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Overview

The seven experiment that comprise the Big Family of Experiments are tentatively sched-
uled to begin installation in Hall A in January of 2008 and will run through mid-October,
2008. The experiments use a combination of the Hall A standard equipment, the BigBite
spectrometer, and/or the Hall A polarized 3He target (Table 1). While it makes sense to
schedule these experiments together to avoid duplication of effort and installation overhead,
it makes this review document somewhat unique. The logic of the document was to cover
each unique item (ie. detector sub-package, target, etc.) only once, so this make some the
later experimental chapters very concise since many of the details will have already been
covered in either earlier chapters and/or the Equipment overview chapter.

These seven experiments have been grouped into three run periods. The first run period is
for the threshold pion production experiment (E04-007). Installation for this experiment will
take one month. It requires the left HRS as an electron detector, the BigBite spectrometer
in its Hadron configuration, and a cryogenic hydrogen target with a special 3He bag system.

During second period, the approved Transversity experiments (E06-010 and E06-011)
and the dn

2 experiment (E06-014) will run. During the six week down period between the
first period and the second, the polarized 3He target system will be installed and the BigBite
electron detector stack will replace the hadron detector stack. The latter transition will
require the move of two wire-chambers from the hadron package to the electron package.
The transversity experiments have a relatively stringent particle identification requirement
and have requested aerogel one, the ring imaging Cerenkov, the short gas Cerenkov and
the pion rejector all be installed in the left HRS. In addition to these three fully approved

Table 1: Detectors and Targets used by the Big Family of Experiments
Experiment Production RHRS LHRS BigBite BigBite

Target Hadron Electron

E04-007: Threshold Pion Production LH2 + + +
E06-010: Transversity (e,e’π−) pol. 3He + +
E06-011: Transversity (e,e’π+) pol. 3He + +
E07-013: Transverse Single Spin1 pol. 3He +
E06-014: dn

2 pol. 3He + +
E05-015: Quasi-Elastic Single Spin (Ay) pol. 3He + + +2

E05-102: 3He(e,e’d) pol. 3He + + +
1 Conditionally approved.
2 Parasitic recommissioning of the BigBite Hadron stack.
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OVERVIEW ii

experiments, the review committee is charged with reviewing the conditionally approved
transverse single spin experiment, E07-013, which would like to run parasitically with the
Transversity experiments.

During the third period, we will run two more polarized 3He experiments: the quasi-
elastic single spin experiment (E05-015), and the (e,e′d) experiment (E05-102). Since these
two experiments require the right HRS be moved to a forward angle, the entire BigBite
system will need to be removed and re-installed during a one month down period. Also,
the two wire-chambers will need to be re-installed back into the BigBite Hadron detector
package. The order of these experiments was chosen to allow the BigBite equipment to be
parasitically debugged during E05-015 which requires only the two HRS detectors to run.

A general outline of the three periods is presented below with VERY TENTATIVE dates
shown to give an idea of the overall schedule.

January Install pi0 Experiment

o BigBite with Hadron Package

o Cryo-Target (Meekins)

o Special "He" Bag System

o Right HRS Parked At Large Angle

February Run pi0 Experiment

March-April Install Transversity/d2 Experiments

o Polarized 3He Target

- again a new design

o Electron BigBite Package

- move wire-chamber to electron package

April-July Run Transversity/d2 Experiments

July-August Install Ay/(e,e’d) Experiments

o Right HRS Forward

o BigBite Hadron Package Returns

- move two chambers to this package

August-Oct. Run Ay/(e,e’d)

Mid-Oct. Finished
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1.1 E04-007: Threshold π0 Production

This section summarizes material on Experiment E04-007, which is one of the BigBite
Family of Experiments that is coming up for review on March 19,2007. The expected
readiness of the components of the equipment needed for the experiment will be
discussed. When reading the original proposal, it will be noticed that the septum
is no longer being used in this experiment. This has changed the kinematics and
running conditions, but we do not expect the quality of the physics to have changed.
Since this review was called on a rather short notice, we may have omitted certain
items. Please bring these items to our attention so we can address them at the actual
review. In addition since the experiment is not scheduled until February 2008, we
have sufficient time to make adjustments to our planning of the experiment.

1.1.1 Overview

The goal of experiment E04-007 is to make high precision measurements of the cross sec-
tions of the reaction p(e, e′p)π0 near threshold in a fine grid of Q2 and ∆W in the range
of Q2 = −0.05 [GeV/c]2 to −0.10 [GeV/c]2 and ∆W = 1 MeV to 20 MeV and in bin
sizes of 0.01 [GeV/c]2 and 1 MeV, respectively. The scientific goal of the experiment is
motivated by repeated π0 electroproduction measurements near threshold at Mainz1 at
Q2 = −0.05 [GeV/c]2 and −0.10 [GeV/c]2 ,which have shown strong disagreement with
the predictions of Chiral Perturbation Theory and have shown disagreements with them-
selves in this Q2 range. Since this theory is so firmly grounded in the symmetries of QCD,
these possible violations are very fundamental and require substantiation by more than one
experiment. Our data will enable us to either confirm or refute the existence of a significant
discrepancy with the predictions of ChPT and depending on the result, either investigate
the source of the discrepancy or test the limits of the ability of ChPT to predict the funda-
mental reaction cross sections and their kinematical dependencies. In this experiment one
beam energy of 1.2 GeV is requested. It is important that the beam energy is no more than
1.200 GeV otherwise we will not be able to reach our badly needed low Q2 points.

The electrons scattered from a liquid hydrogen target will be detected in the high-
resolution spectrometer (HRS) placed at angles of 12.5, 14.7 and 16.5 degrees to obtain
the necessary range of Q2. The actual range of Q2 depends on the finite size of our target,
the acceptance of the HRS, and the exact beam energy when it is scheduled. Monte Carlo
calculations show that we will cover the necessary Q2 range. Using the expected rate at
5 MeV above threshold, approximately 3 million counts spread across 21,600 bins will be ac-
cumulated. This breaks down to twenty 1 MeV bins in W , six 0.01 [GeV/c]2 bins in Q2 and
180 bins in θ and φ will be obtained in the threshold region. Statistical errors on σT + ǫLσL,
σTL and σTT will be typically 2-4%, 3-6%, and 20% respectively assuming 336 hours of pro-
duction running. The largest source of errors may be systematics, which may ultimately
govern the size of our error bars. We will also use polarized beam to obtain data and extract
the asymmetry associated with the fifth structure function, which is a longitudinal-imaginary
/ transverse-real interference. In the experiment the neutral π0 particles are not detected.
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The reaction is identified by measuring the recoil protons in coincidence with electrons whose
missing energy corresponds to the pion mass. The recoil protons are emitted in a small kine-
matic cone in the laboratory permitting complete phase space coverage for the low threshold
settings. The protons will be detected in the BigBite multi-wire drift chambers using a scin-
tillator array in coincidence with HRS as a trigger to read out the wire chambers. The large
acceptance BigBite spectrometer will have to cover the range from about 38 to 58 degrees.
A liquid hydrogen target cell 20 cm in length and machined out of solid aluminum will be
used with a 200-micron thick entrance and exit window. A polyurethane conduit filled with
helium will be used to minimize proton energy loss as the protons exit the target cell, pass
through the spectrometer, and are finally detected in the multi-wire drift chambers. A side
view of the scattering chamber, target, BigBite experimental set up and instrumentation is
shown in Fig. 1.1. A 200 micron aluminum window will replace the havar entrance window
indicated in the figure.

Figure 1.1: Simple schematic layout of scattering chamber, target cell, helium chamber, and
MWDC, and trigger scintillators.
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1.1.2 Beam Energy and Current

The experiment will require a beam no greater than 1.200 GeV. The scheduled energy is
1.194 GeV. We can run at slightly lower beam energies if necessary, since we can always
increase the spectrometer angle to obtain the desired Q2. However, we cannot run at higher
beam energy because we are already at the smallest attainable HRS angle of 12.5 degrees for
our smallest Q2 of interest. It will also be necessary to have the best beam energy resolution
as possible at least σE/E = 2× 10−4 and stable. This is important in order to have the best
measurement on the energy near threshold and Q2. We will request beam currents of the
order of 1− 20 µA depending on background and computer dead time. Production running
on the 20 cm target will probably be done with beam currents of the order of 1− 2 µA. We
also will take polarized beam with the best polarization achievable.

1.1.3 Beam Monitoring

The beam energy will be measured using the standard e−p energy measurement device. The
exact energy of the beam will be determined from elastic electron scattering from tantalum
and knowing the HRS scattering angle. This will be checked against other targets such as
carbon. The standard BCMs and BPMs will be used to monitor the beam current and
position. The beam will be rastered to prevent heating on our liquid hydrogen cryo-target
and thin windows. Beam polarization measurements will be made with standard Moller and
Compton polarimeters. Beam current integration monitors will be calibrated throughout
the experiment using the new silver calorimeter, which is good to less than 1%. The silver
calorimeter was devised to obtain good beam current integration for beam currents below
5 µA.

1.1.4 Target

The production target for this experiment is the Hall A Racetrack Cell , which is a 20 cm
long cell filled with liquid hydrogen. The target is machined out of a block of 6061 aluminum,
which contains about 10% copper. Cells have been machined down to a size that is 2 cm
high and 2 cm wide with a 360◦ window thickness of 250 microns. Such targets can now
be purchased from a vendor who provides them for JLab. We plan to have such a cell but
machined down to a window thickness that is of the order of 175-200 microns in thickness.
Using a long cell has the advantage that: (1) it maximizes the signal to noise; (2) we can
shield the entrance and exit windows from the BigBite acceptance; (3)we do not have to run
a dummy cell. The disadvantage of the long target is that acceptance corrections and vertex
reconstruction errors may lead to larger systematic errors particularly on the lower energy
protons near threshold. At the lower energy kinematics we will take runs on a shorter target
using the Meekins pancake design of the order of 4 cm in length with a thin Be window. In
this case the advantage is that systematic errors associated with acceptance corrections will
be smaller. However, in this case a dummy target will be run in order to subtract out the
background, since we will not be able to shield the windows. A comparison of the extracted
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data from both targets at the lowest Q2 will be a check on our ability to make the best
possible acceptance corrections. Dave Meekins is responsible for providing these targets.
Solid targets of tantalum and carbon, the multi-foil carbon target, and BeO will be used for
calibrations.

1.1.5 Electron Arm Spectrometer

The LHRS will be used for the detected electron in its standard configuration with a small air
gap between the clamshell flange window and the HRS foil. A snout is available if we found
it necessary to minimize the path through air. It will be necessary to move the spectrometer
at angular positions of 12.5, 14.7 and 16.5 degrees. Ed Folts will be present when moving
the HRS to the smaller angles. To make calibration measurements on elastic scattering from
hydrogen, the spectrometer will have to be able to move to about 60 degrees. At 12.5 degrees
the expected rates in the LHRS are shown below in Fig. 1.2.

Figure 1.2: The expected rate in the HRS due to electrons from the radiation tail of hydrogen
and the windows and the electrons from π0 production. This luminosity corresponds to 2 µA
on 20 cm of liquid hydrogen.

The rates over the focal plane are about 500 Hz due to the radiation tail. To keep
dead time to acceptable limits we will turn the high voltage off the PMTs that are not
in the required 20 MeV acceptance above threshold on the HRS focal plane. Electrons
corresponding to the threshold center of mass energy W = 1073 to 1093 MeV will be centered
in the middle of the focal plane where we understand it best. The RHRS spectrometer is
being considered to be used as a luminosity monitor of the product of beam current and
target thickness. It will have to be at a relative back angle 80 - 90 Degrees to avoid colliding
with BigBite.
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1.1.6 Proton Arm BigBite Spectrometer

The low energy recoil protons from the p(e, e′p)π0 reaction will be detected in the BigBite
magnet with the UVa multi-wire drift chambers (MWDC). The drift chambers are followed
by one segmented plane of thirteen 3 mm thick scintillators and one plane of thirteen 30 mm
thick scintillators. This ∆E − E array serves as our particle ID, trigger, and time of flight
measurement. These scintillators were commissioned in the SRC experiment. This setup is
identical to that which will be used for E05-102 and is discussed in Section 4.

1.1.7 Calibrations

• Calibration of beam current integration and beam energy was already discussed.

• To calibrate BigBite angle use elastic scattering from hydrogen and the radiative tail.
Move HRS to the appropriate angle so the recoil proton is directed into BigBite. We
will do this for at least three BigBite angles. This gives us a high momentum proton
about 800 MeV/c. To get proton momenta in the range of the experiment 300 to 600
MeV/c we are considering using pulsed beam and measuring time-of-flight of recoil
protons in BigBite from the radiative tail of hydrogen. This gives us a nice range of
proton momenta in the range of the experiment and will also fill the angular acceptance.

• To check position resolution along the target we will use the multi-foil carbon target,
identify protons in BigBite, measure their momentum and angular coordinates and
reconstruct the reaction vertex along the target.

• To check overall efficiency, measure cross section of elastic scattering from Hydrogen,
C and Ta and compare with known values.

• The RHRS spectrometer may be used to monitor the product of beam current and
target thickness.

1.1.8 Run Plan

Experiment E04-007 was approved for 16 PAC days, 14 days for production running and
2 days for calibrations. Including the usual efficiency factors for downtime, the experiment
has been scheduled for 26 days. Although the wire chambers have been commissioned in Gn

E

and the scintillator planes in the SRC experiment, this will be the first time the scintillator
trigger planes and MWDC will be used together. In addition we will be using the newly
instrumented wire chamber with the three added wire planes. Therefore, it is anticipated
that more time will be needed for calibrations and fine-tuning the equipment. The plan
is to take 4 days for commissioning and 22 days for production running. Even during the
production running several calibrations will be taken. Also every time a detector is moved
there is sufficient overlap to always cross check the data. In addition each time BigBite is
moved, we plan to take acceptance calibration data.
Commissioning will include:
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• Checkout of beam-line instrumentation BCMs, BPMs, beam energy measurement and
polarimeters.

• Beam energy measurement using elastic scattering.

• BigBite detectors MWDC and Scintillator Planes

– Setting threshold on discriminators for PMTs

– Setting high voltages on MWDC

– Measuring singles rates and optimizing signal to noise.

• Coincidence checkout with elastic e-p scattering. e.g. HRS at 41 degrees and BigBite
at 49 degrees. Setting coincidence timing.

