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Abstract

Thi, r",earch Î, cOlldncted "-" a R&D w"rk f"r the PilE:"!:" ("'1wrinwllt ,,1" tll<'

relati\'istic hea\'y ion collider (RHICl at Brookha\en :"at iOllal Lahoratory (Il:" Ll.

in an effort to de\elop a mnlti-wire proport.ional chamber (~I\\"P(') ",illg a Ile\\"

pixel cathode pad readout method. The pads are formed by linkillg th,' pix"'s in a

special pattern and the image charge signals on the pads are rcad by highly integrate<1

C~IOS digital electronic chips with chip-on-board (COB) technology. Two prototype

pixel pad chambers. PCI and PC3. were designed and constrncled. The chambers

were tested with high energy partiele beams at BNL. This work demonstrates the

feasibility and affordability of constructing and operating the pixel pad chambers

with large number of channels. using the technology adoptecl here. Good spatial

resolutions equal to about one-half the cell dimensions both ;;!Mgc"!!d perpendicular

to the wire direction (4mm for PCI and 8mm for PC3) have heen achieved. Charged

partiele track reconstruction efficiency and other chamber characleristics arc also

discussed.
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Résumé

duit p"ur j"'·xp"·ri.·tlc,· l'II E); 1:\ "u collisionneur dïon, lourds rdati\"iste, (RHIC) du

L,,},oratoir<' );ational de Brookha\'en. dans le },ùt de dé\'e1opper une chambre pro

portionnell,' il fils multiple, (:\I\\'PC) utilisant une nou\'elle technologie de lecture

d.. cathode à segmentation en pixel. Les segments sont constitués de pixels inter

rdiés en un patron spécial et les signaux dïmage induite sur les pixels sont lues par

un système d'électronique digitale C~JOS hautement intcgrée avec la technologie de

puc,,,..sur-circuit (COB). Deux prototypes de chambre à segmentation en pixel. PCl et

PC3. ont été conçus et assemblés. Les chambres ont été testées à raide de faisceaux

de particules de hautes énergies au BNL. Ce travail a démontré qu'il était possible de

construire et d'opérer économiquement une chambre à pixel ayant une grand nombre

de cannaux en utilisant la technologie de puces hautement intégrée CMOS ainsi que

la technologie COB. Une bonne résolutioll spatiale égale à environ la moitié de la

grosseur d'une cellule dans les deux directions, perpendiculaire et parallèle à celle des

fils (4mm pour PCI et 8mm pour PC3) a été obtenue. L'éfficacité de reconstruc

tion de trajectoire de particule chargée et autres charactéristiques sont également

discutées.
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Chapter 1

Introduction

1.1 Background

The puzzles of symmetry breaking and unseen isolated quarks are among the ma

jor problems in our moà~.rn physics. High energy heavy-ion collisions may provide a

valuable tool to examine these puzzles in strongly interacting quark-gluon systems[l].

An important objective of high-energy heavy-ion collisions is to search for a new form

of matter under extreme conditions of high energy densities and high temperatures.

When a nucleus travels at very high speed, Lorentz contraction causes a compres

sion of the nucleus into high baryon density. When two such nuclei approach each

other, the elementary nucleon-nucleon collision between the two nuclei occur nearly

at the same time and in close spatial proximity. In consequence, as the colliding

baryon matter recedes from each other after the collision, a large amount of energy

1
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encrgy dcnsity of tht' order of a ft'\\' Gt'\ '/fm:t tllay ht' acliil,Yt'tl. :\1 thi:-- ('tlt'rgy d('ll-

sity. an orcier of J11<lgnitude greatcr t han t lw t....ucrgy dl'tl:-;ity of Il(lrtlla! tl1h:lt'ar tllat lt'r.

a large number of primary pion" would be creatt'd out of the Fermi ""'1. TI,.. ,,"dde"

increase in hadron density may favor the format ion of new form of llIat lt'r ,,"ch il"

the quark-gluon plasma (QGP). as predicted by the quantum chromodynamic tillWY

(QCD). It is a state of matter believed to have exi"ted in the early evolution of th,'

universe and may still be existing in the core of sorne remote neutron star".

The critica! conditions for such phase transition into QGP can be summarized

as: 1) for pure lattice gauge (gluons only). the transition is first order with critical

temperature Tc"'" 200]\-!d" and energy density (c - IGe\//fm~; 2) for 2 fiavors of

light quarks, the transition is second order with Tc - 150Me\/; 3) for 3 fiavors, the

transition appears to be first order with sirnilar Tc [2].

It is believed that QGP can be produced in the laboratory by bornbarding a target

nucleus with another projectile nucleus at ultra-relativistic energy. The Relativistic

Heavy-Ion Collider (RHIC), which is being constructed at Brookhaven National Lab

oratory (BNL), is designed to accelerate colliding beams of nuclei as heavy as golù

to an energy of about 100GeV pcr nucleon per bearn. In the collision of a gold

nucleus with another gold nucleus in such a collider, the energy carried byeach nu

cleus is about 100 x 19ïGeV, or 19.ïTeV, and the center-of-mass energy ..;s is about

2 x 19.ïTeV, or 39.4TeV. A collision volume of severa! hundred cubic fermis with

2
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an """rJ;Y density <1.' high as 10GcF/ fm 3 would be created. The magnitude of en

.,rgy in\'olvcd in nucleus-nucleus collisions is indced very large. more than sufficient

to neatc 'lU cnvironrnent for a Dhase transition from hadronic matter to QGP.

The PIIE:-.T\ experirnent at RHIC at B:\L is dedicated to the discovery of QGP

and to rneasure its properties. It is being mounted by an international collaboration

of sorne 400 physicists from 45 institutions in 10 countries. The PHE?\IX experiment

is based on a large detector system comprising many subsystems. The PHENIX de

teetor with all its subsystems indicated is shown in Fig. 1.1. The PHEND": strategy

IS to perform a systematic investigation of leptonic. photonic, and hadronic signa

tures and to look for a simultaneous anomaly attributable to QGP formation. Many

potential signatures that identify the QGP state have been proposed over the years

for experimental investigation. Sorne examples are:

• Photon thermal radiation enhancernent.

• Dilepton production enhancement \Vith certain invariant masses.

• ,p, p, and w production.

• Enhancement of strange particle (K, 11., ::: etc.) production.

• Suppression of JN production.

• Pion correlation.

• Hadron transverse momentum PT distribution.

3
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• Tran~\'('r~f' energy ET production .

• :'Iultiplicity of chargt'd particlt's \.Y,h) and tht'ir distrihuti<", in SP"Ct'.

The important physics topics in PHE:\IX expt'rinlt'ut include deconlilH'lllt'nt (De-

bye Screening). chiral symmetry restoration. thermal radiation of hot gas. naturt' of

the phase transition. strangeness and charm production. jet quenching. and sP""'~

time evoiution. Because the physics of interest involves man)' different kinds of par-

ticles. particle identification is very important. The PHENIX approach is to iden-

tify and measure leptons. photons. and hadrons as a function of energy density in

both nucleus-nucleus..4. + .4., and nucleon-nucleus. p + .4.. collisions. According to

Bjorken[3], the energy density ( is given by:

(1.1 )

Where dET/dy is the rapidity density of transverse energy Er, N~ = (N~- +

N... +N~+) is the multiplicity of pions, RT is the transverse radius, and TO is typical1y

estimated as Ifm/c. As a means of fixing the collision geometry (mainly RJ.), the

charged particle multiplicity, Nch ~ (N~+ +N~-), will be measured over a wide range

of rapidity to eliminate possible fluctuation effects. Then, dEr/dy, measured with

an electromagnetic ca10rimeter for a narrow bin of rapidity, is related to ( at that

rapidity by the above equation. By examine ail measurable signatures as a function

of either dN~:/dy or dEr/dy, we will then be able to study the variation of these

4
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"ignals a" a fllnr!iün üf hüTh lücal \dET/dy) and ~Iühal (d.\"_. 'dy) ,·"tima!,·, "f tilt'

t.~nergy dt.'nsity.

