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Abstract

Queak IS an experiment set to take place at Je erson Lab that will put he
Standard Model to the test by measuring the weak charge of the gton by precisely
measuring the parity-violating asymmetry of elastic protondectron scattering. Ver-
tical Drift Chambers, which will momentum analyze events thatake place, will be
key to the tracking system ofQ.eak. A Vertical drift chamber was constructed and
conditioned by applying high voltage to the chamber. After coditioning, the current
that the chamber would draw at 3.55kV began to spike to 10.3 and therefore we
were cautious to go above this voltage level when testing theamber. The e ciency
of the chamber was measured using cosmic rays and’sr source. Using cosmic
rays, the e ciency of the chamber was (95.3 1.3)% at 3.5kV, whereas when using
the °°Sr source, the e ciency of the chamber was (81.3 1.9)% at 3.5kV. However,
it was discovered that these e ciencies were contaminated byadezkground noise that
was being picked up by the electronic equipment used to meastine e ciency. After
eliminating this background noise, the e ciency of the chamler was again measured,
yet it was not at an operating e ciency, which is typically on the order of 99 - 100%.
It appeared that the chamber needed to be able to handle langeoltages, however,
this was not possible due to the amount of current that the chandr would draw at
these larger voltages. It was discovered that the bottom wiredme was the source
of the current at these large voltages, so we decided to disassenthke chamber and
replace this wire frame. The chamber was then reassembled asdcurrently being

conditioned.



Chapter 1

Introduction

The Standard Model of Particle Physics was developed in the 1@s as a means
to connect the electromagnetic, strong and weak interactisnyet, the theory is viewed
as incomplete because it does not correctly account for theagitational force. Al-
though the Standard Model has correctly predicted what hasden observed by ex-
periments, there is reason to believe that the Standard Modes not \the" model for
particle physics. One of the major inconsistencies with the Stdard Model is that
it contains many free parameters. Ideally, a unifying theoryries to minimize free
parameters, yet, the Standard Model contains as many as 17 drearameters. The
mysterious Higgs Boson, which is predicted by the Standard Moldéhas yet to be
discovered although many experiments have been designed tal it. (However, one
explanation why the Higgs may have not been discovered yet cdlde that the mass
of the Higgs is above the upper limit of mass for the designed expmeents, preventing
the Higgs from being detected.) Experiments have also veri etthat the neutrino has
mass, which is inconsistent with the predictions of the Standart¥odel, which was
originally constructed with massless neutrinos. These inconsist@es have raised the
guestion whether there is a physics beyond the Standard Modekeating a need to
test the Standard Model. TheQ.ax €Xperiment seeks to measure the weak charge of

the proton, which is rmly predicted by the Standard Model, and therefore will serve



as a test of the Standard Model.

The purpose of this research has been threefold. The rst part dlis project
has been to aid in the completion of a vertical drift chamberhat will be used in
the Queak €Xperiment. Drift chambers, which are precision gas- lled we& chambers,
will be used inQyeax for the detection of elastically scattered electrons. Much wkr
on building a drift chamber, including the process of how thehamber will be built,
had been accomplished before the start of this project, yet, hall components of the
chamber had been nished. Also, a gas handling system to monitore&hout ow and

leak rate of the gas used to pressurize the chamber was designed hnilt.

The two other components of the research project has consistefdtesting the
completed drift chamber and analyzing the data collected. Kh voltage, which is
necessary for the operation of a drift chamber, was carefullpplied to chamber using
a high voltage power supply. Once the chamber had been "condited," testing of
the e ciency of a single wire was started. For this, cosmic rays aha *°Sr radioactive

source was used.



Chapter 2

The Queak EXperiment

2.1 Overview of Queak

The Queak €Xperiment will attempt to make an extremely precise measureant
of the weak charge of the proton as a means of testing the StamdaModel. The weak
charge of the proton,Qf,, is a measure of the strength of the neutral weak coupling
of the proton, analogous to the electric charge for the eleoimagnetic interaction. In

the Standard Model, it is related to the weak mixing angle,, via
=1 4sirt w: (2.1)

The experiment will use Thomas Je erson National Laboratory's(JLab) leading
parity-violation facility to measure the parity-violating asymmetry in elastic proton-
electron scattering due to the weak interaction at a low momeémm transfer. It is

required that the experiment be highly precise, with a combed statistical and sys-

tematical error of 4%.

The Standard Model predicts the weak charge of the proton baten the \run-
ning" of the weak mixing angle sif . The weak mixing angle is a parameter in the
Standard Model that varies as a function of the momentum trasfer at which it is

probed. In the Standard Model, the weak mixing angle is de reeas the ratio of the



masses of theV and Z° bosons by

M2
cos w = - (2.2)
M2,

and connects the weak interaction to the electromagnetictieraction, i.e. the mixing
of these interactions. In any process that a photon can be exclyged, aZ° can
also be exchanged [1]. At energies and momentum transfers Erghan the mass
of the Z°, the Z° exchange contributions are comparable to that of photons, @n
therefore the process that takes place involves both the weakd electromagnetic
interactions. The mixing of these interactions is related tote parameter sif .
Figure 2.1 illustrates both the Standard Model's predictiorof sir? \ as a function of
the momentum transfer, Q, and previous measurements of the \nming" of sin? \y .
The rst of these points, labeled APV, corresponds to an atomic parity violation
experiment using'®’Cs [6, 9]. The secondQ,,(€), corresponds to a measurement from
the parity violating M ller experiment [6, 10]. The third, DIS, is a measurement
taken from the neutrino/antineutrino scattering from iron [6, 11]. Queax di €ers from
these other measurements in that it will measure the \running" bsin? \y to a much
higher precision, which is indicated by the error bars in Fige 2.1. It is key to point
out when looking at Figure 2.1 that the measurements of the fute experiments are
arbitrarily placed on the plot since it can not be sure what theseneasurements will

be.

22 PhyS|CS Of Qweak

The asymmetry in parity-violating elastic proton-electron sattering that Queax
will measure is a result of the weak interaction that takes placbetween the proton
and electron. The weak interaction, which is experienced byuarks and leptons, is

carried by three bosonsW*, W , and the Z°, which all three act di erently with
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Figure 2.1: This gure illustrates the \running" of sin 2 \y as a function of the momentum
transfer Q(GeV/c). SM (blue) represents the Standard Models prediction. Black points

(current) are previous measurements that have been made toate [9, 10, 11]. Red points
(future) are future measurements that have been planned. Tlese future points are arbitrar-

ily placed on plot since it can not be sure where these points iV fall. However, the error

bars indicate the anticipated precision level of the expetinent.
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Figure 2.2: This gure illustrates a parity operation acting upon a Cart esian Coordinate
System. The parity operation inverts the spatial coordinates of the Cartesian Coordinate
System. Notice that the system is transformed from a right handed system to a left handed
system.

fermions [1]. Speci cally, theW* has a charge of +1 and only acts on a fermion that
has spin parallel to its velocity (right-handed fermions). Tlke W has a charge of
-1 and only acts on a fermion that has spin anti-parallel to itselocity (left-handed
fermions). TheZ? is neutral and acts on both right handed and left handed ferrans,
however it acts on the two types with a di erent magnitude, ceating an asymmetry

between the probability for scattering of right-handed anddft-handed fermions.

