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Abstract
The Solenoidal Tracker At RHIC [(3TAR) will search for signatures of a Quark-
Gluon Plasma formation, An overview of the capabilities of the STAR detector is
presented, The VME-based Slow Controls syslem is described. The development of an
aleernate data acquisition puth based on the High-level Data Link Control protocol and the

Lxperimental Physics and Industrial Conteol System (BEPICS) are discussed,
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Chapter 1. Particle Physics

1.1 Theory and History of Particle Physics

“Alom”, devived Trom the Greek word atomos, meoans indivisible, and 11 was onee
thought that atoms were the indivisible constiluents of matler, “Atom” is a mishomer in
light of the schievements of the 200h century.  When firing alpha particles at 4 thio plece
ol gold foil eleven vears after the turn of this cenlury, Broest Rulherfond found that while
most of the alpha particles possed cight theough the Toil, a few were deflected at large
wungeles [rom heir original rajectory. 'The reault indicated that there was something very
dense in the middle of the gold aloms in (he foil. Rulberlord bad discovered the atomie
nuelens,

With the diseovery of the neutron by Chadwaick in 1932 W was hought that the
structure of the nuelews was complete, and Ihat the proton, neutron and the cleetron were
the Tundamental constitnents of matter. Froa the time of Chadwick's discovery through
the 1R60Fs many new poarticles were discovered, During this time many attempis were
made to come up with new theories thal would illustrote the similarities and differences of
the escalating numbers of new “fundamental™ particles,

Today two classes of particles are sludied: leptons and hadrons, Particles
classified a5 leptons ave nol affected by the strong force and are considered Tundamential or
elementary particles, that is, they ave not ebserved (o have inlernal structure. Six different

Lypes of leptons have been identified (see able 1.1}
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Lepton flavor, muss, wnd charge.

For each leplon bere exists o corresponding anti-lepton. The anti-leptons have the sane
rniss s their respeetive pacticles bul corey the apposile charcge,

The second class of particles ot are stadied are the hadrons, This elass of
particles includes the proton and newlron, Less Tamilior hadrens exist, but only as the
product of high-energy eollisions from which massive and exlremely unstable pacticles

materiullze (lifetimes of about 107

seconds) ladrons are not fundwmental parlicles sinve
they have been shown to have internal sirueture. In 1964 Murray Gell-Mann of the
California Institute of Technology and Georpe Zweig at the Buropean Center for Parlicle
Pliysics (CERN) independently proposed that hadrons were not fundamental, bat are, In
fact, made up of smaller particles, This proposal gave birlh o the quark model, In this
mdel all hadrons sre made up of poinc-like spin-142 particles called guarks. Ouarks can
vombine in doublets producing mesons (t's; K's, ete) or in triplets Torming baryons

(proton, noutron, ete.). Quarks come in six flavors (see table 1,23, each of which is

complimenled by an anti-quark of opposite chartge and avor,
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Quark mmss; ehicge wod layvar,

Even though the quarks have a Irclion of he charge of the electron, they combine in such
a wiy Ul the sum of their charge is mtepral and hove oever been observed to combine in
such o way to produce s particle with fractional charge,

Experiments during the 1960 aod 1970 in which high enerpgy electrans were
fired al protons and neutrons supperted the quark theory. These experiments found the
distribution in enerpy and angle of seallered electrons sugpestive of electrons eolliding
with point-like, eleetrically charged oljects within the protons und neutrons [0 85].

The quark mode] was not flawless from e starl. Noture has shown that no two
purticles in the same cuantum state can have the sime quantun numbers (Feromi-Chng

pringiple], but at the same time natare prodoces baryons that are the bound state of three

of the some gquarks {Le. £ (ss8) and A (ddd)). According to the Fermi-Dirac principle,

three quarls, all of which are spin-1/2 particles, should not be allowed 1o combine in the
sarme quantum state to form a baryan, The Fermi-Dirac principle has had success in oter
scientific areas (Le. delermining an atoms placement in the perodic table), and one would

expect this principle (o aceount for the configuration of quarks within a hadron as well.




Tor reconcile e discontmuicy, the guark model was modilied by the inclusion of 4 new
quantun number arbitacily termed colar, Fach quark can have one of three kinds of color
charge: red, green, or blue. An anti-quark could have one of three kinds of color charge:
anfi-red, anti-green, or anle-Dlue (eolor as wsed here serves as 9 convenient label and is not
comnected with ordinary color). With the inclusion of color charpe as a quantum oumbser,
wae can now speeily the riles under which quarks combine 1o form hadrons, In nature, the
observed hadrons do net demonateate color charge which mesns that the sum of the
component guarks ina badran musl be color neuleal or white, Therelore the allowable
connibinations of quarks are: a quark and its anfi-quark, yielding the mesons, and ared, o
green and a blue quarck producing the baryons,

Experiments in the lale sixties measuriog the momentam ol the gquarks witbio o
hadron, found nnother discrepuney between nature and the quark model. 1t was thougln
Lhat i o proten moves wilh o mementum p, by congecvalion of momentum the constituent
quarks as a whole should move with o momentum p, However, iL was diseovered thal (he
guirks only neeounted for sbout holf the total momentum.  Again the quark mode] was
madified, A pew particle, the gloon, was introdoeed inte (he model as the earrier of the
strong force -- the exchanpe particle that poverns the interactions herween quarks.

There are cight types of gluons cach of which is a superposition of color and anti-
color states. Therefore, when a quark emits or absorba a gluon, the quark changes eolor
bl net [avor, Within s hadron the guacks are constantly emitting and absorbing gluong

and constantly changing color. This process deseribes the way gluons sel up the sirong
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field in which constiluent guarks are held topether within a hadron. The stucy of quark-
ghion interactions is called Quantum-Chromodynamics (QUCD),

The Tacl thal gluons carry color charge accounts [or the asymptotic freedom of
quirks. - Unlike the electromagnetic foree, which weakens with distance, the strong force
grows stronger with distance, We shall consider two of the effects (hal inllucnce the
behavior of the strong foree: screening and camoullage.

sereening in QUL is analopous o sereening in Quantum-Electrody namics (QED),
In QR when an electron eoters o replon of space populaled by moleeules that have
pasitively and negatively charged ends, icwill polarize the molecules, It in effect, screens
isell in positive charge. The resull is a reduction of the effective charge of the eleciron
bt deereases with distance, One would think tha the sereening effect would not oeeor
within o vacoum, where there are no molecules w polarize. This, however, is not true,
According to the Heisenberg uncertalnty prineiple, o vacuum is never empey; in fact,
encrgy in the vacuurm con increase ng 1t is investigated on progressively shorter time seales.
Because of this, particles con violote Me conservalion of encrey for belef insonts,
materializing in and oul of existence. These particles me referrad 1o as virlual particles.,
Therelore, electric charge in & vacuum will be screened by virmal particles and elfectively
reduced at large distances. A QCD vacuum is populated by victual guarks and anti-
quarks, often called sea quarks, When a quark is introduced inlg the vacuum, the virtoal
guarks harboring contrasting calor charge will be altracied to the quark while those
barboring like color charge will be repelled. The resultis the same vs in QED: the quark”s

color charge 1% screened by viroal quarks,




The electromapgnetic force between charpes in QED 15 due (o the exchange of
neatral photons, while in QCL the steang force between colored quarks is due to the
gxchange of color-charged pluons, Because pluons carey color, i chanpes the nalore of
the force. Quarks are constantly changing color by cmitting and absorbing gluons, The
color-charsed pluens spread to considerable distances, spreading the color-charge
thramighout space, In close proximity, the gluon propagation serves (o camoullage the
quark that is the source of the color-charge., Conseguently the color-charge felt by a
uark of another color will diminish as i gels closer o the Ges) gquark, o ihis way guarks
are permanently eontined and asymptotically free, or in other words, at large distances the

loree between quarks is great, bul b small distances (<1 fm) the Teree 15 next 1o zero,

1.2 Quark Deconfinement and the Quark Gluon Plasma

Ty nuelear mmafler under normal conditions, quarks are bound within individoal
hodrons, These hadrons do not overlap; they occupy o volume 1o themselves, Al higher
densities, however, hadrons con be eompressed in such a way that they overlap and the
conatituent quarks of one hadeon can not e distinguished from that of another. Tn such a
state the idea of individual badrons does not apply, This new state of matter s called a
gquark-ghuan plasma (QGPY. [n this state quarks and gluons, decontined from their
hadronic bounds, may reely move aboul in a volume that is several hadronic velumes in
gize. Cuerently it is believed that the QGP exisled in the early stages of the development

of the universe and may presently exist in the cores of dense neutron stars. In ahigh-



energy particle physics experiment it is estimated that beam energies of 10-100 GeV per

nucleon would be necded to recreate this phase of matter under lemmestrial conditions.

