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An experiment measuring the parity violating asymmetry éejol inelastic scattering was completed at the
Thomas Jefferson National Accelerator Facility in expenital Hall A. From this asymmetry one can extract
a combination of the product of the electron neutral weakorecoupling and the quark neutral weak axial
coupling with a factor of six improvement in precision oveond data. To achieve this, asymmetries at the
10~* level were measured. A highly specialized data acquisii?®Q) system with intrinsic particle identifi-
cation was developed and utilized. The DAQ system of thigerpent is presented here with an emphasis on
understanding of its deadtime, pileup effects, and thelihiyeof measuring small asymmetries.

PACS numbers: 21.10.Hw, 25.30.-c

Introduction the context of the Standard Model, the effective weak cou-
pling constantg’; », are

The Parity Violating Deep Inelastic Scattering (PVDIS) ex-
periment E08-011 was completed in December 2009 at the e u 13 . 5
Thomas Jefferson National Accelerator Facility (JLab).eTh Cru = gagy = —5 + ;sin"Ow,
goal of this experiment [1-3] is to measure to a high preaisio
the parity violating asymmetry in deep inelastic scattgor
a polarized electron beam on an unpolarized liquid deuteriu e d .9
target. This asymmetry is sensitive to the effective néutra Cia = gagy =5 — gsin"Ow ,
weak coupling combinatio?Cs,, — Ca4, whereCs, = g§ g% 1
with ¢ = u,d indicating an up or a down quarky, is the
electron vector coupling angf, is the quark axial coupling.
For electron inclusive scattering from an unpolarized tar-wherefy; is the weak mixing angle. The goal of the experi-
get, the electromagnetic interaction is parity consenand  ment is to measure the PVDIS asymmetries to a precision of
is insensitive to the spin flip of the incoming electron beam.3 — 4%, and to extract from these asymmetries the effective
Only the weak interaction violates parity. Taking the diffe coupling constant combinatiddCs,, — Co4). The magnitude
ence of the left-handed and right-handed electron scadteri of the asymmetry is expected to be betwéérand170 ppm.

cross-sections, one can isolate the parity violating domtr  To achieve the required precision, event rates upitokHz
tion. The parity violating asymmetry for deep inelasticeele are expected.

tron scattering from a deuterium targetpy, can be written

1 .
Coy = gevgff;:—§+2sm

Coq = gf/gi = — —2sin? 0y,

The experiment used a 1Q0A polarized electron beam

as with a polarization of approximately 89% and a 20-cm long
Apy = 9= liquid deuterium target. The two High Resolution Spectrome
o+ to- ters (HRS) [4] were used to detect scattered electrons |&imi
B 3GrQ? 1 to other deep inelastic scattering experiments, the maai ch
- (mé2\/§)(5 + Rs(z) + 4Rc($)) lenge of the measurement is how to separate electrons from
x {2C1u[1 + Ro(2)] — Cha[l + Rs(z)]+ cha_rged pion background from electro- or photo—produtstj_oln.
Y (2C — Coa) Ry (2)} ) While the standard detector package and the data acquisitio

(DAQ) system of the HRS provide routinely a high parti-
whereo ando_ are the left-handed and right-handed elec-cle identification (PID) performance, they are based on full
tron scattering cross-sections, respectivély,is the negative recording of the detector output signals and are limited to
of the four-momentum transfer squarég; is the Fermiweak event rates of up to 4 kHz. This is not sufficient for the
coupling constanty is the fine structure constant,is akine-  high rates expected for the PVDIS experiment. The high pion
matic factor,Rg c and Ry are related to sea- and valence- background also prohibited the use of integrating DAQs used
quark distribution functions, andis the Bjorken scaling vari- by previous parity violation experiments at JLab. The desig
able (for details see Ref. [1, 2]). The magnitude of this asymgoal of the new DAQ is to count events rates up to 1 MHz with
metry is approximately00 ppm atQ? = 1 (GeV/c)?. Within hardware-based PID.
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The following detectors in the HRS were used during this 812;

experiment: two scintillator planes to provide the maig-ri
ger, a CQ gas cherenkov counter and a double-layered lead
glass counter to provide particle identification. The stadd
tracking detector (the vertical drift chamber) was turndid o
during production data taking because it cannot endure the
expected high event rates.
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For the gas cherenkov detector and the double-layered lead
glass counter, a full recording of their output ADC spectrum
is not feasible at high rate. Instead their output signaés ar
passed through discriminators and logic units to form preli 1730
inary electron and pion triggers. These preliminary trigge (734
are then combined with the scintillator triggers and chkoen
signals of the traditional DAQ to form the final electron and
pion triggers, which are then sent to scalers to record teatev
rates and the asymmetries. The particle identificationlis fu
filled by the use of discriminators for both the lead-glasg an
the cherenkov counters and proper settings of their thtdsho  and shower on the Left HRS were split into two identical out-

