s physics
programs. The goal of the PVDIS experiment (E08-011) is to measure precisely the
asymmetry in parity violating deep inelastic scattering of a polarized electron on an
unpolarized liquid deuterium target. This asymmetry is sensitive to the effective vector
electron axial quark and axial electron vector quark couplings, the former of which is
extremely poorly constrained by experimental data.

With ¢, and ¢_ as the left-handed and right-handed electron cross-sections, respec-
tively, and (? as the negative of the square of the four-momentum transfer, the parity
violating asymmetry (4,,) is given as
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Taking effective coupling constants Cj, in the context of the Standard Model as:
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the important possible extraction of the experiment will be a high precision effective
coupling constant combination (2Ca, — Caq) from 4,

. (SGFQZ ) 2C1[1 + Re(x)] = Cra[l + Ry(x)] + Y (2Co, — Cog)Ry(x)
7 a2 54 Rs(x) + 4Rc(x) 7

where Gr is the Fermi weak coupling constant, ¥ is a kinematic factor, R, and R, are
sea- and valence-quark distribution functions (details in Ref. [1, 2]).

Another possible outcome of the experiment would be to extract an experimental
result for the hadronic correction, c(x), from higher-twist effects:

Ap(x,0%) = )(1+e(x)/ @),

whose value is believed to be impossible to get from the first principles[3].
The data will be taken in Hall A using two standard spectrometer setups[4] at two
Q2 points of 1.10 (with incident electron energy £ = 6.0 GeV, scattered electron energy
=3.66 GeV, Bjorken x = 0.25, and scattered electron angle 8 = 12.9°) and 1.90 (with
E 6.0GeV, E' =2.63 GeV,x = 0.30, and 6 = 20.0°) (GeV/c)* using an 80% polarized
electron beam of 85 (A on a 25-cm long deuterium target. The lowest expected physics
asymmetry from the experiment is about 100 parts per million (ppm).

DEADTIME AND ASYMMETRY MEASUREMENTS

This experiment is introducing a scaler-based counting data acquisition (DAQ) system
for the first time at Jefferson Lab. The new counting DAQ is essential, since the expected
event rate of the experiment is about 0.5 MHz for each spectrometer and the background
rate from pion electroproduction is high. The use of the conventional counting DAQ,
which handles rates up to 4 kHz, is impossible. And the integrating DAQ used by
previous parity violation experiments at JLab cannot reject pion backgrounds. The new
DAQ will perform online particle identification and count electron events for a period of
30 msec helicity window in the scaler-readout. The scaler-readout is virtually deadtime-
free, the only deadtime involved is from the electronic modules used.

The DAQ system has been assembled and a series of tests have been performed to
determine its deadtime and to evaluate its performance in measuring small asymmetries.
For the deadtime measurement, two different resolution times of the electronic modules
were used: 20 ns (“narrow path”) and 100 ns (“wide path”). Subsequent events falling
within the resolution time of the previous events cannot be recorded by the DAQ, causing
counting losses due to the deadtime.

Three methods were employed to measure the deadtime. The results are shown in
Fig.1. In method-I, a pulser signal (called a tagger) with rate R; was mixed (ORed)
with a high rate random pulse ranging from a few Hz to a few MHz obtained from a
photomultiplier tube (PMT). The mixed signal was then input to the PVDIS DAQ. The
output trigger from the PVDIS DAQ was ANDed with the tagger giving R,, as the output.
The fractional loss due to deadtime (D) was obtainedas D =1— (1 — p)R,/R;, where p is
a correction factor for the pileup effects: when the tagger signal follows closely a random
PMT signal, the DAQ output caused by the PMT signal would co-incide with the tagger
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FIGURE 1. Results of deadtime measurements from three methods. Dotted lines show the expected
fractional count loss due to deadtime as a function of the event rate. Top-lefi: results from method-1. Top-
right: pileup appearing in the timing spectrum of the output trigger with respect to the reference tagger
signal. Bottom-left: results from method-II. An intrinsic 15 ns deadtime in the input rate measurement was
added to each point. Bottom-right: results from method-III.

signal, causing a false count that should have lost due to deadtimes. The pileup factor
p was measured by the TDC spectrum as shown in the top-right pad in Fig.1. If there
was no pileup, only the right-side peak would show up, hence the integral of the events
other than this peak would correspond to the pileup amount. In method-II, the input
trigger rate r; and the output trigger rate r, of the PVDIS DAQ were measured directly
in the scaler module. The deadtime was obtained as D = 1 —r, /r;. In method-II1, tagger
signals are mixed with random PMT signals and then sent to a TDC. Following each
tagger signal there exists a “dead-zone” region in the TDC spectrum during which the
system does not respond to the random PMT signals, as shown in the bottom-right pad
in Fig.1. This dead-zone region provides a measurement of the deadtime. The deadtime
measured by these three methods were consistent with each other.

An artificial asymmetry signal, with a magnitude of a few ppm, was prepared using
an asymmetry module locally made at Jefferson Lab. This asymmetry signal was mixed
(ORed) with a high rate PMT signal and then sent as inputs to the PVDIS DAQ. Shown
in Fig.2 are our test results from a few to a thousand ppm and the measured asymmetries
agreed with the expected values within their statistical uncertainties.
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FIGURE 2. Left: width of asymmetry-histograms for different event rates. The rate of the innermost
trace is the highest and goes decreasing as we march outwards. They agree with the expected width Rl—T

where R is the trigger rate and 7 is the integration time of a helicity window pair. Right: Expected and the
observed asymmetries. The expected asymmetry of the experiment is in the region of 100 — 200 ppm.

SUMMARY

Jefferson Lab experiment EO8 — 011 will measure the parity violating asymmetry in deep
inelastic scattering from a deuterium target. Significant efforts have been used to design,
assemble and bench-test the fast-counting DAQ system needed by this experiment.
Our tests provided the confidence that the different methods used for the deadtime
determination and the technique for asymmetry measurement were working. The new
DAQ is currently being tested by taking parasitic data with the electron beam.
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