A head-on collision of two nuclei in a colliding beam experiment appear as two

Lorenly confracted disks traveling toward each other (see Tigure 1,17,

Nucleus Nuclens
A B

Before Collision

Figure 1.1
Conligurntion ol o colliding noclel A and 13,

They mesat at position & =0 and at lime (=0, Al this point {z,0 = (0,00, the particles
overlap and o region of extremely high-energy densily is ereated, This region of high-
enerpy densily 15 referred Lo as the interaction reglon (see figure 1,23, 1Lisin the

interaction region that the Tormation of a QG is likely to occur,




After Collision

Fipwire 1.2
Thie conliguention wer collision. Brergy iy deposibed ar g= 11,

The evalution of a nueleus-nucleus collision in space-time 18 represenled in ligure 1.3,

freeze—oul of hadrone

hyrdvrodymamiog
of quark-gluon plasme

Fipure 1.3
The evolution of the nuclauz-nuclens colliston on the space-line axis [W0 04].




There arc two types of eollisions in which a high energy-density region can occur:
one in which the initial nuclear matter is stopped, called the "stopping” reginie, the ather in
which the initial nuclear matter is slowed but not stopped, often called the “lransparent”
regime. [n the first silualion baryons in the two colliding beams are completely slopped by
each other. “The resull is buryon-rich matter in the middle of the interaction region. 104
QOGP were to form this type of collision it would be hard to detect because of complicated
seuttering due to the high baryon content,

[F he: bewrs have sufficient energy, the inilial barvoos will not be completely
slonwed down, bt recede from the interaction region Jeaving it barvon-free. High encriy-
density is atill deposited in the inleraetion regian and may Torm a baryon-free OGP, The
theoretical moedel enleulations are much more straightforward with this type of OGP, and
henee it 18 of great interest,

The hope is that o QGP will be formed ul the Relativistie Heavy Ton Collider

(RITIC,

.21 Signatures of the Quark Gluon Plasma

Relativistic heavy jon collisions present the possibilily of producing the high eneray
densities needed (or the formation of & QOP. However, the detection of this phase of
maller 18 obscured by the number of particles produced in the collisions, about 4000
particles per event, Because of this and the short lifetime ¢ ~ 10™'5) of the QGP, one must

look for indirect evidence of the formation.
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1.2.1.1 Photon and Dilepton Formation

in a QOGP state, quark-gluon interactions can resull in the production of real
photons, while quark-anti-guark interactions can produce lepton pairs. These parlicles
inlerac]h wenkly and ure expecled o escape the plasma without rescattering,
Untortunately, the signals of these two mechanisims can be degraced by high backeground
levels, The photon energy Spectrum may provide a signal of the plasma formation,
however large background sources (e photons vom 70 and 17 decny) make it dilfficull (o
quantitatively predict pholon energies eriginuling from the inleraction region. Likewise,
dilepton signals con be obscured by background signals, such as pion annihilation which is

ol lovwed Dy lepton pair production,

1.2.1.2 JIM Suppression

A I meson containg i bound charm quark-anti-quark pair (ee), Theery predicts
that in o QGE the quark-anti-quark hound stace of the T will dissolve due o Debye
screening, resulting (o a low density al ce pairs in the plasma. In 1his seenario, linding u
charmm quark-anti-guack pair in close proximigy would be very unlikely, due (o the
comparatively large number of lighter guarks., Henee, upon hadronization, the charm

would emerge from the QOGP in the form of the D-mesons,



1.2.1.3 Momentum Distribution of Jets

The maomentum distnbution of particle jets in central nucleus-nucleus collisions is
another possible indication of the formation of a QGP. In a central collision, a large
fraction of the cnergy (in jets of particles) comes [rom the inleraction region perpendicular
tor the direction of the inilial beam wavel, 1t is felt that guarks and gluons will lose less
enerizy passing though a plasma state. This would result in 4 lurger average transverse
mementum of purlicle jels coming from a QGE compared (o those from a hadron gos (DO

&1,

1.2.1.4 Enhancement of Strange Particle Production

In o relativistic heavy fon collision the resalling Greball initinlly containg the up and
down quarks ef the eolliding baryons, The prematiare Tireball is said (o contain litte
slrangeness, Slrangencss s a quantom number associnted with the presence of one or
more strange quarks in o system. As the ficeball matuses, sirange quarks have to be
created os quark-anti-quark pairs, in order to conserve stranpgeness. It is mueh easier to
create a s pair in o collision that producas a QOP than it is in a collision that proeduces a
hadron gas of the same wemperature, This is becavse in a QGP the guarks and zluons are

decantined, and it lakes just the rest mass of the two strange quarks (e, 2m, = 400 Me¥)

to make a 55 pair. In o collision that prodiuces a hadron gas it takes 570 MeV or 2,23

GeY to praduce a strange or anli-strange baryon respectively, and up o 2.64 GeV for the



production of multi-strange barvons. Strangeness production s also enbanced in o QGP
because of the different teaction mechanisms, Tn a hadron gas, 58 pairs aro produced by
Lhes irteractions belween hudrons. A QGP has gluon interactions as well as quark
interactions. In a QGP two real gluons can produce a pair of sirange quarks and a quark
anti-quark-pair can annihilate, making a virtual gluon which converts 1o a pair of strange
quarks. Theoretical caleululions have shown thal the production rate of 85 pairs in the

QG should be 10-30 times preater than in a badron pas,

1.3  Relativistic Heavy Lon Collider (RHIC)

The Reluivistic Heayvy Ton Collider (RHICY, lecated at Brookhaven National
Laboratory (BNL), is designed (o aceelerale heavy nuelei to an energy of 100 GeV per
nuelesn. Construction of the eollider started in January 1921 and is expected 1o linish in
eirly 1995, The collider Hsell consists of two concentric tings of supereonducting
miagnets built in so existing ving tunnel of approximately 3.8 ki in cirenmlerence localed
in the northwest section of the BNL site, "The existing accelerator complex ot BNL is

miade upool the Tondem Yan de Groaff accelerators, the Booster syachrotran, and the

Alernating Gradient Synchrotron (AGS), inlerconnecied with beam ransler lines, and will

serve as the injeclor for the RHIC. An acrial view of the RHIC complex is shown in

ligure 1.4,
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Fipnre 1.4
Layour of the BITC connples [LU 93],

The Tandem Yan de Graall sccelerator provides the initial acccleration, The gold
ions, having been siripped of 12 electrons, exit the Tandem Yan de Graafl accelerator ai a
kinetic energy of 1 MeV per nucleon. Upon exiting the Tandem Van de Graaff, the ions
s further stripped to the +32 state, The ions (hen travel through the heavy-ion transfer

line and are injected info the Booster synchrotron. The Booster synchrotron increases the
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kinetic energy of the ions to 93 MeY per nuclecn. In the Boosler-lo-AGS transfer line the

ions arc stripped to the +77 state and then injected into the AGS. The AGS accelerales
the ions to 1008 Ge¥ per nucleon and transfers the tons Lo the RHTC collider through the
AGS-o-BHIC transier ine where the final stiipping from +77 to +79 takes place. The

RMIC accelerator will perform the final scecleration to 100 GeV oper nucleon, The ion

acceleration scenario is shown in figure 1.5,
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1.4 Physics of the Solencidal Tracker At RHIC

The Solenoidal Tracker At RHIC (5TAR) will search for signatures of a quark-
gluon plasma formation and investigale the behavior of sirongly interacting matter in high
cnergy density collisions. Emphasis will be on the correlation of many observables on an
evenl-by-cvent busis [5T 92]. Measurement of global obaervables at an evenl-by-gvent
level is made possible by the expected high densily of charged particles (about 40400
particles per event) produced in the nuclens-nucleus collisions al the Relativistic Houvy
lon Collicer (RMIC), The global observables -« such a8 average transverse momentum,
lemperature, flavor composition, collision peamelry, encrgy- and enlropy-density -« are
expecied o luetuale from one event to another in the vieinity of the hadron pas-QGP
phase transition. "Thus the STAR experiment will be sensitive (o the behuvior of these
obaervables ns & function of energy densily, In he absence of delinilive signotures of o
CQHGP, il iy essenlial that such corcelationy be vaed to identity special events and possible
signatures, "This requires an elaborate and Nexible delection system (il con
simultaneously measure many global observables.

STAR is copable of tracking snd identifying several thousand particles in a Lypical
nucleus-nuclevs collision at RITIC, Tracking measurements coupled with electromagnetic
calovimetry and high-momentum particle measurements, will allow the study of hand QCD

processes such as jet, mini-jet and hard photon production,
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The experiment plans to directly identify and analyze the momentuwm of charged

particles (n”, 7, K5 K, p, ﬁ, d, d 7, as well as neatral and charged slaange particles (K",

iy A, AL 2 07 via charged-particle decay mades.

