
Chapter 1

BigBite Hadron Detector Package

Figure 1.1: 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
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its status is discussed elsewhere in this document. The hadron package, illustrated in Fig.
1.1, 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.

1.1 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.

1.2 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. 1.2):

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 1.2: 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.

1.3 ∆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. 1.3). 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 1.3: Particle identification in the BigBite hadron detector package using time-of-flight.

1.4 4
He Bags

1.5 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.

1.6 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.

1.7 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.

1.8 “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. 1.1) 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. 1.4. 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.
1.4 shows the shape and size of the balloon.
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Figure 1.4: 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. 1.1. 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.


