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Fig. 3. Schematic of detector package for the HRSs.

lead glass calorimeter (pre-shower and shower detectors) signals will serve as a powerful
instrument for background suppression. Two secondary triggers, the coincidence of S0 and
the Gas Cherenkov, and the coincidence of S0 and S2m, will also be used. This will allow
for continuous measurement of the S2m and Cherenkov trigger efficiencies.

3.2.3 Beam Energy Measurement

To measure the incident beam energy, this experiment will use the upgraded Arc method
and eP systems. These methods have shown the capability of providing a precision of
≤ 3 × 10−4 [22] and show good agreement with each other. Both methods will require
upgrade to be used after the 12 GeV upgrade [25]. The eP system will require a minor
upgrade to its electron trigger to allow it to function at larger beam energies.

The beam energy spread will be monitored constantly using the Synchrotron Light In-
terferometer (SLI) that was commissioned and used during E94-107 (showing that the
accelerator was able to achieve a beam energy spread as small as 6×10−5 (FWHM) [26]).
We plan to use the OTR and the Tiefenback Energy as a cross check to monitor the beam
energy stability.
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NB: Proposal calls for 3rd VDC chamber
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Status of HRS Analysis Software Modules

VDCs: THaVDC
I Standard code works well, but cannot handle tracking ambiguities
I Improved code written for APEX largely solves ambiguity problem, but is not well

tested yet
I No support for a possible 3rd chamber. Not trivial to add

Scintillator: THaScintillator
I Handles arbitrary number of 2-PMT paddles w/ADCs and TDCs
I Does basic gain, time offset & pedestal corrections
I Some advanced corrections (timewalk etc.) — possibly buggy

Cherenkov: THaCherenkov
I Handles arbitrary number of PMTs w/ADCs and TDCs
I Basic gain, time offset & pedestal corrections
I Calculates ADC sum
I No advanced computations (e.g. # p.e., time correlation, pileup removal)

Calorimeter: THaTotalShower
I Handles both shower and preshower w/configurable layouts
I Pedestal & gain corrections
I Finds the one cluster with the most deposited energy in each layer
I Matches clusters in preshower and shower within configurable tolerances
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VDC Characteristics

Vertical Drift Chambers, optimized for
precision measurement of single tracks
Standard tracking systems for both HRSs
Two wire directions (u/v @ ±45◦), 368
wires per plane, 4.24 mm wire spacing45o
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Fig. 1. S
hemati
 layout of the VDCs (not to s
ale). The re
tangular area of ea
hwire frame aperture is 2.118 m � 0.288 m (see 3.2.1). The U and V sense wires areorthogonal to ea
h other and lie in the horizontal plane of the laboratory. They arein
lined at an angle of 45Æ with respe
t to both the dispersive and non-dispersivedire
tions. The lower VDC 
oin
ides (essentially) with the spe
trometer fo
al plane.The verti
al o�set between like wire planes is 0.335 m.27
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Fig. 14. A typi
al tra
k resulting in a 5-
ell event. The arrowed lines are paths ofleast time for the ionization ele
trons to travel from the traje
tory to the sense wires.The dot/dashed lines are the 
orresponding proje
tion distan
es used to re
onstru
tthe traje
tory. The ellipses represent the regions near the wires where the �eld linesmake a transition from parallel to radial. The proportions of the ellipses are takenfrom GARFIELD models [13,14℄.
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Fit to navg ≈ 5 independent time measurements
per plane yields a position resolution of
≈ 225 µm FWHM
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VDC Tracking: Algorithm

Find clusters in each plane, fit to drift
distances & obtain crossover points

Match u and v clusters in each chamber

Connect matched points in top and
bottom, requiring consistent track
angles

Reconstruct target quantities using
reverse transport matrix
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Fig. 16. Geometri
al proje
tion of the traje
tory 
oordinates measured by the V1plane into the U1 plane using the global angles �U and �V .
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VDC Tracking: Matching u and v Clusters

Goal: Match u and v clusters in each chamber
Obvious if only one cluster per plane

Multiple clusters are often not a problem
Geometrical matching fails if several clusters are close to each other
Ways to disambiguate

I

I Take advantage of cluster timing
I Correlate track candidates with signals in other detectors

Alternative: just throw out ambiguous events (ok at low rate)
How would a 3rd VDC chamber with u/v planes help here?
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VDC Tracking: 3-Parameter Cluster FitSearching for New Vector Bosons A′ Decaying to e+e− p. 35

Time mismatch

.

.

Figure 20: The illustration of the VDC drift pattern. The real track (the solid red line) has a well
matched “time” between the “upper” and the “lower” times. The accidental track (the dashed
violet line) has a large mismatch.

0.2 per event. Because this rejection factor is independent for two VDC chambers, the
probability of an accidental track being reconstructed in both VDCs (four planes) will be at
most 0.05. In these remaining 5% events, the real track will be determined using the fact
that its trajectory intersects the proper scintillator paddle of the high resolution plane that
is segmented into 16 paddles. As a result, the probability of a false track drops below 0.005.

For an average event, the wire multiplicity is 4.5, so the probability of having two tracks
inside one group (5 wires) is less than 3%. Such events will most likely be rejected and lead
to only a small tracking inefficiency.

10 Conclusion

We request 33 days (30 days of beam) to measure the electron-positron pair mass spectrum
and search for new gauge bosons A′ in the mass range 65 MeV < mA′ < 550 MeV that have
weak coupling to the electron. Parametrizing this coupling by the ratio α′/α that controls the
A′ production cross-section, this experiment would probe α′/α as small as ∼ (6− 8)× 10−8

at masses from 65 to 300 MeV, and α′/α ∼ (2 − 3) × 10−7 at masses up to 525 MeV,
making it sensitive to production rates 10–1000 times lower than the best current limits set
by measurements of the anomalous muon magnetic moment and by direct searches at BaBar.
The experiment uses the JLab electron beam in Hall A at energies of 1.1, 2.302, 3.3, and
4.482 GeV incident on a long (50 cm) thin tilted tungsten wire mesh target, and both arms
of the High Resolution Spectrometer at angles between 5.0◦ and 5.5◦ relative to the nominal
target position. The experiment can determine the mass of an A′ to an accuracy of ∼ 1–2
MeV.

Non-linear 3-parameter fit to extract track time offset t0
Computationally expensive: ≈ ×20 slower than 2-parameter fit
≈ 20 ns FWHM time resolution → background rejection factor ≈ 10
Code written, still needs thorough testing and integration
Used for APEX test run analysis (≈ 2 accidental tracks per trigger)
Alternative fast fitting code exists (summer student project), similar results, but at
prototype stage
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VDC Calibration Tools
VDC time offsets

Automated script (edge search) operating
on special calibration runs (white spectrum)

VDC time-to-distance conversion

Automated fit to analytic expression
approximating time-to-distance relation
Two linear sections with dependence on
1/tan(track angle)
Attempts to obtain flat drift distance
distribution
Can operate on same calibration runs as
time offset calibration
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Conclusions

HRS analysis software modules and calibration tools exist, are ready
and very well tested for standard, low-rate experiments

Recent improvements in VDC code address mainly the needs of very
high rate data taking, but could be useful to improve tracking
efficiency at low rates

Analysis of tracking system with three VDC chambers would require
new software development (≈ 1–2 man-months)
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