1.4.1 Particle Spectra

At STAR the ransverse momentam (py) distribution and (he average transverse
momentunm <p lor pions and kaoos cao be determined on an event-lw-even| basis, This
ullows individual events 1o be chinracterized by lemperature. Events with high temperaiure
may b o signalure of OGP fUJ'I'I.'JI:lﬂﬁIL Figure 1.6 displays two speetrn generated by the
Monte Carlo method from Maxwell-Boltzmann distributions with T = 1500 aned 250 MeV,
each containing 1000 plons, The slopes (lemperare) of e spectra (also shown) can

ensily be noticed ot the single event level.
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simulntion af the py apection For ene evenl genemsted ustng o Bolcamnn
distelbuticn of 100U pluns, 'The histogrims eonespond 1o single cvenls
genarated with T = 150 MeV and 250 MoV, The curves ore (i1 10 the
flstogrum using o Mugwell-Bolemmonn disteibotion [8T 92],

1.4.2 Flavor Composition

It iy believed that at REDC enerpies the variows stages of the collision, ie.
thermalizgation, expansion, and hadronization, will be rellecled in tbe sbundance and
apeciral distribulion of particles containing heavy quarks, Measurement of the particle
yields and spectra as a function of the reaclion volume may lead to a decisive signature for
the formation of the QGP [ST 921,

Information on the relative concentration of strange and non-strange quarks in an

event will come Irom the measorement of the K (kaon 1o pion) ratio. This has been
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sugpested as a diagnostic lool to dentify hot, dense matter [ST 92]. Measurement of the
production rate of the phi-mesen, an s 5 pair, places a more siringent constraint on the
origin of the observed flavor composition Lhan the K ratie, and is expected to be more
scnsitive to the presence of a QGP | Tt is also thought that in the presence of a QGP there
iy be a shift in the phi-meson invariant mass [ST 92]. The K/r ratio and the phi-imeson
yviedd will be measured on an event-hy-event Tasis with enough accuracy to classify events

for correlations with olher olweryiblos,

1.4.3 Glohal Observables

The appearance of ony dynamical Muelualions in o narrow rnge of conditions has
always been an indicator of o phose transition. Within the realm of high-energy particls
physics however, such Muctuations can be seen in individual events if the slatistics ae
large enough to overcome the uncerainties, The large lransverse encrgies produced ot
REIC will allow the STAR deteclor Lo do event-by-event messurements ol fluciations in
particle ratios, energy-densice, and entrapy-density as o lunction of Lransyerse momentum
and rapidily, These (uctuations may indicate a phase change, i.e. the hadronization of o

QGP |ST 92],
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144 Electromagnetic and Hadronic Energy

Correfalion and Quclvalion analysis are considerably improved by including
clectromagnetic (EM) and charped parlicle data, Onc (hird of the energy is BEM energy
and 15 measured by calorimetry. The hadronic energy wild be measured by charged-
particle tracking. What is more important, a change in the amount of EM energy versus
charged-pacticle encrgy is one of the signatures of the QGP and olber new physics

(5T 2]

1.4.5 IParton Physics

The study of hard QCD processes uses the propagation of quurks and gluons as a
probe of nuelear matter, hot hadronic malter, and quurk molter. The REIC collider will
b e vt facility @ provide un enviconment with sufficient energy 1o accuralely mensune
the rates of detectable parton debreis (jels, high p, pacticles, and direet photons) from hord
sealtering and paron-parion interactions. Caleulntions have shown thal the propagition
of quarks and gluons through matter depends on the properties of the medivm, For
example, it hos been suggested that there is o noticeable energy loss associated with
propagating partons as the energy-lensity of the medium increases, particularly it the

roedinm passes into a QGP.
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Chapter 2. Solenoidal Tracker At RHIC

Implementation Plan

‘The mitial phase of the 5TAR detector will include the following subsy stems:

= Solenoidal magnet

e Time Projection Chamber {TRC)

» Silicon Vertex T'racker (8VT)

& Bleclromagnctic Calorimeter (EMC)
o Trigger

& [Jata Acquisition System (DA

and the assaeciated electranics for ench ol these subsystems, These subsystens are

unticipated Lo be on-lioe at REOC start-up in mid 15990 Upprades, such os Time-ol -Flight

Deteclors (TOF), Forward Time Projection Chambers (FTPCY, and more sophisticated

rigpers, will tike place as funds become ayailable, The detector subsysiems will be

implemented s shown in figuee 2,1.
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Figure 2.0
Configuratian of the baselioe STAR detecior.
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2.2 Experimental Sctup
2.2.1 Time Projection Chamber

2.2.1.1 Introduction

Ower the past twenty years the Time Projection Chamber {TPC) has become one
ol the most efleelive tracking devices. Tt has o large variety of possible applications
ranging from searches far rare or exolic provesses al very low eneredes 1o the study of
strangencss production in the high multiplicity environment of high energy heavy ion
collisions and 1o charged-purticle tracking ol the highest energy electron-positron colliders
[LO 92].

A shown sehematically in figure 2.2, the bosic constituents of a TPC are a large
gas clrilt space and o high voltage plaoe which sets up nuniform eleetrie field teeminating

ut Multi-Wire Proportional Chambers (MWPC),
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Fipure 2.2
1o bosth o rectungular {a) and 8 cylindrical {h) TPC the basic constiteents arce;
adarge drift spoce - o high vollage plooe - und o Multi-Wire Proporgonul Chamber [L0 92].
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The shape and size of a TPC is application-specific. A rectangular TPC 15 most likely 1o
be used in a fixed target cxpenment, placed downstroam of the target. A cylindrical TPC
enclosing the interaction region is best snited for beam-on-beam collisions.

When o charged particle passes through lhe gas dnlt space it leaves behind a
steing of electrons and ions Fecmed by the ionization process, The elecirons are
accelerated by the electric field to the wire chambers where they peoduce a signal on the
sense wires, The posilion ol lltlr: signal 15 induced on o cathode pod plane which is
positioned in back of the sense wires. Combining the position signals with the drift-time
of an electron in the TPC gas, the TPC provides three-dimensional coordinate
rneasirernents of the particls as il raverses te drift volume (ligure 2.3 The wire signals
can also be used 1o measure the specific energy loas, dEAX, of the ionizing particles, thus

aclling particle identilicalion capalilities [LO 92],
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Fimire 2,3
Achematic of the decetion process of charges on the wires and pad planc

el i TPC endd-plite [LO 921



The TPC is usually placed inside a unilorm magnetic field which is directed puralle]
t the electric field. 'This allows measurement of particle momenta [rom lrack cirvatures
and improves the spatial resolution of the lrack signals by decreasing the (ransverse
dilTusion of the electrons during the drift process.

The TPC hus many advantages over other types of tracking devices. The device
can cover shmost the full solid angle and measures taly three-dimensional coordinates
wilh typical resolutions al about 200 mm erthogonal (o the drilt direction and often much
better thun | man along the deift dicection, leading (o excellent monentum resolution [1.0O
971, The perlformance of the TPC is thal of a bubble chumber, but relying entirely on
electronie information instend of the numerous pletures (hal are sssociated with bubble
chumber data, Pattern recognition is therelare simple and efficient and allows
experimenters to deal with high track densities [LO 52],

The most signilicant disadvantage of the TPC is its slow readout time due o large
drift lengths, Also, high rates of particls collisions and aceelerator background radiation
con lend 1o space-chorge pile-up which will distort the elecirie drift field and affect
momentum resolution, The TPC three-dimensional coordinpte data 15 provided by a
highly complicated and sophisticated electronic readout system, Thousands of wires and
tens of thousands of eathode pads have to be read out in time slices of typically 100 ns,
All the information from the sense wires and pads have to be amplified and digitized with
expensive Fast circuitry. Turthermaore, the readoat of Tarpe numbers of channels, each with
i luree nuinber of time slices, introduces huge amounts of data which must be passed 1o a

data acguisition system.



2.2.1.2 Basic Time Projection Chamber Components

I this section the basic componenls regquired for o TPC are described.  The TPC
cun be applied to many different experimental situations which nltimalely influence the
final design and implementation of the detector. Requirements change considerably o
one application o the next, bul cerloin components are found in moest TPC s,

The largest purt of 4 TPC s the dritt repion. The dreitt region is a volume of
detector (radiator) gas enclosed by o Oeld coge which ereules an electrie Ticld. In the case
of arectangular TPC used in fixed-targed experiments, the drilt space is erminated on one
sicle by n high voltage plane and the other side by a Multi-Wire Proportional Chmnber
(MWPC), For colliding bewn experiments the TPC is eylindrical io sbape, positioned so
thut the beam travels along the maln axis of the eylinder. In a cylindrical TPC, (e high
voltuge plane is vsually placed in the middle of the 'TPC, orthoganal to the beam, and the
eeift wolwme is terminated with MWPC's on both ends of the delecter. Charged porticles
eross though the deift volume creoting tracks of eleetrons, 'These electrong drift 1o 1he
MWPC nnder the inlluence ol the elecirie field, Arriving al the MWEPC, the clectrons
acnernte signals aronnd the sense wires and induce o signal on the cathode plane behind

the sense wines.,



Multi-Wire Proportional Chamber

In a Multi-Wire Proportional Chamber (MWPC), the principle of a propottional
counter i3 put o use ina detector with a large arca. A basic MWPC is composed of a
cathedle plane, u senselficld wire plane, a cathode (or shiclkling) wire plane and a gating

grid, A schematic of the anangement of these planes is shown in fgure 2.4,
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Flgure 2.4
The wive arrangement of a Mulll-wire Peoportienal Chamber [T.0 92],

The cathode plane is a conductor-conted plate (usually copper elad onto o fiber
glass-reinforeed epoxy plate) that has been segmented into small pads. The segmentation
15 performed by means of a phetochemical etching process, Hke used for printed civenit
boards, or by milling grooves into the plale, The configuration of the pacds, as well as the
size of the pads, ae application-specific. The cathode plane is where the signal from the
ionizing particle is mduced, Each pad is connected to a preamplifier, One preamplifier

may read out several thovsand pads and is the (st slep in the readout of the data.