The two layers of the lead glass counter are calledouts using passive splitters. Grouping of the lead glasskislo
“preshower” and “shower” detectors, respectively. The(side-view) is shown in Fig. 1.
preshower blocks in the HRS to the right side of the beam- A schematic diagram for the DAQ electronics for the Right
line when viewed along the beam direction (called the RightiRS is shown in Fig. 2. The electron and pion triggers were
HRS) hadi8 blocks arranged in 2x 24 array, with the longer  formed by passing shower (SS) and preshower (PS) signals or
dimension perpendicular to the particle trajectory. Fertiio  their sums, called total shower (TS) signals, through discr
bars in each row, only the ends facing outward are read out binators with different thresholds. For electron triggdogical
photo-multiplier tubes (PMTs) and the other ends of the twoANDs of the preshower discriminator and the total shower dis
bars were facing each other and not read out. Therefore thesiminator outputs were formed. For pion triggers only oee s
preshower detector hatB output channels. All preshower of discriminators were used on the total shower signalss&he
blocks were individually wrapped to block light leak. The signals were then combined with the signal from scintiliato
preshower and the shower detectors in the Left HRS are simand the gas cherenkov (called electron or pion “VETO” sig-
lar to the preshower detector on the Right HRS except that fopals) to form electron or pion triggers for each shower and
each detector there aBd blocks arranged in @ x 17 array.  preshower group. The electron or pion triggers from all eigh
The shower detector in the Right HRS Istblocks arranged  (six for the Left HRS) groups were then ORed together to
in a5 x 15 array with their longer dimension along the tra- form the final electron or pion triggers for the Left (Right)
jectory of scattered particles, with a PMT attached to eachdRS. All triggers — electron and pions from each group, as
block on one end only, giving5 output channels. In order well as the final triggers — were recorded using scalers.
to reduce the amount of electronics needed and to avoid high In order to study the counting deadtime of the DAQ, two
electronic background, the lead blocks in both the preshowedentical paths were constructed for each trigger. The only
and the shower detectors are divided into 6 (8) groups for thélifference between the two paths is in the discriminator out
Left (Right) HRS, with each group consisting 8 blocks. On put width, which were set at 30 ns and 100 ns, for the narrow
the Right HRS only 60 of the 75 shower blocks were usedand the wide paths, respectively. Since scaler countingeés f
while the 16 blocks in th&!* column were not included in of deadtime effect and the output width of all logic modules
the DAQ. The effect on the HRS acceptance is negligible bewere set to 15 ns, much narrower than the discriminator width
cause thé'" was on the edge of the acceptance. Signals fronthe deadtime of the DAQ is dominated by those from the dis-
blocks in each group are added using a custom-made anal@giminators.
summing unit (SUMB8), then passed to discriminators. The ge- The SUM8 modules used for summing all lead glass sig-
ometry and position of each pre-shower group was carefullyhals also served as fan-out modules, providing exact copies
chosen to match those of the corresponding shower group tof the input PMT signals. These copies are sent to the tradi-
maximize electron detection efficiency. On the Left HRS ad-tional HRS DAQ, hence the traditional DAQ remained fully
jacent groups in both preshower and shower had overlappinfynctional. During the experiment, data were collectedat |
blocks, while for the Right HRS only preshower blocks wererates using reduced beam currents with both DAQs function-
overlapping. To allow overlapping between adjacent groupsing, such that a direct comparison of the two DAQs can be
signals from preshower on the Right HRS and both preshowanade. The vertical drift chamber was also used during these

SS13,1¢

S$815,1¢

groups P

FIG. 1. Grouping scheme (side-view) for the double-lay€eleatl
glass counters for the new DAQ. The colored vertical barsasgnt
the range of each group.
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FIG. 2: Electronics diagram for the Right HRS DAQ used by tMDFS experiment. The Sum8’s, discriminators and logic meddor two
groups are shown, as well as the location of the tagger sigaalp of the VETO circuit using the scintillator and the gherenkov signals,
the logic units for combining triggers from all eight groupso final triggers, and the scalers. Electronics for thet RS are similar except
the units related to grouping.