2.2.1 Parity

A parity operation is a spatial inversion which inverts the coalinates of a vector
+1t0 +, and therefore a parity operation acting on a right-handedanrdinate system
transforms the system into a left-handed coordinate system, as stoin Figure 2.2
[2, 3, 4]. It was originally believed that the laws of physics &e invariant under a
parity operation, meaning that one could not tell the di erence between right and
left-handed systems. However, in 1956, Lee and Yang predictechattparity might
be violated in weak interactions which was con rmed experientally using the beta

decay of%°Co soon after by Wu et al. [2].



2.2.2 Asymmetry

The asymmetry that is created by the parity-violating elasticproton-electron
scattering is de ned by

A — (2.3)

where ~ is represents the the scattering cross section of the fermionsathare right
handed and  represents the scattering cross section of the fermions that aledt
handed. By applying Quantum Field Theory, one can also show théhe asymmetry

is proportional to the weak charge of the proton [5], given by
1 G
A= 5o —P5IQ%Q0 + Q'B(QY): (2.4)

This equation is a low order approximation of the asymmetry, ith P representing
the polarization of the electron beamQ? representing the 4-momentum transferG
representing the Fermi coupling and is the ne structure constant. Higher-order
terms, (arising from hadronic structure e ects, such as gluons),ra represented by
Q*B(Q?) and can be ignored at low momentum transfers. Thus, at a low mom&m
transfer, by measuring the asymmetry in the elastic proton-el&on scattering, the
measurement of the weak charge of the proton can be made, whisthow Qeax Will

measure the weak charge of the proton.

2.3 Design of Queak

A schematic of the experimental setup foQ,eak Can be seen in Figure 2.3. It
will use a 1.165GeV, 85% polarized electron beam that is incideon a 35cm liquid
hydrogen target. The beam will pass through a double collimat that will select out
the electrons that have scattered from the target at 9 2 . This scattering angle
is consistent with an acceptable momentum transfer @2 = 0:03(%¥)2. A toroidal

magnet will then bend the elastically scattered electrons awdrom the beamline and
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The Qweak Apparatus
(Calibration Mode Only - Production & Calibration Modes)
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Figure 2.3: The tracking system for Queax Will consist of 3 di erent regions. Region 3 is
composed of the Vertical Drift Chambers that the William and Mary group is responsible
for providing. Cerenkov detectors will be used to measure the asymmetry inhie elastic
proton-electron scattering.

focus them on to the plane ofCerenkov detectors, Figure 2.4 [6, 7]. Thesgerenkov
detectors are similar to a scintillator in that it will emit a small burst of light once
an electron is detected. Using photomultiplier tubes, the sigtathat come from
the Cerenkov detectors will be converted to a current signal anchén read out to
a computer. In order to measure the asymmetry of parity-violang elastic proton-
electron scattering, this will be done for both right-handedind left-handed electrons

by changing the polarity of the incident electron beam.
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Figure 2.4: This gure illustrates the path that the beamline takes as it passes through
the experimental setup of Queak. The beamline is incident on a liquid hydrogen target and
then passes through a precision collimator that selects outhe electrons with a particular

scattering angle. The toroidal magnet then bends the elastially scattered electrons away
from the beamline to the Cerenkov detectors.



2.4 Tracking System

A tracking system, consisting of three di erent regions, will be sed periodically
to make subsidising measurements of the momentum transfe®? [6]. For elastic
scattering, the momentum transfer is given by

4E ?sin?;
Q2 = Wsinzzi; (2.5)
where E is the incident electron energy, the scattering angle andM the proton
mass. Hence, knowing the incident electron energy and the scaitg angle, the
measurement of the momentum transfer can be made. The incidegiectron energy
will be determined with  0.1% precision using the Hall C energy measurement system

[6]. The collimator that will be used will allow for a precisionmeasurement of the

scattering angle of the elastically scattered electrons.

However, to ensure the electrons that were detected by tli@&erenkov detectors
were indeed elastically scattered from the proton target, thacking system will also
allow for the recreation of the electron's path or track. Thebeam current will be
turned down from 180 A to approximately 10pA because the large beam current
would destroy the chambers used during the tracking. Region lilixdetermine the
location of the elastically scattered electrons as they emergrom the collimator.
Region 2 will determine the position of the scattered electrarright before they enter
the toroidal magnet. Hence, the spatial distance between Regid and Region 2
will de ne the scattering angle that the elastically scatterecelectrons traverse before
entering the magnet [6]. Region 3 will consist of two Vertical Bft Chambers (VDC's)
and will momentum-analyze events in order to ensure that thdextrons that enter the
Cerenkov detectors were indeed elastically scattered. Thedembers will determine

the trajectories, measuring position and angle, of events thaake place, from which
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Figure 2.5: Chambers are placed at opposing octants so that two measureants can be
made at a time. A total of 4 measurements will need to be made irorder to cover the entire
detector system.

a measurement of the momentum can be made.

The William and Mary group has taken up the design and construin of the
Region 3 Vertical Drift Chambers. These chambers will be mouedl to rotating wheel
(Ferris wheel design) that will allow for measurements in twopposing octants. See
Figure 2.5. Thus a total of four separate measurements will beeded in order to cover
the entire detector system. These types of measurements will bade approximately

every few weeks during a 2-year-long data-taking process.

2.4.1 Drift Chambers

Drift chambers are gas- lled devices that contain an array ofvires and use
a high electric eld to detect charged particles. For purposesf Queak, the Region

3 vertical drift chambers will be used to determine the locatin and angle of the

11



primary electron after the magnetic eld resulting from the dastic proton-electron
scattering. Wires are spaced approximately 5mm apart from orgnother and are
held at ground, while high voltage is applied to the chambemniorder to generate a
large electric eld within the chamber. The velocity of an etctron as it traverses
through the chamber is determined by the type of gas mixturehat is used. Previous
experiments that used vertical drift chambers have used an ArgfEthane mixture
inside their chambers. This mixture has unique properties irhiat the drift velocity of
an electron is relatively constant. However, it has not been deled if this gas mixture
or another (such as ArgonCO,/Methane, which will be used in testing the vertical
drift chambers) will be used forQueak. Although the electrons accelerate due to the
electric eld, they collide with the gas molecules causing #m to slow down. This
process of accelerating and colliding with gas molecules tioues until the electron

reaches a wire within the chamber, and results in a constant dirivelocity.