• BigBite momentum acceptance and vertex reconstruction calibrations

• Target checkout

• Polarized beam checkout

Production running:

• BigBite Calibration Measurements HRS at 12.5 Deg., BigBite at 42 Deg

• Production Running HRS at 12.5 Deg., BigBite at 42 Deg

• Production Running HRS at 14.7 Deg., BigBite at 42 Deg

• Production Running HRS at 16.5 Deg., BigBite at 42 Deg

• BigBite Calibration Measurements HRS at 12.5 Deg., BigBite at 48 Deg

• Production Running HRS at 12.5 Deg., BigBite at 48 Deg

• Production Running HRS at 14.7 Deg., BigBite at 48 Deg

• Production Running HRS at 16.5 Deg., BigBite at 48 Deg

• BigBite Calibration Measurements HRS at 12.5 Deg., BigBite at 54 Deg

• Production Running HRS at 12.5 Deg., BigBite at 54 Deg

• Production Running HRS at 14.7 Deg., BigBite at 54 Deg

• Production Running HRS at 16.5 Deg., BigBite at 54 Deg

• Many items in the commissioning section will be done in parallel and as much as
possible will be checked out with cosmic rays before installation. The above order of
production running and detailed calibrations will most likely be changed before actually
beginning the experiment. The main point is to move BigBite as little as possible.
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1.1.9 Milestones

• March -Design new hardware

– Clamshell Flange

– Chamber Collimator

– 10 cm x 20 cm 200 micron aluminum window

– Coupling balloon to system

– Helium gas handling system for balloon

• March - Order Sample Polyurethane Balloon Material

• March - Design Polyurethane Helium Containment chamber

• April - Design 4 cm pancake cell

• April - Order Prototype Polyurethane Balloon from Florida Company

• April - Finalize Hardware Design and Have CAD Drawings Made

• April - Wire chamber shipped to UVa for upgrade

• August - Chamber shipped to JLab for testing

• September - Install upgraded chamber into Frame.

• September - Start machining clamshell flange, collimator, and window components

• October - Assemble flanges, collimator, window, gas handling system, and balloon for
testing.

• November - Finalize the functionality of all new hardware. Make sure it works.

• December - Review and summarize Run Plan and all equipment and calibrations

• Jan 1 - Install π0 experiment - one month

• Feb 4 - Run π0
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1.1.10 People Power

Overview and Run Plan R. Lindgren (UVa)
B.E. Norum (UVa)

GEANT Calculations V. Nelyubin (UVa)
Target Design and Construction D. Meekins (JLab)
Design of new hardware R. Lindgren (UVa)
CAD Drawings JLab
Middle Wire-Chamber Upgrade M. Shabestrai (UVa Graduate student)

N. Liyanaga
Hadron Package X. Zhan (MIT) graduate student
Hadron Electronics B. Moffit (MIT) Research Associate
Shifts The BigBite Family

1.1.11 Safety Documentation

This research will be conducted in a manner that ensures that environmental, health, and
safety (EH&S) concern s receive the highest consideration yet maintain the programmatic
goals of the laboratory in producing the highest quality results efficiently. The procedures
taken in the experiment will follow the guidelines in the documentation Conduct of Opera-
tions (COO), Experiment Safety Assessment Document (ESAD), and the Radiation Safety
Assessment Document. All personnel on shift will be required to read these documents for
Experiment E04-007.
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2.1 Joint Commissioning Plan

Since both Transversity and dn
2 experiments will share the same target and left HRS +

BigBite detector configurations, the two experiments will allocate a combined total of 7
calendar days from their respective beam allocations to augment the 7 commissioning days
on the tentative schedule.

This joint commissioning will be completed at the start of the first experiment to run
with the pol. 3He target and the BigBite electron stack. The changeover from Transversity
to dn

2 (or vice-versa) involves moving BigBite from 30◦ → 45◦ (or 45◦ → 30◦), something
that can be accomplished in 2 calendar days. This downtime is sufficiently short, and the
move is relatively non-invasive, that many commissioning items may be shared between the
two experiments.

Table 2.1 lists the pre-beam commissioning items. These items will be completed in par-
allel with detector and target installation and should not require any “PAC-day” allocation.

Table 2.2 lists the commissioning items that require beam. 14 calendar days are available
to complete these task.

We request that the left HRS be clear to θ = 70◦ for the commissioning period.

Table 2.1: Initial Pre-beam checks to confirm hardware in a working state. An ‘S’
in the Shared column indicates this commissioning item can done once and shared for both
experiments; ‘T’=Transversity only; ‘d’=dn

2 only; ‘R’=Repeated for both experiments.
Item Description Shared

Target S
BigBite and LHRS Position Survey S
Slow Control software S
DAQ S
BigBite Magnet S
BigBite Electron Detector Stack S
LHRS Detector Stack S
Analysis Software (Online+Offline) S
Beamline items S

Harps, ARC energy scanner, Möller Polarimeter, Compton Po-
larimeter, Feedback systems, BPM/BCM hardware.
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Table 2.2: Commissioning with Beam. An ‘S’ in the Shared column indicates this
commissioning item can done once and shared for both experiments; ‘T’=Transversity only;
‘d’=dn

2 only; ‘R’=Repeated for both experiments.
Item Description Shared

Möller Polarimeter S
Compton Polarimeter (if available) S
Target commissioning S
Beam Properties S

Harp scans, Bull’s Eye scan, Rastering limits, Beam energy mea-
surement, Study impact of Target field on beam traj. (corrector
mag. commissioning)

LHRS
RICH calibration, reconstruction check S
Aerogel calibration S
Short gas Cherenkov calibration S
π+/K+/p PID check w/ aerogel+RICH S
HRS Optics with sieve (1+2 pass) S
Polarized 3He Elastic measurement (1 pass) S

BigBite
Rate dependencies on disc. thresholds R
Shower Energy calibration S
Cherenkov Energy calibration and threshold determination S
MWDC voltage and threshold determination S/R
MWDC geometry and drift-time calibration S
BigBite Optics calibration (1+2 pass) S
Polarized 3He Elastic measurement (1 pass) S
Coincidence timing check with LHRS T
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2.2 E06-010 & E06-011: Transversity

This section summarizes information that should be helpful to the committee regarding our
readiness review on March 19th, 2007. We have attempted to give a summary of the instru-
mentation and preparations that are necessary for the transversity experiments (E06-010 and
E06-011), and to address the current status of all major components of our experiments. We
identify the remaining tasks and people and groups who have taken responsibility of these
tasks. In the event items that have been inadvertently left out, we would like to encourage
the committee to bring these items to our attention, and we will do our best to address them
at the review.

2.2.1 Overview of the Experiments and the Requirements

The Hall-A transversity proposals (E06-010 and E06-011) were reviewed by the PAC29 in
January 2006 and approved for 29 days of beam with a scientific ranking of “A”. The
proposed experiment will measure the target single-spin asymmetries (SSA) in the semi-
inclusive DIS region using a transversely polarized 3He target. From the measurements of
azimuthal angular distributions of the π+ and π−, new information on the neutron’s transver-
sity distributions as well as the novel transverse-momentum-dependent Sivers function of the
neutron can be extracted. The proposed experiments will be the first SSA measurements
on transversely polarized target at JLab, and they would complement the SSA experiments
performed at HERMES (using transversely polarized hydrogen target) and at COMPASS
(using transversely polarized deuteron target).

The proposed transversity experiments will use the BigBite and the HRS spectrometers
to detect the scattered electrons and the charged pions respectively. While the proposed
measurements only require apparatus which have been successfully used in previous Hall-
A experiments, several new features are involved. These new features include the use of
the BigBite spectrometer for electron detection and the modification of the existing Hall-A
polarized 3He target to allow vertical polarization. Modifications of the particle identification
system for the HRS are also needed for optimal π/K separation.

Following the recommendation by the PAC, a single collaboration was formed to perform
these two closely related transversity experiments. The total allocated beam time will be
shared equally between the detection of π+ and π−. As detailed in this report, the collab-
oration has been working on various aspects of the transversity experiment in preparation
for an anticipated data-taking period in early 2008.

This experiment is interested in coincidence (e, e′π+) and (e, e′π−) events off a polarized
3He target. We will use the BigBite spectrometer as the electron-arm, very similar to the
way it was used during the Gn

E experiment, and use the left HRS spectrometer as the hadron
arm.



CHAPTER 2. SECOND INSTALLATION PERIOD 15

Beam requirements

This experiment will use the CEBAF longitudinally polarized electron beam. The beam
should have the maximum possible polarization, with a minimum acceptable polarization of
75%. The experiment will take the maximum beam energies of 5.7 GeV (or close) for the
production runs, and require energies corresponding to one- and two-pass beam for commis-
sioning runs. For production running, the current needed is moderate, with a maximum of
30 µ A (typically 15 µ A). However, a maximum of up to 100 µ A, at one- or two-pass, will
be necessary to perform a regular BCM calibration during the commissioning phase. This
experiment requires a stable beam, with fewer than 10 trips/hour to minimize target density
fluctuations. Slow ramp-up procedure of beam current should be followed after each beam
trip, as have been done in earlier polarized 3He experiments.

We are currently working with the accelerator division on the possibility of delivering
8 ns bounched (rather than 2 ns) beam to Hall A with an average current up to 25 uA. This
will provide us with extra redandency in hadron arm particle ID through coincidence time
of flight.

Beam Monitoring

The beam conditions will be monitored in Hall A. Beam energy will be measured using the
e-p energy-device. The standard Hall A BCMs and BPMs will be used for the knowledge of
the beam current and position. The HAPPEX beam-charge feed-back system will be turned
on, as in earlier Hall A polarized 3He experiments, to control beam charge asymmetries to
lower than a few ppm level over a typical time integrals of 30 minutes. Beam polarization
will be measured by the Moller polarimeter, and monitored by the Compton polarimeter (if
it is available). In any case, beam should be tuned to pass through the Compton magnets,
and the beam will be rastered (typically 3mm by 3mm) on the target to prevent localized
beam heating on the polarized 3He target. In addition to the polarization measurements
made with the Moller, the product of the beam and target polarization will be measured
at least once with one-pass beam using elastic scattering of the electron off the polarized
helium target.

Transversity (and dn
2) experiment floor plan

The experiments will use the BigBite spectrometer, the left HRS spectrometer and the
polarized 3He target system. The requirements of the spectrometer angles and the 3He
target spin orientations are listed in Table-1, together with those of the dn

2 experiment.
The right HRS spectrometer will be parked at 105◦, at the same location as in the Gn

E

experiment (E02-013). The floor plan for the transversity experiments is shown in Fig. 2.1.

2.2.2 Polarization Target

See separate section at: http://hallaweb.jlab.org/experiment/BigFamily/.
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Experiment E0 Time Target BigBite Angle HRSL HRSR

GeV PAC days spin degree
Transversity 5.7 ∼ 6.0 29 vert. ⊥ -30◦ 16◦ Not in use

dn
2 5.7 ∼ 6.0 13 Long. ⊥ -45◦ 45◦ Not in use

Table 2.3: Requirements of transversity and dn
2 experiments.

Figure 2.1: The Hall A floor plan for the transversity experiments.
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2.2.3 Spectrometers and Detectors

The BigBite spectrometer

The BigBite spectrometer has successfully taken data as the electron detector during the
Hall A Gn

E experiment (E02-013) in spring of 2006. Background rates at the wire chambers
during the Gn

E experiment were consistent with our Monte Carlo simulations. Improved
shielding and collimation design will further reduce background rates in the transversity
experiment.

The BigBite spectrometer at 30◦ beam-right will be used as the electron arm, with the
magnetic field set to 1.2 T, similar to that of Gn

E . The BigBite detector configuration and
single-arm trigger setup will also be similar to that of Gn

E. The drift distance to the BigBite
dipole magnet will be 1.50 m, instead of 1.10 m in E02013. Since this experiment is a
coincidence experiment with the HRSL at a relatively low rate, the HRSL spectrometer will
be used for interaction vertex reconstruction such that many complications associated with
the BigBite wire chamber track reconstruction can be avoid. In addition, when a tight
coincidence timing cut is further required, we expect that the majority of the background
tracks and random hits in the BigBite wire chambers will be eliminated.

The default BigBite electron-package consists of three sets of wire chambers, followed by
a pre-shower, scintillator and shower assembly as shown in Fig. 2.2. A heavy gas Cherenkov
detector has been designed for the dn

2 experiment, to improve the π−/e separation in a single-
arm measurement. When a working gas Cherenkov detector becomes available (in late 2007),
the transversity experiments prefer to have it installed in the gap currently between chamber-
1 and chamber-3, while shift chamber-1 and chamber-2 forward only to leave a minimum
distance in between.

For more details of the BigBite gas Cherenkov design, please see:
http://hallaweb.jlab.org/experiment/BigFamily/

The Multi-Wire Drift Chambers

The Multi-Wire Drift Chambers (MWDC) for BigBite were constructed at the University of
Virginia. The package consists of three large MWDC , each chamber with three groups of
planes with wires oriented at +60◦ (U), -60◦ (V ), and 90◦ (X) with respect to the dispersive
direction of the BigBite magnetic field. The active area of the first chamber is 35 cm ×

140 cm, while the active area of the second and third chambers is 50 cm × 200 cm. The
MWDC package was commissioned and used for the Hall A Gn

E experiment. During the
experiment the chambers performed very well with all 2600 wires operational through the
2.5 month long run. The achieved resolutions meet the resolution requirements of Gn

E and
other approved BigBite experiments.

In the front and back chambers, each U , V and X wire group comprised of two wire planes
with a relative shift of the wires by 5 mm. This configuration of wires allows resolving right-
left ambiguity of the drift and unambiguous hit assignment in multiple-hit events. The
middle chamber, used mainly to improve track finding capability in cases of multiple tracks
through the spectrometer, consisted only of three wire planes, one plane in each of the three
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Figure 2.2: The BigBite electron-package.



CHAPTER 2. SECOND INSTALLATION PERIOD 19

directions. We plan to upgrade this chamber into a full, six- wire frame, chamber. This
would allow the middle chamber to be used as a spare chamber for either front chamber or
the back chamber, in case one or more wire frames fail in these chambers.

Results from a test run and BigBite optics at 1.5m drift

BigBite spectrometer optics at a drift distance of 1.1 m has been studied extensively during
the Gn

E experiment, and the optics properties were shown to agree with expectations. On
April 30th, 2006, a four hour optics test run was taken for the transversity experiments
with the BigBite drift distance set to 1.5 m. The results of the optics test run are shown in
Fig. 2.3.
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Figure 2.3: Results from the April 30, 2006 transversity optics test run. BigBite 1.5m drift
optics (left): interaction vertex resolution, five carbon foil targets. BigBite 1.5m drift optics
(right): relative momentum reconstruction p(e, e′) elastic peak.

BigBite detector test at the test lab

The BigBite electron-package has been set up in the test lab for extensive tests. Our goal
is to have a fully integrated electron-package cosmic ray test completed at least two months
before installation. Major progresses and milestones are listed in the milestone section.

BigBite optics slit, collimation and detector shielding

A 3 inch thick optics slit need to be made. This piece, mounted at the BigBite magnetic
shield with 13 vertical opening slots covering the BigBite θt acceptance, will be used in
p(e, e′) elastic runs to help calibrating θt optics.