low rate DAQ studies. Outputs from all discriminators, sig-
nals from the scintillator and the gas cherenkov, and at-ele
tron and pion triggers were sent to fastbus TDCs (fbTDC) and

were recorded in the traditional DAQ. Signals from these foT | b0 o < rrent using foTDC signals along with ADC spec-
DCs were used to align all signals in timing before the peructrum of all detector signals recorded by the traditional DAQ
tion data taking. They also allow the stud_y of the cherenkovFigure 3 shows the preshower vs. shower signals for group 2
or lead-glass spectrum for the new DAQ triggers. on the Left HRS, without fbTDC cut (left) and with cut on the
fbTDC signal of the electron wide trigger from this group.

Electron efficiency and pion rejection factors of the lead
glass counter on the Left HRS are shown in Fig. 4 as functions
of the vertical hit position of the particle in the preshowler
tector. PID performance on the Right HRS is similar. Electro

PID performance

PID performance of the new DAQ system were studied at a
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FIG. 3: Preshower vs. Shower ADC spectrum (sum of 8 blocks) fo

group 2 on the Left HRS, without foTDC cut (left) and with cut o
the electron wide trigger foTDC signal. It clearly shows tiead-
ware cuts on the shower and the total shower signals, indicéte
DAQ is selecting the correct events as electrons. The cutshea
adjusted by changing the discriminator thresholds. Thatsveear
(200,1000) are electrons that deposited energy in overggpocks
and are recorded in adjacent groups.
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FIG. 4. Electron detection efficiency (top) and pion rejectfac-
tor (bottom) vs. vertical (dispersive) hit position of tharficle in
the preshower detector for the narrow electron triggershin lteft
HRS. For electron efficiencies, the total efficiency is shdwrthe
red curve, while blue shaded area indicates events thataoeded
by the two adjacent groups. The average electron efficiennysa
the detector for the run (about 60 minutes long) used in thigé is
(94.626+0.002)% and the averge pion rejection factofs.3+1.1.

The error bars are statistical only. PID performance fontite path
and the Right HRS are similar.

Deadtime Study

Deadtime is the amount of time after an event during which
the system is unable to record another event. ldentifying ex
act value of the deadtime is always a challenge in counting
experiments. To measure deadtime in this experiment, two
different output widths were set for the discriminatorsioth
electron and pion triggers30 ns (“narrow path”) and 00 ns
(“wide path”). All other electronic modules had ns output
widths such that the deadtime of the electronics is expeoted
be dominated by the discriminators. In addition, dividiagd
glass blocks into groups help to greatly reduce the deadtime
loss in each group compared to summing all blocks together
and forming only one final trigger.

In order to study the deadtime in details, a high rate pulser
signal (called “tagger”) was combined with all preshower
and total shower signals using analog summing modules, see
Figs. 2 and 5. In the absence of all detector signals, the tag-
ger produces without loss electron triggers and “taggem-coi
cidence” signals. When high-rate detector signals arespites
however, the recorded tagger coincidence rates would be af-
fected by the DAQ deadtime. The relative loss in the tagger
coincidence output w.r.t. the tagger input is determined by

1. The deadtime loss: when a PMT signal precedes the
tagger signal by a time interval that is less than the dead-
time but longer than the delayed tagger signal width, the
tagger signal could be lost and no coincidence outputis
formed;

2. The pileup effect: when a PMT signal precedes the tag-
ger signal by a time interval that is shorter than both
the deadtime and the delayed tagger signal width, there
could be coincidence output between the delayed tagger
and the trigger caused by the PMT signal even though
the tagger should have been lost due to deadtime. This
pileup effect can be measured because in this case the
delay between the coincidence output and the input tag-
ger would be smaller than when the trigger is caused by
the tagger. This effect is illustrated in Fig. 5 and con-
tributes to both/; and/; region of the foTDC spectrum.