As an electron passes through the chamber and collides with thagj it ionizes
the gas within the chamber (primary ionization), producingmore electrons and ions
that are accelerated by the large electric eld. As a result oftte electric eld, these
primary electrons drift towards the anode wires. However, thelectric eld, E, at the
wires is very large and so when the primary electron drifts nea wire, it undergoes
a large acceleration causing a build up of ionization arounce wire; this is known
as the avalanche e ect. The electrons trigger the sense wirepan which a signal is
sent out to the data collecting electronics that are attachetb the chamber. The drift
time, the time that elapses for the rst electron to trigger a wre, along with the drift
velocity is used to determine the distance travelled by the ed&on that triggered the
wire. Knowing several of these drift distances for several wiresthe chamber can be

used to determine the track of the primary scattered electron.

12



2.4.2 \ertical Drift Chambers

Vertical Drift Chambers (VDCs) are a type of drift chamber that tracks the
primary electron by triggering on ionization that has travéled in the vertical direction.
Figure 2.6 shows the operating principle of a Vertical Drift Gamber that will be used
for Queak- AS described, when the primary electron enters the chambet, ibnizes
the gas producing more electrons that drift in a vertical diection due to how the
electric eld is applied to the chamber. Negative high voltag will be applied to
the chambers in order to generate the large electric elds aeded to accelerate the
electrons. Therefore, ions that are created will drift to cdtode planes while the
primary electrons will drift towards the anode-sense wires dfie chamber, which are
held at ground. The drift time of these events is determined ahsince the drift
velocity of the particles is relatively constant (due to the aceleration and collisions
with the gas) the drift distances of the electrons can be comped. By knowing
this drift distance, since these electrons \drifted" in the vetical direction, one can
trace backwards to determine where the primary scattered elieon was located in the
chamber. This process can be repeated for multiple primaryesitrons that resulted

from the scattered electron and a track of the scattered electin can be generated.

However, the electrons do not drift in a true vertical directon because the
electric eld lines, near the wires, are not truly vertical (seeFigure 2.7 [7]). The
reconstruction of the track of this scattered electron can be ade more accurately
with the use of a drift chamber simulation software known as GARMELD [6, 7, 12].
This program models the electric eld within a drift chamber allowing one to see
the electric eld lines of a drift chamber's particular setup GARFIELD simulates
the drift of the electrons inside the chamber and therefore lalvs one to determine a

functional relationship between the time of arrival of the rst drift electron at the wire

13



HV plane

L
 wire plane

—

2-s

|
I
I
I
I
|
|
[
iL
HV plane /

Figure 2.6: A cross section of a Vertical Drift Chamber that will be used in Qyeak- The
top and bottom lines are the high voltage planes that create he large electric elds within
the chamber. The black dots through the center is a plane of tle wires used to detect the
ionized electrons. The region highlighted in red is the regin that could be triggered by
ionized electrons that result from the incoming track. L represents the the distance from
the top of the plane to the wire plane, " represents the length along the chamber from where
the primary electron rst enters the chamber and exits the chamber. is the angle of the
incoming electron.

and the perpendicular distance to the location of the primarglectron. By knowing
this perpendicular distance, one can extrapolate from the sem wire to determine
the location at which the primary scattered electron. This pocess is repeated for
multiple wires in order to reconstruct a single track. With ths reconstructed track
and the track information from Regions 1 and 2, and by studyinghe light output
of the Cerenkov detectors as a function of the location/angle of &éhincident track,
experimenters are able to determine if the scattered electraesulted from an elastic

or inelastic event.

14
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Figure 2.7: This gure illustrates the electric eld lines within a Vert ical Drift Chamber

as a result of a GARFIELD simulation. As one can see, the elecic eld lines near a wire

are not vertical, and therefore the path of an electron near awire is not going to be in
the vertical direction. Avalanche ampli cation is of the or der 1° and occurs in the regions
near the wires. With GARFIELD, one is able to better determin e where the drift electron
resulted from, causing the reconstructed track to be more acurate.

15



Chapter 3

Construction of Vertical Drift
Chamber

The William and Mary group has been working on the constructio of these
vertical drift chambers, being extremely precise and carefinl their steps to build the
chamber. Overall, the group will need to build a total of 5 of hese drift chambers,
which 4 (2 in each octant) will be used at one time and the extra iW serve as a
backup. The chamber itself is a sandwich of eight customized Gb®ards that are
held in place by large aluminum frames, Figure 3.1. G10 is a bglass material that
is made out of a special glass epoxy, which is extremely strongl@was decided to be
used because it was durable enough to support the large size thiaetchamber would
be, but also it is electrically neutral, so that it would not interfere with the electric
eld within the chamber. Between the aluminum frames there i@ three high voltage
planes, which are used to create the large electric eld needatkide the chamber
to accelerate the ionized electrons, two wire frames, two gasres and 1 spacer
frame, Figure 3.2. The purpose of the wire frame is to support ¢hsense wires that
will be used to read out the signals from inside the chamber. Thersions of each
wire and the relative spacing between wires need to relatiyelniform in order to
maintain precise measurements of the drift time. The gas franalows for the in ow

and out ow of the gas mixture used inside the chamber.

16



Figure 3.1: This photo shows the dierent layers of the Vertical Drift Ch amber. The
chamber is held together by two large aluminum sheets that ag bolted together with the
rest of the layers. The chamber is composed of 3 high voltagedmes (foil frames), 2 wire
frames, 2 gas frames and 1 spacer frame.

Gas Frame
HV Frame
Wire Frame
Spacer Frame
HV Frame
Wire Frame
HV Frame
Gas Frame

Figure 3.2: This gure illustrates the layout for the Vertical Drift Cha mber. Large alu-
minum sheets (not pictured here) will be used to sandwich thedi erent layers together and

held in place using nuts and bolts

17



Figure 3.3: This photo illustrates the 4 di erent components that the G1 0 frames were
constructed out of. These four components were epoxied andamped together to create
the G10 frame.

The G10 frames were constructed from four separate pieces Wihieere epoxied
together, Figure 3.3 and 3.4. In order to ensure this connecti would hold, each
corner of the frames were clamped down until the epoxy set. Th&10 frames also
needed to be cleaned very well using acetone in order to ensuhattdirt or dust
particles would interfere with measurements inside the chareb. For the high voltage
and gas frames (Figure 3.5), a conductive aluminized mylaoif was stretched across
the G10 using a speci cally designed lab table (Figure 3.6) andhén epoxied in place.
The purpose of the mylar is to hold the high voltage potentiald create the large
electric eld needed inside the chamber. In order to ensure areetrical connection
between the mylar and high voltage potential that would genmate the electric eld,
a strip of tin-coated copper strips were placed inside a machimhgroove around the
perimeter of the frame and held in place using a conductive epo Figure 3.7. The
wire frames (Figure 3.8) were carefully made using 26 gold-plated tungston wire,
with each frame containing 280 wires. Each frame was then agaileaned and stored

away so that dust and other dirt particles would not penetrate he chamber.

18



Figure 3.4: This photo illustrates a typical completed G10 frame after the G10 components
had been epoxied and clamped.