1'0 m,'a..<llre ail Th,' rharg"d l'arTicle". TIlt' PHE:'\IX "Xl",rinlt'Ilt IIl1lS' 1", ah l,· t"

!rack lh,'m. The PHE:'\IX !racking "Y"!"l1l rontain" thn'" ,,"hsys!t'ms. th,' drift cham-

ber" (OC). lhe l'ad chamber" (PCL and lhe lim" expan"ion cham!"'r ('l'El'). Th,'

system i" designed 10: 1) locale ail charged l'article t.rark" üf int,·r""t. wit.hin t.h,·ir

fidllcial volume. 2) measure the l'article momenta. :3) hdp t.o identify whirh of tilt'

tracks are electrons. and 4) contribute information to the trigg"r. The 10'" ma.<s.

multi"'ire focusing drift chambers can provide high resolution 1'1' measllr('I11<'l1ts. Th"

three nonprojective l'ad chambers can provide a three-dimensional position measur(~

ments ta aid in pattern recognition and ta determine p,/l'T. They can also provide

three space points for a second-Ievel trigger. A time expansion chambcr assists in

the pattp.rn recognition and provides elr. separation from 5 x 10-3 at a momcntum

of 250 J'v[eVIc to 10-1 at 2.5 GeVIc from energy loss (dEId:r:) information.

The McGill University nuclear physics group in PHENIX is lcading the effort

for the development, design, construction and commissioning of the l'ad chamber

subsystem. Part of the R&D work of this project at McGill University forms the

main subject of this thesis. The l'ad chambers are multiwire proportional chambers

(MWPC), in which a wire plane interspersed with anode and field wires is "sancl

wiched" by two cathodes, with one or both cathode planes divided into sensitive

pads used to determine the positions of l'articles traversing the detector. The space

6
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l"'lw('"n II,.. IWC) cathodes ar" fil!"d wilh appropriate gas so that the charged parti

e1"s p"-'S throu~h t 1,.. active gas volume produce ionization along their trajectories.

Electrons from each track wil! drift to the nearest anode wire causing an avalanche

to OCCUL The resulting charge cloud induccs. by capacitive coupling. a charge dis

tribution on the cathode pads close to the avalanche location. The schemes usually

employed for the determination of the avalanche position. can be divided into three

categories: resistive charge division. capacitive charge division and geometrical charge

division. In the geometrical charge division method. pads of specifie geometric shape

are chosen to sample the charge induced on the cathode. The basic structure of a

MWPC. which uses the geometrical charge division method. is given as Fig. 1.2. The

wire plane alternating with the anode and field \Vires is symmetrically placed be

tween the two cathodes, one upper plane and the other lower plane with geometrical

pattern.

Previous R&D work for pad chamber carried out in McGill University mainly

concentrated on the MWPC with chevron shaped cathode pad for geometrical charge

division. According to this previous work, the chevron cathode pad chamber can offer

good spatial resolution, large pad size (hence low channel count), low mass and proven

reliability[4, 5, 6]. However, the construction of such chambers for detection over a

large area., as required here in the PHENIX e."<periment is fairly demanding. The

anode-cathode geometry and the pad geometry have tight tolerances too. Because

of the requirement of relatively high precision analog readout electronics, the cost

ï
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Figure 1.2: Structure of A Typical MWPC.

per channel is comparatively high, almost 405 per channel. which limits the channel

count to a relatively low number. This necessitates the use of large pad size, making

such chevron chamber less than ideal for two track resolution.

With the pixel pad cathode option, all these shortcomings can be solved. The

good spatial resolution can be achieved with the choice of the pixel pad sizes to

coincide with the required spatial resolution. With its digitized readout systems, the

cost can be dramatically reduced to 45 per channel[i] which would allow the use

of large number of channels. And chambers using the pixel pad design would also .

improve the double hit resolution.

It is under these consideration, in this thesis work, the two prototypes PCI and

PCS, which have different pixel pad sizes, were developed, to test the chambers'

8
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1.2 Scope of This Thesis

This thesis is divided into six chapters. :\ review of the principles of operation of the

~I\\"PC is given in Chapter Two. Principles of operations of pixel pad chamber are

discuss('d in Chapter Three. Chapter Four describes the design. implementation and

operation of the two pixel pad chambers built. The in-beam test results for these

two chambers are presented in Chapter Five. Conclusions and future improvement

of these detectors are also discussed in Chapter Six.

The coordinate system used throughout this thesis is defined as follows:

• x a.xis is the direction along the anode \Vires but in the \Vire plane.

• y a.xis is the direction perpendicular to the anode \Vires but in the wire plane.

• =a.xis is the direction of the incident particie beam perpendicular to the \Vire

plane.

9
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Chapter 2

Review of The Principles of

Operation of a MWPC

This chapter reviews the basic principles of operation of a MWPC. The mechanislll

by which a charged partide loses its energy in traversing a gas fined detector such as

MWPC, and other basic physical processes inside a MWPC, are keys to the under

standing of the operation of our pixel pad chamber.

2.1 Energy Loss Mechanism

When an energetic charged partide passes through agas, it undergoes a series of

inelastic Coulomb collisions with the electrons of the gas molecules, as weil as elas

tic scattering from the gas nudei. The main part of the energy loss of energetic

charged particles cornes from the inelastic part, as the part due to nuclear processes

10



• is negligible compared with the former. As a result. the particle loses its energy by

excitation and ionization of the gas molecules. leaving a trai! of electron·ion pairs

alon~ its trajectory.

The stopping power. dE/dx. the average energy Joss per unit path length by an

energetic charged heavy particle. is given by the Bethe-Bloch formula[S]:

dE
dx = (2.1)

•

•

where me is the electron mass, f3 = v / c, :: and v are the charge and velocity of

incident particle, No is the Avogadro's number, Z, A and p are the atomic number,

mass number and mass density of the gas atoms or molecules, / is the effective

ionization potential averaged over ail electrons. (I = /oZ, /0::::: lOeV for Z> 30).

The fol1owing conclusions can be derived from Eq. 2.1:

1. The stopping power, dE/dx, is independent of the mass M of the incident

particle.

2. The stopping power, dE/dx, depends on the ve10city of the incident charged

particle. It varies as 1/v2 at nonrelativistic velocities, reaches a minium of

E ::::: 3Mc2, and increases logarithmically with the slow varying '1 = 1/VI -132

at re1ativistic ve1ocities. As a result, al! single charged heavy particles having

stopping power tend to have more or less the same minimum value, and they

are called the minimum ionizing particles (MIP).

11



• 3. The stopping power. dE Idx. is proportiona! to the square of the charge of the

incident particles. Therefore. the larger charge the particles carry. the quick"r

they 10ss their energy. the Jess power they have to p;u;s through the gas. as Joug

as the particles process the same yelocities.

The energy Joss by electron or positron passing through a gas has the similar

formula. The stopping power of electron or positron. dE/dx. is given as[8]:

(2.2)

•

•

Ali the parameters in this equation are same as those in Eq. 2.1. It can been seen that.

at the same energy, compared with heavy charged particles. electron or positron has

larger velocity, the energy loss of them is less significant. Therefore, they are rnuch

easier to pass through agas.

2.2 Ionization of Gas, Anode Avalanche

By excitation and ionization, an incident charged particle, will create a collection of

electrons and positive ions along its trajectory. When these electron-ion pairs are

subjected to the influence of the electric field in the chamber, the electrons drift

toward the nearest anode wires and the positive ions toward the field wires and the

cathode plane.