The fractional loss of tagger events due to deadtime can be
measured as

D =1-(1-p)(Ro/Ri),

whereR; is the input tagger rate?, is the output coincidence
signal rate, angh = (I; + I»)/Io is a correction factor for
pileup effects (see Fig. 5 for definition &§ ; 2). The pileup
effect was measured using fbTDC spectrum for electron nar-
row and wide triggers for all groups. Results for the deadtim
loss D are shown in Fig. 6 vs. rates of PMT signals from
scattered particles. Different beam currents between 20 an

efficiency from wide groups are slightly higher than narrow 100 A were used in this deadtime measurement.
groups because of the slight higher loss due to timing mis- The slope of the deadtime loss vs. rate plot gives the value
alignment when ANDing the preshower and the total showenf deadtime in seconds. From Fig. 6 one can see that the dead-

discriminator outputs.

time for the wide path is approximately 100 ns as expected.
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FIG. 6: Deadtime loss in percent vs. event rate for group 3hen t

The deadtime for the narrow path, on the other hand, is domteft HRS (top) and for group 4 on the Right HRS (bottom). These
inated by the input PMT signal width (typically 60-80 ns) in- data were taken at@” of 1.9 (GeV£)*. The two groups shown are
stead of the 30-ns discriminator width. Because the VETJrom the central blocks of the shower and preshower detectod
circuit — the electronics that used scintillator and chiecen  Nad the highest rates among all groups of each HRS.
signals to form “gate” signals for the electron and pion-trig
gers from the lead-glass detector — is designed to be free of
deadtime, the deadtime loss measured using tagger signalsdatistical uncertainty.
the deadtime loss of the physics events.

The absolute deadtime loss gives a direct correction to the
measured asymmetry. The rates during production datagakin
at this kinematics were between 8 and 9 kHz for the groups
shown, which had the highest rates among all groups of the Pileup in DAQ
HRS. Since the deadtime loss was at a level of 0.1% and was
measured to a 1.2% relative level, as shown in Fig. 6, the un-
certainty on the final asymmetry due to deadtime loss at this
kinematics is therefore negligible compared to the exmkcte
4% statistical uncertainty. Although the deadtime loss of each group was measured

This experiment had two kinematics®)? = 1.1 and  using tagger signals to a high precision, there was no direct
1.9 (GeVic)?. The deadtime loss at th@? = 1.1 (GeVic)? measurement of the deadtime loss of the final electron trigge
point were higher due to higher rates, but was also measurgtdOR” of all groups). Instead an estimate of the final eleatro
to ar 1% relative level and the uncertainty of the measuredtrigger deadtime loss is provided by a simulation that takes
asymmetry is again negligible compared to the expected 3%mto account of all electronics of the DAQ. ??? ??7?

Trigger Simulation



ferson Lab. Asymmetries measured by the DAQ agree with
Gaussian distribution. Particle identification perforro@aand
counting deadtime of the DAQ were measured during the ex-
periment and results are well understood. The deadtime loss
Asymmetries of the PVDIS electronics was found to be bel8#’% and

was understood to better than ??? %.

FIG. 7: Counting asymmetry for group ??? on the Left HRS from
1 M beam helicity pairs (each pair is 66 ms).

The physics asymmetry sought for in this experiment was
betweerp0 and170 ppm. Figure 7 shows the counting asym-
metry collected by the DAQ for 1 M beam helicity pairs where
one pair corresponds to 66 ms of beam. One can see that thf r. Mmichaels, P. Reimer, X.-C. Zheng, et al-; 2h parity violat-
asymmetry spectrum agrees well with the expected Gaussian ing deep inelastic scattering at cebaf 6 GeV (2005), JLab PRO5-
distribution. To understand further systematics of thenasy 007.
metry measurement, a half-wave plate (HWP) was inserted if2] R. Michaels, P. Reimer, X.-C. Zheng, et al-*h parity violat-
the beamline to flip the laser helicity in the polarized seurc N deep inelastic scattering (pvdis) at cebaf 6 GeV (2008), JLab

. . - E08-011.
d””r?g hqlf Of. the data taking period. The measured asym-3] R. Subedi, AIP proceedings of the *8International Spin
metries flip sign for each beam HWP change and the mag- Physics Symposium p. 245 (2009).
nitude of the asymmetry remain consistent within sta@tic [4] 3. Alcorn et al., Nucl. Instrum. MethA522, 294 (2004).

error bars.

Conclusion

The newly developed scaler-based counting DAQ was suc-
cessfully implemented in the 6 GeV PVDIS experiment at Jef-