The sense/licld wire grid containg bve kinds of wires, each having a different
function, The grid is made by alternating anode (sense} wires and field wires. The anode
wires are held al pesitive high valtage with respect to the surroundings and the field wires
serve 1o clectrically decouple the anode wires [LO 92 The field wires can be wsed to
provide tesl pulses to both the sense wires aned (he pads. When the clectrons emerge from
Ihes drift region, they travel toward the nearest anode wire. The electric Geld near the
anode wires is thut of a cylindricul eapacitor. 17 the primary elecirons from the drif] region
giin enough energy in Lthis electric field, secondary ionizalion occurs ¢ pas umplification),
The secondary elections repeat the process leading to the formution of an avalanche
around Ihe unode wire as shown n figuee 2.5, 17 the signal erealed by the avalanche on
thee wire is to be used (e.g, for di3ds information), each of the sense wires is connected (o
a preamplifier [LO 92]. The cathode wire plune closes the wire chamber from the drift

voluime and is typically held al the same patential ns the cathade plane,

fal 1] le] id) (al

Fipore 2.5
Titue development of wn avalanche neae 1o an wnude wire in 3 proporionsl chamber,
(a) Pritmacy electron moving lowards the anode, (b) The electron gains kinetic
encriy in the electric tield and ionizes fucther atoms; multiplication stass,
(2] The elecrran and oo cloud drift apad, ), (&) The electron <lowd
drifrs towards the wire and surrounds it the fon cloud
withdraws mdislly from the wive [I{L 56].
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The gating grid, located belween the MWPC and the drift volume, performs an
cssential duty. A uniform cleetric field is of gres! importance in the TPC, The uniformity
of this field can be disrupted by the presence of space charge in the form of ions in (he
drift region. “The positive ions created in conjunction with the electrons in the primary
ionization process represent only 4 small electric charge and sre of ne con sequence. In
contrast, the number of positive ions lormed during the avalanche process is on the order
ol 10F-10%, These positive ions eun seriously affect the uniformity of the electric feld, A
large fraction of these positive ions are nullified by the eathade plune, feld wires and the
cathode wire ric, but some reach the diilt vulume building up space churge and therefare
distorting the electric fiekl, The pating prid avercomes the problem of space chinrpe
butldup, When the gating prid is in o “elosed” slule it prevents electric charges from
traversing the grid. [t is made up of & liyer of wires (hal are allernatively connected
logether, When the gate s in (he "open” state it 15 at a polentiol similar to ts location and
coes not disturb the original field, Inthe elosed state o potencial difference is applied
between adjacent wires such (hut o dipole field is crealed, A gating gric that is closed
prevents the positive jons created in the avalanche process from entering the deift reeion
s well as stopping the primary electrons ardving from the drift region belore they enter
the MWPC, Therelore lhe gating grid can be wsed 1o choose whether an evenl is readout
(gate open -- signals formed in MWPC) or whether it is to be ignored (sate cloged - no
signuls formed in MWPC ), Figure 2.6 shows the field conliguration for both states of the

gating prid,
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The electle Deld conlpuentden of w Mull-wire Peopottionn Chamber
wilh the gote in the open stnte pnd Do e cloged stoue [LO 02,

el Cage

The primary purpose of the el cage i w provide o uniform eleetric drift Geld, In
ncldlition to this, the ficld coge also serves as o gas conlainment vessel, As mentioned
before, the field cape is lerminated on ene side by o high-voltage plane and on the other by
i1 MWPC (rectangular TPC), or terminated on both sides by MWPC with a high-voltage
pliane in the center (cvlindrical TPC), To produce (he uniform drift field, electrodes that
are connecied togelher by a precision resistor chain are mounted the walls of the Geld coge
© purallel 1o the direction of drift. These resistors ercate lineurly spaced equipotential lines
perpendicular ta the dnll direelion, bence the uniform elecoric field,

The conatruction ol a lield cage in‘mh‘ps resolving two contradictory

requirernents, The walls of the field cape shonld be as thin as possible 1o minimize the
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amounl of malerial the particles have to traverse in order (o reach olher defectors. At the
same time the field cage musl be mechanically stable, self-supporting, and have enough
insulater to cope with the high vollage. The electrodes covering the walls of the feld cage
should leave as little insulating surface as possible exposed Lo the drift region because
surfuce churges building up there may distort the electric feld [LO 92]. Figure 2.7 shows
a partiol cross-seetion of the STAR field (voltage gradient) cage. The construction of the
voltuge pradient cage consists of a double layer of electrodes (0.035-mm Cu) separated
by (L0 5 -mm Kapton [ilm as shown in the figure, In the STAR implementation the outer
field cage is in close proximity 1o olher subsystems held at ground potential, therefore o
mylon insulator and & grounded aluminum skin are weapped in lavers around the outside of

the voltage gradient cape, eleciricully shiclding it from its surroundings.

l-'iﬂ']'}n--l |—- e :mm-———l b 1.0 0.098 Cu
(o va %] Typ

Fipwire 2.7
Tretails of the Chiler-Field Coge copstructon [8T B2],

Electronics
Each pad on the cathode pad plane is connected to 4 chain of electronics, This

chain consists of a preamplifier, a shaping amplificr and digitizing electronics which

measure the amnplitude and amival time of the MWPC signal, Tnthe STAR implementation,
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lhe charge from the cathode plane pads iz amplified and integrated by a low noise, low
capatilance prearnplilier. The time history of the signals is stored on a 512-sample
swilched-capacitor arvay (SCA) analog memory, After the total event is stored on the
SCA, it s clocked out to an analop-to-digital converter (ADC) [or digilizalion. At this
point the digitized data are transmitted to a readout beard for data collection and zero
suppression belore being transmitted to the Data Acquisition (DAGQ) subsystem.

To measure the response of the electronics, calibration pulses must b Led Lo the
preamplitiers. This can be aceomplished by pulsing the Geld wire grid io the MWPC,
Pulsing the wire grid should indice identical pulses on all the pads,  Knowing the inpul

und induced pulse heights, one can correct for differences in electronics gain,

2.2.1.3 The STAR Time Projection Chamber

The TPC is the main detector of the 8TAR experiment and 15 capable of handling
high-multiplicier evenes, It determines individual particle momenta by tacking (hem
threugeh Ihe solencidal magnetic licld. By making mulliple cnecgy-loss measurciments,
particle identification is achieved. The TPC gas volume (approzimately 50 cubic meters)
is bound by conxial field cage cylinders ane is wrminated with endeaps which house mulli-
wireg proportional chambers (MWPC) at each end, A high-vollage central membrane
creates un clectric ficld so that ionization electrons, that weee produced by a pmticle
traversing the TPC, deill toward the endcaps. The ionization electrons are amplified by

aas (avalanche) amplilicalion sl the anode wires of the MWPC's, Imape charges are
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induced on the pad plane located behind the anode wires and are read out as a function of
time, The deifl time of the ionizalion elecirons furnish eoe space coordinate, while the
induced signals on the pad plane provide twe-dimensional space coordinates of a particle's
prath throupgh the TPC.

Each endecap is divided into twelve supersectors, each of which is divided into 4
mner and outer sector as shown i figure 2.8, Each sector will be equipped with

electronics designed to read out the information proaduced in the TPC.