Fig. 2.1 and Fig. 2.2 (generated by the simulation software GARFIELD[9]) show

the electric field distribution inside a typical MWPC chamber geometry. The electric

12
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Figure 2.1: Electric field lines (solid line) and equi-time lines (dashed line) in PCI.

field inside the chamber is not uniform. With the increase of the electric field near the

anode wires, the electrons gain more energy between collisions as they drift toward

the anode wires. Eventually, when they collect enough energy which is greater than

the ionization potential of the gas molecules, they tan ionize the gas molecules upon

collisions and consequently create additional electron-ion pairs. H these processes

•
continue on, an avalanche of ionization will eventually be formed. As illustrated in
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Figure 2.2: Equi-potentia! lines in PCI.

Fig. 2.2, the typical chamber has a cylindrical electric field near the anode wires.

The avalanche normally takes place within severa! diameters above the anode wire

surface.

At the same time, the created positive ions drift away from the anode wires. Corn-

paring with the speed of the drifting of electrons, they can be considered stationary.

If the avalanches create a large number of electron-ion pairs , the "stationary" posi-

14



• tin' iOlls GUI forrn a ·,hell". which effecti"e1y reduces the electric field strength. This

is called the space charge effect. This effect can reduce gas amplification.

2.3 Induced Charge on Electrodes

The movement of the electrons and positive ions from an avalanche induces charge on

the surrounding electrodes. The detector readout electronics is normally connecte"

to either the anode or one of the two cathodes.

A simple chamber geometry is shown in Fig. 2.3.

o 0

~eldJIre
• Cathode l----Anode 'lfire

l-~J/

•

Cathode --------

Figure 2.3: Pad Chamber Geometry illustration.

Since most of the avalanche charges are created in the last few mean free paths of

the primary electrons as they drift toward the anode wires, it is thus instinctive to

consider the situation near the anode wire. Assume the radii of the anode and field

wires to be r. and rc, respectively. With this simple situation, the electric field and

15



• the potential inside the chamber. close to the anode wires. can he d,'scril",d a"

E(r) = 1 \ ~
In(r,/ra ) r

(:lA)

In which. wc assume v~ is the anode wire volti\ge and \"~ is the cathode voltage, which

normally is at O. Therefore, the signal current in the anode readout e1ectronics is[lO]:

•

. 1 1
ta = -qo X

21n(rc/ra )to 1 + t/to

t ::; tO[(C)2 -1]
ra

(2.5)

in which, qo is the induced ion charge, p is the positive mobiiity, defined in v(r) =

pEtr), where v(r) is the velocity of the positive ion, If we extrapolate the cylindrical

geometry to the cathode, for a two-electrode system, the signal current ic in the

cathode readout is:

.. 1 1
te = -ta = qo X

2ln(re/ra)to 1 + t/to
(2.6)

•
For systems with multiple electrodes, the induced charge is distributed among

manyelectrodes. For a plane cathode geometry as illustrated in Fig. 2.3, the induced

charge density distribution on the cathode plane, tan be calculated with the simple

16



• image charge method[1 Il. \Vith the parameters described in Fig. 2.3. it can be written

as:

Q +00 (')n -+- I)h
( ) A ""( Ir -.

p x.y = - .)_ L.. - [(') 'l)'h" " 'Ji!
-" n:::::O ....n"'T".. .. -r X" i Y" ~

(V)

•

•

where QA is the total negative avalanche charge. The charge distribution along

any one dimension can be therefore derived by integrating Eq. 2.i over the other

dimension.

2.4 Pad Chamber With Geometrical Charge Divi-

•SIon

Conventional MWPC with a single anode wire plane "sandwiched" by two plane

cathodes gives positional information of the incident particles in the dimension per-

penaicular to the wires, and the position resolution is governed by the anode wire

pitch, which can be shown to be q = s/vl2[12], where s is the anode wire spacing

in the wire plane. In the interpolating method, the charges imaged on the cathode

are shaped according to the geometrical shape and pattern of the cathodes, and this

pattern or structure can give position information much better than the traditional

one. Interpolating methods can be divided into three categories: resistive charge

division, capacitive charge division and geometrical charge division. Among those,

geometrical charge division has the most reliable high resolution and linearity in a

high multiplicity of charged tracks environment.
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• :\I\VPC with geometrical charge division uses dectrodes with specially s:"'l'ed

geometrica! pattern to sample the avalanche charge. Thl' amount of char!,:" induCl'd

on the electrodes shaped between different segments of th<, pattl'rtl ""ril's with thl'

position of the avalanche. Therefore. very good position r"solution can be achievl'd.

Fig. 2.4 shows sorne of the many variations of those special shaped dl'ctrodes provid-

ing the readout signais.

To Readout Electronics--- .......Cathode Pattern
,,-"7/.......7r""'"7

•

Figure 2.4: Examples of the Chevron Pad Pattern.

Chamber with these kinds of cathode readout is called chevron cathode cham-

ber. During the fust phase of tbis pad chamber work, an extensive research and

•
development work were carried out on tbis kind of chevron pad chambers at McGill

University[13]. Tbis work has led to the successful construction of a large size pro-
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Ir)typ" cham ber. :\ccording ta this research. PHEXIX pad chamber with chenon

cathode option cali offer good position resolution in the order of l 'ié- I.5'ié of the

readout spacing. the same for the position linearity[14J. However. the construction

for the chevron pad chamber requires high accuracy etching of the cathode board with

chevron pad geometry. The high cost per readout channel to keep the requirement of

high precision analog readout electronics is offset by the relatively few channels due to

large chevron pad size to cover a given spatial area. However. the large pad size also

makes them less ideal for double track resolution, i.e., separating t\Vo tracks. If the

chevron size is decreased to improve the t\Vo-track resolution capability, the number

of channel to cover the same area would increase dramatically, so would the cost.

However, this decrease in pad size and increase in channel count would be acceptable

if a way could be found to decrease the readout electronics cost per channel. On

the basis of present electronic technology, this would necessitate the use of electronic

system other than the high precision analog electronics. This is achievable by using

a digital readout system with highly integrated CMOS chips. To minimize the cost

for a system with large number of channels, these CMOS chips could be used in the

"unpackaged~ or "based~ chip form and mounted directly on the readout cathode

board. This is called the chip-on-board, COB, technology. Using this technology, a

factor of ten reduction on cost per channel could be achieved, comparing with the

cost of the high precision analog readout system. For e."<ample, in a typicaI analog

readout system, the cost per channel is about $40, whereas the digital readout system
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using COB technique cost about 8-1 per channel. ln a typica! pad chamL"'r system in

the PHE:\IX dett'ctor using chenon shapt'd pad cathod,·. tilt' channel counl is ab'lUt

50.000. giving rise to a total cost of about 82.000.000. For 1hl' same cost. on,' can

have a pad chamber system with digital readOllt syst"m of 500.000 channels.

If one could have a pad chamber system \Vith sufficiently large enough uuml"'r

of pads. there \Vould then be no need to make tht' pads chenon shaped. One l'an

simply make the pads rectangular shaped \Vith dimension along and perpendicular

to the anode wire comparable to the spatial resolution desired. However. this would

require about one million pads or channels for the pad chamber system for PHENIX.

To make the system more manageable and affordable. a scheme was dcrivcd to split

each rectangular pad into three smaller rectangular pads, called pixels, and three

pixels under each anode wire is linked up like a stair case to form subpad. These

subpads across three different anode wires are then electrically connected together to

form a pad. The pads, staggered and interspersed with each other, form the whole

cathode board. In this way, it is possible to desigu a pad chamber system for the

PHENLX detector with a total channel number of about 240,000. The basic pad

chamber scheme and the R&D work on it will be presented in the following chapters.
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Chapter 3

The New Pixel Pad Chamber

The pixel pad cathode readout is a brand new readout scheme for the MWPC. The

cathode plane is divided into many rectangular pixels and every nine of which are

linked together to form a staggered pad from which the signal is obtained. With

careful selection of the readout signals from these pads, the desired position resolution

can be achieved. A special method adopted to link the pixels into pads also reduces

the number of readout channels.