Two Aluminum boxes will be mounted inside the BigBite dipole magnet, one on the top
one on the bottom, each holds one layer of lead bricks to prevent low energy particles from
passing through the low field region of the magnet.
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A light-weight detector shielding hut (Aluminum), similar to what was used in the Gn
E

experiment, will be made to provide near-shielding for the detectors. Light weight materials
will be stacked at the beam height on the downstream side to help shield detectors from beam
pipe. In addition, concrete shielding block-walls will also be located on both the upstream
and the downstream side of BigBite. A detailed shielding plan will be designed and shielding
blocks/materials be identified four months before the installation.

2.2.4 HRSL, the hadron arm spectrometer

Detector stack for the transversity experiments

The Left High Resolution Spectrometer HRSL will be used for the hadron indentification
(kaons and pions) for both charges of particle. The HRSL detector hut will be ecquipped
with standard detectors and an upgraded version of the RICH (as disscussed in the RICH
chapter).

The HRSL shall provide:

• Event trigger

• Tracking for the reconstruction of the kinematics

• Identification of hadrons

In order to do that, the following detector package will be installed:

• VDC

• S1

• S2m

• A11

• RICH

• Gas Cerenkov

• pion rejector made of two layers of lead glass

The HRSL has ben used after the last Big Bite experiment GEn since June 2006 and has
been fully functionnal. A slight modification of the detector stack to replace S2 ( for best
hadron efficiency at low momentum ) by S2m (slightly thicker but optimized for best timing
resolution ), S2m has not been used for about 1 year but the installation and usual detector
checks ( and small reparations if needed ) will be done during the summer shutdown and

1the A1 may help the RICH expecially at the lower momenta where the upgraded RICH will not cover
optimally the momentum acceptance
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the detector will be fully recomissioned by the Coulomb Sum Rule experiment running in
October 2007.

To the standard electron package allowing π− electron discrimination, the A1 and RICH
will be added. They will ensure the π+ proton, Kaon discrimination. The two aerogels
counters will also be refurbished during the down time to replace the aerogel which lost
transparency and light reflectors, an estimation of 3 man/month is needed will be started
when the collaboration will decide since it will be funded by Jefferson Laboratory. S1 and
S2m will provide trigger the usual single arm trigger also used for the coincidence with
BigBite and time of flight information. The Short Gas Cherenkov Counter and the Lead Glass
will discriminate (on-line) hadrons from electrons. The aerogel counter A1 will distingush
(on-line) pion from kaon and proton while the RICH will identify (off-line) proton, kaon and
pion. All detectors, except the RICH, will be used in their ’standard’ configuration; though
the exact placement is still being investigated with help from the Jefferson Lab design group.

Ring Image Cerenkov Detector (RICH) Upgrade

See separate chapter on the RICH upgrade or on-line at
http://hallaweb.jlab.org/experiment/BigFamily/.

2.2.5 A backup plan of kinematics for beam energies lower than
5.7 GeV

We performed a detailed Monte Carlo study on the impacts of running the transversity
experiments with beam energies lower than 5.7 GeV. We provide the adjusted kinematics
according to beam energies of 5.7, 5.6, 5.5 and 5.5 GeV.

We present the comparison in the following table for percentage of events in each case
compared with that of E=5.7 GeV. The following cuts are implemented: Q2 > 1.0 GeV2,
W > 2.0 GeV, E ′ > 0.5 GeV. The BigBite central angle (30◦) and the HRSL central angle
(16◦) are fixed. The π± momentum in HRSL for different beam energies is set to the following,
to keep z roughly covering the same range.

1. E=5.7 GeV, PHRS=2.25GeV/c.

2. E=5.6 GeV, PHRS=2.20GeV/c.

3. E=5.5 GeV, PHRS=2.15GeV/c.

4. E=5.4 GeV, PHRS=2.10GeV/c.

The table below shows the percentage in events for different Bjorken x bins compared to
the case of E = 5.7 GeV (100%).
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E(GeV ) W ′ cut .09 < x < .18 .18 < x < .27 .27 < x < .36 .36 < .x < .45
5.7 W ′ > 1.5 100% 100% 100% 100%
5.6 W ′ > 1.5 97% 98% 101% 126%
5.5 W ′ > 1.5 92% 99% 100% 119%
5.4 W ′ > 1.5 78% 97% 98% 110%

We found that with a lower available beam energy, one needs to scale down the HRSL

central momentum accordingly in order to cover a similar range in z. Once PHRS is reduced,
an adjustment in W ′-cut is not necessary and the phase space remains roughly unchanged.

For more details on the simulation results, please see the report at the transversity
experiments web page at http://hallaweb.jlab.org/experiment/transversity/.

2.2.6 Time lines and Milestones

1. Polarized 3He target

(a) Spin-Flip test: done

(b) NMR/EPR system working: done, will keep improvement.

(c) New over ready for cell testing/characterization: April 1, 2007

(d) Vertical coils test: June 1, 2007

(e) Cell production: 10 by July 1, 2007, 20 by December 1, 2007

(f) New target structure: Sept. 1, 2007

(g) Compass: Sept. 1, 2007

(h) Laser optics line: Oct. 1, 2007

(i) NMR FM water (optional): Oct. 1, 2007

(j) Complete system test: Nov. 1, 2007

(k) Ready for installation: Jan. 1, 2008

2. BIGBITE detector test in test lab

Preshower and shower each block signal check completed

Scintillator test using DAQ completed

April 30, 2007: Trigger and DAQ set up, preshower and shower DAQ check complete

July 1, 2007: 6 shower-block PMTs fixed (If we still have extra time and money,
rework on pre-shower PMTs. July 1st, 2007.)

Wire chamber HV check. completed

May 30, 2007: Chamber-1 + Chamber-3 readout check complete

September 1, 2007: three chamber readout check, demonstrate clear cosmic ray
tracking.
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November 1, 2007: Integration of Chamber-1, chamber-2, gas Cherenkov, chamber-
3, preshower, scintillator, shower complete. A whole-system cosmic ray check complete.

December 1, 2008: Ready for installation

3. Gas Cerenkov Detector

April 9, 2007: Finalize vendors for mirrors and shop drawings for Cerenkov tank.

May 7, 2007: Orders submitted to vendors for all pieces

August 15, 2007: All components on-site for assembly in Test Lab

October 1, 2007: Begin commissioning of Cerenkov with Cosmic with full detector
stack - at this point all sub-systems (gas, DAQ, mirror alignment) will be completed.

4. Multi-Wire Drift Chamber-2 (MWDC)

Wire stringing and Preparation of wire frames Complete

March 31, 2007: Preparation of cathode frames complete

April 10, 2007: Middle chamber arrives at UVa

May 10, 2007: Complete middle chamber assembly with new frames

June 1, 2007: Complete middle chamber testing

June 10, 2007: Middle chamber arrives at Jefferson lab

4-6 weeks: Installation of the chamber in detector frame, connect gas and power and
cabling

8-10 weeks: Testing and commissioning the detector package in the test lab

5. The upgrade and installation of the RICH detector

March 2, 2007: Upgrade decision made

September 2, 2007: RICH frames ready

November 16, 2007: RICH Assembled in Rome

December 10, 2007: RICH ready for installation

Marc 27, 2008: RICH installed in Hall A

April 11, 2008: RICH ready for experiment for the Installation (assuming the
Transversity experiments installation starts March 1st 2008)

2.2.7 Collaboration, Man Power and Responsibilities

Duke BIGBITE MWDC tracking/Pol. 3He target/BIGBITE detector test; X. Qian
(Ph.D. student), Y. Qiang (Postdoc) and others

FIU HRS detectors
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JLab BIGBITE/Polarized 3He target/HRS

INFN RICH and PID

Illinois HRS Aerogel detectors/RICH/Runplan; Ph.D student and others.

Rutgers BIGBITE trigger and DAQ/Runplan/Coordination of Experiments

Temple Cerenkov detector/BIGBITE, H. Yao (Ph.D student), B. Sawatzky (postdoc)
and others.

William & Mary 3He target cells

Univ. of Kentucky BIGBITE Trigger and DAQ/Polarized 3He target, K. Allada
and C. Dutta (Ph.D. students) and others.

Univ of Virginia BIGBITE MWDC/polarized 3He target. M. Hashemi Shabestari
(Ph.D. students).
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2.3 E06-014: Precision Measurement of dn
2

E06-014 will measure the unpolarized cross section σ
3He
0 , the parallel asymmetry A

3He
‖ and

the perpendicular asymmetry A
3He
⊥ to extract the g2 structure function. This measurement

will cover excitation energies in the deep inelastic valence quark region where x and Q2 are
large (0.2 ≤ x ≤ 0.7 and 2 ≤ Q2 ≤ 6 GeV2). We will extract the higher twist piece of the

spin structure function ḡ2 and evaluate the quantity dn
2 =

∫
1

0
ḡ2 dx =

∫
1

0
x2(2g1 + 3g2) dx

which is related to a twist three matrix element.
In inclusive polarized lepton-nucleon deep-inelastic scattering, one can access two spin-

dependent structure functions of the nucleon, g1 and g2. In the last twenty five years,
measurements of g1 have been used to test Quantum Chromodynamics (QCD) through the
Björken sum rule and investigate the spin content of the nucleon in term of its constituents.
While g1 can be understood in terms of the Feynman parton model which describes the
scattering in terms of incoherent parton scattering, g2 cannot. Rather, one has to consider
parton correlations initially present in the target nucleon, and the associated process is
given a coherent parton scattering in the sense that more than one parton takes part in
the interaction. Indeed, using the operator product expansion (OPE), it is possible to
interpret the g2 spin structure function beyond the simple quark-parton model as a higher
twist structure function. As such, it is exceedingly interesting because it provides a unique
opportunity to study the quark-gluon correlations in the nucleon which cannot otherwise be
accessed.

Within the OPE framework dn
2 is connected to a twist-three matrix-element directly

measuring quark-gluon correlations within the nucleon. Ji and Filippone have shown that
this quantity reflects the response of the color electric and magnetic fields to the polarization
of the nucleon (alignment of its spin along one direction). dn

2 has seen considerable study in
Lattice QCD and is one of the cleanest observables with which to test the theory.

We will use the longitudinally polarized (Pb ≥ 0.75) CEBAF electron beam and a 40 cm-
long high-pressure polarized 3He target. The measurement will be performed at two beam
energies: 4.6, and 5.7GeV (corresponding to 4-pass and 5-pass at a nominal fixed per-pass
energy of 1.15GeV). At each beam energy the BigBite spectrometer will be used to acquire
the asymmetry data (perpendicular and parallel) while the left arm HRS spectrometer will
be used to measure the absolute cross section. The spectrometers will be positioned at a
scattering angle of 45◦ on opposite sides of the beam line.

This measurement has been granted 13 PAC days (312 hours). We have requested 180
hours at 5.7GeV and 80 hours at 4.6GeV. Of the remaining 52 hours, 28 are allocated
to cover overhead and target polarization measurements and 24 hours will be contributed
to the joint commissioning of BigBite and the LHRS in cooperation with the Transversity
collaboration.
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Figure 2.4: Kinematic range for the measurement at a constant energy and angle. The bands
represents the horizontal angular acceptance of the BigBite spectrometer. Each band is split
into bins associated with the 10 L-HRS spectrometer momentum settings used at each beam
energy.

2.3.1 Experimental Configuration

Kinematics

BigBite’s mode of operation is such that a single magnetic field setting will cover the entire
kinematic range at each beam energy. The Left HRS central momentum will be stepped
across the same kinematic range to measure the absolute cross section as a function of x.
Tables 2.4 and 2.5 present the kinematic bins and anticipated signal rates. Figure 2.4 plots
the kinematic coverage over x and Q2.

The Polarized Beam

Our rate calculations assume that the achievable beam polarization at CEBAF is 75% with
a current of 15µA although 80% electron beam polarization has been delivered on a regular
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Table 2.4: Parameters per bin in (Q2,x) plane for the 5.7 GeV runs. Note that it is a single
spectrometer setting for BigBite but different central momentum settings for the HRSL.

Ei bin central p x ∆x Q2 W Rate
(GeV) (GeV) (GeV2) (GeV) (Hz)
5.700 1.603 0.696 0.097 5.35 1.79 3.0
5.700 1.450 0.607 0.081 4.84 2.00 5.0
5.700 1.312 0.532 0.069 4.38 2.18 7.0
5.700 1.187 0.468 0.059 3.96 2.32 8.9 Single
5.700 1.074 0.413 0.051 3.59 2.44 10.4 BigBite
5.700 0.971 0.365 0.044 3.24 2.55 11.6 Spectrometer
5.700 0.878 0.324 0.038 2.93 2.65 12.5 Setting
5.700 0.794 0.288 0.034 2.65 2.73 13.1
5.700 0.718 0.256 0.029 2.40 2.80 13.5
5.700 0.650 0.229 0.026 2.17 2.86 13.8

Time⊥ Time‖
hours hours

Total (5.7 GeV data set) 172 8

Table 2.5: Parameters per bin in (Q2,x) plane for the 4.6 GeV runs. Note that it is a single
spectrometer setting for BigBite but different central momentum settings for the HRSL.

Ei bin central p x ∆x Q2 W Rate
(GeV) (GeV) (GeV2) (GeV) (Hz)
4.600 1.502 0.696 0.118 4.05 1.63 4.22
4.600 1.366 0.607 0.097 3.68 1.81 7.95
4.600 1.243 0.532 0.080 3.35 1.96 10.8
4.600 1.131 0.468 0.067 3.05 2.08 14.1 Single
4.600 1.028 0.413 0.057 2.77 2.19 16.8 BigBite
4.600 0.933 0.365 0.049 2.51 2.29 18.9 Spectrometer
4.600 0.847 0.324 0.042 2.28 2.38 20.3 Setting
4.600 0.768 0.288 0.036 2.07 2.45 21.3
4.600 0.696 0.256 0.032 1.88 2.52 21.8
4.600 0.633 0.229 0.028 1.71 2.57 22.0

Time⊥ Time‖
hours hours

Total (4.6 GeV data set) 72 8
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basis in Hall A. The polarization of the beam will be measured with the Hall A Möller and
Compton polarimeters.

The Polarized 3He Target

The target preparations will be covered in the polarized 3He target chapter and will not be
repeated here.

2.3.2 Spectrometer Configuration

We plan to use the BigBite spectrometer in Hall A to take the bulk of the data, and one
HRS spectrometer, the left arm, to perform cross section measurements and calibrations.
Both will be located at 45◦ symmetrically with respect to the incident beam line.

The BigBite Spectrometer

We will share the same BigBite detector configuration as Transversity. The only difference
will be that BigBite will be located at θ = 45◦ (whereas Transversity has BigBite at θ = 30◦).
Figure 7.1 shows a top and side view of the detector stack showing the new Cherenkov
detector.