Figure 3.5: This photo shows the spacer frame positioned on top of a compted high
voltage (HV) frame that will be used in the Vertical Drift Cha mber. High voltage will be
applied to the mylar in order to create a large electric eld within the chamber that will be
used to create ionization.

19



Figure 3.6: This photo illustrates the lab table that was used to stretch the mylar foil
across the high voltage (foil) frames and the gas frames. Th#able was designed with a
U-groove around the outside edge, with a copper pipe that sits$n this groove. For a frame,
a piece of mylar the size of the table was cut. The edges of the ytar were then taped
and wrapped around the copper pipe until it was tight. The U-groove was then displaced
from the table, using the screws that attached the U-groove tothe table, until the mylar
was stretched tight with no visible wrinkles. Testing the tension of the mylar was done by
gently pushing down with a hand. It was not necessary that thetensions in the di erent
foils all be exactly the same.

20



Figure 3.7: This photo shows the tin coated copper strip that lays along e outside of the
HV frame. This strip is used in order to ensure a electrical canection between the high

voltage and the mylar foil.

Figure 3.8: This gure is a \zoomed in" image of a completed wire frame that will be used
inside the VDC. The wire is 25 m in diameter, making it extremely sensitive and di cult
to work with. The wires are held in place using an epoxy. This @oxy was made from AY
103 resin and HY 991 hardener that had to be mixed together. Ooe epoxied in place, the

epoxy needed to cure for 12 hours.
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Figure 3.9: This is a sketch of the gas handling system that was designedtdeliver the gas
mixture to the VDC. The gas travels from the source into a presure meter (or ow meter
in this case) so that the in ow can be monitored. It then enters the chamber and exits
through a bubbler. The bubbler does not allow any gas to ow back into the chamber.

Once all the dierent frames had been completed being builtthe next step
in the process was designing a bubbler system that would allow tlgas mixture to
ow in and out of the chamber, without any other gas owing bad in. It is crucial
for the operation of the chamber that no other gas but the mixire be inside the
chamber because this can a ect the ionization rate. It was alsoecessary to be able
to monitor the ow of the gas in and out of the chamber in order © get a \leak
rate", or be able to estimate what the leak rate of the chamber ay be. The solution
that was devised was a gas handling system, see Figure 3.9. This egstvould allow
for the measurement of the in ow of the gas mixture by using a owmeter right
before the entrance of the chamber. However, the most importacomponent of the
gas handling system is the bubbler, Figure 3.10. Gas from thearhber \bubbles"
through a liquid (mineral oil) that is inside the bubbler and then is vented outside.
The gas is not able to ow back into the chamber because it can hpenetrate the
mineral oil. The physical system was constructed from Swagelo&rmectors and gas

hoses while the ow meters were purchased from Airgas.

The nal stage in the construction process was assembling the chber. This

entailed stacking the di erent frames on top of one another irthe correct order as
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Figure 3.10: This photo shows the bubbler that was constructed for the gashandling
system. Gas from the chamber enters the bubbler and then \bubles" through a thin layer
of mineral oil. Since the gas can not penetrate the mineral & it is vented out through
another tube due to the pressure that builds up inside.

previously shown, 3.2. Extreme care and patience was neededhia assembly because
the wires on the wire frames could be easily broken. Also, in ordi® create a seal
within the chamber to prevent gas from leaking out, O-rings @re used along each
di erent layer. These also needed to be throughly cleaned andugd in place. The
large aluminum sheets were used to sandwich the 8 di erent layetogether. Bolts
and nuts were then fastened tightly using a torque wrench to rsh the construction
of the chamber. Although care was taken, while installing theolver wire frame, one
of the wires did break. In order to get a chamber assembled as ckly as possible,

this wire was not initially reattached.
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Chapter 4

Testing of the Vertical Drift
Chamber

4.0.3 Overview

In order to see if the constructed chamber would operate proggrtests on the
chamber were next performed. Testing of the vertical drift cambers was done in
multiple steps, each step testing di erent components of the cimaber. By testing
parts of the chamber, malfunctioning components could bengointed and repaired,
while operating parts could be veri ed that they were indeedunctioning properly.
Testing was done in a three stage process as follows: First, the gr@ndling system
was tested to make sure that the gas would be e ectively delived to the chamber.
Next, high voltage was applied to the chamber in order to see ihé chamber could
handle the voltage. Finally, using cosmic rays and ¥Sr beta source, detection of

tracks as well as the e ciencies of individual wires inside ta chamber were tested.

4.0.4 Gas Handling System Testing

Overview

Testing of the gas handling system was important because it is &ltthat the
correct, pure gas mixture be inside the chamber during operah. Therefore, it

needed to veried that the bubbler was working properly and hat no other gas
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was getting inside the chamber. For example), can \poison" the operation of the
chamber. Also, it was necessary to estimate a leak rate for the chiaem to have
an idea about how much gas was escaping from the chamber. Thaklgate will be
important for the main experiment because the gas mixture thawill be used contains
ethane, and due to safety regulations at Je erson Lab, a valuei estimate) of how

much gas escapes from the chamber should be known.
Testing Setup

To test the gas handling system as well as measure the leak rate loé thamber,
the chamber was connected to the gas handling system via the $@wkk connections
(Figure 4.1) which in return was connected to the Argon/Carbo Dioxide/Methane
(889%/10%/2%) mixture that would be used for testing. A regulabr was connected to
the bottle containing the gas mixture so that the pressure of theottle and the out ow
pressure could be monitored. Connected to the regulator was @M0-LF1728) Airgas
particle lter that Iters out 100% of particles larger than 0.003 m that may be inside
the bottle of gas. An Airgas owmeter was connected in series bedan the chamber
and the gas regulator and was used to monitor the gas ow into thchamber. Once the
system was connected, the gas was then turned on, upon which lted the chamber.
It was observed that the gas from inside the chamber would bulebbut through the
bubbler, however the bubbling rate was not at all constant. T cause for this, we
hypothesize, is due to a threshold pressure that the chamber mustescome to bubble

through the mineral oil that is inside the bubbler.
Results from Testing Bubbler

The leak rate for the chamber was determined to be approximely Or;—r. This
was computed by observing the rate at which the bubbler wouldubble as gas owed

through the chamber. While gas is owing through the chamberit was noticed that
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the aluminumized mylar that keeps the gas inside the chamberowld expand and
contract. This was associated with a \breathing" e ect that exsted as a result of
the threshold pressure for the bubbler. Once the pressure insideetithamber met
this threshold, the chamber would \exhale" or expel the gas miure through the

bubbler. Below this threshold, the bubbler would not bubble.lt was observed that
with a ow rate of er;? the bubbler would bubble for 7 minutes and be o for 9
minutes. Repeating this with a ow rate of 2% it was observed that the bubbler
would bubble for 14 minutes and then be o for 6 minutes. The dierence in volume
due to the expansion and contraction of the aluminum mylar wadetermined to be
approximately 3 liters (out of a total volume of 111) by calculating the amount of
gas that owed into the chamber during the time that the bubblker was not bubbling.
Once the bubbler stopped bubbling, the ow rate was then set toé’»} and it was

observed that the bubbler again bubbled in approximately 1.hours. Therefore, 3
liters of gas was delivered to the chamber gg * 1.5 hours) and since the di erence
in volume due to the expansion and contraction of the mylar wa3 liters, very little

gas leaked from the chamber. A precise measurement of the leakerof the chamber
was not necessary and so we concluded that the leak rate was apjprately Or;—r.