3.1 Principles of Operation of Pixel Pad Chamber

The basic structure of a pixel pad chamber is similar to the ordinary MWPC, with

anode and field wires interspersed each other. Fig. 3.1 gives an overview of the

chamber structure.

Fig. 3.2 illustrates the basic pL".:el pad cathode pattern. Every three adjacent
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Figure 3.1: Overview of the Pilœl Pad Chambcr Structure.
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Figure 3.2: Pixel Pad Geometry Pattern.

For every single avalanche, the induced charge signais on both side pixels should

be identical for symmetry reasons. Therefore, for each charge track inducing an

avalanche will at least induce charges on all three pads associated with one cell and

it is then said the cell is "iired". From Fig. 3.2, it can be seen that the situation

with more than one cell fired at the same time is possible if the induced charge from

a charged track overlaps more than one adjacent cell. \Vhen exarnining the signais

from the pads, a cell is considered fired ooly if ail three pads associated with it are

fired at the same time. Since ooly the identical digitized signal 0, not ail three pads

are fired, or 1, ail three pads are fired, is produced, no further measurements for the

induced charges within one cell are taken. If one single cell i~ detected fired, one
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reconstructt,d position for the track is a$sig;w'J in tht' Ct'nt,'r "f tl,,' tin'd c,'11. B",'aus,'

wire which in principle should pr,'vent ·crosstalk- Lwt"'l't'n ,,,,,,de wirt's. ,'xcept l~'r

those tracks which tra"erse the border betwl't'n two cdk ideally thl'r,' shouldn't Lw

more than two cells along an anode wire fin'd at the same time, \\'hen an av,L!and,,'

induced by a charged track occurs at a location whert' signais <ln' observed on four

adjacent pads, two adjacent cells should be found fired. Thereforl', the hit should bl'

identified in the middle of the two cells. Since the image charge of an avalanche is

more or less a Gaussian distribution on the pixel cathode. the exact number of pads

fired for a given track is dependent on the avalanche charge size and the detection

level setting of the readout electronics, It is entirely possible to have several cells

fired for a single track in reality. However. in principle. the position resolution should

be better than one-half cell size.

The readout electronics system is divided into two parts: the front-end electronics

(FEE) part and the data acquisition (DAQ) part. The FEE is to process the signal

from each channel by converting it into a digital bit, feeding it into a pipeline while a

logic decision is being made on the validity of the signal and then deciding how and

when to give the signal hit to the next stage. The DAQ is to accept the good signal

bit from the FEE and process the data bit in a practical format for data analysis,

The FEE for one channel is illustrated in Fig. 3.3.

The signal is fed to a 16-channel charge sensitive preamplifier and shaper, whose
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Figure 3.3: Front-End Electronic Readout for Pixel Pad Chamber.

•

•

output is connected to a 16-channel discriminator, where a bit in bit pattern is set.

The bit pattern is then fed into a memory pipeline and clocked at a predetermined

frequency, called the beam clock through a digital memory unit, DMU, followed by a

FIFO buffer unit. When the signal bit reaches the end of the pipeline, a decision on

the validity of the signal must be made. Following that, the data acquisition process

is conducted to transfer ail the digital data to computer.

3.2 Measures of Detector Performance

3.2.1 Position Identification

As mentioned before, in principle, at least one ce1l is always fired for every avalanche.

The reconstructed position is determined by the distribution of the fired ce1ls. How-
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• e\·er. the situation with more than one cel! fired has to be considerl'd. ,'sp,'cial!y for

cases in which the avalanche charge signal is large. a situation often encountl'red in

this in-beam tests. :\ fired c!uster is identified if one or more adjacent cdls are found

fired. For every distinguished C!uster. one reconstructed position is determin,'d ac

cording to its geometric shape. By setting the limit for the c!uster size to a square of

3 x 3 cells, the fol!owing 24 different kind of c!usters and their corrcsponding assigned

reconstructed positions are specified as displayed in Fig. 3.4:

•
EB

rn B ŒIJ

EEBEEb

•

Figure 3.4: Cluster Classification.

3.2.2 Position Resolution

The ability of the detector to reproduce the positions of the charged tracks is called

position resolution. It is defined as the standard deviation q or the full width at

half maximum (FWH M = 2.36q) of the reconstructed position distribution for a
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given incident partiele whose position distribution is a 0 - function. In real data,

the position resolution is taken as the standard deviation (j or the full width at

FWHM of the distribution of the deviation of the reconstructed positions from the

truc positions, where the distribution is taken to be a standard Gaussian distribution.

In principie, for uniform incident partieles, the position reso!ution of a conventional

MWPC is given by the anode wire pitch, (j = s/v'ï2[12]. For the pixel pad chamber,

in princip!e the position resoiution aIong the wire is better than one-half of the pixel

size.

3.2.3 Position Linearity

Assume the reconstructed position y of a track is a function of the true position

x, y = f(x). Then, with a normalized uniform irradiation source, the normalized

uniform irradiation response (UIR), v(y) is given by[15]:

1
v(y) = f'(x) (3.1)

in which f'(x) is the derivative of the function f(x), the slope of the curve of f(x).

For an ideallinear position sensing detector, f'(x) = 1, so v(y) = 1. For the real

detector, the difFerential non-linearity (DFNL) is used to measure the non-linearity.

•
DFNL = vm= - Vmin

(vm=+ vmin)/2

27
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\Vhere t'ma: and t'm;n correspond 1.0 the ma.ximum and the minimum valu,'s of r lH

spectrum corresponding 1.0 the minimum and maximum valul's, rcspl'ctiv"iy. of th,'

slope of the true versus reconstructed position curYe, DFNL is a quantity which

can be measured and used to compare the deviation of a dl'tl'ctor from th,' idl'al

linear response detector, A large DFNL could be caused simply by a "kiuk" in thl'

response function over a small distance, which implies the large "non-linearities" of

the chamber.
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Chapter 4

Detector Construction

Two prototype pixel pad chambers, PCI and PC3, were built in McGill University.

The pixel pads of both detectors were designed to have geometric sizes as close to as

their final version of the full scale pad chambers, to be used for the PHENIX experi

ment. They differ from their final ones only in the overall chamber sizes. Prototype

PCI has approximately one-quarter the size of the final unit sector detector, while

prototype PC3 is approximatelyequal to one eighth of its final unit sector detector.
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4.1 Design and Fabrication of Pixel Pad Chamber

4.1.1 Pixel Pad Chamber Design Consideration

PCI PC3

Pixel Length (mm) 8.2 16.45

Side Pixel Width (mm) .) - 5.5_.,

Center Pixel Width (mm) 1.5 3.0

Adjacent Pixel Spacing (mm) 0.25 0.25

Cell Spacing between Pixel Columns (mm) 1.0 2.0

Pixel Corner Cut (mm) 0.2 0.2

Pixel Interconnection Line Width (mm) 0.2 0.2

Plated-through Hole Diameter (mm) 0.3 0.3

Table 4.1: Pixel Pad Parameters

In an ideal situation where there is no limitation on the channel count and cost, the

detector a1ways performs better with a finer granularity, i.e.,with a maximum nu.mber

of pixel pads. The maximum number is determined by requiring each pad contains

only one pixel and the pixel dimensions are consistent with the spatial resolution,

both a10ng the anode wire and perpendicular to the anode wire, of the detector. In

this case, the rectangular pixels are Iined up in a column beneath each anode wire, and

the pixel columns are separated by space Iines above which are field wires located in
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I.f,.. saflle plane 'LS the anode wires. A pad chamber system for the PHENIX detector

made I.his \Vay would require a million pads or channels if the spatial resolution

in both directions for PCI. PC2 and PC3 equaled to ±4mm. ±ïmm, and ±~mm.

respectivcly. were met. In an effort to reduce the chapneI number and cost. each

squared pixel is split into three rectangular pixels across the wire direction. and the

pixels beneath each anode \Vire are joined together like a 3-step stair case. One stair

case from each of three adjacent anode \Vires. are then connected together 1.0 form

a 9-pixel pad as illustrated in Fig.3.2. The pads are staggered in such a \Vay that

the position of the charged track that traverses each cell is distinct. This connection

scheme has allo\Ved the reduetion of channel count for the PHENIX pad chamber

system by a factor of three.