Fipure 2.8
A disprum of the TPC end-cap indiceting the loeations tor the
pud plime secten wd pud mows (51 921,

2.2.2 Solenoid

The TPC detector subsystem requires a unifarm magnetic field over its entire

volume te measure the momentum of charped particles produced in the collisions au
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RITIC. Al STAR 2 0.5-Tesla solencidal magnel will be used to facilitate these
measurements. The iren ceturn yoke and shaped pole pieces shown in fgure 2.9, carry Lhe
magnelic Mux generated by the solenoid and shape the moagnelic leld W the reguired

uniformity at the ends of the detector.
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Fipoure 2.9
Magner iron cetim voke and shaped pole pleces [3T 92].
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2.2.3 Silicon Vertex Tracker

The SYT greatly improves the trucking capabilities of the STAR detector helow
transverse momenta of [50 MeWV/e and extends the particle detection scheme o short-
hved neutral and charged strange purticles. Since strange quarks will be the mos|
frequently produced heavy quarks, strange-particle detection is one of the primary poals of
STAR. The various types of strunge pacticles are detecled und identified by dilTerent
methods, Charged long-lived kaons will be identified by measuring their enerpy loss
(E/dx) in both the TPC and the VT, Short-lived particles (K", A, anti-A, 2, £ are
detected via their weak decay into charged particles. Tlentification of stranpe-prrlicle
decays requires the separation of their deeay tracks feam those tracks thit orlglnate from
the primary inlernetion peint. The sepaation technique requires precise information on
the track posilion elose to the interaction point, The SY'T s an excellent toal for
exfending the acceptance ol the TPC o low transverse momenlum (p) particles.
Simulations of central Au+Au events show that he tansverse momentum distribulion of
ernitled purticles at midrapidity will in general be peaked around 300 MeVie |ST 92]. The
bowwier TEC limit for fully efficient track reconstruction is 150 MeVie, A considerable parl
of the event will be measured by inclusion of fracking in the SVT alone,

The STAR SVT is based on Silicon Drift Detector (SDD) technology. SIS use
an n-type silicon waler as o substrate, Field-shaping electrode strips made of p-iype
imaterial are symmetrically implanted on both sides of the substrate. A high voltage

gradient is applied to the electrodes, depleting the silicon and thus creating a deep
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potential well that attracts (ree clectrons produced by the passape of charged particles
through the deleclor, The electrodes are connecled (o a voltage divider network tha
produces an electric field parallel to the surlace of the wafer, This fcld transporls the
electrons toward Lhe cdge of the deteclor where the signals are read oul on a segmenled
aroce,

The 5¥T will consist of 216 SD0's mounted in three coneentric bariels, Fiaure

2 10k shows adrawing of the SV layout,

foam
T

Silicon Vertex Tracker (SVYT)

Flgure 2,10
Conceptual view of lhe STAR SVT[ST 92),
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2.2.4 Electromagnetic Calorimeter

A calorimeter is a block of matter which inlercepts a parlicle, and is of sufficient
thickness to cause the particle (o interuct and deposit all its energy inside the deleclor
volume. Electrans and phodons inleract wilh the colormeter material principally through
hremssirahlung ind pair-production respectively, These processes produce sccondary
photons and electrons which inleracl in v similur manner producing a cascade o “shower”
ol secondary particles. Calorimeters use scintillatos 1o converd the excitation of a
teansporent maleril cavsed by an onizing particle into visible lght, The scintillulor also
transports this visible light 1o the photecatbode of o photemultiplice tbe, When the light
Irom the excilulion strikes the photocathade of the wbe it liberotes elecirons. An
electrode is used 1o collecl, fovus nnd neeelerale the photo-clectrons fram the cathode 1o
the first dynode of the phatotube, The dynode is an elecirode mode rom o material with o
high coelficient of sceondary electron emission. The emission of three (o live secondury
clectrons can be achleved lor one incident electron wilh a kinetic energy of 100 o 200 eV,
Subsequent dynodes are used to amplify the nuimber of secondary electrons Lo around 107,
This whole process lakes about 40 ns.

The 8TAR Electromagnelic Calorimeter will measure the total and local E, using a
lead-seinlillalor sampling calorimeter. 'This measurement is essential in determining the
degree of puclear stopping which oceurs in the collisions at RHIC, Analysis of the
Iransverse cnergy leads to estimates of the energy-density of the reaction, which may

allonw forther delermination of the possibility of QOGP formation, T covers the [ull




azimuthiul range and a psuedorapidity range of -1.05=n= 1.05, and consists of 60 wedze

segments of & degrees each in dvas shown in figure 2,11,

EY [ADANETR

Figuie 201
Anund view of the STAR EMC burrel [5T 92).

The wedges are ulso breken inte 40 towers along e length of the detecior, Bach
toower hias 21 loyers of S-mm lead absorber and 3-mm plastic selmtillator, There are thus
0,400 pieces of seinlillater (66 wedpes x 40 towers x 21 layers) of 420 differen! shapes,

Each tile will be read oul with two optical fibers that go to photomuliiplier tubes.

2.2.5 Time-ol-Flight

The purpase of the TOF detector is to extend the particle identification vapabilities

af the TPC and S¥T (0 high transverse momenta and to provide a flexible trigger for




gvent selection. The system must measere the fight lime of as many charged parlicles as
possible in the central repion of the STAR detector with a timing reselution of at least 100
picoscconds, The TOF is a highly segmented cyhindncal scintllatorfeounler mounled on
L epitsicle of the TPC.

The system design is a shingle layout, consisting of tiling the cylinder with 7776
single-cnded seintillators arranged 1o 216 rys of 36 sembllalors each, A drawang of 108
traya that house the TOF shingle counters covering one half of the length of the
cxperiment is shown in fgure 2,12, Bach tray positions and sapports 36 scintillators and
covers 3,3 degrees in . Hach shingle consists of a proximity-mesh dynode photolube
oplically coupled o scimtillalor with a Plexiglas puide. Becavse of budpet constrainty
the complete TOF detector will be installed only when additional Tands become available
[ST 92).
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Fipure 2,12
A drawing of the IR irays that will house the TOF shingle counters,
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2.2.0 Forward Time Projection Chambers

The purpose of the FITCs is to extend the Kinematic range covered by the
experiment. In order to detennine primary particle distribulions, it is necessary (o be able
Ly delect all particles and reject thoese coming from secondary inleractions. These
secondary purticles are the result of interactions in the beam pipe, e SYT, the 'TPC and
Lhe: decay of short-lives] particles.

The FT'PC s a high-resalution radial TPC with Micto-steip Gas Chamber readoul,
The FTPC is located insice the STAR magnel, [illing the space between (be RHIC beam
ppe and the inner lield coge of the main TPC. Figuee 2,13 shows 4 perspective view of

the FTPC.

Fipure 2,13
Perapective view of e FIPC,
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22,7 Trigger

Since a triggerable signature of guack-zluon plasma events has nol been identified,
lhe STAR trigger is being designed to be flexible enough (o allow for continual upgrades
as the understanding of such signatures increases. The baseline (rigger system will operate
with high deadtime uniil sullivient information is obtained to be able to safely increase the
seleclivily of the {rigger and thus decrease the overall deadiime [ST 92,

The poals of the STAR Idgger system are to [ST 92]:

# Deteel Au-Au interactions with >95% elTiciency

# Detect p-pr inlersclions with >50% efficiency

e Locate an Aw-Au collision vertex within &6 cm within 200 ns
» Deleel mulliple events oceurving wichin 40 ps

# Seleet highest 2.5% of mulliplicily distribulion in < 200 ns

= Select high trosverse electromagnetic enerpy

 Select on basis of the geometry of hil patierns

= Allow simple integration of upgrades o 1he ipeer sysiem

Figure 2,14 is a quadrinl view of the STAR detector showing the tigper detectors.
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Fipure 2.14
STAR trigger detcctors [ST 92].
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The trigger system is divided into two components, The first comprises the tripger
detectors, consisting of a Central Trigger Barrel (CTB), Vertex Position Detectors {VPI,
TPC endeap Mulli-Wire Propertional Chambers (MWPC), Vete Calorimeters (VTC) and
oulpul from the EMC, The sceond component consists of data processing and the
interfaces 1o the delector subsystems and the Data Acquisition subsystem.

The CTE 15 o barrel of 2060 slats of scintillator on the TPC ouler surlace that
subtends Inl < 1. These slats are racdiators optically coupled Lo wo phototubes.

The YPD contains two sciolillulors, each pluced on gither end of the TPC,
covering 3.3-3.8 in Inl . The light signals from the scintillators ore rend oot by
photemuliiplicer tubes and we sent to specially designed fast circoitry w delermine the
vertex location, This cirewil uses the lime dilference in the signals to determine the
lovation of the prinsacy vertex in 2 o within 26 cm in less than 200 ns.

The BMC, covering a region wilh pseudorapidily less thun one, measures o
lraction of the {olal ransverse encrgy which comes tn the form of photons and electrans,
This encrgy is primarily the result of £° decays, The BMC is used 1o select events on the
basis ol the centrality of the collision and fluctwations in E. The EMC, together with (he
CTB, can be used to select events with unusual ratios of B-o-charge multiplicity,

Cne purpose of the TPC MWPC's is to trigger on electron avalanche at the ancokde
wires, The dircet readout of this infermation allows triggering on multiplicily uctuations

between different regions ol psuedorapidity. The MWIC's cover 1-2 in inl.
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The ¥ s are placed beyond the first dipole magnets in the bearn [about seventesn
mnelers from lhe interaction point) and cover Inf = 5. These provide information on the
impact parameter independent of the E values. By looking at the well-separated proton
and neuiron spectators from the interaction point, the spectator cnergy can be detecled.

