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Summary

Experiment E12-06-112 will operate the BigBite spectrometer at 30◦ where large background
rates from previous experiments were observed. The luminosity in this experiment may be as
much as 4× larger and will also produce significant background in the BigBite spectrometer. A
heavy gas Cherenkov detector is proposed using a large array of small-diameter photomultiplier
tubes that will be much less sensitive to high rates and high background. The primary method of
identifying Cherenkov events will be through offline analysis based on identifying timing clusters
in the PMT array. Todd Averett, College of William and Mary, will be responsible for simulation,
design, testing, production and commissioning the full detector. Custom electronics and HV for
the detector will be produced by J. Annand, Univ. of Glasgow. R. Gilman, Rutgers University,
will be responsible for the FASTBUS TDC electronics. A brief summary is outlined below and
a more thorough description of the project follows.

• Specifications
– 60-80 cm active length
– C4 F8 O heavy gas, pressure ∼ 1 atm
– 4 cylindrical mirrors, single reflection design
– PMT array, 2000 tubes, 3/4” diameter, Philips XP1911
– Timing-based, offline analysis
– Custom electronics cards-amplifier, discriminator, HV (J. Annand, U. Glasgow)
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• Project Breakdown
1. Prototype detector construction and testing
2. Simulation and optimization
3. PMT array
4. Design and Engineering, Cherenkov detector and BB detector frame
5. Fabrication of mirrors, tank
6. Assembly and testing
7. Installation and Commission
8. Timeline
9. Budget
10. Manpower

• Project Details
1. Prototype detector, W&M
–
–
–
–

Array of 64 XP1911 PMTs constructed, prototype detector box being fabricated
DAQ test stand: CODA installed, NIM/VME electronics in place
Cosmic tests using aerogel, lucite, gas
In-beam test (parasitic) during g2p

2. Simulation and Optimization, W&M
–
–
–
–

Geant4 simulation in progress, Bo Zhao
4 mirror baseline design
Optimize basic detector geometry
Incorporate full acceptance and integrate with BB detector package

3. PMT array, W&M
–
–
–
–
–

Move HERMES RICH to W&M High Bay Lab
Remove PMT array
Re-furbish array, prepare for electronics cards, HV
Patch panels? Cables?
Mounting system and light-tight box for testing

4. Design and Engineering, JLab
–
–
–
–

Design of tank, mirror mounts, hermetically sealed windows
Integration into BB detector frame
Support structure/roller system to allow easy install/removal
Safe access to PMT array and electronics
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– Provision for lifting and mounting detector vertically for cosmic tests
5. Gain Matching System, W&M
– LED-based system for gain matching.
– Explore possibility of simple ADC on card for gain matching
– Deliver robust system
6. Gas System, W&M
–
–
–
–

Design and construct gas handling system
Flush system?
Incorporate gas purifiers
Gas quality monitor

7. Fabrication, Outside Vendors
–
–
–
–
–

Mirror blanks
Mirror coating
Tank fabrication
Windows
Smaller items, mirror mounts, W&M machine shop

8. Assembly and Testing, W&M
–
–
–
–
–
–

Acceptance test for mirrors
Assemble tank, windows
Install PMT array
Leak check
Move to JLab
Install/align mirrors–need details, simulate expected reults

9. Commissioning, W&M/JLab/Glasgow/...
–
–
–
–
–
–
–

Install electronics, HV
Gain matching
Alignment
Internal and external complete survey
Install in BB
Survey
Beam Commissioning

10. Timeline–Summary
– 2011–Work in progress: Physics design and simulation, prototype construction.
– 2011–Work to complete: All prototype studies concluded and analyzed, substantial design/engineering progress with Jefferson Lab design group, re-location and
dis-assembly of HERMES PMT array, physics design complete.
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– 2012–Full engineering design, bids and fabrication of all mechanical parts, design
of BB detector package and support substantially complete, PMT array complete,
mirrors arrive at W&M.
– 2013–Complete all fabrication and assembly of mechanical structure including
PMT array, mirror acceptance tests, leak test vessel, move to Jlab, final assembly
and installation into BB.
11. Budget–No quotes have been solicited at this time. Cost estimates are based on recent
dn2 Cherenkov detector budget and proposed SHMS heavy gas Cherenkov budget. All
estimates were then increased by approximately 10-20%. This budget will be refined
as details of the design become firm.
– Total mechanical fabrication cost: $80k
– Design/Engineering Cost: 6 months support from JLab design group.
– Cost to Jefferson Lab: $80k plus design/engineering support
–
–
–
–