To test the \Vorkability of the scheme and the performance of such a detector, t\Vo

prototype pixd pad chambers of approximate dimension 20cm x 90cm \Vere designed

and fabricated: one resembled the geometry of PCI and the other of PC3. The

dimension of the three pixels in each cell under an anode \Vire were chosen 1.0 give the

t\Vo side pixels the same width and the center pixel a narrower width so that three

pixels \Vould receive equal image charge from a centrally located avalanche around

the anode \Vire. The pixel pad sizes for PCI and PC3 are summarized in Table. 4.1.

The chambers dimension parameters are summarized in Table. 4.2.
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PCI PC3

Anode \Vire Diameter (J'm) 25 25

Field \Vire Diarneter (J'm) 1')- 125_0

Anode-to-Anode \Vire Spacing (mm) 8.4 16.5

Anode-to-Field Wire Spacing (mm) 4.2 8.25

Anode \Vire to Cathode Spacing (mm) 3.0 6.0

Active Cathode Plane Width (mm) 188.3 167.5

Active Cathode Plane Length (mm) 781.65 739.05

Guard Ring Width (mm) 1.0 1.0

No. of Anode Wires 22 10

No. of Field Wires 23 11

No. of Readout Cards 16 4

No. of Readout Channels 768 192

Table 4.2: Pixel Pad Charnber Pararneters
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• 4.1.2 The Pixel Cathode Board Design

The pixe! cathode board was made of a 250Jlm thick FR4 fiberglass sheet with printed

circuit on both sides. The copper thickness on each side was S.6Jlm. The two sides

were connected with plated-through holes for channel readout. A basic pixel cathode

unit for the prototype PC3 is given in Fig. 4.1.

•

Anode ll"lre
Field "!rire

•
Figure 4.1: The Basic Readout Unit.
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The bottom side of the board was the pixel cathode side and the top sid.. was ils

corresponding signal connection side shown by tilt' black lin,'s. lt conld Ill' "",'n that

this basic structure had a ID-œil x 10-cell arrangement. or ·18 channds. Therefore. it

was convenient to use this structure as one rcadout unit and tilt' card that contain..d

ail this readout FEE was called a rcadout cardo If the pixel siz,' and win' spacinp;

were chosen properly, the entire cathode board would be fabricated by duplicating

this basic structure throughout the board. When the basic structure was at t.h,'

edge of the board, these pixel pads which staggered outside the center square of

100anode-wire x ID-pixel were eut approximately, and the 48 readout channels per

unit remained the same. Those incomplete pads less than 9 pixels at the edges

were connected specially according to their original connection patterns. Traces from

the plated-through holes on the back of the pixel board (top side) were led to the

surface-mounting micro-connectors. For l'very 48-channel readout unit, there were

four surface-mounting connectors: two right-angle ones soldered on the top side of

the pixel cathode board, and the other two vertical ones soldered on the motherboard,

which contained ail the FEE readout electronics, attached to the back of the pixel

cathode board, Ail connectors had 26 pins with spacing of 0,5 mm. This basic pixel

cathode unit was same for the prototype PCI too, except for the connection pattern

on the top.

The numbering sequence of the FEE readout channels was in the numerical order

of the connector pins, as presented in Fig. 4.2. This FEE channel numbers had a
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Figure 4.2: FEE Readout Channel Numbering on Connector Pins. viewed from the

top side of the pixel cathode board.

different mapping onto the topological location of the pixel pads for PCI and PC3,

simply because of the space problem to accommodate the readout cards. This FEE

channel to pixel pad location mappings for PCI and PC3 are shown in Fig. 4.3. They

are also different from their final detectors, although the final detectors PCI, PC2

and PC3 do have the same readout scheme.

The pixel cathode boards for the prototype PCI and PC3 are shown in Fig. 4.4

and Fig. 4.5 respective1y. One can sec both the top and bottom sides of the boards.

4.1.3 The Motherboard Design

The motherboards for prototypes were also made of 250llm FR4 fiberglass double

sided printed circuit boards, with the bottom side just a ground plane and the top

side contained ail the e1ectronic circuit traces. The copper thickness on each side

was 8.6Ilm. The FEE were housed on the readout card which were mounted on the
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Figure 4.3: FEE Readout Channel Numbering on Pads. viewed from the top side of

the pixel cathode board.

motherboard. For each readout card, there was an opening hole on the motherboard

for the high-pitch kepton cables carrying the signals from the back of the pixel board

to the connectors on the motherboard. The hole had a dimension of l.Ocm x 3.Scm.

The kepton cable \Vere specially designed, each contains 26 traces of O.5mm pitch.

In order to simulate the data readout arrangement of the final detectors, the data of

the prototype chambers \Vere also read out through both ends of the motherboard

and then fed to the DAQ system. The printed circuit board design for the PCI

motherboard and PC3 motherboard are shown in Fig. 4.6 and Fig. 4.Î.
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4.1.4 Chamber Assembly

The mechanicaJ structure of prototype PCI and PC3 chambers "'ere simiJar. The

illustration for the cross section of the chamber is given in Fig. 4.8.

Figure 4.8: Cross Sectional View of the Mechanical Structure of the Prototype.

The fabrication procedures for these prototype chambers were also similar. While

these small prototypes were built manually, however, for the fabrication of the large

final detectors, large machines would be required to assist in the production.

The fabrication process for the chambers took place in a "clean room" with class

10000 air filters. The major fabrication steps in the manufacturing of the prototypes

were summarized as following1:

1. After careful e:'Camination of the connection of al! the plated-through holes on

the pixe! cathode board made of 250Jlm FR4 fiberglass, they were covered with

conducting glue to prevent gas leakage.

2. Surface-mounting micro-connectors were soldered on the pixe! cathode board

1Not necessarily follow this order.
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and the motherboard.

3. A piece of one inch thick honeycomb \Vith prepared cutOllts for the passage

of the multi-conductor. high pitch kepton cables and four anodized alllI11il1uI11

supporting frames \Vere glued together on the back side of the pixel cathode

board. This procedure \Vas performed on a high precision fiat granite table.

4. The motherboard was glued on top of that honeycomb.

5. The high-pitch kepton cables were plugged into the surface mounted connectors

on both the pixel cathode board and the motherboard.

6. The eleetrical connection between the channels on the pixel cathode board and

those on the motherboard was thoroughly examined with multimeter.

Î. After this pixel cathode panel was completed , it was mounted on the FR4

fiberglass frame shown in Fig. 4.9 and Fig. 4.10.

8. At the same time, two pieces of printed circuit boards, each of 250jtm thick

fiberglass, one piece with 8.6 jtm thick copper on one side, and a piece of quarter

inch thick honeycomb, were glued together to make a "sandwich" panel, which

was called the solid cathode panel.

9. After the gas connectors were laid on the solid cathode panel, they were mounted

on another FR4 frame shown in Fig. 4.11.
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10. Two high-precision pitch bars were glued on the top of the pixel cathode board

to guide the wires. which were precisely aligned with respect to the pixel

columns.

Il. Wires passing through these pitch bars were soldered on the terminal boards

glued at each end on top of the pixel cathode board.

12. The whole assembly was ascertained of dust free before the two FR4 frames

were cIosed.

13. Finally, the FEE readout cards were soldered on top of the motherboard.

14. High voltage was then applied to the anode wires with gas f10wing the chamber

to test static performance.

UP to here, the chambers were successfully assernbled.