The panticle density in psucdorapidity is shown in figuee 2,13,

I CRa'¥if Aui-hu
diidrg v, 77; be.3913 fin

Fignnre 2,15
Typical prricle density in eapidity, Shoed regions indicate the
coverigs ol the rigrer deteetors [ST 921,
Tripger decisions sre made according 1o a tree step process, At coch step (level),
the: event (interaction) may be rejected or relained for additional processing.
Level |

The first-level (rigger provides a veto decision within 2000 ns, A determination of

Ibes total transverse electromagnelic cnergy is done with the information from the EMC,
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Localion of the collision within =6 cm to keep the collision inside the optimum SVT
avceptance is done using the YPD. The CTB is used to trigger on multiplicities, The TPC
gating grid may be opened within approximatcly 1 ps of the original collision on the basis
of the level one data.
Lavel 2

The second-leve] Irigger will provide a decision within 50 ps. This lime is set by
the maximum drift time in 1be TPC, during which time data is passed onlo @ switched-
capacitor array where 1t ean be stored for a few hundred [s withoul degrading the signal.
Simultancously, the data is analyzed to decide whether (o aecepl or reject an event, 11 the
event i5 rejected, it takes 10 ps Tor the TPC FEE to reset ftself, If the evenl is aceepled,
ihe data 15 pussed on 1o the next level of analysis,
Lave] 3

The third-level trigger provides a decision on the erder of o my, This time seale is
based on extensive processing of rack ond calorimeter dato to look for Tigh-p, tracks,
energy cluslers corrclated with jets, and for large-seale Mucluations in multiplicity and E,

[ST 92).
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Chapter 3. Slow Controls System

3.1  Slow Controls System Overview

The main purpose o 1he STAR Conlrols System s 1o ensure the validity and
consistency of the recorded data so that physics may be extracted, To this end the STAR
Conlrels System:

» Sels the system parameters according to a pre-defined sequence

= Suves and restores the deteelor configuration

= Provides an allernule data aequisilion palb

* Verilies proper [unclioning al [he deleclor by monitaring the subsysiem paramelers
* Warng about pasaible subsystem matfunctions

* Flandles alarms

= Controls normal operations

* Prowvides Taull dingnostics

= Allows for simullancous lesting of diflerent subsyslems

= Archives inlormuation aboul the subsyslem parmmetens 1o easily accessible way
« Prowicles logging capability

I nelidition to these system Tealures, the development ol the Controls Syslem has

iile CEYElEIm T . Mlarg stem like ST i
bieen puided by other syatem neads. A large and complex detector syaoem like STAR will
see i larpe turnover of vsers and control system operators. Because of this, the systeim
needs to be well-documented and, perhaps more importantly, robust and suilably
supported. The system will employ the use of graphical user interfaces, on-line help and
suggestions, and a color-coded “raffic light'! mode] of representing slarms, As well as

having o manage lens of thowsands of channels, the system must allow For the addition of

new subsystems and upgrades.
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The syslems included in the buscline STAR Controls System are the time

projection chamber, magnel, data acquisition, irigger and beam,

3.2 EPICS

The Txperimental Physics and Industrial Conlrol System (BPICS) was selected as
the foundation for the STAR Contrals soflware eovironment because it incorporiles ill of
the system [eatures outlined above, EPICS was designed by Las Alamos Natianal
Laboratory and the Advanced Pholan Source at Arganne Mutional Laboratory, At STAR,
EPICS is run on a UNIX-ised workstation conneeted to Versa Module Eurapa (VM)
crates operating under VaWorks, a real-time operating system [1G 44,

EPICS was designed as n develapment toolkit and common rmn-time environment that
allows users 1o build and exceute real-time control and data acquisition sysiems for

experimental facililies [RC 92),

3.2.1 EPICS Database Configuration

A principal component of EPICS s its database. The dalabase is an ASCIT file that is
configured off-line using a Database Configuration Tool and is loaded inlo the memory of an
lopul Qurpue Conceeller (I0C) at bool time, The [OC consists of a VME crate, 1 CPU. and
any application-specific hardware interfaces, The database consists of specific records wrilten

fior alarm checking and sctting, and for menitoring and vontrolling parameters within each
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subsystem. The datalase configuration 1aol in current use is the Ciraphical Database
Configuration Tool (GDCTY. GDCT is part of the TPICS software release and provides
upplication developers with a Computer-Aided Dralling (CAD)-ype drawing of the database
as it is made (see figure 3,1u), The preal advantage of GRCT is that it allows ane to
graphically see the links between database reconds, and process and la pic flow within a
database. By “clicking” on a record in a database, the developer can see and manipulate the
attribules (ficlds) of the record, For these reasons, GDCT is Tavored over the Database
Configuration Tool (DCT) which is o menu diiven tool that shows ontly one record at a time in

a piven database (see flgure 3,10),

Figure 31a
A GDCT screen shewing the database that contrals the TRC Drift Welozity ITigh Yoltape Conlmol |16 %3a].
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Figure 3.1b
A DOT sereen used L cnenle o datubuse, Only one recond can be viewed at o Gme [J0 951).

Another tool for configuring databases is CAPFAST, CAPFAST is a CAD program
which has been reprogrammed by software engineers at Jefferson National Laboratory to
produce EPICS-dalabase ASCI files, The most important feature of CAPFAST is that it ean

generate several databases from one drawing.  Wilhin a controls system that uses EPICS,
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vach mstance of a record must have a unique name. For example, it might be that one needs
tor develop a dalabuse to control a cluster of power supplics, This is an easy task for GDCT.
Now say that the experiment has 300 instances of identical power supply clusiers. Using
GDCT a developer would have e copy the ariginal database 300 limes and change all the
record names in the databases 5o (hat euch one was unique. 'This is a very Gme consuming
task, Using CAPFAST, however, the task requines liltle more that making the original
database, telling CAPFAST 1o follow o naming scheme and how many instances of the

databiase are necded.

3.2.2 Operator Interfaces

‘The eurrent STAR operator interfnces (OP1} are SUN IPX workstations, A display
editer, Mol Editer and Displuy Monoger (MEDRM), 15 wsed o ereate and modify the OPL
clisplays. MEDM allows a developer to design monitoring ond control interfoces to suit a
specific application, A developer using MEDM has the capability to display graphs and
histograms as well as set up monicowing and control dials, switches, alarm eonditions, and
color intensily, Figure 3,2 shows a MEDM sereen developed for the TPC drift velocity high
voltage control. A more extensive MEDM screen which controls the LINAC at the Advanced

Photan Source al Argonne National Laboratory is shown in lgure 3.3,
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Ftpure 3,2
A MEDM sereen used toogoniral the TG deit veloeity [16G 950,
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Flgore 3.3
A top level MEDM sereen used o eontrol the LINAC ul Argonne Nationnl Labneatory [TG 95a],

3.2.3 EPICS Features

The 5TAR conirols system is a real-tine fully distributed conteols system, The system
hardware consists of a VME crate for each subsystem using commercially available industrial
interfaces and programmable controllers whetever possible. The moniloring tasks and system

conire] are distributed on computer workstations. The workstations and VME crates are
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nelworked with ethernet.  IF a single-input culput controller becomes satrated, the
processing can be shared with other IOC's. If an operator interface were to become saturated,
the processing could be distributed te other OPE's [1G 94, The organization of EPICS is

shown in figure 3.4,
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Fig, 3.4
Conlipurntion of BIMCS.

One acdvantape of using BPICS s that it comes with procedures thal bave been writlen
to aupport analog and binary inputs and outputs, caleulations, laneuts, muli-bil Binary inputs
andd oulputs, lHmers, and a score of other Mnetions, BPICS user a protocol called Channel
Access to communicate with distributed IOC"s and wurkslat.iunﬂ. Charnel Access hides the
details of TCPIP networking (o both clients and servers ina given implementation, The

modularity of EPICS eases the develapment of software to control specialized hardware.
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Bach subsystem in STAR has an EPICS-based hardware Controls System which is
wsed by Rxperiment Control as i lool to control and monilor (he performance of the delecior
hardware. Tsperiment Control does nol exccute detailed contral of subsystem hardware
directly; il issucs commands |o the sppropriate subayslem control processes, This method of
implementation serves two purposes, Fiesl, il preserves the "chiain of conmand” so that it s
cleur who or what is controlling a piece of bardware. Second, it provides an interface
between the experimentalists working on subsystem conlrol and those involved in Experiment

Contral,

3.3 The STAR System Test

3.3.1 System Test Setup

For the 8TAR system test, one TIPC onter seclor his been instromented with 16 FEE
cards serviced by one readont board. The TPC sector s een Gited with o small drill
chamber (drift distance = [0 cim) throwgh which flows a gas mixture of 90% argon - 10%

methane, The configuration of the sstup is shown in lgure 3,3

Fipure 3.5
The STAIL system tost hardware setup |10 96].
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3.3.1.1 Drata Acquisition System

A data acquisition system {miniDAQ) has been specilically designed lor the sy stem
test, MiniDAC) consists of [TC 96]:

two Motorala VMELG67 modules with 68040 processars that run the miniDAGQ
software;

one Cyclone YMEY64 module, housing an 1960 processor, that holds the Y Rosie™
mezzanine card, a temporary receiver for STAR:

4 Motorola MVME|G00-001 (Power PC) (hat sets 45 a trigger-miniDACQ interface
and an additional 32 megabyte memory board for inlerproscessor communication
ancl event buffering.