Total mirror cost: $30k (assumes 10 mirrors)
Total prototype cost: $20k
Gas handling and gain matching systems: $20k
Cost to W&M: $70k

12. Manpower (W&M): At present William and Mary is committing one full-time postdoc, Bo Zhao, faculty member Todd Averett (75% of research time), one part-time
graduate student, one part-time undergraduate student. The group expects to have a
full-time graduate student join this project as soon as the construction phase begins.
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Overview

Experiment E12-06-112 [1] will measure the An1 asymmetry in the DIS region up to xBj ' 0.71
~ e, e0 ) using the Hall A polarized 3 He target and BigBite spectrometer
through the reaction 3 He(~
with beam energies of E=6.6 and 8.8 GeV. For this measurement, the BigBite (BB) spectrometer
will be fixed at a scattering angle of 30◦ . During previous experiments, E07-013, E06-010 and
E06-011 [2], BigBite was positioned at 30◦ and electrons were scattered from the polarized 3 He
target. Beam energies were 3-6 GeV and beam current was about 12−15µA. Based on the results
of these experiments, it was found that the background singles rates in the BB gas Cherenkov
detector were unexpectedly high, particularly on the side of the detector closest to the beamline.
During the run, many studies were done to understand the background [3]. A later simulation
by Nelyubin [4] studied the background. It was clear that under those running conditions, the
large diameter (5”) PMT’s were not well suited for this application. Particular issues associated
with large PMT/ADC-based detectors are: need for long ADC gate, large cross sectional area of
tube, thick glass PMT face can produce additional background. These large tubes are also very
sensitive to magnetic fields, which ultimately limited the number of photoelectrons produced per
event in the previous BB Cherenkov detector.
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For the new experiment, the beam current will be increased to 30µA and a longer target (50
cm active length) will be used, resulting in an increase in overall rates at the location of BB
by a factor of approximately 4 or more. Based on the experience of the previous experiments,
it is clear that a new Cherenkov detector design is needed to deal with the large background
and overall rates. This document will focus on the design of a new heavy Gas Ring-ImagiNg
CHerenkov (GRINCH) detector that uses a single large array of small-diameter PMT’s and
timing information to detect Cherenkov radiation in a high rate environment.
The gas Cherenkov detector used previously incorporated ten 5” photomultiplier tubes (PMT’s)
on each side of the detector as shown in Figure 2 [3]. Two mirrors and a Winston cone were
used to focus the light onto the active area of each PMT. The singles rates observed in these
phototubes are shown in Figure 3. PMT’s 1-10 were located on the side of the detector closest
to the beamline. The PMT’s on the side closest to the beamline saw rates that were a factor of
10 larger than on the other side. Because 5” PMT’s have a glass face that is roughly 0.5 − 1 cm
thick at the thinnest point and much thicker toward the edges, the probability of background
particles converting in the glass was relatively high. Finally note that the active path length of
the detector was around 40 cm and the average number of photoelectrons per event was around
xxx.
The proposed GRINCH detector will use a segmented array of ∼ 2000 3/4” PMT’s located
on the large-angle side of BB. Approximately 4-8 cylindrical mirrors will be used to transport the
Cherenkov light to the PMT array. This PMT array already exists as part of the decommissioned
HERMES RICH detector, currently in storage at the University of Virginia.
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Rate Estimates

The maximum singles rate for the 5” PMT’s on the large-angle side was 400 kHz with a threshold of 100 mV (Figure 3). By using 3/4” PMT’s, the active area decreases by a factor of
(0.75/5)2 = 0.02. The rates will increase by a factor of 4 or more due to increased luminosity.
Thus the expected rate per tube should be no less than 32 kHz. Also note that if the hypothesis
that significant background was created in the glass of the large diameter PMT’s is correct, a
significant reduction in background will be expected from the much thinner glass in the 3/4”
PMT’s. If one assumes that the singles trigger rate in BB is 4 kHz and the Cherenkov signal will
be detected with a conservative timing window of 5 ns, the probability of having a background
event during the true Cherenkov event is approximately 8 × 10−4 . For a good event that fires
10 PMT’s the probability of finding one background event increases to 8 × 10−3 . However, one
background event among 10 good events should have a negligible effect on ring identification.
These estimates are very crude and need to be studied carefully. However, one can see that the
background sensitivity is greatly decreased. Further, the ability to run at much higher rates is
not excluded. This will likely require lowering the gains on the PMTs and will be studied in
detail using a prototype detector. Clearly the ability to identify Cherenkov rings in the timing
structure will be affected by the presence of relatively high background per tube.
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New Design Concept

The minimum design requirements for the new detector are as follows (taken from the proposal),
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Figure 1: Top view of gas Cherenkov detector used in BigBite spectrometer for dn2 experiment.
Mirrors and PMT are only shown on one side for clarity.