4.2 Detector Electronics

Specially designed data readout cards, each contained 48 channel of front-end elec

tronics, were housed on the detector mother board to data out these chambers. The

data were rea~. out from both ends of the motherboard and fed into a data acquisi

tion system. Ail the readout cards were read in parallel and each card gave its data

output in seriai.
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4.2.1 Readout Card

Each readout card contained 48 channels of FEE e1ectronics. which comprised of thrL't·

16-channel preamplifier/shaper chips. TGL. three 16-channel discriminator chips.

DISCR. and one 48-channel digital pipeline memory unit. DMU. chip. equipped with

five fold buffer. FIFO. Ali the chips were high pitch (2Jlm per channel) CMOS chips.

The TGL chips were charge sensitive preamplifier and shaper that converted charge

signals from the pixel pads to voltage signais and shaped them into pulses with a

decay time constant of about 500ns. The DISCR chips were simple levcl discrimi

nator which produced pulses of standard height but varying width depending on the

length of time the input signal pulse exceeding the threshold voltage level. Both

the TGL+DISCR chips were designed and fabricated at the Oak Ridge National

Laboratory (OR..L~L).

The DMU/FIFO chips were 48-channel CMOS chips manufactured at Lund Uni

versity, Sweden. In the DMU part, each pipeline memory channel was programmable

up to 128 cells deep and the buffer, FIFO, was a 48-channel 5-event memory. The

DMU pipeline was clocked through its memory cells by a clock running at a predeter

mined frequency that was adjustable up to 20MHz. But in this work, the clock was

set at 2MHz. When a digital signal appeared at the output of a DISCR channel and

latched into the corresponding DMU channel, it triggered an external decision logic.

When the DMU driven by the clock reached its last memory cell, a decision logic

signal called LVL.l coming from the externallogic circuit must appear at the output
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circuit of the Dyll; in arder for the original charge digital signal from the DISCR ta

be passed alita the bufier memory. The buffer event memory of each D:\Il' IFIFO

chip was then read out serially by an read-cnable logic signal ta the data acquisition

system. The logic structure was illustrated in Fig. 4.12.

4.2.2 Timing Logic

The timing sequence of the operation of DMU in the real in-bearn tests was drawn

in Fig. 4.13. When the partide came at bearn_dock 0 as shown, the charge signals

\Vere converted and shapec! to voltage signals by the TGL and then converted to the

standard height pulses by the discriminator, DISCR, all just in a few bearn_docks.

Then, they were stored in the 128 cells deep delay memory. At bearn_dock 128, the

LVLl went to high, at the !1ext bearn_dock. the "oldest" three bits of pulses were

pumped into the event memory at bearn_dock rate. Then at bearn_dock 132, the

readout decision was made, the ouLenable went to low, and at the sarne time, the

read_dock was started. The read_dock was set to be one third of the frequency of the

bearn_dock. After a few moments delay, the serial outputs were started to be read

out. For every event, 64 bits were read out ta acco=odate the possible changes

of the readout scheme of the 48 channels for each card, with another additional one

error-checking bit, total of 65 bits were read out. When ail the 65 bits were finished,

at bearn_dock 32ï, the ouLenable went to high again, and the DMU..Reset went to

Iow ta reset the DMU to be ready for the nen event. At this time, the whole process
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for one event readout \\'a$ finished \\'ithin 3::!i b,'anLdocks.
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Chapter 5

In-beam Tests

The prototypes \Vere first testt'd on tht' l!l'nch-top lIsillg; iL X-riLY SOIlIT(' iLnd ll"'lI

tested in B~ beam line of the Alternating Gradicnt SYlIt'hrotrun (A(;S) iLl. UN L

using a secondary beams of e1ectrons. (c- J. muons. (,,- J. iLnd pions. (;r-) ,If "iLriolls

momenta between 0.5 and IOGeF/c. It iasted for 15 Jays. from MardI Sl.h to 2:11"\1.

1996, The data presented here \Vere alH:.lyzed during the months of April and ~hy.

1996.

S.l Experiment Setup

The B2 belUll line at the AGS is a faeility dedicated to secondary beams induc,,J by

the 32 GeV proton beam. Secondary beams of e-. p- and ;r- were avaliahlc OVer

\Vide range of momentum up to 10Ge\i/c. There \Vere three heam defying scintilla

tion counters (SI. S2. S:3) and a high resolution tracking chamber in the beamline
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• TIlt" tr.u'kin,!.!, cil'trlliH"r W'lS .1 !wü-diIIH'Ilsional gas proportional delcct.or[lG] wit.h a

n'sullltÎ()I1 I,,:-;s lhéln :WO /L1Il. ft \':'L" lls('d to gi\'e the truc part.icle position in the

x-y plalH' Iwrpelldintlélr lo the !)('éttrls. DuriIlg the nOrIIlal rll('a.sUf(~rrlcnts. the beél-Il1

int,('I1sit.y wa.....tlways cotll.rol!ed 1.0 gi\"(' Ct coïncidence COllnt rate of about IUOj....cc.

l
-15cm ~x- /z .. /

, ~Y3m 12m

~
n Il --8 BeamE
U

~S31
S2 SI

• Trackin
Chamber

'--

Pad Chamber

Figure .5.1: Bearn Line Setup (Sec text for details).

The gas used in the test \Vas 50% Argon and 50% Ethane. The detectors \Vere

mounted on a moving platforrn operated by a servornechanisrn to provide a two

dimensional motion in the x-y plane. Both PCI and PC3 chambers \Vere scanned

along the \Vires. which \Vere oriented in the x direction. The PCI detector mounted

•
in the bearnline viewed upstream against the beam is shown in Fig. 5.2. The 16 FEE
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'l'Il!' lo!!,ic;ti 1):\Q s.\'slf'tlls ;If'(' dr;\\\'ll a.... Fi~. ;'.:t

5.2 Detector Characteristics

TI", pix'" l'ad chamber is a neW kind of 11'1\\'PC. ~luch of the ch"mber charact.erist.ics

W'L' llnkn()wn hef')re. Several ways weI''' t.ried ta st.udy t.11<' performancc of these two

'·"'"lll,,'rs. Noise stlldy W'L' carried wit.h a part.icular rUII for PC:l wiU, ext.ernal pulse

t.rigg,·rs \Vit.h"ut. Iwam. St.udy of t.he type of l'ad c111sters induccd by charged l'articles

can givl' clear vie\V about the hits pattern in the beam t.est.. Comparing the recon

strueted positions \Vith the positions provided by the precision tracking chamber can

give information about the position resolution and linearity of the chambers. Overall

l'lfedive recollstnlcted position is a good me'o.Surelllent of the chamber elliciency. The

high volt.age and threshold cffects on the l'csl'onsc of the chamber \Vas also studi,'d.

5.2.1 Noise Study

A typÏ<'al l'un for PC:l WilS recorded without beams to study the noise eITect for our

chamber. The coinci,:encc triggers were generated by a pulser. The results are given

in Tahle. 5.1.

The high voltage at this test \Vas 220DV and discriminator threshold \Vas set ta

1.151/, which \V<I$ equivalent ta l'cal voltage threshold of 33m\/. which was supposed
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1.0 be the same for ail chips in ail 1hc l'padont. ('.mis. This :!.l ';;, lin'd n,Ils i1ll'h",,",1

al! the background lIobc al. t.hat. particular loc:ati'lJl. Il. is ilOt. sllrprisill!!, al. t.lu' IU'anl

linc al'ea, l3ecause of the noise Il'vel ill bot.h l'Cl and PC:l was n'Iat.iv(·!y hi).',h ,dn('

mostly 1.0 pick-up and switchillg conpling. il. \\'.~' nol. possible 1.0 sl'l. 1.1,,· 1.III'<'shol<1

voltage of t.he discriminatol's at. valuc Icss than 1. li',1:' 0" l'l'al t.hn·shold :1:1111 \'.