The BigBite spectrometer will be positioned at a distance of 1.5m from the target and its
dipole magnet set at full current providing a central field of B = 1.2T The BigBite detector
package will consist of

• Three Multi-wire Drift Chambers (MWDC) for tracking information (2 are back-to-
back and located at the front of the detector stack, the third chamber is just down-
stream of the Cherenkov,

• a Gas Cherenkov counter between the front MWDC assembly and the rear MWDC,
used for trigger-level pion rejection,

• a scintillator plane for timing information, and

• a double-layer lead-glass calorimeter for energy determination and improved pion re-
jection.

The detector package configuration for BigBite similar to that of E02-013 (Gn
E) except that

we plan to move the middle MWDC to the front of the detector stack and install a threshold
gas Cherenkov counter in the resulting gap. Since this experiment is inclusive the addition
of the Cherenkov counter for pion and proton rejection is critical.

The new Cherenkov detector design and development milestones are covered in detail in
a dedicated chapter of the review document.
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NOTE: The drawings are not necessarily
               to scale.
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Figure 2.5: Conceptual diagram of the BigBite detector stack with an overlay of the
Cherenkov detector’s outer dimensions. The sketch on the upper right illustrates how the
PMTs will be mounted to the tank. The rendering on the lower right is from a recent CAD
model with two of the three BigBite wire-chambers shown.
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2.3.3 Left High Resolution Spectrometer

The Hall A left High Resolution Spectrometer will be positioned at 45◦ to measure abso-
lute cross sections over the same x range as the the BigBite spectrometer. The detector
configuration will match that of the Transversity experiments E06-010 & E06-011.
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2.4 E07–013: Single Spin Asymmetry

E07–013 is designed to parasitically measure the target normal single spin asymmetry during
the transversity experiments (E06–010/E06–011). This will be the first measurement of this
parameter on the neutron. The requirements for this experiment are an single-arm electron
trigger, luminosity monitoring, and reasonable beam charge monitoring.

Single arm trigger will be developed by Jiang and Gilman of the Rutgers group this
summer. It will include three parts, the normal BigBite scintillator plane hit, at least 500
MeV/c energy deposition in the shower/preshower, and a minimum number of photons
in the d2n gas Cherenkov. This combined trigger is necessary to remove pions and low
energy electrons from the trigger. The goal is to keep the DAQ deadtime below the 5 ∼

10% level. If necessary to achieve this goal we can easily raise the energy threshold in
the shower/preshower. This trigger will be non-intrusive to the Transversity triggers. In
preparation for this measurement the Rutgers group (Gilman and Jiang) will contribute to
the funding and construction of the d2n gas Cherenkov, together with the Temple group
(Meziani).

The luminosity will be monitored in two ways. First we will use the HAPPEX developed
LUMIs. The LUMIs use eight identical devices with a quartz crystal within the beampipe
downstream of our target. They have been shown to work at the 10−5 level over the time
window of Transversity target flips. Since this would lead to a systematic error close to
our statistical error, we would like to cross-check this result. A second device consisting of
three or five scintillator counters will be placed downstream of the target at ∼ 10◦ scattering
angle. Averett of William and Mary and Holmstrom of Randolph-Macon will be responsible
for setting up and maintaining these devices for the experiment. The HAPPEX Lumi should
be operational by June and the new monitor should be by prepared for instillation by the
end of August.

The experiment would prefer a reasonable beam charge monitoring similar to previous
3He experiments. This would allow us to be certain of no double spin asymmetry corrections.
With no beam polarization being ideal. If beam charge monitoring is not possible we could
also correct for this bias in data analysis, thus this is not a requirement only a preference.

This experiment is designed to be completely parasitic to the transversity experiments.
The small tasks needed before running will be handled by the Rutgers, Randolph-Macon,
and William and Mary groups this summer.
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3.1 E05-015: Quasi-elastic SSA from 3 ~He

This experiment aims to study two-photon exchange in quasi-elastic scattering of unpolar-
ized electrons from a vertically polarized 3He target. A single spin asymmetry, Ay, will be
measured by frequently flipping the target spin and detecting only the scattered electrons.
The measurement is inclusive and will require the use of both HRS spectrometers for singles
electron detection. Contrary to the charge from Kees, this experiment will not require the
use of BigBite. The two areas where special attention is needed are the vertically polarized
3He target and luminosity monitoring.

Because we intend to measure Ay with a statistical precision of 10−3, special attention
must be paid to systematic effects related to the frequency of target spin flips and the lumi-
nosity of the beam/target. It is expected that this experiment will run after the transversity
and dn

2 experiments are completed. The transversity and Ay experiments have nearly iden-
tical requirements for the target including the ability to successfully polarize in the vertical
direction, and the ability to flip the target spin at least as often as every 20 minutes without
appreciable loss of polarization. William and Mary graduate student Joe Katich will do his
thesis on Ay. He is stationed at JLab full-time and is responsible for the implementation
and testing of the newly designed target. In addition, William and Mary maintains a con-
tingent of on-site personnel which includes 3 graduate students and a research scientist who
are polarized 3He collaborators and experts that work as needed in support of this effort.
Professor Averett is on-site weekly to help with the coordination and planning for this and
all experiments in this run group. After the completion of the dn

2 experiment, a target/laser
configuration change will occur to allow polarization along the axes required for the next
experiments. Averett, Chen and the polarized target group will be responsible for supplying
appropriate manpower and expertise for this configuration change.

Both the transversity and dn
2 experiments will use the l-HRS spectrometer for electron

detection and it is expected that the primary checkout of that arm will be completed by the
beginning of Ay. The collaboration will need to pay attention to the r-HRS as it most like
will not have been used for several months.
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3.2 E05-102: 3He(e,e′d)

3.2.1 REQUIRED SPECIAL EQUIPMENT

Most of the special equipment required for this experiment and the pertinent issues related
to their successful operation have been addressed in other reviews, in particular the modifica-
tions of the polarized 3He target. By the time of running of this experiment, all experimental
equipment will have been tested, installed, and used at least once in the preceding experi-
ments from the Family.

A minor engineering change needs to be done to the frame for the BigBite hadron de-
tector package as it was recently used in the SRC experiment. A veto counter needs to be
added to the existing neutron detector, thus enabling the experiment to achieve the goal of
simultaneous detection of deuterons, protons (polarized asymmetries in 3He breakup) and
neutrons (parasitic measurement of the neutron charge form-factor) at similar Q2.

3.2.2 MOUNTING THE EXPERIMENT

The jobs that need to be done to mount the experiment have been identified and defined
adequately. The major task in immediate preparation for running is the transition in the
Hall. The HRS and BigBite need to trade places at backward vs. forward angles, and the
wire chambers need to be moved from the electron detector package to the hadron detec-
tor package. This major “leapfrog” move which requires a complete decabling, mechanical
motion, recabling and trouble-shooting of BigBite, will be accomplished in the four weeks’
shutdown preceding the running of the E05-015 experiment. Other outstanding tasks, all
presently being dealt with, are: addition of the veto counters to the existing neutron de-
tector; extensive MC simulations with folding-in of the BigBite spectrometer acceptance;
trigger electronics configuration and optimization.

3.2.3 NEUTRON DETECTOR

Recoil neutrons will be detected, to facilitate a low Q2 measurement of Gn
E during E05-

102, using the neutron detector successfully used during E01-015 (shown in Fig. 3.1). This
detector is composed of 88 plastic scintillator bars with a frontal area of 1 m wide by 3 m tall
with a total depth of 0.4 m. The individual bars are 10 cm thick along the particle direction.
The bars are arranged in four planes, with heights varying from 10 cm for the first plane to
25 cm for the fourth plane. A 5 cm thick lead wall is positioned in front of the first layer
of bars to block low-energy photons and most of the charge particles. This is followed by
a layer of 64 2 cm thick plastic veto counters which serve to identify charged particles that
make it through the lead wall.

The scattered electron trigger rate in the LHRS is sufficiently small (∼ 300 Hz) so that
a separate trigger for the neutron detector is not required. We plan to simply readout all of
the ADCs and TDCs for the neutron detector PMTs for each LHRS (e′) trigger.
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Side view of the Neutron Detector for E01−015 experiment
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Depth is defined to the transverse to the thickness.
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All bars are 10 cm thick and 100 cm long.
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Figure 3.1: A layout of the neutron detector used for the low Q2 measurement of Gn
E during

E05-102.
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The basic status of the PMTs for each of the main plastic scintillator bars has been verified
using cosmics. The veto counters will be re-installed in the neutron detector frame and their
PMTs to be tested with cosmics over the next 4–6 weeks. This will require approximately 1
week for installation, and another 1 week for testing. Table 3.1 presents a time-line for the
remaining work on the neutron detector.

Task comments time-line
1 Test 88 scintillator PMTs Complete
2 Re-install veto scintillator bars 1 week 04-13
3 Test 64 veto scintillator PMTs 1 week 04-20

Table 3.1: Time-line for the remaining work on the neutron detector.

3.2.4 PROGRESS MILESTONES

The progress milestones have been identified. The neutron detector has been successfully
tested. The addition of the veto counters originally used during the Gn

E experiment to the
existing neutron detector is underway and we do not anticipate significant impediments to the
completion of this task. The MC simulations of the polarization asymmetries, incorporating
both theory input and rotation of the target polarization direction (see below) have been
initiated and are in progress. The read-out and trigger electronics, which will be largely
adopted from previously running experiments, will require small modifications without major
obstacles in sight.

3.2.5 RESPONSIBILITIES

The responsibilities for carrying out the jobs have been identified. On the hardware side,
the installation of the veto counters for the neutron detector and the electronics are covered
adequately by the manpower of the collaboration. The efforts to modify and install the
polarized 3He target and the corresponding responsibilities have been described in other
documents of this Readiness Review. Significant effort will be needed to rewire the neutron
detector electronics once BigBite moves to the Hall for the planned first experiment of the
Group (E04-007). This work will be done in the Test Lab when space is released. By June
2007 we will have a plan for electronics reconfiguration, which could be based on what has
been previously used with the shower counters. Doug Higinbotham (JLab) will coordinate
efforts for the “leapfrog” migration in the Hall with Ed Folts. Simon ”Sirca (U of Ljubljana)
will prepare the documentation relevant to operational safety (see below). Xiaohui Zhang
(MIT) will be analyzing the data.

3.2.6 ADEQUACY OF ON-SITE EFFORTS

The collaboration’s plans for building up an on-site effort are adequate to meet the schedule.
In addition to the manpower attending previous experiments of the Family, which is available
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either on-site or from off-site, we have a postdoc and a graduate student working permanently
on the jobs identified above, and we expect another dedicated student by the summer of 2007.
They will be on-site for the entire duration of the experiment.

3.2.7 BEAM REQUIREMENTS

The experiment requires a 2.4 GeV beam with 75% polarization at 15 µA beam current
with standard energy and positional stability requirements, posing no exceptional problems
for the accelerator or the polarized source. The exact beam energy is not crucial to the
experiment, so small deviations from the nominal value can be accommodated by fine-tuning
the kinematics.

3.2.8 ANCILLARY TESTS

The experiment is presently scheduled to run last in the series of BigBite/polarized 3He
experiments. All ancillary tests of the beam capability, monitoring equipment, etc. are
expected to be accomplished prior to the start of the experiment. In particular, a detailed
trouble-shooting of the BigBite detectors and the electronics will be performed, starting
immediately after the “leapfrog” transition and continuing during the two weeks’ running of
the E05-015 experiment which does not utilize BigBite.

3.2.9 SCHEDULED BEAM TIME

The original beam time allocation for the experiment was 15 PAC days with 35% (75%)
target (beam) polarization. In recent polarized 3He, one was routinely able to achieve 40%
(80%) polarizations, improving the achievable figure-of-merit. However, due to instrumental
constraints in the Hall, we have been forced to move the BigBite from 1.1 m to 1.5 m drift
distance, jeopardizing the attainable statistics goal of the experiment. We have asked for
additional beam time to compensate for this loss. Incorporating the additional 5 days, the
scheduled beam time is adequate to carry out the entire experiment.

3.2.10 COMPLETING EH&S REVIEWS AND DOCUMENTA-
TION

The plans for completing the EH&S reviews and documentation are adequate. We will issue
the appropriate ESAD, RSAD, and COO documents in due time. The experiment does not
introduce unusual experimental safety hazards existing with the base equipment in Hall A,
nor will it exceed prescribed radiation budgets, thus the specific measures installed for hazard
mitigation in previous experiments need not be modified. Regarding the special equipment,
the hazards related to BigBite (high magnetic fields) and the polarized 3He target (glass
cells) will be evaluated and properly addressed in the reviews and documentation.
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3.2.11 CONSISTENCY OF SCHEDULED DATES

The tentatively scheduled date is consistent with the constraints of the collaboration. All
hardware and software issues are anticipated to be resolved, and documentation will be in
place ahead of the commencement of the experiment.



Part II

Major Equipment Upgrades
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Chapter 4

BigBite Hadron Detector Package

Figure 4.1: A layout of the BigBite hadron package for E04-007 and E05-102.

Low energy recoil particles, during E04-007 and E05-102, will be detected in the non-
focusing BigBite spectrometer with its hadron detector package. The BigBite magnet and

40
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its status is discussed elsewhere in this document. The hadron package, illustrated in Fig.
4.1, consists of multi-plane multi-wire drift chambers, and ∆E−E scintillator trigger planes.
Minus the drift chambers, this setup is very similar to the configuration used for the suc-
cessfully completed E01-015 measurement. The status of the detector stack, electronics, and
cabling for E04-007 and E05-102 is discussed.

4.1 Multi-Wire Drift Chambers

The Multi-Wire Drift Chambers (MWDC) for BigBite were constructed at the University
of Virginia. The hadron package consists of two large MWDC, each chamber with three
groups of planes with wires oriented at +60◦ (U), -60◦ (V ), and 90◦ (X) with respect to
the dispersive direction of the BigBite magnetic field. The active area of the first chamber
is 35 cm × 140 cm, while the active area of the second chamber is 50 cm × 200 cm. The
MWDC package was commissioned and used for the Hall A Gn

E experiment. During the
experiment the chambers performed very well with all 2600 wires operational through the
2.5 month long run. The achieved resolutions meet the resolution requirements of Gn

E and
other approved BigBite experiments.

Each U , V and X wire group is comprised of two wire planes with a relative shift of
the wires by 5 mm. This configuration of wires allows resolving right-left ambiguity of the
drift and unambiguous hit assignment in multiple-hit events. The back chamber will be
an upgraded version of the middle chamber used during Gn

E (containing only a three- wire
frame). The timeline and milestones for this upgraded chamber has been discussed previously
in the context of the BigBite electron package and will not be repeated here.