Similarily designed vertical drift chambers, used by Hall A at Jerson Lab, had a

leak rate of % for 48 chambers.

4.0.5 High Voltage Testing and Conditioning

Overview

The next part to testing the VDC was applying the high voltage ttat would
be used to generate the electric elds inside the chamber. Thepected outcome of
these tests was to identify the voltage range that the drift chaber would require in

order to operate properly. This voltage would be determinedy making a plot of the
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Figure 4.1: This photo illustrates the connections from the gas handlirg system to the
vertical drift chamber. All the connections were done usingSwagelok connectors. Connec-
tions stemmed from the Argon/Carbon Dioxide/Methane mixtu re, to a ow meter (which
monitored the input ow), to the chamber and then out through the bubbler (which was
exhausted outdoors through a window).

high voltage versus the current drawn by the chambers. As the \abe is increased,
the current drawn by the chamber increases until the chambeeaches a particultar
operation region. While in this region, the current levels owith increasing voltage.

The voltage associated with this plateau is the voltage rangdat is required for the
operation of the chamber. When increasing the voltage pass shiange, the current
drawn from the chamber again increases. The plateau region difet chamber is the
region in which the chamber is most e cient, and therefore ishe region in which it

should be operated.
High Voltage Setup

In order to place high voltage on the chamber, the sense wireseded to be
grounded and so it was necessary to devise a way to do this. The wiregich
are connected to the readout cards on the chamber, needed te yrounded because
during the actual experiment the wires will be placed at graud but also because

this would stop them from charging up when raising the voltagerothe chamber. To
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Figure 4.2: This gure illustrates how the readout cards and therefore the sense wires were
grounded while applying high voltage to the drift chamber. Small aluminum rods were
soldered to each DIN pin connector and then wires were solded to each of the aluminum
rods. The aluminum rods were connected to one another using grounding wire. The
end of the grounding wire was then taped on to the aluminum frane to ensure a ground
connection.

ground the wires,z" aluminum rods were soldered on to the DIN pin connectors that
attach to the readout cards. Wires were then soldered to each thie aluminum rods,
which were then connected to a grounding wire. This groundinwire connected all
the readout cards to one another, Figure 4.2. The end of the @inding wire was
then connected to the aluminum frame of the chamber via a pieof electrical tape,

creating a common ground.

A transition box that would take the safe high voltage (SHV) connetion from
the high voltage (HV) power supply to the chamber also needed to Imeade. The high
voltage is generated from a single channel of a Bertan negaitigh voltage (model
377N) power supply. The output from the power supply was ran thrgh an RC pro-
tection circuit that used a 1M resistor and 330pF capacitor. This protection circuit
prevents any large spikes in current that could occur when irgasing the voltage on

the chamber to large values. This output was then connected t® silicone-coated
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high voltage wires, (called SIL-KOAT, 500 feet spool) each ofhich are connected to
the cathode planes of the drift chamber. The diameter of theive is 2mm and was

chosen because it is rated to a maximum of 20kV with no corona disage.
Results from Testing and Conditioning

Once the sense wires were grounded and the transition box in pathe voltage
was turned on. First, only 100 V was placed on the chamber so that multimeter
could be used to check that the sense wires and outer aluminumrfras of the chamber
were properly grounded. The voltage was then slowly increasetb ensure the safety
of the chamber, the trip setpoint was set to 100A scale. This trip setpoint acts
similar to an adjustable breaker box in that the voltage is \trpped" when the current
exceeds 80% of the setpoint limit. (In this case, the trip setpai was set at the 100 A
scale, the circuit would trip if the current being drawn reaclkd 80 A.) The rst trip
occurred at a voltage of 1.1kV. These trips are associated withr&ining" the drift
chamber. In training a chamber, dust particles and other diris burned o as the
voltage is ramped up and the chamber \learns" how to handle hinger voltages. During
the beginning stages of training the chamber, the voltage argliescent currents were

recorded, Tables 4.1 and 4.2.

It was observed that the current increased as the voltage on trehamber in-
creased. However, the di erence between these two tables is thiae data from Table
4.2 was observed after a longer period of time had elapsed withetvoltage on the
chamber. During this time, the voltage did not trip o and remained steady. It
was observed that for the lower voltages (2.0kV - 2.7kV), the cents drawn by the
chamber had decreased with respect to the currents in Table 4.This decrease cor-
responds to the conditioning of the drift chamber. This data spports the idea that

as time elapsed with voltage applied to the chamber, more dushd other debris that
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could cause corona discharge, sparking or arcing (and therefaurrent to be drawn)
inside the chamber were burned o causing the decrease in curteince the current
levels were decreased by this conditioning, larger voltagegre able to be applied to
the chamber. Again, this process of leaving the voltage on th@amber for a period

of time and allowing for conditioning was repeated for thesaiger voltages.

Voltage (kV) | Current ( A)
1.9 0.02 0.001
2.0 0.04 0.001
2.1 0.09 0.002
2.2 0.16 0.005
2.3 0.23 0.008
2.4 0.32 0.01
2.5 0.42 0.015
2.6 0.50 0.02
2.7 0.78 0.023

Table 4.1: During the training of the drift chamber, voltages and the associated current at
that voltage were recorded. As the voltage is increased, theurrent on the drift chamber
increases, however, there should be a point at which the cuent begins to level o with
increasing voltage. This is known as the plateau and is alsahe operating region of the drift
chamber. After the plateau region, the current again increaes with increases in voltage.