Figure 2: Gas Cherenkov detector used in BigBite spectrometer for dn2 experiment.
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Figure 3: Singles rates in Cherenkov PMTs versus discriminator threshold during dn2 running.
BigBite Spectrometer at 30◦ , beam current was 12µA on a 40 cm polarized 3 He cell.
• Pion rejection up to momentum 3.5 GeV/c
• Minimum pion rejection 50:1 (expect much better)
• High background rate capability
The design criteria for the new detector will take advantage of the information gained from
the previous detector experience. Key elements of the new design are:
• Heavy gas design, C4 F8 O, at a pressure just under 1 atm
• Longer active path length, approximately 60-80 cm (50-100% longer)
• Large array of 3/4” diameter PMT’s to reduce sensitivity to background and to minimize
production of background in PMT glass
• PMT array to be located on the large-angle side of BigBite where background rates are
lower
• TDC-based custom electronics (no ADC information will be used during production running)
Custom electronics cards for the detector will be designed and built by John Annand at the
University of Glasgow. The concept is to use timing information to look for clusters of hits in
the PMT array offline. This is contrary to the usual gas Cherenkov design where ADC’s with a
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Figure 4: Exploded view of HERMES RICH detector. The PMT array will be removed and
refurbished at W&M. A new vessel and mirror system will be constructed to use this PMT array
for the BigBite Spectrometer.
relatively long gate (typically 120 ns) are used to integrate the PMT signals and make subsequent
cuts to look for events with a large number of photoelectrons. The drawback of this method
is the long ADC gate which will necessarily integrate background events as well. With a large
diameter PMT and a long ADC gate, the backgrounds overwhelm the actual Cherenkov signal.
By using timing information with resolution below 1 ns, the sensitivity to background events will
be significantly reduced.

4.1

PMT Array

Figure 4 shows an exploded view of the HERMES RICH detector [?]. A detailed view of the PMT
array construction is shown in Figure ??. Phototubes are Photonis model XP1911??. Critical
parameters are listed in Table ??. Because the HERMES RICH is intended for future use in
the Super BigBite spectrometer, the PMT array will be dismounted and used “as-is” with a new
detector housing to facilitate re-installation on the HERMES RICH. The tubes are mounted in
a steel plate with integral PMT bases, mu-metal shields and Winston cones. The overall active
area of the array is xx x xx. The RICH detector will be transported from the University of
Virginia to the College of William and Mary Physics Department where it will be disassembled
in the High Bay Detector Laboratory and re-furbished as needed for the GRINCH detector.

4.2

Mechanical Design

Based on the proposed BB detector configuration in the experimental proposal, the location of
the GRINCH will be between the second GEM chamber and rear wire chamber. The space
allocated between these detectors is 1.050 m but it is assumed that only 80 cm of usable space
will be available once detector mounting provisions are included. Based on very preliminary
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Figure 5: Drawing of the mounting details of the PMTs in the HERMES RICH detector.
simulations the geometry of the GRINCH enclosure is shown in Figure 6. The PMT array
will be located on the large-angle side and Cherenkov light will be transported to the array
by four cylindrical mirrors. Cylindrical mirrors are cheaper to manufacture compared to the
usual spherical mirrors and because the light will be focused onto the array, this design is less
subject to the alignment issues associated with traditional gas Cherenkov detectors which rely
on multiple spherical mirrors that must focus light onto individual PMT’s. To achieve pion
rejection up to momenta of 3.5 GeV/c, the heavy gas C4 F8 O will be used at a pressure just
under 1 atmosphere. A hermetically sealed box will be constructed with a large rectangular
aluminum vacuum windows.

4.3

Simulation

William and Mary postdoc Bo Zhao has begun simulating the GRINCH detector using Geant4.
While his results are preliminary, they have provided the framework to optimize the shape and
location of the mirrors and PMT array. Figure 7 shows the first results of this simulation where
4 cylindrical mirrors are used to focus Cherenkov light onto the PMT array. The disadvantage
to this design is the variable path length. In particular, the events on the smaller angle side of
the spectrometer will have a shorter path active path length for radiation which may prove to
be less than optimal. Alternative designs with additional mirrors arranged to increase the active
path length will be explored with the simulation.