4.2 Frame modification

A modification to the frame used for the prior E01-015 experiment is needed to mount the
two wire chamber assemblies. The design of this upgraded frame is complete and is outlined
below (the numbers corresponding to those in Fig. 4.2):

1. The upper longitudinal beams connecting the front auxiliary plane and the back trigger
plane will be removed and replaced in step 6.

2. Similarly, the two bottom support beams must go. New supports are added in step 6
to replace them.

3. These outer slanted support beams will be lowered to avoid an interference with the
new MWDC supports.

4. Steel cross beams will be added at the top and the bottom to mount the front wire
chamber.

5. Remove the front auxiliary plane and reuse the beams removed in step 2 to construct
the base for the front wire chamber.
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Figure 4.2: Modifications to the E01-015 (SRC) BigBite hadron package frame needed to
accommodate the two MWDC assemblies.

6. Four new longitudinal eams are added to the existing support using universal connec-
tors and L brackets: two at the top and two at the bottom.

7. Add brackets on the top-left structure to support the shielding plates on teh beamline
side of the detector package.

Estimated cost ∼ $740.

4.3 ∆E − E Trigger Plane

The ∆E and E scintillator planes consist of 24 scintillator bars, with dimensions 500x86x3 mm3

(∆E) and 500x86x30 mm3 (E). Each segment will be read out through light guides by two
fast 2 inch photomultiplier tubes. As demonstrated during E01-015, time-of-flight (TOF)
allows for clean discrimination between protons and deuterons (Fig. 4.3). Further particle
identification can be accomplished using the relative energy deposition in the ∆E and E
layers. Within 1-2 months of the readiness review each PMT for the scintillator planes will
be tested with cosmics to determine their current functionality and reliability.
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Figure 4.3: Particle identification in the BigBite hadron detector package using time-of-flight.

4.4 4He Bags

4.5 Electronics/Trigger

The upgraded chamber will be instrumented with the new Amplifier/Discriminator Cards
based on CAEN chips that will improve the overall count rate capability of the MWDC. They
already are installed in the front chamber. The standard VME based data acquisition system
and VME electronic modules will be used. The BigBite trigger will be a coincidence between
a proton detected in the 30 mm scintillator array and the electron detected in the HRS. This
signal will then be used to readout the wire chambers. Each plane of scintillators has 26
PMTs, 13 on the left and 13 on the right side. In order to match the gains of the scintillators
and to make adjustments while running the experiment, the Camac discriminators will be
set up to adjust them remotely from the counting house.

4.6 GEANT Calculations

Vladimir Nelyubin is continually updating GEANT calculations. To perform these calcu-
lations standard momentum and angular acceptances and resolution for the HRS and 400
micron position resolution for the wire chambers were assumed. A 15 cm long liquid hydro-
gen target, 2 cm wide and 2 cm high, contained in the Hall A Racetrack aluminum cell with
a 200 micron 360 degree window was used. After exiting the target window, the protons
traverse about 15 cm of vacuum, then pass through another 200-micron aluminum window, 2
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meters of helium at atmospheric pressure, the two wire chambers separated by more helium,
and finally the two scintillator arrays. Results show that the predicted uncertainty on Q2

is σ = ±0.002 [GeV/c]2, W is σ = ±1.1 MeV, missing mass is σ = ±2.3 MeV, z position
along target is σ = ±2.2 cm, proton momentum is σ = ±2% at 300 MeV/c, and θcm and
φ is σ ∼ ±15◦ and ±30◦, respectively. Using time of flight information on the low energy
protons may give us a smaller uncertainty on the proton momentum than the MWDC. We
are studying this to see if it will reduce the above errors on θcm and φ.

4.7 BigBite Target Acceptance

The acceptance of BigBite at about 1 meter from a point target is 96 msr. Even with a
target 20 cm long the effective acceptance is about 85 msr. The BigBite magnetic field will
be lowered from its nominal value of 1 T to centralize protons of momenta 200 MeV/c to 580
MeV/c along the wire chambers. BigBite will be placed at about 1 meter from the target
at angles of 42, 48, and 54 degrees. Surveyed positions on the floor will be marked at angles
of 35 to 60 degrees in 1-degree steps. Plum Bobs will be placed in the front and back of
BigBite and used to align BigBite with the angles indicated on the floor.

4.8 “Helium Bag” System

It is necessary to construct two new items here. A new chamber clamshell flange needs to be
machined. Blank clamshell flanges are available in the warehouse. The machining includes a
rectangular hole that permits a collimator in the shape of a “coffee filter” to funnel down (See
Fig. 4.1) to a small dimension near the target but has a sufficiently wide opening to allow
BigBite acceptance to cover 38 to 58 degrees. The flange will contain a 200-micron window
approximately 10 cm high and 20 cm long about 15 cm from the center of the target. The
window will be oriented so that protons entering BigBite will pass through a minimum of
window material. The second item is the construction of polyurethane helium containment
chamber for BigBite. This is shown below in Fig. 4.4. In addition, a thin 10 micron mylar
foil will be glued to small aluminum frame attached to the polyurethane balloon to contain
the helium.

Instead of propagating the low energy protons through vacuum and then through a thin
window just before the wire chambers, we plan to use helium gas at atmospheric pressure.
This avoids having an expensive and cumbersome vacuum system in the BigBite magnet and
also avoids having a large (50 cm by 150 cm) thin window just before the wire chambers.
Because of safety factors such a window would be so thick that it would degrade the energy
of the protons making our angle measurements almost useless on the low Q threshold mea-
surements. A substitute technique would be to use a polyurethane balloon manufactured
to almost the right configuration and then fill it with helium. A side view and top view of
our conduit is shown below. The energy loss of the protons through the helium gas is small
compared to the target. The balloon uninflated would easily fit inside the magnet gap. Fig.
4.4 shows the shape and size of the balloon.
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Figure 4.4: The polyurethane containment conduit for the helium gas.

The balloon would fit over a cylindrical collimator attached to a tapered flange that
would draw down to a small dimension just before the target. See Fig. 4.1. The other side
of the balloon would be attached to an aluminum frame terminated with 10 micron-mylar.
In effect you have a helium conduit with polyurethane sides allowing the protons to travel
from the target through the spectrometer to the wire chambers. The balloon also allows to
change the BigBite angle about 15 degrees accommodating the required acceptance for the
protons. A similar balloon will also be placed in between the front and back wire chambers
with mylar sides instead of polyurethane. Because of the simplicity of its shape, the entire
balloon can be made out of thin mylar. It is a simple procedure to get the helium into the
system. The metal collimator will be fitted with a valve and flow meter to flush the air out
and fill with helium. The gas would exit through a fixture mounted to another frame and
then piped to the outside of the Hall A building. A pipe for another experiment was installed
and is available to use. One final check out will be to consider the effects of radiation damage
to the polyurethane and hot glue.
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Polarized 3He Target

The polarized 3He target is an upgrade of the original Hall A polarized 3He target. It also
takes advantage of improvements made for the Gn

E experiment, including the hybrid optical
pumping.

The upgrade includes:

1. Adding a pair of Helmholtz coils to provide vertical magnetic field;

2. Adding a pair of longitudinal RF coils for adiabatic fast passage (AFP) in vertical
direction;

3. A new oven system (similar to the Gn
e oven) to allow higher temperature, a larger

pumping chamber size up to 3.5 inches and three directions of optical pumping;

4. A new support structure and an enclosure;

5. A new laser optical system to allow polarization in all three directions;

6. A system enable fast spin-flip and laser polarization rotation (about every 20 minutes);

7. An improved polarimetry system with FM-sweep NMR at both target and pumping
chambers.

8. A new compass for vertical field measurement;

9. An extended magnetic shielding to minimize BigBite fringe field at the target location.

The lay out of the target is shown in Fig. 1. Main features and major subsystems will
be discussed below.

5.1 Design

To accommodate all four experiments, transversity, dn
2 , Ay and (e, ed), we need to have

optical pumping in all three directions and leave clearance for scattered particles to reach
the HRS and the BigBite spectrometers.

46
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Figure 5.1: Overview of the polarized target layout with the new vertical coils.
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The space constraints and all the upgrades needed for the new experiments make the
design a challenge. It was on the critical path when it was estimated (from the Gn

e design
experience) three months ago that it would need over 90 person-weeks designing manpower.
By minimizing unnecessary changes and taking full advantage of previous experience from
both the standard polarized 3He target and the Gn

e target, the design has progressed very well.
The configurations for all four experiments were laid out. The design has been completed
for the following items:

The vertical Helmholtz coil and support structure; the longitudinal RF coils; the new
oven system; a temporary support for the oven system in the target lab, target collimator; a
replacement support structure for the two pairs of horizontal Helmholtz coils; an extended
magnetic shielding on BigBite.

The conceptual design on the laser optics is complete. The conceptual design of the ver-
tical compass has been completed by the Kentucky group. The remain design tasks are The
main support structure (including the supports for the driver, collimator, RF coils, reference
cell and the enclosure with windows); target ladder and pick-up coils; laser optics lines (in-
cluding EPR, spectra-analyzer); laser optics line support; personnel access support ; safety
interlock; Compass mounts. The estimated manpower needed to complete the remaining
design tasks is less than 20 person-weeks.

5.2 New Helmholtz coils and RF coils for vertical po-

larization

The order for the vertical coils was placed jointly from UIUC and from JLab to Walker
Scientific about two months ago. It is scheduled to arrive in April. The support with
alignment feature is being manufactured and will arrive in late March. The plan is to have
it assembled, aligned and tested in the new target lab before it is integrated into the target
system. The vertical coils will also be operated to provide 25-32 gauss field. The existing
power supply used for the Gn

e magnet will provide enough current/voltage for the new coils.
The new RF coils have been ordered from the same company. The support for the RF

coils is yet to be detailed, but the clearance has been checked for all four experiments.

5.3 Fast spin-flip and BigBite fringe field

The fast spin-flip is necessary for single target spin asymmetry experiments (such as the
transversity and the Ay experiments). To accomplish this, an RF-sweep with AFP technique
is used to flip the target spin every 20 minutes. The pumping laser polarization is also flipped
with a rotation of a wave-plate by 90 degrees. All instruments needed are in hand. The
technique has been developed and tested in the target lab. Due to AFP loss of polarization,
the maximum polarization reached with fast spin-slip will be lower than the regular target
without fast spin flip by about an amount of 5 − 10% (relative). In-beam polarized of 50%
was reached in Gn

e . Even with the reduction from spin-flip, the target polarization should
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still be comfortably above 40%, the value used in the proposal. The reduction depends on the
AFP loss, the spin-up time and the time interval for spin-flip. The hybrid optical pumping
technique increases the spin-up time by about a factor of 2. The AFP loss depends on the
field gradients. With this target in the target lab, the average field gradient is less than 10
mg/cm, resulting in AFP loss of 0.3−0.5%. In the hall, the fringe field from the BigBite may
increase the gradient at the target region. Effort is underway to minimize the fringe field. A
wide shielding has been designed, which is expected to reduce the BigBite field by a factor of
2. From Tosca calculations and fringe field mapping (with the narrower shielding), the field
gradient due to the fringe field are at the level which will affect the maximum polarization,
but not significantly. A mapping is planned after the new shielding is manufactured and
installed. If it turns out to be necessary, further improvement can be implemented with an
addition of correction coils as an active shielding.

5.4 Target oven and cells

A new target oven (see Fig. 2) has been designed and manufactured. It is being assembled
in the target lab for testing. It can accommodate pumping chamber size up to 3.5 inches
and temperature up to 300◦C. It has optical windows to allow three directions of optical
pumping with EPR and spectro-analyzer viewing. Mirrors are mounted on the oven to allow
two directions of pumping at any given moments.

The target cells will be similar to the Gn
e cells. The pull-offs will be on the side (see Fig.

3) to not block the laser path. Two different designs were made to accommodate different
experimental configurations: one allows for vertical and transverse pumping directions and
the other for longitudinal and transverse directions. The pumping chamber size is chosen to
be 3-inch sphere. New contracts are in place with Princeton University and the glassblower
at Princeton for manufacturing the cells. The William and Mary group (Todd Averett) and
UVa group (Gordon Cates) will fill the cells and perform tests on the cells at their target
labs. The full characterization and tests will be performed at JLab. The current plan is to
produce one cell every two weeks until we have total of 20 cells (10 for each configuration).
Cell production has started. Two cells have already been made and testing is underway.

5.5 Lasers and Optics

There are nine 30-watt lasers available at JLab, all have been used in the previous experi-
ments and tests. Two replacement laser diodes are in hands. These lasers should be sufficient
for testing and for initial running of the experiment. Two additional lasers will be procured
as soon as fund is available to ensure the lasers will last through the whole period of running.
User group will be able to provide their lasers as spares if needed. Since the Gn

e experiment,
we have gotten rid of the laser hut and used long (75m) optical fibers to transfer laser light
from the new laser room next to the counting house into the hall. There are total of eight
used long fibers of which three were broken. We have ordered 10 new long fibers for the
upcoming experiments. Ten lines will be needed for pumping in two directions. The used
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Figure 5.2: Target oven system with target ladder.
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Figure 5.3: New cell geometry with a side pull-off.



CHAPTER 5. POLARIZED 3HE TARGET 52

Figure 5.4: Laser optics setup.

ones will be our spares. We also use 5-to-1 fiber combiners to simple optics. Two used ones
from Gn

e experiment are still in good shape. Three new ones were purchased and are being
tested.

Multi-optical lines are needed for three directions of polarization. For any one of the
experiments, two directions of polarization will be available. A conceptual design of the
optical setup has been completed (see Fig.4). Details are expected to be designed so. The
support structure for the optical setup will be similar to the one used in Gn

e and will need
to be designed.

5.6 Target ladder, driver, reference cell, support, en-

closure and access

The target ladder will be similar to the original target ladder with modification to fit the
new constraints. The optics target holder will be improved for rigidity in the electron beam
environment. The driver will be the same as was used in the Gn

e experiment.
The reference cell system will be the same as in the Gn

e experiment. Three gases will
be used: nitrogen, 3He and hydrogen. The same gas handling system will be used. The
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reference cell support will be designed to have easy access for connecting/ disconnecting. A
new enclosure will be designed to keep the laser environment inside and also to keep target
in helium environment. Helium will be used as cooling jets to cool the target windows as
were done before. The bottom will be a plate to be able to support the target collimator,
the pick-up coils and the compass. An access platform will be designed to allow two people
to be able to access and work on the target.

5.7 Target polarimetry

Both NMR and EPR will be used. During each spin-flip, an FM sweep NMR will be done
parasitically. Because of this, dedicated NMR and EPR will be performed with longer time
interval than they were used to be done before. The parasitic NMR requires NMR to be
performed in the pumping chamber. New oven design has taken this into account and two
pairs of pick-up coils are mounted on the oven window. FM sweep NMR has worked well for
3He cell. It will be calibrated with EPR. EPR has been tested to work reasonably well in the
target lab. Further improvement is planned to have better reliability and smaller systematic
uncertainty. It can also be calibrated with FM sweep NMR on water cell. The FM water
calibration has been demonstrated to work at Kentucky (Wolfgang Korsch), but still to be
worked out at JLab.

