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Introduction

Scheduled to run in Nov ’09.
Will take data at two Q2 points.

Q2=1.11 (GeV/c)2: θ=12.9◦ , E=6.0 GeV, E’=3.66 GeV, x=0.25.

Q2=1.90 (GeV/c)2: θ=20.0◦ , E=6.0 GeV, E’=2.63 GeV, x=0.30.

The goal of the experiment is to precisely measure PVDIS
asymmetry with a polarized electron on an unpolarized liquid
deuterium target. The minimum physics asymmetry of the
experiment is expected to be ∼100 parts per million (ppm).
Using the measured asymmetry, we can investigate:

coupling constant combination (2C2u − C2d), see latter slides.
hadronic correction, C (x), from higher-twist effects:
APV (x, Q2) = APV (x)(1 + C (x)/Q2),

charge symmetry violation (csv), need 11 GeV beam for
precision: δu(x) = up(x) − dn(x), δd(x) = dp(x) − un(x),
δAPV /APV = 0.28(δu − δd)/(u + d) = 0.28RCSV .
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The interference term between the γ- and the Z -exchange gives the

parity violating physics asymmetry Apv :

+ Zγ
PVA    =

e e’e’e

With the cross-sections σL and σR for the left-handed and
right-handed helicity electrons, the measured parity violating
asymmetry Aexpt can be:

Aexpt =
σL − σR

σL + σR

∼= Q2 [100 ppm/GeV 2].

With Pe as the magnitude of beam polarization, Aexpt/Pe = Apv .

Serves as an exploratory step for the 12-GeV PVDIS program.
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The important outcome of the experiment will be the extraction of

(2C2u − C2d), shown in Eqn.(1), with a high precision.

APV = (
3GF Q2

πα2
√

2
)
2C1u [1 + RC (x)] − C1d [1 + RS(x)] + Y (2C2u − C2d )RV (x)

5 + RS(x) + 4RC (x)
(1)

with the effective coupling constants C1,2q:

C1u = ge
a gu

v = −

1

2
+

3

4
sin2(θw ) ∼ −0.19, (2)

C1d = ge
a gd

v =
1

2
−

2

3
sin2(θw ) ∼ 0.34, (3)

C2u = ge
v gu

a = −

1

2
+ 2sin2(θw ) ∼ −0.04, (4)

C2d = ge
v gd

a =
1

2
− 2sin2(θw ) ∼ 0.026, (5)

where GF is the Fermi weak coupling constant, Y is kinematical factor,

Rs and Rv being sea- and valence- quark distribution functions (see

proposal E08-011 for detail).
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PVDIS

(R. Young’s fit)

(PDG fit)

PVDIS

SM

Fig. 1: Proposoal-time (early 2008) experimental knowledge of C2q . The PVDIS bands correspond to best-fit

central values of either PDG or R. Young et al.
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Fig. 2: Current experimental knowledge of C2q . The PVDIS band corresponds to the best-fit central value of PDG

(also R. Young et al.)
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Fig.2: The instrumentation for the experiment in the hall.
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The Experiment Preparation

This is the first time we are implementing the fast-counting
scaler-based DAQ in Hall A.

We have a challenge to demonstrate that this “works”.
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Did a series of tests using pulser and high rate PMT signals.
Have a good handle on understanding deadtime, pileup, and
asymmetry of the PVDIS-trigger.

Deadtime is the minimum time interval which must separate
two successive events so that these successive events can be
recorded as distinct events. When two or more events occur in
a time interval shorter than the gate-width (of the
discriminator), they are seen as a single event. The collection
of the ignored events make an account of the
deadtime-measure.
The events identified as being characteristic of two or more
overlapping events give pileup. The pileup-events result in a
data-loss and spectrum distortion.

Installed the scaler-based DAQ in the hall for a parasitic
data-taking. Just waiting for magnets to be operational.
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Deadtime

Set two different gate widths using discriminators to produce
different triggers of dissimilar deadtimes.

Used TDCs to study pileup.

Three different methods employed to measure deadtime.

Method I: Dead-zone observed in TDC-spectrum.
Method II: Using the input and output trigger rates.

Deadtime = [1 −

output trigger rate

input trigger rate
]

Method III: Using scaler-data and TDC-data.

Deadtime = [1 −

(1 − pileup) ∗ tagged trigger rate

tagger rate
]

Hall A collaboration meeting Dec 05, 2008 PVDIS (E08-011) Status Update Ramesh Subedi University of Virginia



Introduction Expt-Preparation Deadtime Asymmetry Wish-list Conclusion

∗ Place for an RC−circuit. When no RC−circuit, this box is a short−circuit.