E

MDA receives duln from the readoul board over a 1.5 Childy optical fiber link,
The Rosie Bourd tukes this data and packs it inta 20-bil quaniitics, representing lwe 10-bit
ADC walues, and then pads the data into a two-byle word,

When the Trigger system notifies miniDAQ ol an upcoming event, miniDAQ starts the
tramgter of the dala from the Rosie card o the mamary boared in the minlDAQ VM crute,
Puring the transfer time a busy signal 15 sent (o the Trigeer system to prevent further

incoming (riggers,

3.3.1.2 Trigger

The system-test trigper is a VME-Tased projotype of the trigger thal will be used in
STAR. The Drata Storage and Manipulation (DSM) board receives signals from scintillators
connected to pholomultiplicr mbes, positioned above and below the TPC sectar, I these

signals are in coincidence with & master clock, which replicates the RHIC sirobe, a 16-hit
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woitd i5 passed Lo the Trigger Control Unit (TCLD, The TCU examines the 16 bits and
translates them Lo arigrer command word that will indicate the 1ype of event that has been
ientilied {i.c. bigh multiplicity event, low mulliplicity cvent cte.). In the current setup the
only type of trigger type is 4 cosmic ray. The TCU then assigns a 12-bil loken to the trigger
command waord. This token prevents the mixing of events from different sub-detectors in the
event building stage. The command word and loken are seot from the Trigger and Clock
Distribution {TCD) board Lo (he TPC readout board and the event data is senl {o (he Rosic
borel in the Dala Acquisition system, "The information from the TCU und DSM board is used
i the trigper Level | aceeplireject decigion, and notifies mini-DAQ of its decision, Onee the
mini-12AQ system has been notified by he trigger of a Level 1 aceept, it Lakes the event daty
from 1he Rosic board and puts it into the YME-event memaory bulfer, The event data i now

ready to be written 1o 1ape or used Tar on-line onialysis.

3313 Slow Conirols

Ine the vetual implementation of the STAR deteclor the TPC readout boards require o
link o the Slow Controls system for a number of testing, control and monitoring tasks as well
as to provide STAR with an allernale dala-scquisition path. Since each readoul hoard stores
aver one megabyte of data per event, the Slow Conteols Hnk speed is required 1o be in excess
of 10 Kbytes/sec to be of use as a allernale data-scquisition path. The link must operate
between the clectronics platform and the TPC endeaps, a distance of 30 meters, as well as in

the 3-kG magnetic feld present in STAR,  Due to space consideraions, the link must also
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aceommadate a multi-drop topology 1o reduce cabling [PE 95],[SK 95]. To accomplish this,
a hi-directional data iransmission and control system is required that interfaces easily with the
EPICS software environment.

[ligh-Level Daly Link Control (HDLC) was selected as the protocol for the TPC/Slow
Controls dink because it imcorperates all the requirements outlined ubove, The link throughput
is about | Mbit'see in the STAR implementation. The major disadvantage of 1he gencric
HDLC is that it requires some soltware development and more on-bosrd hardware than some
of the mere highly integrated choices| PR 95],[SK 95]. The HDLC interface aceepls
function-specilic parumeters passed from an BPICS database o execute a desired data
Lransimigaion.

The TPC Front End Electranics {FER) boards receive event signals from the clinmber,
und then pecform amplitication and digitization of the signals. The TPC rewdoul bourds
receive inpul [rom the FEE boards and store (he data in event memory or send the
information to the Dats Acguisition {DAQ) subsystem through o liber optics link. By pulsing
hes readout board with known signals, the Slow Centrola link can e used (o verily that the
signals were properly amplified, digitized and steved in memory, The Slow Conteols link is
also used to write random data to the readout board memory, This dala can be read from the
readoul board by DA and also by Slow Conirols, Comparisons can e made between the
original data and the dala sets that ave read by DAGQ and Slow Controls, This method is used
1o les! data transmission on the fiber optics link as well as on the Blow Controls link.

The TPC has two endeaps each of which is divided up into 12 supersectors. Fach

supersector neework is made up of 6 readout-board slave nodes and one commercially built




master node ind VME crate.  The slave nodes are based on a 68302 microconiroller running
al 20 W, and are built on g T3-mm by 84-mm ponied circuit "davghter” board which is
designed to plug into & readout board. The board communicates with the readout board via
rietnory tnappiog,. The commercially bull master node 15 4 Radstone SBCC-1 which is based
o a GEAG0 processor, and supports lour HRLC channels. A TPC seclor 15 fitted with readout
bourds and slave nodes which are then connected to one HDOLC channe] on a Radstone master
nocle, Timing signals are sent From the Radstone boad and relected back by the readou
bourds, This is done beeause the 68302 serial ports cannot self-clock, 'The hardware
configuration for a typical TPC seetor is shown in figure 3.6,

The NDLC-EPICS interface consists of subroulines which are keaded into (he [OC al
bowol time and perform read and write tronsactions to and from a TPC readont board memory

A lranspacent manner via the Radstone o,
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Thchwae conligunatlon for o typleal TPC seetar, There are s1x rendoul bourds pere super seator,
ench of which is slave-node duisy=chnined by an HOTC eable o o Radstone Buwrd,
(Lneh Radstone Bonsd con seevics up (o 4 FIDLE Hnky; anly one is shawn,)

The Slow Controls fonetion in the system lest 18 1o record the “hovsekeeping

parameters of the TPC front-end electronics chain, These parameters inglude the values of the

lowe-voltage power supplies that power the readout board and the FEE cards and 1he

remperalures of (he eleetronics. Slow Controls can also be used in the geometric

configuration {mapping) of e FEE cards on the TPC, test the FEE and pad aliveness, as well

as read evenl data from the readout board over the HHBLC link,
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3.3.1.4  State Manager

A prototype State Manager has been developed to regulate the operations of each of
the system lest subsystems. MiniDAG, Trigeer, and Slow Contrals have been interfaced to
the protolype State Manager, The State Manager incorporates thiee state inodels: o sequence
state madel, 4 command state model, and an alarmo stale model,  The sequence state model
brings each subsyslem on-line by slepping through a series of states (i.e. initialize, conligure,
run}. The command model and alarm maodel provide & commund and crror messaging
inlerlace between the subsystem and operator.

The State Manapger does not "know' 1he delailed operation of each subsystem, i
isstes commands and requests to each subsystem. The individuul subsystems are required to

"know™ what o do when o cectain commeand or request is issued from the State Manager,

3.3.2 Analysis of TPC Data

The data set discnssed here was obiained during the period between July and October
1896, Five dilferent types of data were collected: geomelry events, pedestal events, pulser

events, cosmic-ray muon events and laser-induced cvents,
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3.3.2.1 Geometry Events

Cieomelry events were iniggercd whenever 4 new arrangement of FEE cards was
connected to the TPC sector, Associaled wilh each of the FEE connectors on the TPC pad
plane s a “hard-wired"” address, which specifies the location of that connector on the TPC,
When A FER card is plugged inte 4 coonector on the pad plane it assumes the geographicul
nildress ol that conncetor, The readout of these addresses is used (o map the FRE card
locations on a readoul board. This geogruphicnl map of the curd locations s used in data

snalysis ns well as o identily cabling errors,

3322 Pedestal Events

Pedestal events determing the nverage ADC count Tor a given ehanne] when no iracks
are present, Ty pically one hundred events were tnken or ench pedestal determination nn.
Each run was taken under normal data-taking conditions with the exceplion of (he anode-wine
violtipe which was disengaged Lo avoid contamination from cosmic rays. Because the 3CA
response is sliphtly time dependent, the average of the one hundred ADC values were
averaged for each time division (bucket) of each channel. Figure 3.7 shows the pedestals of

four channels as a funchion al lime bucket,
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The BMS of o given channel®s ADC values gives o measure of the noise level - the variation
in pedestul ADC value, Figune 3.8 shows the noise level for an nverage chonnel. In order to
moenitor the stability of (he pedestals willy time, continual pedestal event runs were (nken over
the period of several weeks, and the mean value of a given channel averuged over all Hime

buckets was plotted as o funclion of lime (figure 3.9),
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Pulser Events