4.4

Support System

A new support frame for the entire BB detector package will have to be designed and constructed
for these upgrades. Following the previous design, it is envisioned that the Cherenkov detector
will sit on a track and roller system. The detector would be lowered by crane onto supported
tracks that extend outward on the large angle side of BB. Once positioned on the tracks, the
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Figure 6: Side View of BigBite magnet and proposed Cherenkov detector. Scattered electrons
travel from left to right. Four cylindrical mirrors are shown in red. The PMT array is show in
blue.
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Figure 7: Side view of BigBite magnet and GRINCH detector. Scattered electrons (red) are
produced by an extended target. Cherenkov radiation is shown in green with Cherenkov rings
shown in yellow at the PMT array.
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detector would be rolled and locked into position in the detector stack. Engineering and design
support for this system must be coordinated will all detector subsystems and ideally should be
handled by Jefferson Lab designers familiar with the BigBite magnet and Hall A layout.

4.5

Gas Handling System

It is assumed that the HERMES PMT array is hermetically sealed to allow containment of the
radiator gas near atmospheric pressure. The system will initially be purged using the C4 F8 O
gas itself. The cost of the gas is not prohibitively expensive for this option. A molecular
sieve filtration system will be incorporated to purify the inlet gas and it may be necessary to
continuously circulate the gas through the filters depending on the integrity of the seals in the
PMT array. A regulation system will be incorporated to maintain the vessel at the desired
pressure.

4.6

Electronics, HV and DAQ

Custom electronic cards for the detector readout will be designed and produced by John Annand
at the University of Glasgow. The cards will need to amplify and discriminate the PMT’s signals.
Data from the cards will then be sent in digital format to Fastbus TDC’s (details needed). John
will also provide the HV distribution system for the PMT’s. When used for the HERMES RICH,
groups of xx PMT’s were operated from a common HV channel. Tubes with similar gain were
chosen for the groups. Finally, the Hall A DAQ system will need to be capable of dealing with
the potentially large event size from this large number of TDC channels. The TDC’s can be run
in a mode where if they received no hits before a common stop, they will not be read. In this
way the event size should be manageable.

4.7

Prototype Detector

An 8 × 8 array of identical PMT’s has been constructed at the College of William and Mary
by graduate student Melissa Cummings, see Figure 8. A light-tight enclosure has been designed
and is being fabricated by the William and Mary Machine Shop. PMT’s will first be gain
matched using a pulsed LED system. Several different 1 cm thick pieces of aerogel with varying
indicies of refraction will be placed inside the prototype detector and cosmic rays will be used
to test the detector concept. A 64 channel NIM/VME-based electronics test stand has been
constructed using modules from William and Mary and Jefferson Lab. CAEN model xxx TDC’s
and model xxx ADC’s will be used to read the PMT’s. A CODA-based DAQ system has been
implemented. A first full test of the prototype detector and electronics is expected within the
next month. Based on the results of these aerogel tests, plans will be made to place the prototype
detector with radiator gas into Hall A to study operation in the presence of background events.
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Timeline

See attached Gantt chart.
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Figure 8: Array of 64 Phillips XP1911 phototubes. This prototype array will be attached to a
test vessel and used for testing the design concept and DAQ/analysis aspects.
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Budget

The final design is not yet chosen. The approximate size and geometry of the mechanical structure
will not change significantly. The number of mirrors and exact location of PMT array is not
optimized yet. Estimates shown in Table 1 are based on the cost of the d2 Cherenkov detector
for BigBite at 6 GeV and the SHMS heavy gas Cherenkov for the Hall C 12 GeV upgrade [6].
Item
Tank machining and welding
BB detector frame and support
Design/engineering
JLab Total:
Prototype Detector
Mirror Blanks
Mirror Coating
Gas System
Gain Matching System
W&M Total:
Total Cost

Unit Cost
$60k
20k

Units
1
1
6 months

20k
1k
2k
12k
5k

1
10
10
1
1

Total Cost Responsibility
$60k
JLab
20k
JLab
JLab
$80k
20k
W&M
10k
W&M
20k
W&M
15k
W&M
5k
W&M
$70k
$150k

Table 1: Preliminary budget estimate for GRINCH detector. All values in US Dollars.
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7

Manpower

At present William and Mary is committing one full-time post-doc, Bo Zhao, faculty -member
Todd Averett (75% of research time), one part-time graduate student, one part-time undergraduate student. The group expects to have a full-time graduate student join this project as soon
as the construction phase begins.
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