PVDIS DAQ

Tagged narrow trigger

Tagged wide trigger
Tagger

(Pulser)

PMT−like pulse from the RC−circuit

Discriminator

PMT signal

∗

Common−start
TDC

narrow trigger

scaler

wide trigger

scalerscaler

scaler
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wide trigger

narrow trigger
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Fig.3: A diagram for the deadtime and pileup measurements.
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Fig.4: Top-left: deadtime obtained by using the scaler and TDC with a tagger. Top-right: timing spectrum of the

output trigger with respect to a reference signal; in the absence of pileup, only the right-side peak would show up.

Bottom-left: 2nd method to measure deadtime, in which the input and output trigger rates, obtained directly from

the scaler, are used. There is a 15 ns deadtime that should be added to each point to compare this plot to the

top-left plot. Bottom-right: deadtime obtained using a TDC.
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The scaler counting is deadtime-free. Any deadtime that may
occur is the electronics deadtime of the modules that are used
(before the scaler module) to carry signal to the scaler module.

Found that the value of deadtime as exactly equal to the set
value of the gate-width. All dashed lines in Fig.4 are expected
deadtime values. The data-points are nicely overlapping to
these lines.
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Asymmetry

Developed a technology to inject a known artificial low
asymmetry by using JLab made asymmetry module to produce
the asymmetry into the input signal to the PVDIS-setup.

Able to measure asymmetry lower than expected in the real
experiment (∼100 ppm).
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250 kHz, 1.14% asymmetry
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Fig.5: A diagram for the asymmetry measurement.
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Observed asymmetry

-0.1 -0.05 0 0.05 0.1

1

10

210

310 48 kHz

162 kHz
300 kHz

470 kHz

670 kHz

1000 kHz

Fig. 6: Width of asymmetry-histograms as a function of event
rate. The higher the rate, the lower the width. These agree with

the expected width
√

1
RT

, where R is the trigger rate and T is the

integration time per pair of helicity windows.
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Fig. 7: Observed an agreement between the expected and the
observed asymmetries.
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Expectations from the Parasitic Test

Wanted to see ”good electron” and ”good pion” triggers.

The leadglass, gas-cherenkov, and scintillator detectors are
used in logical combinations to form various triggers.

The triggers are counted in scalers and integrated over the
helicity period. This is the “ production PVDIS DAQ”, i.e.,
the main physics result comes from this.

Wanted to confirm that the PVDIS DAQ works. This is the
most important initial goal and it is vital that we do the
following with parastically during the next few months:

learn to setup the gains, thresholds, and logic
verify the efficiency, uniformity and quality of PID
use detailed HRS analysis to confirm each trigger type
develop procedure to monitor data quality
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Expectations from the Parasitic Test (contd.)

When data appear in scalers it becomes an integrating DAQ,
hence it can (and will) be joined with the HAPPEX DAQ.
This will allow us to readout all the beamline information, the
delayed helicity, and to use the same analysis code and
methods as HAPPEX.

We also want to confirm that we can see asymmetries that
have statistical noise, and that we can measure charge
asymmetry that agrees with HAPPEX.
We want to use the HRS DAQ with standard Podd analysis to
confirm in detail, by running at low rate, that the production
DAQ works. We can’t use this at high rate though.
In summary, the parasitic test is very crucial before we start
the experiment next year, and even before we start preparing
DAQ for the left HRS.
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What is blocking us?

R-Q1: ZFCT (zero field current transducer) moved to L-Q1,
no spare exists.

R-Q3: an AC wire that powered some heaters was damaged,
or something else, need investigation.

R-VDC power supply for thresholds is malfunctioning (spare
exists, a day of work for Jack).

R-Q2 and R-Dipole (eventually R-Q1, R-Q3 too) require
cryogenics, need to demonstrate that L-HRS will not have any
problem while increasing cryo-flow into these. The R-cryo was
shut off due to the cryo-fluctuations caused into the L-HRS.
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Conclusion and Future Plans

The test results, using pulser and high rate PMT signals,
obtained from the deadtime and asymmetry measurements
give confidence on the scaler-based DAQ (i.e. the
PVDIS-setup).

The PVDIS-setup has been installed in the detector hut of the
right high-resolution spectrometer.

The future plans include:

Taking parasitic data using the current PVDIS-setup in the
hall (now waiting for magnets to be ready).
Preparing identical PVDIS-setup for the left high-resolution
spectrometer.
Working on flash ADCs to study pileup.
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