Although conditioning had been observed, when raising the valgje on the cham-
ber to a value of 3.35kV the current drawn by the chamber wasiitelly 14 A. The
chamber was left at this voltage for a period of 24 hours in thieope of lowering the
current. However, after the 24 hours, the current increased to/1A, and therefore
the chamber did not seem to be conditioning any further. Howekeas one can see
from Figure 4.3 and Figure 4.4, the plateau region had not beeeached and so the
chamber needed to be able to support larger voltages. In order determine where on
the chamber the current was being drawn, an ammeter was usedr&ad the current

passing through each of the readout cards. It was found that 95%the current being
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Initial Conditioning of Vertical Drift Chamber
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Figure 4.3: This plot shows the initial conditioning of the drift chambe r. The blue points
are values that were rst obtained before allowing time to elapse with voltage on the cham-
ber. The red points are values that were later obtained afterallowing the voltage to be
applied to the chamber for a period of time. Values were unald to be collected for larger
voltages initially because the currents being drawn were mah too high. However, there is
evidence of some coniditioning since the currents seem to tia decreased after allowing volt-
age to be applied to the chamber. The error bars on the plot wex determined by watching
the current oscillate using an ammeter while a particular vdtage was applied.
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Initial Conditioning of Vertical Drift Chamber
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Figure 4.4: This log plot shows the initial conditioning of the drift cha mber. The blue
points are values that were rst obtained before allowing time to elapse with voltage on
the chamber. The red points are values that were later obtaired after allowing the voltage
to be applied to the chamber for a period of time. There is evignce of a plateau in the
current (operating region) around 3.4kV.
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Voltage (kV) | Current ( A)
2.0 000 O
2.1 0.03 0.001
2.2 0.07 0.003
2.3 0.12 0.004
2.4 0.20 0.007
2.5 0.31 0.011
2.6 0.45 0.013
2.7 0.65 0.017
2.8 0.90 0.021
2.9 1.23 0.029
3.0 1.65 0.031
3.1 2.19 0.054
3.2 4.14 0.071
3.3 174 2.23

Table 4.2: The voltage was left on the chamber for approximately 8 hoursbefore this
data was collected. The voltage did not trip o during this period of conditioning. It
was observed that the currents associated with lower voltags decreased with respect to the
values of current from Table 4.1. This supports the notion that the chamber was undergoing
a conditioning process. Since the current decreased, highgoltages were able to be applied
to the chamber. These voltages corresponded with large cuents being drawn.

drawn was coming from the adjacent wires on the right and lefof the single wire
that had broken during assembly. In order to x this, the chambemwas disassembled
and the missing wire was replaced. With the chamber apart, spotgere observed on
the aluminum mylar, Figure 4.5, which is evidence that arcig within the chamber

had occured when applying high voltage.

The chamber was reassembled and testing high voltage on the chmenresumed.
With the wire replaced, the current that the chamber was drammg when a voltage of
3.35 kV was applied was now at 0.52A. This was a signi cant change in current that
was observed with the wire missing (17A). In order to \see" what was happening

inside the chamber with a missing wire, a GARFIELD simulation wasan with and
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Figure 4.5: The red arrow in the gure illustrates the type of spot that wa s noticed when
the chamber was taken apart. This spot is evidence that the chmber did experience arcing
inside when high voltage was applied. This arcing is most ligly a result of conditioning.

without a missing wire (Figure 4.6 and Figure 4.7). In comparig these two gures,
it became clear that the missing wire had an e ect on the electri eld inside the

chamber. With the wire missing, the electric eld was larger irthe area between the
two adjacent wires, which for purposes of the chamber, was caugilarger currents
to be drawn. The chamber sat with a voltage of 3.35kV approxintaly for 48 hours
and it was observed that the current decreased to 0.28. Again, this was evidence

that the chamber was still in the process of conditioning.

The process of conditioning the chamber continued until it wabelieved that
applying higher voltages to the chamber had no e ect on the evall dark current.
Values of the currents that were drawn at certain voltages we recorded and plots
of the current versus the voltage were made. However, these glateemed to not be
changing,(see Figure 4.8) and so it was believed that the cotidhing of the chamber
was complete. Analyzing these graphs, it was estimated that theicents attened
out around 3.4kV and therefore expected that the plateau régn be around this

voltage (see Figure 4.9). However, the operating region foregtchamber could not be
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Figure 4.6: This Gar eld Simulation illustrates the equipotentials of the drift chamber

without a missing wire. There are 21 wires in the x-z plane and 2Zn nite planes in this

simulation. The in nite planes are at the y = 2cm and y = -2cm coo rdinates and have a
voltage of 1000 V. The contours show smooth, uniform electd eld lines around the wires,
as expected with all the wires present. This gure was made cortesy of Siyuan Yang.
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Figure 4.7: This simulation is identical to the simulation in Figure 4.6, except now there
is a wire missing at x = -2cm. From this simulation, it is obvious that the missing wire
has an e ect of the electric eld in the chamber, particularly in the area where the wire is
missing. The equipotentials are no longer uniform in the loation of the missing wire. The
gradient of the equipotentials between the two adjacent wies of the missing wire is larger,
meaning that the electric eld between these wires is larger This gure was made courtesy
of Siyuan Yang.
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Training of the Vertical Drift Chambers

Comparison of Current vs. High Voltage with Time
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Figure 4.8: This plot shows many of the di erent current versus voltage graphs that were
made during the conditioning of the chamber. It can be seen tht the currents do shift
towards the right as voltage is increased, showing that the onditioning was happening.
However, as time progressed, these plots seemed to be unclgmd and therefore it was
believed that the conditioning was complete. Also, the lasttwo measurements that were
observed, the curve actually shifts in the opposite directon, with high current being drawn
at 3550V. The error bars in the gure were determined by the uctuation in the currents
(in the ammeter) as measurements were taken.

identi ed until actual e ciency measurements were made.

4.0.6 Chamber E ciency Testing

Overview

The nal stage of testing the VDC was measuring the e ciency of thechamber.
The e ciency of the chamber is needed to ensure that when a gimetrack passes
through the chamber and triggers a wire, the chamber is able detect that particular

track. In order to measure the e ciency cosmic rays and &Sr beta source was used.
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Training of the Vertical Drift Chambers
Comparison of Current vs. High Voltage with Time
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Figure 4.9: This log plot shows many of the di erent current versus voltage graphs that
were made during the conditioning of the chamber. One can sethat there is evidence of a
plateau region near 3.38-3.4kV. It was believed that voltage near these values correspond
to an operating region of the chamber.
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Figure 4.10: This image shows the NIM modules that were used for measurinthe e ciency
of the drift chamber.

It was expected that as the voltage on the chamber was incredséhe e ciency would

improve. Also, after having de ned a plateau region for the chaber, it was expected
that the e ciency of the chamber would be the greatest within this region. To
measure the e ciency Nuclear Instrumentation Modules (NIM) wee used to analyze

the signals detected by the chamber, Figure 4.10.
Initial Testing and Results

A single readout card was selected from the bottom wire plane.h€& rst three
wires from this card were selected using alligator clip to BNC bées, with the grounds
of the cable being connected to the ground of the frame. Thesteof the sense wires
from the readout card were grounded. The BNC cable from the 3 i@ were then sent
to separate channels of a Phillips ampli er module (Model 7j6n which the signals
were ampli ed twice, with each stage amplifying by 10, for a total ampli cation of
100. This ampli cation was done so that the electronics woultle able to detect small
signals. The ampli ed signal was then sent to NIM (Model 711) disaminators and

then to a NIM (Model 754) coincidence module. The purpose of thdiscriminator
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was to allow a 1s time window to open for each trigger of the wire, whereas the
coincidence module allowed for signals that only occurred #te same time to be
output. The output from the coincidence module was viewed usy a Joerger visual
scaler, which counted the number of coincidences. The e ciepof the second wire
was tested and de ned as the ratio of the coincidences of thd #iree wires divided
by the coincidence of the rst and third wire,

123

E ciency = 12

(4.1)

where 1 2 3 represents connecting wires 1, 2 and 3 in coincidence.