5.8 Manpower

Designing team: Al Gavalya, Susan Esp.
Installation: Ed Folts and his team.
Students/postdocs: Working in the target lab: first a postdoc (Lingyan Zhu, UIUC) and

a student (Huan Yao, Temple), then switched to two students (Chiranjib Dutta, Kentucky,
Joe Katich, William and Mary) and one postdoc (Xiaofeng Zhu, Duke), and recently the
postdoc departed and a new student (Xiaohui Zhan, MIT) joined the effort.

Students from previous polarized 3He experiments have been providing valuable help.
Physicists: Todd Averett, William and Mary (part time); J. P. Chen, JLab; Wolfgang

Korsch, Kentucky, short term visit ( 2 weeks/semester).
Off-site: cell manufacturing, Todd Averett/Sabine Fachs, William and Mary; Gordon

Cates/Al Tobias, UVa.
Responsibilities:

• Overall: J. P. Chen Design: Al Gavalya/J. P. Chen

• Cells: Todd Averett/Gordon Cates

• Vertical coils and holding field: Joe Katich/Todd Averett

• Oven system, ladder, support, cell characterization: Joe Katich

• reference cell system: Todd Averett
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• NMR polarimetry: Joe Katich/Todd Averett

• EPR polarimetry: Chiranjib Dutta/Wolfgang Korsch

• Laser/optics: Chiranjib Dutta/J. P. Chen

• Spin-flip: Chiranjib Dutta

• Software/Labview: Xiaohui Zhan

• Communication, LabView with EPICS: Xiaohui Zhan/Bryan Moffit

• Compass: Ameya Kolarkar/Wolfgang Korsch

• Fringe field: Paul Brindza/J. P. Chen

• Safety/documents: J. P. Chen

5.9 Installation, commissioning and switchover

Installation will need 4-6 weeks (see Ed Folt’s installation timeline). After the target is
moved into the hall, preliminary survey will be done first. Then it will be moved to the
pivot. Survey the main frame. Install all components. Install the optical line support
and platform. Install power and instrumentation cables. Check-out magnets. Measure
field directions with survey group help. Install target ladder and target cells (reference and
water). Survey target ladder. Install reference cell gas system and cooling jets. NMR water
calibration. Laser safety inspection. Switch to 3He cell. Laser optics alignment. Polarize
3He target. Check out spectro-analyzer. Perform EPR measurement. The target is then
ready for beam.

Elastic runs on polarized 3He will be taken to have a cross check of polarimetry. Since
we have only transverse polarization for transversity experiment, a transverse asymmetry
run with about 8-hour will be a first check. Later after switch to dn

2 experiment, will take
another 8-hour run in longitudinal configuration.

Switch-over between experiments (transversity to dn
2 or (e, e′d) to Ay) will take 2 days to

change the optics configuration and the target cell. Then we will need to pump up to high
polarization. Will need RADCON group support for the switch-over.

5.10 safety and documentation

Same as the previous experiments, there are a number of safety issues need to be considered,
including safeties related to laser, fire, high pressure cell, radiation, hot surface, electrical
and magnetic field.

All documents will be updated. Necessary trainings will be arranged. We will work with
the JLab safety officers to ensure the proper procedures are in place.



Chapter 6

RICH Detector

The Hall A RICH (F. Garibaldi et al., NIM A 502 (2003) 117) has proximity focusing optics
(as shown schematically in fig 6.1). The Cherenkov photons are ‘naturally’ focused on the
photo-detection plane due to the small ratio between the radiator thickness (15 mm) and
the drift region (>100 mm).

The RICH consists of a gas tight box ∼ 2.2 × .5 × .23 m3 composed of a sandwich of
6 aluminum frames, a honeycomb cap and 3 pad planes. The honeycomb cap supports the
fragile radiator vessel (1.8× .32× .025 m3) made of neoceram and 0.5 mm thick quartz plates
and is filled by recirculating liquid freon (C6F14) The last frame holds the 3×1 photocathode
pad planes (∼ .64× .40 m2 each) where the Cherenkov photons are photoconverted by a thin
layer (300 nm) of CsI evaporated on the pad planes.

The box is filled with a slight overpressure of dry CH4 gas to permit the proper functioning
of the Multi Wire - Multi Pad Proportional Chamber (MW-PPC). Three wire planes are
deployed inside the box: the closest to the radiator plane collects the ionized electrons
produced along the particle track in the CH4 atmosphere, while the other two planes are
part of the MultiWire Photon detection chamber. At 2 and 4 mm from the pad plane the
photoconverted electrons are accelerated toward the anode plane while the corresponding
positive avalanche is detected in the pad plane, providing 2D position information for the
Cherenkov photons.

Front-end electronics cards based on the Gassiplex chips are attached to the back side of
the photocathode pad planes. The collected electronic signals are multiplexed and digitized
by CAEN CRAMS VME modules.

This detector, already used in the 2004 and 2205 Hypernuclear experiments, has been
designed to identify protons, kaons and pions up to 2 GeV/c with π:K rejection factor better
than 1:1000. This figure becomes 1:140 at 2.4 GeV/c (the Transversity experiment central
momentum.
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Figure 6.1: Schematic view of the HallA RICH operation.



CHAPTER 6. RICH DETECTOR 57

6.1 RICH Upgrade Motivation

Measurement of the neutron single spin asymmetries for π and K (at 2.4 GeV/c) requires an
effective pion:kaon rejection ratio of roughly 1:1000 (or equivalently, at least 4.7σθ) for the
two hadrons (and proton) in the hadron arm. This can be achieved on-line (with a moderate
rejection factor up to 200) by the Cherenkov aerogel counters A1 and off-line (with higher
rejection factor) using the RICH detector. In order to safety guarantee sufficient π rejection
at the Transversity kinematics it was decided to extend the present RICH detector reach to
2.4 GeV/c. The combined A1 and upgraded RICH responses will provide a pion rejection
significantly larger than 1000:1 over the whole momentum range.

6.2 Investigated Upgrade Options

Basically three upgrade options have been investigated in detail: two of them are con-
ceptually identical but require quite different efforts and provide correspondingly different
performance.

• replace the liquid radiator Freon C6F14 with the Freon C5F12 which has a lower
refractive index. The lower index of refraction results in a smaller Cherenkov angle (and
consequently a better photon detector detection), a larger kaon-pion angle separation
and therefore an overall better kaon-pion discrimination at the level of 5.1σθ. However,
liquid C5F12 has never been used in a RICH detector (or similar detectors) and the
pure C5F12 (which would guarantee the best transparency in the useful wavelength
range 160−220 nm) is both extremely expensive and has boiling point is of 29◦ Celsius.
The latter fact requires a careful design (and test) of the freon circulation system (also
taking into account the fragile radiator vessel), while the former makes the even the
test alone quite expensive. After a detailed analysis and preliminary testing performed
at CERN, this hypothesis was abandoned.

• Increase the photon detection plane either by 1.3 times or 2.0 times the original surface.
These two factors correspond to two layouts of the existing photocathode planes which
avoid the need to rebuilt them:

– ×1.3: four photocathode planes (rotated 90 degrees with respect to the Hyper-
nuclear configuration) on a 1×4 array; the photodetection plane for this configu-
ration is 15% shorter on the HRS L dispersion direction and ∼ 50% larger along
the transverse direction. The expected pion-kaon separation is at the level of 5σθ,
practically equivalent to the previous C5F12 option.

– ×2.0: 6 photocathode planes on a 2 × 3 array. With this configuration the over-
all photodetector planes is doubled relative to the present RICH (same size in
the dispersive direction, double in the transverse). In this case, the pion-kaon
separation would be at the level of 5.7σθ, largely above the requirements of the
Transversity experiment.
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Both solutions are mechanical extensions and require the replacement of 4 aluminum
frames, the use of additional electronics front-end cards (already available at JLab), and
the use of a different readout electronics (already available at JLab, but never used).
Moreover, the ×2.0 solution would also require modification to the glove box used
for the detector assembly, a larger workspace, and a significantly longer evaporation
procedure.

The ×2.0 option would provide the best performance, however the estimated human
resources, necessary time, and the collateral work required make it incompatible with the
experiment timetable. This leaves the ×1.3 solution as the best choice. It guarantees the
performance required for the Transversity experiment and requires human resources and
timelines safely compatible with the experiment timetable. This approach will be described
in detail below.

6.3 RICH Upgrade Plan

Figure 6.2 presents the FEM of the proposed RICH×1.3 upgrade. The upgrade will extended
the photon detection area by a factor of 1.3 over the existing configuration. The higher
number of collected photons will reduce the statistical uncertainties in the determination of
the Cherenkov angle and will therefore improve the particle identification.

The upgrade design has taken into account:

• fulfill the experiment requirement without degrading current performance

• minimize modifications and costs

• preserve the existing RICH configuration1

The upgrade consist of:

• replacing the last 4 frames (slightly more than 1/2 of the RICH box) with new, larger
(on the transverse direction) ones used to house 4 rotated photocathode pad planes,

• reuse 3 of the existing pad planes and one spare,

• use new electronics (already available at JLab) together with the existing ones,

• implement additional software for the integration of the new electronics into the DAQ.

The following important parts will not be affected by the upgrade:

• The honeycomb cap and the first 2 frames.

• The liquid freon radiator circulation system.

1The existing RICH can be used as a backup solution together with the A1 Cherenkov counter.
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Figure 6.2: FEM of the ×1.3 upgrade; the HRS dispersion direction is along the longer side.
The honeycomb cap and the radiator (not shown) is on the bottom side of the detector.
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• The evaporation facility.

• The glove box integration facility.

• All slow control and analysis software.

The new electronics consist of a new release of the front-end Gassiplex chips and a new
readout logic based on the DILOG chips mounted on FPGA controlled boards connected
to the acquisition node via a fast optical link driven by PCI-X cards. All components
are available at JLab, and have seen preliminary testing. Only one of the boards needs a
hardware upgrade.

It is worth mentioning that this upgrade should be considered as a different RICH con-
figuration since the relevant physics aspects of the RICH (the Cherenkov generation, their
focusing and their detection) are unchanged. In fact, the existing RICH can be restored
after the upgrade in a couple of days.

6.3.1 Mechanical Analysis

A FEM analysis has been performed on 1/4 of the detector, exploiting both x and y symme-
tries; the model has been validated with data from the existing RICH. Figure 6.3 shows that
deformations are absent in most of the detector and negligible in the middle of the photo
detector plane. The maximum distortion of less than 0.03 mm is well below the MW-PPC
tolerance of 0.1 mm.

6.3.2 Monte Carlo Performance

The performance has been investigated with a GEANT3 based Monte Carlo simulation.
Error in the Monte Carlo estimation is expected to be within ±30% due to the fact that
the model has been tuned to the Hypernuclear real data. Figure 6.4 shows the expected
separation of the upgrade along the momentum range (RICH at 1.9 m from the HRS Focal
Plane, in between the two aerogel counters).

The pion-kaon separation is expected to be largely satisfactory over more than 80% of
the momentum range. In the lower 15% of that range the RICH pion:kaon rejection will be,
on average, at the level of 1:100. Taking into account the aerogel counters2, the expected
final rejection should easily reach the desired 1:1000 value. All values have been estimated
with 95% of detection efficiency.

6.3.3 Manpower

Most of the manpower for the upgrade will be provided by INFN-ISS which is responsible
for the RICH upgrade and its installation (E. Cisbani and F. Garibaldi). JLab support is

2In the first aerogel A1 the pions are above threshold while the kaon threshold is at 2.8 GeV/c, quite close
to the Transversity momentum range (2.28 − 2.52 GeV/c) and therefore the rejection capability is critical
at the highest Transversity momenta.
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Figure 6.3: FEM analysis: expected distortions in the ×1.3 upgrade.



CHAPTER 6. RICH DETECTOR 62

RICH x1.3 Performance vs Momentum
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Figure 6.4: Monte Carlo simulation and expected pion kaon separation versus the Transver-
sity hadron momenta.
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required for logistics in the USA, technical maintenance, installation in Hall A (Jack Segal),
minor mechanical work (one Mechanic of the JLab Mechanical Shop team), and the new
electronics testing and integration into the DAQ (A. Camsonne).

The required manpower (see also the next section for details) is summarized in the next
table.

Physicist Technicians
Man × Month

Upgrade
INFN 4 8
JLab 1. .5

Installation
INFN 1. 1.5
JLab .4 .3

6.3.4 Upgrade and Installation Plans

In figure 6.5, is shown the detailed plan of the upgrade. The relevant milestones are repre-
sented in figure and correspond to:

• Upgrade Decision (02 Mar 2007, done): end of the upgrade analysis and start of the
upgrade mechanical detailed design.

• RICH frames Ready (25 Sep 2007): availability of the upgraded frames (and acces-
sories).

• RICH Assembled in Rome (16 Nov 2007): RICH frames and wire planes assembled
and ready to be shipped to JLab.

• RICH Ready for installation (10 Dec 2007): all parts of the RICH (included the new
electronics) have been tested and ready to be integrated for the final installation.

The RICH installation procedure will start as late as possible while remaining compatible
with the Transversity schedule. This decision is based on the following facts:

• the RICH installation does not interfere with the other equipment,

• the upgraded RICH is very much like the existing one and therefore does not require
new specific and extensive test and commissioning,

• the CsI photoconvertor layer is subjected to aging (degradation) if a dry and inert gas
is not properly and continuously flushed.

Based on that, the RICH installation procedure will start a couple of weeks before the
beginning of the Transversity installation3. As shown in figure 6.6 the first task will be the

3According to the current information, Transversity installation will take 6 weeks, starting at the begin-
ning of March.
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Figure 6.5: RICH upgrade plan.

evaporation of the CsI photoconvertor on the pad planes. That will be performed at Stony
Brook University (Long Island) where the Evaporator Chamber is presently located.

The RICH is expected to be installed in Hall A at the end of March, ready for the final
integration tests (mainly DAQ and readout) which will take 2 weeks maximum.

6.3.5 Funding

The major cost of the upgrade is the frame fabrication which will be supported by the INFN-
ISS. Large fractions of the other costs are related to the ‘standard’ RICH maintenance and
will be shared by INFN-ISS and JLab as done in the past. The company that will do the
mechanical work is the same one that built parts of the existing RICH and a formal quote
has been already provided.

Cost details and funding allocation are reported in Fig. 6.7.
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Figure 6.6: RICH installation plan.

Figure 6.7: RICH funding scheme.