5.2.2 Cluster Characteristics

1'0 test t.he response of the dmrnbcrs t.o t1,c bcam of c-, 11- and 70- part.iel.·s. a

beam givillg about 100 counts pel' second wa" aliowed 1.0 fall on t.he ch,t1nlwl's Ilndel'

test. Fig. 5.4 and Fig. 5.5 are typica! hits pat.tern distribut.ions of the pads and ('(·lIs

for PCI and pca. respecti",·ly. The numbers shown on t.he axis arc the IIllmlJPl'ing

orders of the rads and the cells in t.he t.wo dimension rhambers. For the pads, t.he

nine connected pixels (one channel) were numbercd only once. The bigg('r t.he box in

the diagram, the larger number of events a l'article hit the part.icnlar l'ad or c(·11.

The statistica! pattern of detected pads, cclls and clusters fired by the beams arc

presented in Fig..5.6 and Fig. 5.i. From those diagrarns, it can be conduded tha!.
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Tlil' lal"!!," 11111111"'1" of ""('lIls with fin'd cc,lIs alld that of 110 fil"e'd ('('Ils showe'd strollg;

d"I""I<I"II(,(' 011 tlil' I."",'sholds sdtillg; of 1.1il' discrimillalol" chips. l'J'aIII Table. ;-•. :!. il

('ail 1", SC'('II li".!. ('\,('11 at I.!'" lowesl. p(,l"mi"ible J'('al I.llleshold \;" = :!:;/11 \'. tllC'

,'hallll"'l"s still missc'd :!~.;I% ('\,('lIts for PC; and i2.G'l.. e've'nl.s for l'Cl. III ge'IlC'J'ai.

lilC' d('l."rl.ioll dficiellcy illere'L"'s <L' the threshold voilage' decr"as"s. Th" significall!.

pern'lItage' of I.h<' "vellts \Vith zero fired œil in l'CI \Vas traœd mainly t.o the rdat.ivcly

low signal str<,ngths. The PC 1 could only operat.<' al. 1iiiOF high voltage during the

t.eam test.s Iwcause of the cont.amination of the chamber. No "fficient avalallch<, was

forllled a! t.his ,·olt.age for many of the low amplitude signais. B"sides t.his. for both

PC 1 and PC:l. t.her<, were several other factors such as the presence of dead chanllcls.

large variation in discriminator triggering levcl among different channels and timing

lIIisadjustment in th<, DAQ systems which could have also contributed to the total

missing event.s.

Of ail th" dusters of cells detccted, the distribution of cell patterns were identi

lied and dassilied. and the results are listed in Table. .5.:3. According to this tabl",

although the events \Vith single ccII fired were still the most frequent, it was much

l<'ss than expected. For both chambers PCI and PCS, duster patt~rns with the mul

tiple cells fired with ccIls across the \Vires occurred more often than those patterns

with cells along the \Vires. In the case of double-cell clusters, their comparison was
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Table 5.2: Fired Celis Cal<·gory. HI' = 1,50\' for PC\. HI' = :!:!llOI' fur \'(':\ .

1,.6% 1.0 G. ,'i(, for 1'(':1. and for tl'Ïpk~C<'1I c1ust.,·rs. this cOlllparison I)("·'<ln.. 1:!. l ';.;, lu

1.[ 'i( al. the UOI'll 1<1 1 high voltage of :!:!1l01' and discriminator thr..shold of :1:\/1/ \'. :\

close explanation of Table. 5.:1 revealed that. for both chambers PC 1 aud \,C:;. the

double-ccll clllsters which straddled two anode wires and t.hose which ori,'nl<"d alung

one anode wire were comparable. This is expcded becallse t.he ct'il dillwnsiulls an'

more or less square alld t.he probabilit.y for a charged t.rack t.raVl'rses t.h.. bord,'r of

two adjacent. cells should be comparable. Since t.he charged p,u·ticl .. [""UIIS "l1l...r,'d

the detectors perpendicular to tac plane of the dctect.ors, normally a t.rack C'UI only

fire one or two adjacent cells and nearly impossible to lire t.hree adjacent. œlls. par-

ticularly for those straddle three adjacent anode ",ires. Most. of t.he observ..d ciust.ers

containing thrcc adjacent. cells eit.her straddled t.hree anode wires or along an anode

wire were probably induced by t.wo charged tracks. If this \Vas the c,",e, one Illay

deduce from Table. 5.:3 that there were about 18% doubk~track event.s in t.he l'CI

measurements.
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~ 0 CD El ŒD ~ EE cE' EB EB B:B EJEb ~~OIN
Pel 33mv (I.15Y) 70.3% II.lI% 10.1% 1.4% 22r. 1.0% 2.0% O.C: 0.9% 0.4% 0.3% 0.02% 0
PC3 25m'r (I.2Ov) U 14.0% 16.1% 3.9% 8.1% 3.4% 5.7% 1.6% 2.1ll: 004% 1.2% O.C: 0.1%
PC3 33nrr {1.15Y1 52.Ill: 6.70% 17.6% 1.1% 12.1% 2.3% Lill: 1.5% 3.3% 0.1% 004% 0.3% 0
PC3 45mv (1.00r) 53.0% 14.6% 13.2% 2.7% 4.1ll: 4Zl 2.5% 0.7% 2.4% 0.5% 1.0% 0.3% 0.1%

Table !j.:I: Fired Clusters Classification.

5.2.3 Position Resolution

The pmnary purpose of the l'ad chamber is for the use to determine the two-

dimensional position of the incident charged l'articles. '1'0 establish the reference

positions. called truC' positions. for ail the charged l'articles, a weil calibrated tracking

cham ber (Sec Fig. 5.1) was used in conjunction with the l'ad chamber. The difference

bctwecn the reconstructed positions from the l'ad chambers and the ~true~ positions

from the tracking chamber were fit into a Gaussian distribution. The distribution

thus obtained from the raw data withollt any correction is presented in Fig. 5.8 for

l'CI and Fig. 5.9 for PC:3. It is obvious that in the direction across (perpendicular

to) the wires, sorne large l'l'l'ors existed, which <Iistorted the Gaussian distribution.

The large l'l'l'ors were probably due mostly to large c1usters of fired l'l'Ils induced by

two close1y spaced tracks. '1'0 eliminate l'vents with multiple tracks, selection \Vas

made on l'vents with an avalanche signal in only one anode wire or in two adjacent

anode wires within beam area together \Vith only those l'vents giving good tracking
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tll(' showl'r of part,ides ill<1uc"d by l,h,' illci<1<'111 b(';UllS hittill~ Sllllll'1I1a!<'rial al,.",,- 1hl'

beCltl1 path. Gi"in!:!: t"oltsiderll.t.ion 1.0 tile po:-,:-ihlt, variat.ioll in l,lit' ciIaIlJiu'{' PI'\lIH'l'lh':-;

fl'Om olle ,mode "ir" t.o anot.h"r. t.he best. r"sttlt.s w('r,' achi<'\"'<1 i" t.h,' way t.hat ail

thc rcconstruct.ion procedurcs wcre carri"d GUt. ouly ullder 011" allod" win'. 'l'II<' Iwst.

rcsult.s achic\'cd for a single wire arc shown ill Fig. ;;.I:! alld Fig. ;).1:\. whil'h is alsll

summarized in Table. 5.'1. The result.s obt.ained for both chamlwrs aloll~ t.11<' win's

direction arc comparable with the half lell~th of t.he pixel sizes.

l'CI l'Cl

/j'r (cm) /j'y (cm) Ur (cm) ~y (cm)

0.548 0.468 O.ii6 ~.iOi

Table 5.4: Best l'v[easured Position Resolutiou.

5.2.4 Position Linearity

The difference betwccn the reconstructed position X'<e and the coordillatc X,....

given by the tracking chamber is given in Fig. 5.14 and Fig. 5.15 for l'Ct alld PC:!

respectively, as a function of the avalanche location along the wires. Gnly half of the

60



•

•

•

siz(' f,r 1'( '1 dl;trlllwr was ~C(IIlIJ('d fot' t.ilis J>lIrpü:'w, 1'1\(' olH'-diIIH't1sioii projt'rt iOIl

or tlw posit.jcJII ('(Tors !!;{t\'f' t.1H' giot)(-d position [<'solution (J'J' = O. 76:~cnl for PC 1 and

rr,. = 1.:lï;""I" for J>( ::l. 'l'II<'Y weI"<' ail ill dl<' directioll alollg the wires.