By pointing a °°Sr source at the VDC in the region where the observed wires
were positioned, coincidence rates were measured as a funcid voltage and these
values were recorded, Table 4.3. Values of the current thatewe drawn from the top
cathode plane and the bottom plus the middle cathode planeseve also recorded. In
order to try to make sure real tracks were being observed, a sedaieadout card was
added to the coincidence logic, with all 16 wires from a cardahe upper plane added
to the coincidence, see Table 4.4. The e ciency with this setupvas also recorded
and a plot of the observed e ciency was created, Figure 4.11. & using the °°Sr
source, and the e ciency of the chamber was left to run using cosmrays. However,
false coincidences (coincidences not associated with eithesmic ray tracks or tracks
from the source) were observed. These false triggers were natiby switching the
lights of the lab on and o as well as walking across a clean mam@t used to take
dust/dirt o shoes). It was believed that these false triggers wer a result of static
charge with was being picked up either by the NIM electronics, C cables or sense
wires in the chamber. It was observed that the e ciency was stnogly correlated to
the increasing voltage, as expected. Also, it was noticed that@ateau region may

be in the vicinity of 3.38kV, however, voltages above 3.468kxbuld not be examined
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because the current being drawn from the chambers began to spik

| HV (kV) | Threshold (mV) | T Current (  A) [ M+B Current ( A) | Eciency |

3.30 700 0.10 0.01 0.27 0.03 No E ciency
3.35 700 0.13 0.03 0.33 0.04 75 0.04
3.38 700 0.18 0.04 0.41 0.05 92 0.01
3.40 700 0.22 0.04 0.5 0.05 90 0.02
3.40 900 0.23 0.04 0.55 0.05 94 0.008
3.45 500 0.55 0.06 1.0 0.08 88 0.008
3.45 700 0.70 0.08 1.2 0.08 95 0.007
3.45 900 0.58 0.06 1.1 0.08 98 0.006
3.468 700 5.2 0.23 54 0.24 96 0.006

Table 4.3: This table shows the data that was collected while testing the e ciency of
the chamber with the °Sr source. \T Current" represents the current that was drawn
from the upper foil frame. \M+B" represents the current that was drawn from the middle
and bottom foil frames. The threshold in this data represent the threshold at which the
NIM discriminator was set. This threshold sets the limit at w hich the discriminator will
re. One can see that there is a relationship between the volage on the chamber and the
e ciency, as expected. It was also observed that there was aelationship between adjusting
the threshold of allowed signals and the e ciency.

| HV(V) | Threshold (mV) | T Current ( A) | M+B Current (  A) | Eciency |

3.30 500 0.10 0.01 0.26 0.04 No E ciency
3.325 500 0.12 0.03 0.31 0.06 55 0.11
3.35 500 0.14 0.03 0.35 0.06 79 0.04
3.40 500 0.23 0.04 0.55 0.07 87 0.02
3.45 500 0.56 0.07 1.1 0.09 93 0.01
3.460 500 26 0.11 3.0 0.12 95 0.007

Table 4.4: This table shows the data that was collected while testing the e ciency of the
chamber with the 2°Sr source while including the coincidence of the top readout cal. "T
Current” represents the current that was drawn from the upper foil frame. \M+B" repre-
sents the current that was drawn from the middle and bottom foil frames. The threshold in
this data represents the threshold at which the NIM discriminator was set. This threshold
sets the limit at which the discriminator will re. One can se e that there is a relationship
between the voltage on the chamber and the e ciency, as expeted. It was also observed
that there was a relationship between adjusting the threshdéd of allowed signals and the
e ciency.
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Mapping out Efficiency as a Function of High Voltage

100 T T T T T T T

90 —

80— —

Efficiency (%)

701~ -

60— —

1 l 1 l 1 l 1
5%.3 3.35 3.4 3.45
Voltage (kV)

Figure 4.11: This gure is a plot of the measured e ciency of the chamber. From this plot,
there is evidence that a plateau may exist around 3.38kV. Howver, this plot contains very
few values and it was also not possible to go above voltages 4f468kV without the current
spiking. Even though the e ciency is not 100% at 3.38kV, the plateau is believed to be in
this region and that more precise measurements will need toé measured in order to obtain
an e ciency near the expected 100%. However, it is believed hat the measurements for
this plot contains false triggers, and so the e ciency may belarger than in reality.
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Further Chamber E ciency Testing, Problems and Results

Ideally, the chambers should only detect true cosmic ray traski.e. tracks that
travel in a straight line, and propogate through the chamber.However, during the
initial phase of testing the e ciency of the chambers, there wasoncern that the
chambers were detecting background noise and cosmic ray egetitat may not be
associated with a single straight track. In order to account forttese di erent events,
coincidences were added to the electronics. Scintillatorere placed on top of and
below the drift chamber, with both signals placed in coincidece with each other.
This coincidence was then added to the previous circuit. An &mnna was also added
as a veto to the coincidences in order to account for the backgnd noise in the
lab. The antenna consisted of a BNC to alligator clips cable, witone alligator clip
hanging in mid air and the other alligator clip grounded to tle frame of the chamber.
Figure 4.12 is a logic diagram of the electronics and Figurel® is a timing diagram of
the circuit. With the new coincidences added, the measured eiency was calculated

using equation
1 2 3 SCINT
1 2 SCINT

E ciency = 4.2)
Measurements of the chamber e ciency were again measured atefient volt-
ages, but it still remained unclear if the background noise wadirinated with the
addition of more inputs into the coincidence logic. It was dmeded that instead of
using BNC to alligator clip cables and NIM ampli er/discriminator for the electron-
ics that the switch to the MAD preamp/discriminator chip [6] be made, Figure 4.14.
This particular chip attaches directly to the readout card o the chamber and will be
used in the experiment at Je erson Lab. The advantage of using it card, is that
the signals should be less noise-sensitive since the electronidsdsted right at the

readout card and also di erent wires on a readout card could bmonitored at a time.
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Figure 4.12: This is a simple logic diagram of the setup used to measure the ciency
of the chambers. Coincidence units are represented by AND dgas. The \GOOD" output
represents a track that was measured by all 3 wires, the secdnreadout card, and the
scintillators while the antenna was not being red. The trig ger represents an event in which
wires 1 and 3, the second readout card and scintillators coicided, while the antenna was
not red. This trigger represents a track that was not measured by wire 2.
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Figure 4.13: This is a timing diagram of the setup used to measure the e ciency of the
chamber. The signals from the electronics are discriminatg with the output beinga 1 s
pulse. The scintillators have a discrimated output pulse of200ns in order to create a small
window for the coincidence of events. A measured event occsiif the pulses are red in the
same time window, as indicated. The rst dash line represens a good coincidence trigger
that results from wires 1,2 and 3 as well as the scintillator ring. The second dash line
represents a trigger that results from an ine cient measurement, i.e., wire 2 did not re
when wires 1 and 3 and the scintillator red.
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Figure 4.14: This photo illustrates the testing setup including the use o the MAD card.
Instead of signals being discriminated using NIM discrimirators, the signals were discrimi-
nated by the preamp/discriminator of the MAD card. This decr eases the chance of picking
up noise in the signals and therefore decreases the uncenty in our measurements.