Chapter 7

BigBite Gas Cherenkov

This document describes the Cherenkov detector that is to be constructed for the Hall A
neutron d2 experiment (E06-014). The inclusive nature of that experiment makes the addi-
tion of the Cerenkov counter for pion and proton rejection critical for the low energy bins.
Monte Carlo and analysis of Gn

E suggest particle rates of (assuming a 500MeV
ee

threshold
on the the BigBite shower detector):

• e−: 2—5kHz (signal)

• e+: <1 kHz

• p: 50 kHz

• π−: 90 kHz

• π+: 90 kHz

• n: 50 kHz
The single-arm nature of E06-014 makes it necessary to remove the pion and proton back-
grounds from the online trigger. This will be accomplished using the heavy gas Cherenkov
detector described in this document.

The design goal for E06-014 is a conservative pion rejection factor of 500:1. When coupled
with a 20:1 rejection ratio from the shower/preshower, a total rejection factor of 104 should
be achievable.

It is understood that the Cherenkov detector will become part of the “standard” electron
detector package for BigBite to the benefit of all subsequent experiments involving that
spectrometer.

7.1 Mechanical Design

The Cherenkov detector will be installed into the gap between the front and back wire
chambers in the BigBite electron detector stack. The current design has been developed to
fit in this location with minimal changes to the existing frame. This fixes the maximum
depth of the tank to 60 cm. The front profile has the dimensions of the sensitive region
of the rear wire chamber in order to match the solid angle of the existing detector stack.
Figure 7.1 shows a diagram with outer dimensions for the Cherenkov detector overlaid on an
engineering drawing of the BigBite detector stack. Figure 7.2 shows an exploded CAD model
of the Cherenkov design. Joints will be welded where possible to improve leak tightness. Each
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PMT will be inserted in its own cylinder until it butts up against the Winston cone (green).
The base of the PMT will have a support ring (not shown) to increase its outer diameter
to match the ID of the cylinder and to secure the PMT in place. Access to the PMTs (i.e.
for replacement) may be accomplished though a circular flange at the rear of the cylinder.
That flange will also provide feedthroughs for signal and HV. In this design the PMT would
share the gas environment of the tank, protecting it from damage due to Helium exposure.

7.1.1 Optics

Cherenkov radiation emitted by relativistic particles will be collected in 20 spherical focusing
mirrors tiled in a 10x2 arrangement at the back of the tank. Each of those primary mirrors
focuses light into a 5” PMT by way of a flat secondary mirror located towards the front
of the tank. This design allows the PMTs to be positioned away from the BigBite fringe
field and provides a compact configuration that can be installed into the existing BigBite
detector frame with minimal modifications. One of the challenges in designing the optics
for this device was accommodating a side-effect of BigBite’s exceptionally large momentum
bite. The larger bend angle of low momentum particles results in their associated Cherenkov
radiation being focused higher on the PMT surface than that of high-momentum particles.

When the ray-trace simulation was run using Monte Carlo’d trajectories for 0.6, 1.0,
and 1.4GeV/c electrons1 produced in the target cell, tracked through the BigBite magnet
(1.2Tesla field), and into the detector stack we found the resulting Cherenkov light formed
a vertical band roughly 7–8” tall in the plane of each PMT surface (Fig. 7.3). Simply
increasing diameter of the PMT becomes untenable as background rates and PMT cost
rise rapidly as the photocathode diameter increases. The simplest solution was to install a
conical collar extending 3” out from the 5” PMT surface with a final diameter of 8”. This
simplified Winston cone improves the geometric ray collection efficiency of the associated
PMT to > 95% and allows the Cherenkov sensitivity to remain relatively flat for particles
with momentum >0.6GeV/c. Note that length of the focal “band” at the PMT is largely
driven by the low-energy (short-orbit) end of the momentum acceptance. For example, the
separation between the mean focal point for the 1.0 and 1.4GeVȩlectrons is roughly 1/4–1/5
that of the separation between the 0.6 and 1.0GeV focal points for a BigBite field of 1.2T.

1Those electron energies bound the kinematic region of interest to E06-014.
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NOTE: The drawings are not necessarily
               to scale.
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Figure 7.1: Conceptual diagram of the BigBite detector stack with an overlay of the
Cherenkov detector’s outer dimensions. The sketch on the upper right illustrates how the
PMTs will be mounted to the tank. The rendering on the lower right is from a recent CAD
model.
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Figure 7.2: Exploded diagram of the Cherenkov detector showing mirrors , PMTs, and
simple Winston cones. The primary spherical mirrors are 31 cm wide by 21 cm tall with a
radius of 116 cm (focal length: 58 cm). The flat secondary mirrors are 24 cm wide by 20 cm
tall.



CHAPTER 7. BIGBITE GAS CHERENKOV 70

Figure 7.3: Front-view of the Cherenkov clipped to show two PMTs and their associated
mirrors. Ray trace results showing the intersection points of the Cherenkov rays with the
mirrors and PMTs are presented. The red circles on the right and left sides of the figure
represent the PMTs. The imaged photons in the plane of the PMT face with (right side)
and without (left side) the simplified Winston cones are shown in blue. The green dots on
the right side indicate rays reflected off the Winston cone back onto the PMT. (Note: The
curved ‘banding’ visible in the photon distribution on the main mirrors is purely an artifact
of the rendering engine and is not present in the actual photon distribution.

7.2 Ray trace simulations

Figure 7.4 shows a ray-trace with the current configuration. Colors map to ray/object
classifications as follows:

• yellow → initial photon emitted by an relativistic electron,

• blue → reflected photon,

• the red cylinders with the flared ends represent PMTs with the attached Winston cone.

The blue dots on the back view indicate points where rays reflect off a mirror. The yellow
dots indicate the projected impact points of photon rays on the back-plane (i.e. if the
mirrors were not present). Photons hits on the PMT photo-cathode are shown in the 10
small circles to the right and left of the back-view projection. Rays that hit the Winston
cone and get reflected onto the PMT are shown as green dots. Rays that only involve the
primary and secondary mirrors are colored blue. The green “spray” evident in the upper-
and lower portions of the Winston cone (back-view) respectively correlate to rays from the
lowest (0.6GeV/c) and highest (1.4GeV/c) momentum electrons involved in this simulation.

7.3 Anticipated Performance

Our preferred choice of Cherenkov radiator is C4F10 at 1 atm. This material is non-
flammable, non-toxic, odorless, and does not require special handling to remain a gas at
room temperature. It is currently in use in Cerenkov devices in both Hall B and Hall C at
Jefferson Lab. Its index of refraction is 1.0015 giving a pion threshold of 2.5GeV/c. Assum-
ing a 40 cm track length in the radiator, our calculations predicts a mean PMT response of
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Figure 7.4: Ray trace of the Cherenkov optics for incident electrons with energies 0.6, 1.0,
and 1.4GeV. Incident electrons (not shown) emit Cherenkov photons (yellow) which are
incident on the primary mirrors. The reflected rays are shown in blue. Photon hits on the
PMT photo-cathode are shown in the 20 small circles to the right and left of the back-view
projection. Rays that hit the Winston cone and get reflected onto the PMT are shown as
green dots.
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Figure 7.5: Differential photo-electron (p.e.) yield per wavelength (in nm) per unit distance
in radiator (in cm). The three colored curves represent the quantum efficiencies (q.e.) of
three characteristic 5” PMTs (( i.e.) p.e.’s per photon). The black curve is the raw Cherenkov
differential photon yield. Integrating the product of the Cherenkov yield and the q.e. gives
a first-order estimate of the PMT response to an electron track in the radiator.

25 measured photo-electrons (p.e.’s) per electron with a Photonis XP4508 5” PMT (quartz-
window). This estimate includes the PMT quantum efficiency, PMT window transparency,
and is multiplied by a factor of 0.7 to accommodate a cumulative 10% loss at each mirror
interface (Fig. 7.5).

When the same mathematical model was used to simulate the current Hall A short
Cherenkov (similar design, Burle 8854 UV-glass PMTs, C02 radiator) we found the calcula-
tion agreed with the measured number of p.e.’s to within 20%.

Table 7.1 lists the characteristics of several gases along with an estimated p.e. yields for
the commonly used 5” Burle 8854 PMT and for a Photonis XP4508 quartz-window PMT.
Due to the heavy UV weighting of the Cherenkov spectrum, a quartz-window PMT has a
significant advantage over a “UV glass” PMT like the Burle.

The high number of registered p.e.’s will allow an aggressive online threshold (3–4 p.e.’s)
to be applied which should remove virtually all of the 1–2 p.e. background noise while
triggering on > 98% of the electron tracks (with a healthy margin of error).
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Table 7.1: Options for the radiator gas at 1 atm. The number of detected photo-electrons
(p.e.’s) assumes a 40 cm track through the gas and includes the effects of PMT quantum
efficiency, absorption losses in the radiator, and has been scaled by a factor of 0.7 to accom-
modate losses at the mirrors and PMT surface.

Gas n e− thr. π thr. Detected p.e.’s
(MeV/c) (MeV/c) Burle 8854 Quartz PMT

N2 1.0003 21 5926 3.2 5.4
CO2 1.0004 17 4671 5.4 9
Freon12 1.0011 11 2984 11 161

C4F10 1.0015 9 2522 14 252

PMT Cost $4–6k3 $2.5k4

1Freon12 absorbs UV light with λ < 230nm reducing the advantage of the UV transparent quartz
PMT.
2A fill is estimated to be 1800 liters priced at US$195/kg (1 kg liquid = 100 liters gas at STP) (Synquest
Labs: Nov 20, 2006).
3Informal estimate from Photonis/Burle rep (Aug 2006). The 8854 model is undergoing a (re-)design
phase.
4Quote for Photonis XP4508B (Aug 2006). A performance-equivalent Electron Tubes model 9823B
was quoted at $5460. (Quartz window), and $3534. (UV glass model).

7.3.1 Magnetic Shielding for the PMTs

During Gn
E (E02-013) a bare (no scintillator) Photonis XP4318 3” PMT (quartz-window)

was made light-tight and mounted on the sided of the BigBite detector stack at a location
approximating the position of the PMTs in the current design (Fig. 7.6).

The BigBite fringe field at that location was measured to be ≈ 11Gauss along the PMT
axis. However, the remnant field inside the mu-metal shield (which happened to be for a
Burle 8854) was < 0.02Gauss. We also observed that the shielded PMT performance was
independent of its alignment to the fringe field, confirming that a conventional mu-metal
magnetic shield will be sufficient.

7.3.2 Background rates

Several measures of background rates in the 3” PMT were taken under production conditions
with the pol. 3He target during the latter portion of the Gn

E experiment. When the PMT was
mounted on the upstream side of the BigBite detector stack (with no shielding from back-
ground radiation), single p.e. rates were observed to be on the order of 14 kHz/µA. Shielding
the PMT from the room with 1” of aluminum reduced the rate to roughly 7 kHz/µA. In-
creasing the threshold to the 3 p.e. level dropped the rate to 1.8 kHz/µA.
These data were used to estimate the rates for the dn

2/Transversity experiments by

• scaling up by a geometric factor of (5/3)2 to account for the additional “active area”
of the 5” PMT,
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Figure 7.6: Photograph showing the location of the bare (no scintillator) PMT mounted on
the upstream side of the BigBite detector stack during Gn

E. Magnetic field measurements
were taken up against the shielding at the indicated points. The plastic (white) and Al
panels were leaned up against the BigBite frame to shield the wire chambers from low
energy background. The PMT being tested is tied to the make-shift shelf clamped to the Al
plate in the center of the frame.
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• scaling up by an additional factor of two to account for the different kinematic con-
ditions between the Gn

E test and the θ = 30◦ Transversity setup (which will have the
highest backgrounds).2

This suggests we should anticipate background rates of roughly 10 kHz/µA (40 kHz/µA) for
a threshold of ≥ 3 p.e. (≥ 1 p.e.). For a 10µA beam this means a Cherenkov trigger rate of
≈ 100 kHz per PMT.

For a simple single-arm trigger consisting of the Cherenkov ANDed with a 10 kHz shower/preshower
trigger (this rate was < 3 kHz for Gn

E) , this would imply a random background trigger rate
contribution of roughly 1000Hz for a 100 ns coincidence window. This is a manageable
worst-case scenario. We anticipate using a more sophisticated trigger that takes advantage
of the geometric segmentation of the Cherenkov and the shower detectors. Such a segmented
trigger would reduce the randoms rate by a factor of 5–10. These rates have been computed
using conservative values and should be an upper bound. In any case, if the backgrounds are
worse than are estimated here, then the rates in the MWDCs should be the limiting factor.

7.4 Gas Handling

Care will be taken in the design and construction of the Cherenkov frame to make sure that
it is hermetically sealed. Prior to an experiment the tank will be purged with nitrogen to
remove water vapor and oxygen. Then a C4F10 bottle will be connected and the tank will
be slowly filled with the upper vent open until C4F10 can be visually observed spilling from
the vent on the top of the tank. A single fill will require roughly 1800 liters of gas.

FermiLab experiment E907 used a C4F10 gas Cherenkov with a similar design (3400 liter
volume, PMTs located inside the gas tank). They used a pressure compensating gas sys-
tem (Fig. 7.7) that maintained a slight overpressure in their tank. Excessive overpressure
in the tank was relieved by venting into the atmosphere. Underpressures were dynamically
corrected using an automated control valve coupled with a differential pressure meter moni-
toring the gauge pressure at the top of the tank. A separate differential pressure transducer
was used to measure the weight of the C4F10 column between the top and bottom of the
tank. Their average gas consumption rate was roughly 28 liters/day (1 ft3/day). This rate is
consistent with calculations using average daily atmospheric pressure variation and the ideal
gas law.

Managing the gas pressure in the BigBite tank will be accomplished using a similar design.
If we assume an average 1 kPa daily fluctuation in atmospheric pressure then the associated
gas consumption for an 1800 liter volume may be estimated to be roughly 18 liters/day. At
US$1.95/liter that corresponds to $35/day.

A common storm can result in a pressure change at a rate of 2.5 kPa/hour while a
100 year storm can result in a drop of 8 kPa/hour. The associated flow rates of 900 to
2400 cm3/minute need to be taken into account (assuming an STP volume of 1800 liters).
Table 7.2 lists atmospheric pressure variations for the Newport News area.

2The factor of two is based on GEANT simulations of low-energy charged particle flux through the
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Figure 7.7: Gas system used for the FNAL E907 C4F10 Cherenkov. An equivalent system is
proposed for the BigBite Cherenkov.

Table 7.2: Atmospheric pressure variations for the Newport News area. The pressure load
(if left uncompensated) is in units of kg-force per meter2.

Period Pressure variation Pressure load
Average Daily 1 kPa (0.6 kPa typical) 102 kgf/m2

Yearly (2005–6, peak-peak monthly scale) 3 kPa 306 kgf/m2

Yearly (2005–6, maximum) 8 kPa 816 kgf/m2
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The gas system described in Figure 7.7 has been reviewed by Jack Segal (Hall A) and
George Jacobs (Hall B) and both agreed it looked reasonable. George Jacobs is the Hall
B expert in charge of the CLAS C4F10 Cherenkov system. Each agreed that the necessary
components could be purchased for $3–5k, but felt that we could probably save 20–30% by
reusing some equipment already on site. The gas system will be finalized (itemized parts
list, prices, etc.) by the May 7 purchasing milestone.