TIIC" lIoll-lilJ('ilrity sho\\'ed (t lûl:iic litH~ar pat.t.erll around cvcry chaJllber location. It

cali Iw part.ially ('xp!;:lillt'd by the sclH'f1l(' ho\\' t.he reconstl'llct.ed position was a...;signcd

tu ("'( 'l'y idl'Il 1. ilied cl t1stl'rs. Si Il Cl' the t"('('onst ract.ed posit ion was a.l ways gi vell iIl

the middle of the c\usters. l'very time whell the truc position WilS larger than the

rerolls!.rllcted Olle, the difference gave a nega!.ive sign. when the true position WilS

smaller than the recollstrncted one the difference gave a positive sign. as simplified

ill Fig. .'j.[G.

5.2.5 Reconstruction Efficiency

The toLal reconstructed efficiency dcpendence on the total avalanche charge WilS also

stndied. As shown in Fig. 5.1 ï and Fig. 5.18, the efficiency of both chambers depended

strongly on signal strength. Evidently. the chamber were not efficieut at ail at low

signal size. i.e., the detection of low charge signais was flawed. Even at relatively

large signaIs. the efficiency seemed to plateau at about 65% for l'Cl and at 60% for

pC:l. The followingfactors could contribute to the low efficiency:

1. The low high voltage in l'Cl induced small avalanche signais,

2. The dead readout channel effect, as each dead channel affected 9 cells in 3

different anode wires,
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.1. 'l'hl' lar~(' riJallIlci-to-c!t.ultll'i \Oariat.i"HI III tilt' trkc,t'rillt!, dlkit'lIe,· in tilt' di:---... .." .

'>. Th,' D:\Q indlki,'ncy rall,,'d by th" timillf', jil {.'r and bad adjm;t m<'nl.

incfficiency was missed. A more direct explanal.ion of this lOI\" dlki"lIry ol>s<'I'\,,'d is

expected aft.er t.he current x·ray source test.s of I.hest' t.wo rhambers al'<' ronlpkt..,,1.

5.2.6 High Voltage and Threshold Effects

The high voltages and discriminator t.hresholds erfect.s on t.he nnml)l'r of lirt'd pads

and cells were also investigated for l'C:3. They arc shawn in Fig. 5.1!] and Fig. 5.:m.

At HI/ = 2200F. it \Vas secn that the actual discriminator voltagc thrcshold al, 26

mV (1.20 V) gave the largest number of l'cils fired. although many of tht'Ill wei'"

far away from t.he -true- particle positions. This impiies that rnany cells were lired

by noise. When the high voltage, HV, was varied and the discriminator I,hreshold

\Vas kept at :3:3mV (1.15\/), the efficiency increased with voltage. It sccmed that the

efficiency increased significantly at HV = 22001/, around 60% of the l'vents had [ired

cells. This is another demonstration of the efficiency of this chamber depending on

signal height.
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Chapter 6

Conelusions

6.1 Summary and Conclusions

l'lIe deve!oplllent of two prototype Illulti-win' proporl ional cham!>"r (1-I\Y P( ') IIsinf!;

new pixel cat.hod,· patl readOlIt. systt'Ill lias bt't'n pn's<'ntetl in tht' thesis. This n'S"arch

was conducted as part of the R&D effort on the tracking syst."1ll of t.ht' PHENIX

experiment at the rc1ativistic heavy ion collider (IUlle) at. 13rookhav('n Nat.ional

Laboratory (BNL).

The pad chamber is one oft.he PHENIX tracking subdcLector syst.ems. it is IIS<'<i t.o

provide a three-dilllensional position measurt'Illent to aid in patt.ern recognit.ion and t.o

determine p:f1;;.. They l'an also provide thrcc space points for 'a sccond-lcvel trigger.

According 1.0 previous R&D work carricd out in McGill University, the MWPC nsing

the chevron shaped cathode for readout l'an offel' good position rcsolution, low mass
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wil li t lit' l'Iii p-ulI-llI)ard l ('0 B) l '·c!ltIolog-y. achit'n...d a faet or of tl'Il rt'd lIet ion on Cl>~t

p,'r ch.lIltwl. By cOlllproIlli:..:ing tlw po:..:it iOll rl':"oIllt ion. a pix(-.j pad charnber cOllld

tH' dt':..:igtlt'd and const ructt'd wilh a tnatla~t.·ahh· channel Humber by choosillg tilt'

cal.hl)(!t· I)ad dilllt'u:"ioti.

Two prololyp" pixd l'ad ,'hambers. l'Cl and l'Cl. were d""igned. constrnc!ed

and h'st"d in this work. The pixel pads of both the detectors were designed to have

!!,,'Onl<'l.rie size a.< dose to a.< their final full scale l'ad chambers. The prototype PC l

h".< on'~qnarter th" size of the final unit sector detector. while the prototype PC:3

is approximately equal to one eighth of its final unit sector detector. The operation

princip)"" of the two pixel l'ad chambers were discusscd in Chapter:3. Chapter 4 gave

th,' detailed de,;cription of the detector construction and structure,;.

The two prototype pixel l'ad chambers were tested in the high energy l'article

beams from the :\Iternating Gradient Synchrotron (:\05) at BNL. A typical run

without beams for PC:3 was recordcd for the noise study. As shown in Table..5.1,

2.1 % number of cells were found fircd. triggercd by ail the background noise at the
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re~p('cti\'l'Iy. whil,' protutypl' P( ';) achi('\"t·d fÎolO = O.7j"tÎnn ~llld rr,; =..:: 0,707"111. Tht'

position l'l'solutions ar1tie\"C..'d wen' cOlllparahll' \\"ith tilt' olw-half llf tht'ir ('(,11 dilllC'll

sions. Fig. .:).1·1 and Fig. .:l.I7) showed t hl' !iIlt'aril.y for t 1)(' t\\'o dl~lltlht'rs. If 111,· drl·\'t

count. th<'y proy<'d good lin<'arily of the 1\1'0 cham!>,'r', l'II<' ch".I"lwr, did,,'! \l'urk

dfici<,ntly dming the t<'sb, tll<' r<'ason \l'ere <'xplainl'd iu Chap.:;.:!.'.,

The new highly integrated CMOS chips \l'ith ,~OB t,'chuology I~,,,tun'd n'adout

electronics worked ycry wdl. The uniformity of performance alllong dirf,'n'ut ch"!lIl<'ls

was proven to be critical 1,0 the cham!>er \l'orking (",rformauCl',

This thesis has thus shown that the pixel l'ad chamber h'L' good positiou n'Solutiou

and li1learity to mect the PHENIX el'periment re'lUirelllents. The nl'\I' pix"1 l'ad

readout method using CMOS chips with COB tcchnology has dramatically r,'dun'd

the cost pel' channel, making the relatively large channel uumber pixel l'ad chamber

affordable. The chambers performance proved the feasibility and reliability of the

original proposai for l'ad chamber in the PHENIX el'periment.
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:t Large variaI ion in l he d(~ct rotlic~ d~tf'ctioll t.'ffidcl1cy èlnlOng channds was round.

l.,'ss than IO'i:, variation are n,~'ded for sncCl'Ssful chamber operatiou.

With h"Il"r uuderstanding of the prototype pixel l'ad chamb"rs. the new round

of "'ries X-ray sourct' tests are being condllcted in McGillliniversity. The resllits will

comt' after this thcsis work. :\ full size pixel pari chamber PC 1. with the identical size

for the linal l'CI dctector is also being built here to have a in-beam test in September.

1!l!lli•
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