Emitter coupled logic (ECL) signals from the MAD chip were sentd a Lecroy (Model
4616) ECL to NIM module which converted the signals to a useable Mllogic. The
same coincidence circuitry was used as before. In addition thet antenna to take
care of noise, a monitor wire, which consisted of a wire furthemay from the wires
that were being observed, was used. The idea behind this monitwire is that only
the 3 sense wires should be red as a track passes through the chambEherefore,
if this monitor wire res in coincidence with the 3 sense wirest is understood that

this event is not a true cosmic track and the signal should be igrexd.

Preliminary measurements were made using the MAD preamp/discninator
chip, (see Table 4.5 and Table 4.6) however, it was still uncleavhether real events
were being observed. These e ciency measurements consisted ofad&om both

cosmic rays and the®®Sr source. The e ciencies were then plotted as a function of
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high voltage; see Figure 4.15. In other attempts of trying to aximize the e ciency,
di erent variables were changed. The threshold on the MAD chipwas constantly
adjusted because it was unsure what value this should be set at. Thkeintillators
were repositioned at di erent locations on the chamber in agmpt to maximize the
e ciency. Copper plates were added above and below the MAD cdrin attempt
to shield the MAD chip from any noise that may a ect measurements, igure 4.16.
However, after several attempts, the e ciency seemed to fall bel the desired and
expected value of 99%. Yet, the uncertainty that the chambewas still \picking" up
noise as well as the chamber was not at the operating voltagentained. However,
pushing the voltages higher was not possible since values of emtrwere too dangerous

for the chamber.

Voltage (kV) | Wire Rate E ciency
3400 207/501 | (41.3 2.2)%
3450 579/893 | (64.8 1.6)%
3500 360/443 | (81.3 1.9)%

Table 4.5: This data table contains the measured wire rates and e cieng at a particular
voltage while using the °°Sr source. It was observed that the wire e ciency increased as
the voltage was increased.

Voltage (kV) | Wire Rate E ciency
3460 189/215 | (87.9 2.2)%
3475 244/279 | (87.4 1.8)%
3500 243/255 | (95.3 1.3)%

Table 4.6: This data table contains the measured wire rates and e cieng/ at a particular
voltage while using cosmic rays. It was observed that the wie e ciency increased as the
voltage was increased.
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Comparision of Efficiency with High Voltage

Using Strontium-90 Source and Cosmic Rays
100
T | T | T | T | T | T

@ Strontium-90 Source

B Cosmic Rays

80— —

60— —

I | I | I | I | I | I |
40 3400 3420 3440 3460 3480 3500 3520

Figure 4.15: This plot illustrates a comparison of the the e ciency for th e chamber with

respect to the high voltage applied. One e ciency (green) wa measured using the®°Sr

source, while the other e ciency (red) was measured using cemic rays. The e ciency mea-

sured with the cosmic rays appears to be better than that of tre e ciency measured with

the %°Sr source. Also, as voltage is increased, it is observed that the ciency increases.
This suggests that higher voltages are needed to obtain the esired operating point. How-
ever, the e ciencies in this plot are higher than reality because it was suspected that the
data was \poisoned" by false triggers.

48



Figure 4.16: This photo shows the copper plates that were used to shield tb MAD card.
This shielding was important because it limited the noise that was being picked up by the
MAD card.
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It appeared that this rst chamber would require more diagnost work before
understanding the properties of the chamber. Since higher ltages could not be
applied to the chamber due to the spiking current, it was decatl to pinpoint where
in the chamber the current was coming from. To do this, an ammet was connected
to each individual readout card on the top and bottom wire franes and the current
was measured with a voltage of 3480V. The total current drawn bthe chamber
at this voltage was 38 A, with 36.3 A being drawn from the bottom chamber and
0.4 A from the top. A plot of the currents drawn by each readout catt was made
(Figure 4.17). Most of the current was being drawn from the bédm wire frame, with
11" readout card drawing the most current on this bottom frame. Iltwas thought
that the cause for the bottom wire frame drawing the most curréncould be due
to height or separation distance variations in the individualwires along this frame.
However, instead of spending more time diagnosing the problemthvthis wire frame,
we decided to replace the wire frame with another, which re@ed the chamber to be
disassembled. Testing of the chamber with this new wire frame irlgze will resume

after the chamber is reassembled.

4.1 Conclusions and Future Plans

Although many problems were encountered while trying to measeian e ciency
of the chamber, much had been learned. First, the bubbler e &gely administers
the gas mixture to the chamber, without allowing any outside gs to enter. With a
broken or missing wire, the chamber is not able to reach the valjes that it should
because the chamber draws large amounts of current. It was aoned with the
GARFIELD simulations that the cause of this resulted from large lectric elds be-
tween the adjacent wires of the broken wire. For these Vertit®rift Chambers, it is

believed, when using the Argon/EthaneC O, gas mixture, that the operating voltage
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Figure 4.17: This plot shows that the bottom wire frame (VADER 2) draws a si gni cant

amount of the current that the entire chamber is drawing. Instead of trying to diagnoise
the problems with this bottom wire frame, it was decided to replace the bottom frame with
another wire frame and resume testing of the chamber. Note: &rd #10 on this plot has
fewer connected wires than the other readout cards and theffere it would be expected that
the current would less than if it had contained all 16 wires.
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is near 3.4kV. Also, in order to properly condition the chambeiit takes roughly 24-48
hours of applying high voltages (in step increments). The chamer does see di erent
cosmic rays and events related to th€&Sr source. The MAD card works properly;
however, it is important to shield this card since it is sensitivéo background noise in
the laboratory. An e ciency of the chamber was not able to be masured precisely
due to problems that were experienced with noise in the eleotrics and the currents

drawn by the chamber.

In terms of future work, there is still quite a bit of work left to complete. With
the wire frame replaced, the chamber will need to be reassemblend conditioned,
which should be completed within a week. During conditioninghigher voltages will
be tested in order to see if the current drawn by the chamber hassdreased. It
is hoped that the current will decrease so that higher voltagesan be used when
measuring the e ciency of the chamber. After conditioning, tre e ciency of the
chamber will be tested in the same way, using cosmic rays and t*&r source. Once
the e ciency of the chamber has been measured and it is at or ned00% e ciency,
construction of the next chamber will take place and the pross of conditioning and
measuring the e ciency will be repeated until all 5 vertical dift chambers have been

constructed, tested and characterized.
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