Hall B relies on low-cost molecular sieves (13X) to remove water and oxygen contaminants
from their C4F10 and has not had a problem with gas purity or transparency. We’ve been
warned that the ‘very cheap’ recycled C4F10 supplies are commonly contaminated with pump
oil. Synquest Labs (preferred vendor option) manufactures the gas in-house and measures
98.44% C4F10 with impurities of 0.69% perfluoropropane, 0.02% Tetrafluoromethane, 0.03%
perfluorocyclobutane, and 0.06% air. Following Hall B’s example, we will run our gas through
an equivalent sieve system to be safe.

7.4.1 Gas Recovery Issues

It would be possible to recover much of the C4F10 vented during daily operation or in the
event of a re-fill situation (i.e. opening the tank to work on a mirror or PMT). A basic
system would include a one-way valves from the exhaust port connected to a compres-
sor/refrigeration system to reduce the storage volume. Care would have to be taken to keep
the back-pressure seen by the tank the same as the local atmosphere to avoid imposing
over/underpressures on the Cherenkov tank.

The gas exhausted due to the system “breathing” under atmospheric pressure fluctu-
ations should remain relatively pure and could be fed back into the system with minimal
(no?) filtering. However, the total amount of gas involved in that mode of operation is
relatively small, estimated at 18 liters/day (or $35/day based on the Nov. 06 quotation). It
is the refill scenario (involving 1800 liters) that would benefit most from a recovery system.
Unfortunately, since it is not feasible to design the Cherenkov tank to support vacuum, the
gas recovered from a refill situation would be contaminated with the gas used to flush the
C4F10 (air or nitrogen).

The added complexity and associated costs make it unclear if this is will be a net gain
for the Hall A system. Our anticipated daily loss rate if we just vent to atmosphere is on the
same order as the leakage rate of the (much larger) Hall B system. The low boiling point of
C4F10 requires the use of specialty pumps with heated heads to prevent liquefaction on the
compression stroke. Pump cycling can generate pressure spikes that can also induce short
time scale liquefaction/boiling cycles that can confuse feedback loops.

The best option may be to develop a simpler manual system that could capture the gas
if we had to empty the tank (1800 liters). The recaptured gas could then be delivered to
Hall B for distillation and later reuse. This possibility will be investigated further.

MWDCs for the Transversity configuration then normalized to the Gn
E data.
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7.4.2 Monitoring

Leakage of the C4F10 during a run will readily show itself as a drop in the mean number of
p.e.’s per electron from the (estimated) 25 to down to something approaching the 3–5 p.e.’s
for nitrogen. Such a reduction in amplitude should appear in the upper PMTs first as the
dense C4F10

3 will naturally concentrate at the bottom of the tank. The combination should
provide a clear online signal of gas leakage before it becomes a problem. The weight of the
gas column measured by a differential pressure transducer can be used as a rough measure of
the gas content in the tank that does not require monitoring Cherenkov detection efficiencies.
Alternate/additional methods of monitoring the gas purity in the tank are being investigated.
In particular, a cheap ultrasonic sound velocity system could be used as a density monitor
at the top of the tank.

7.5 Installation and Alignment

7.5.1 Alignment and Testing in Test-Lab

Accessibility issues strongly favor installing the mirrors and completing the alignment while
the Cerenkov is on the floor. Mirror alignment will be accomplished by placing a small laser
source (i.e. laser pointer) at an effective target position, and adjusting the primary and
secondary mirrors to reflect the ray to the appropriate PMT. The alignment of each pair
of primary and secondary mirrors will involve several iterations of this procedure. At least
two effective target positions will be used, one associated with each end of the momentum
range of interest (0.6—1.4,GeV/c) due to the different mean bend angles induced by the
BigBite magnet. The existing GEANT Monte Carlo will be used to locate the effective
target positions relative to the BigBite detector stack.

It would be wise to do a “shake-test” of the Cherenkov tank with (a subset of) the mirrors
installed. The mirrors would be aligned, the tank would then be subjected to the level of
vibration/shake that the final detector will experience during transport from Test Lab to
the Hall and the craning of the detector stack into place on the magnet frame. The mirrors
would then be checked for shifts in alignment. Care will be taken to minimize any risk to
the equipment during this test. We do not want to damage any mirrors!

7.5.2 Installation

Test Lab

After alignment and testing the Cherenkov tank will be installed into the BigBite detector
stack frame. At this point the BigBite detector stack frame will also be sitting on the floor
with good access from all sides. I anticipate installing the Cherenkov tank through the
front of the frame where it will be bolted to a horizontal support structure welded to the

3C4F10is roughly 8× denser than air.
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BigBite frame. If we believe that the Cherenkov mirror alignment is stable then the front
wire chamber assembly may be mounted at this point.

Once the Cherenkov is installed in the stack and sealed it will be made leak tight by
filling with CO2 and using a gas sniffer (i.e. Matheson Leak Hunter 8065 or equiv.) to
check fittings and joints. Leaks will be sealed with a removable sealing compound such as
Apiezon Q (or equivalent). This procedure was used with good success with the FNAL E907
Cherenkov detector.

In the Hall

The completed BigBite detector stack would be transported to the Hall and then be craned
into place on the BigBite magnet stand. The 10◦ change in the direction of the load when
the detector stack is mounted on the magnet frame has been communicated to the engineer
developing the Cherenkov drawings. When the detector stack is on the magnet frame we
will have reasonable access on the sides (there is room for a stepladder, for example), and
limited access from the front if the front MWDC package is removed. For example, it would
be possible for someone to squeeze an arm between the magnet and frame to access the
interior of the Cherenkvo from the front side to adjust mirror alignment.

As mentioned earlier, it would be reassuring to double-check the mirror alignment with
the detector package in its final location relative to the target. Time constraints may make
this re-check impossible, amplifying the importance of “getting it right” in Test Lab.
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7.6 Timeline and Milestones

Figure 7.8: Timeline for Cerenkov construction and commissioning.

The engineering work and shop drawings are being produced by Ed Kaczanowicz (Temple
University). Ed was the principle engineer and draftsman for the Hall C SANE Cherenkov.
We will recycle the design of some of the smaller, more complicated components (such as
the gimballed mirror mounts) in the BigBite design to reduce overhead where possible. The
initial design work is complete and shop drawings are now being developed (Feb/2007).

We envision three major milestones for this project:

• May 7, 2007 All long-lead items ordered.

• Aug. 15, 2007 Parts delivered on-site for assembly.

• Oct. 1, 2007 Cerenkov assembled, prelim. tests complete, full check-out with cosmics
begins.

Figure 7.8 presents a Gantt chart with additional detail. The eight week construction win-
dows for the mirrors and tank are based on existing quotes (mirrors) and experience with
the SANE Cherenkov (tank), using the longer ETA if a range was offered. The schedule also
incorporates several weeks of slack into the milestones to buffer delays.

Also note that the Fabrication and Assembly start times are keyed on the milestone dates
introducing additional slack. For example, orders for the mirrors should go out ASAP (end
of March/early April). The tank fabrication will also be parallelized where possible (i.e.
fabrication of mirror mounts can begin early, even if work on integrating the tank into the
BigBite CAD drawing is still underway).
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7.7 Cost Estimate

Table 7.3: Cost estimate for the BigBite gas Cherenkov.
Component Units Cost/unit Sub-total $ Source

Cherenkov frame/mounting hw/fittings $30.0k Temple+JLab
Primary Mirrors (spherical)1 20+2 $915 $20.1k Temple
Secondary Mirrors (flat)1 20+2 $166 $ 3.7k + Rutgers
Pseudo-Winston Cones2 20+2 $750 $16.5k + JLab
PMT, base, µ-metal shield (UV glass) 20+2 $3000 —3

Gas Handling System: $3–5k JLab

C4F10 gas: (cost/fill4) $3500 — Temple
Daily consumption $35/day — JLab
1Feb. 2007 quote from Cosmo Optics, Middletown, NY, 845-343-9831.
2Feb. 2007 quote from Model Optics, Woodstock, NY, 845-679-7386. A quote on this part from Cosmo
Optics is pending. See Section 7.7.2 for more detail.
312 XP4508 PMTs + base were purchased by Hall A for use with the BigBite Cherenkov. Arrangements
have been made to acquire 12–15 of the 5” quartz-face PMTs purchased for the G0 Cherenkov.
4A fill is estimated to be 1800 liters priced at US$195/kg (1 kg liquid = 100 liters gas at STP) (Synquest
Labs: Nov 20, 2006).

There are three primary expenses: the PMTs, mirrors, and the tank.

7.7.1 PMTs

Twelve 5” XP4508 PMTs (w/ base) have already been purchased explicitly for use in the
BigBite Cherenkov. We have an agreement with Hall C that 12–15 of the 5” quartz-window
XP4572 PMTs from the G0 Cherenkov will be available for our use. As a result the PMTs
(including bases and mu-metal shields) are covered.

7.7.2 Mirrors

The vendor with the best prices to-date has been Cosmo Optics. They have the additional
advantage of having been the mirror vendor for a large Cherenkov at FermiLab some years
ago. As of March 9, 2007 they have delivered quotes for the spherical and flat mirrors but
were still working on identifying a subcontractor for the conical mirror blanks. I’ve been
told to expect a quote on the remaining component by the end of March, 2007.

We have a second quote from Model Optics for all three mirror components. However,
their prices for the spherical and flat mirrors have been considerably higher4 than those of
Cosmo Optics. For the purposes of the Cost breakdown in Table 7.3 I am using the Model

41.5× higher for the spherical mirrors; 6× higher for the flat mirrors!
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Optics price for the conical mirrors. Based on history I anticipate saving several $k if Cosmo
can provide the conical part.

If we ordered today (Mar. 9, 2007; and using both vendors) the mirrors would total $41k.
By waiting 2 more weeks to allow the remaining vendors to finalize their quotes we should
be able to save an additional $10k.

7.7.3 Tank

The engineering work and dimensioned shop drawings are being produced by Ed Kaczanowicz
(Temple University). Ed has already completed the equivalent work for the SANE Cherenkov
for use in Hall C. Based on the experience with the recently completed SANE tank we have
budgeted $30k for the BigBite Cherenkov tank.

7.7.4 Remaining Items

There are two remaining “low cost” items. The gas handling system and an initial capitol
expense purchase of C4F10 (at least one “fill”). These items should run roughly $10k.

7.7.5 Funding Sources

The biggest single funding source is Jefferson Lab, Hall A. They have generously committed
$60k to the BigBite Cherenkov. Temple University and Rutgers University will cover the
balance (roughly $20k, using the current estimate). The University of Kentucky (W. Korsch)
has also expressed interest in contributing UK shop time to the project—this would save the
collaboration an additional several $k. Purchase orders will be going out ASAP (within a
few weeks for several items). Our milestone for having all long-lead items ordered is May 7,
2007.
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BigBite DAQ and Trigger Diagrams

8.1 Electron DAQ and Trigger Diagrams

This section contains a record of transversity and d2 trigger diagrams (i.e. the diagrams for
the BigBite electron detection package), these include:

1. A block diagram for the HRS-BigBite coincidence trigger.

2. A diagram of the BigBite Shower & PreShower trigger logic.

3. A diagram of the BigBite Cherenkov trigger logic.

4. A diagram of the BigBite timing.

5. A block diagram of the DAQ setup in the BigBite electronics platform.

These circuits will be used with the BigBite electron detector package. The BigBite
hadron detector package and neutron detector for the (e,e′d) experiment will use seperate
circuits.

83
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Figure 8.7: Proposed block diagram of the DAQ setup in the BigBite DAQ-platform. This
diagram will be combined with the Hadron DAQ setup by April 1st.

8.2 Hadron Detector DAQ and Trigger Diagrams

The threshold pi and (e,e′d) are following almost exactly the same DAQ setup as was estab-
lished by the BigBite Short-Range Correlations experiment. Shown are the flow diagrams of
the electronics. The rate in the left HRS is so low, that we will just read the BigBite and
Neutron detector for each (e,e′) events. The threshold pion experiment requires BigBite in
the trigger due to a much higher rate in the HRS. The layout of these electronics must be
combined with the layout shown in Fig. 8.7.
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Figure 8.8: The flow diagram for the Hadron detector electronics. This scheme is the same
as was used for the BigBite Short-Range Correlations experiment.
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Figure 8.9: The flow diagram for the neutron detector electronics. This scheme is the same
as was used for the BigBite Short-Range Correlations experiment.
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Figure 8.10: The trigger for the Hadron package. This trigger will be used in coincidence
with the left HRS during the threshold pion experiment and as a single arm sampling trigger
during the (e,e′d) experiment.
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Appendix A

Charge To Review Committee

To:Bernhard Mecking (chair), John Domingo, Howard Fenker, Bert Manzlak, Hari Areti,
Erik Abkemeier, Ed Folts, Bogdan Wojtsekhowski
Date: February 27, 2007
From: Kees de Jager

I hereby gratefully acknowledge your willingness to review the readiness of the family
of experiments (E04-007, E06-010/011, E06-014, E05-015 and E05-102), that is tentatively
scheduled to run in early 2008. All of these experiments use the BigBite spectrometer,
and most of them a polarized 3He target. The standard charge for readiness reviews is
listed below, but you are free to report issues/ concerns regarding this experiment that are
not included in this list. In addition I would appreciate if you could review the impact of
running the conditionally approved experiment E07-013 on experiment E06-010/011. The
documentation supporting these experiments will be distributed to you not later than on
March 12. The agenda for the review that is scheduled for Monday, March 19, will be sent
to you shortly.

• Will all the required special experimental equipment and/or configuration modifica-
tions be available by the scheduled date?

• Have all the jobs that need to be done to mount the experiment been identified and
defined adequately?

• Have progress milestones been identified that will permit thoughtful tracking of the
probability of the ultimate success of the mounting of the experiment?

• Are the responsibilities for carrying out each job identified, and are the manpower and
other resources necessary to complete them on time in place? (Both Jefferson Lab and
the collaboration must be included here!)

• Are the collaborations plans for building up an on site effort adequate to meet this
schedule?

• Will the accelerator be capable of delivering the required beam?
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• Will all necessary ancillary tests of beam capability, monitoring equipment, etc. have
been completed prior to the start of the experiment?

• Is the scheduled beam time adequate to carry out the entire measurement, including
all setup, commissioning, calibrations, etc.?

• Are the plans for completing the EH&S reviews and documentation required for run-
ning the experiment adequate and appropriate?

• Is the tentatively scheduled date consistent with the constraints of the collaboration?