Pulser events are used o mensare the electronie goin of each channel, A curment pulse

iz applicd to the TPC pround plane which induces signals on the pad plane, Analysis of the

pulsed ADC counls provides informmtion on the eleetronie gain of each chunnel, Informiation

on Ihe stabilily of the goin over the peried ol several duys is shown in fgure 3,10, The FEE

cards also have the ability w pulse themselves via an on-ehip calibration system. The sell-

pulsing ol the FEE cards is used 1o measure 1he abselule electronic gain,
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3.3.2.4 Cosmic Ray Events

Cosmic ray evenls (figure 3.1 1) were tei caered by the use of two scintillators, one
above the TPC sector and one below. Events of this oepe allowed the ek reconstruction
soltware to be used on real TPC data which is used to delermine the hit resolution, The hit
resalution is a determination of the accuracy with which the position of 4 charged track
though the TPC can be measured. The position reselution directly influences the momentum
resolulion, and therelore is of great importance in « high-mult plicity environment such us
STAR. The track reconstruction soltware takes into aecount e pedestal ADC values ained
guan corrections for each channel befons it determines (he position resolution. Tnitiul

measurements from cosmie ray lracks glve o bit resolulion of 410 um [JC 96,
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3.3.2.5 Laser-Induced Events

Luaser-induced events were uscd ta delermine the two-track resolulion of the TRC.
The two-track resolulion is the measurcment of the distance at which two hils from separale
tracks appear as one it in the TPC pad plane. "I'o measure this distance, a laser beam 1.;a:15
directed [rom the bottom of the TIC test sector to the 1op where it wis reflected buck by a
mirror at a small angle relative lo the incldent beam, This method produces (wo lonization

tracks in the TPC drift volume in elose spatial proximity {sec figure 3,123, Severn] events

H 1 -
120 140

Y vi X {cum}

Fipure 112
Laser induced two track event in TPC test seetor [0 94,
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were luken at different angles, and the initial results show that two hits from diflTerent (racks

blend into ene hit when the frack separation is less than | em in the pad plane (x-v) plane as

shown in ligure 313,
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34 Author's Conlribulion

The development of the BPICS-ta-HDLE interface to be used by STAR, s well as the
testing and support of new EPICS implementations were accomplished, Along with this,
several inteokluciory EPTCS lruining sessions for individuals within the STAR collaboration

were setup and carried ont by the author. At the time of this writing the author has been




i}

given charge of the development, conatruction and Lesling of 1we new scintillator trigpers to

e used in the systemn les] environment,
3.4.1 EPICS - HDLC Intertace

The HDLC link was designed to read data words From and wrile dats words to
memory locations on the TPC readoul board, The interface required the passing of command
chila (rmocmory address, network and node specifications, specific command words) rom an
LPICS database lo the HDLC software.

The development of the EPICS-HDLC interface occurred in three steps. The decision
Lo wse the HDLC protovol was not yet made when work on the intecface began, yel it was
known that the Slow Controls system would have to read from and write o memory
locations, [t was decided that the First step in constructing the inferfuoce was 1o use EPICS 1o
read and wrile from and 1o iy YME memory loeation, To aceomplish this, a delailed look
into the configurntion of the BPICS soliware was performed, As wis mentioned before,
EPICS uses records (o perform general operations {i.e. annlog inputs, binaey oulpots ete.),
However, the record support routines do not contain information on how to communicars
with specific hardware, but rather, rely on v device support software layer to take care of all
hardware spevific fransactions. Henee, device support wos written to pecform the VME
memory transactions. The existing Long-in and Long-oul BPICS records use this device
supporl Lo wrile or read one long data word to or from YME memory, The nexl step was o

use the new device support Lo read and write large blocks (100's of Khytes) of data to and
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Fromm dala [iles on a user workstation. Upon doing this it was found that {he time duration for
the transfer of 100°s of kilobytes of dula was much too large. The preblem was that EPICS
bt make individual network connections from the workstation to the VME crale for cach
data word transaction. What was needed was an EPICS record speeifically written to move a
large data arcay within a single network lransaclion, Al the time no such record existed, but it
wiis diseovered that o peneric YME record (allowing access to YME memory via data sy
transfersy was being develaped at the University ol Chicago Synchrolron Community, The
cevelopment ol this record guided the development of the BPICS - HDLC interface into the
third and Tinal sluge, By the lne the generie YME record was made available to the EPICS
community, the HELC soltware was near completion, The generic VME record was
miaclified by the author (ppendix 13) to pass the appropriste parameters o the HDLC
softwire,

The BEPICS - HILC link was the first data path 1o and from the STAR TPC and was
used 1o Lacilitate the initial debugging of the TPC electronics. Ty the summer of 1997, minl-
DIACY will e mervedd oul of the syslem lest setup, The EPICS -HDLC will be the only dalu
prath o the TPC test sector and will be used o the testing of the on-line analysis software,

It should be mentionaed [hal STAR as well os BEAHMS, anolher collaborative
detector experiment on the REIC ring, plan on using the lechnoloey diseussed hers 1o
metnilar and contrel 4 large portion of their experimental hardware throughout the lifetimes of

the cxperiments.
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3.4.2 Trigger Scintillators

Two new scintiflator triggers have been consirucled by (he auther to facilitate the
testing of the pad plane response to cosimic ray tracks which cross the TPC seclor al an angle
with respest to the vertical, For example, say that sn smount of charge 1 is deposited on a
pad with the passape of a casmic ray straight down irough the TPC lest seclor, o eosmic
ray Lraversed the test sector at an angle of 45 with respect o 1he vertical, one would expuect
an amount of n+/2 charge deposited on the pad, A determination of Uie pad response (o (his
situation muat be mace if the mmounl of charge deposiled on be pads is 0 be used 1o {ruck
the enerpy loss (dEAdx) of o pacticle poasing through the TPC, as icwill be in STAR.

The seintillators were desipned weover the entive deill region ol the TPC fesl sector
(see fpure 3,140 and 3.14b) and will be vsed in conjunction with present system test setup, A

block of twenty FEE curds will ipstrument the test sector ond cend out the cosmie ray data.




Fligure 3. 14w
Diirosnsiony ol wigger seintitilors,
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Schemntic of trigger selntillntor placement.

Conclusions

EPICS hus shown itsell (o be uselul s 4 slow controls system in a high-energy physies
detector application, The EPICS - DL interface has proven to be a relinble, inexpensive
alternate data acquisition path, EPICS will be used in the low-level control and monitoring of

ther STAR subsystems, while Experiment Controls will tnke charge in the high-level operation

of the experiment.
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Appendix A

Rapidity

Rapidity, v, is used to describe the kinematic condition of a particle. Ttis a
dimensionless quantity which is related to the ratio of a particles Forward momentum o its
backward mamentum, Rupidily defined in terms of o particle’s energy-mementum

components, po and p,, by,

2 \p-ps

The rapidity of' a parlicle in one relerence frume is relaed © the rapidity of be sane

purticle in another reference frame by an additive constant (following [ WO 9413

Consider u particle in reference frame Fwith rapidity y and rapidicy v in a
Lorentz (rme F which moves with a velocity [§ in the z-direetion. The

rapidity ¥ ol the particle in (e P frame is delined as;
i r
Yot e
|I1['L;—"'E';"J (2)

Under the Lorentz tramslformation, the energy p’ ond the longitudinal
momentum p', in the frame F*are related 1o the eneray py and the
longitudinal momentem . in the lame F by

Pa="7 (0 - B} 3

Fo=7 (e = fip) (4]




where [ is the velocity of &7 relative Lo 7, 10 we substitute equations (3)

and (4} inte equation {2) we 2el

s L [ ype— Bpa)+y(pe— Bpa)
Az ﬂl [T[P-: Ppe ) —¥(ps— Iﬂh] 4

gl T{!_Hﬂ
sl )

where v is the rapidity of the parlicle in lhe F [rame.

I'seudorapidity

To characterize the rapidity of a particle, it i essential (0 messure (wo quantities

ol the paricle, the longitudingl momentum and the enerpy. In maoy experiments it is

possible to measure only e angle of the particle's trojectory with respeet to the Beam

axis, In this cose, i is convenient to vae this information by emploving the pseudoropidity

variable 1. "The pseudorapidily is delined vs:

n=- ln{tm{%ﬂ )

where 8 is the angle between The purlicle 4-momentum p and the beam axis. The

pscudorapidicy can be wrillen in terms of the momentun as;

| FJ'FI:]
N=—1 7
n[l# p: 2
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|

A close examinalion of equations (1) and (7)) show that the pseudnmpidit}' coincides wilh
the rapidity when the momentuem is large, ie. Ipl = pg, the parlicle encrgy, The
pscudorapidity is used to define locations of an experimenl, i.e, “The STAR TPC covers -

2 to 2 in pseudorapadily,”
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Appendix B
VME-HDLC Code
The first five code listings in this appendix belang to the BPIC - HDLC inlerface.
A brief description of cach file 15 as follows:
RecVmeHDLC ¢ This is the main bady of code that makes up the YMEHDLC

record, This reeord serves as the interface between EPICS and
FIELED,

wieledfcRecord . This is the header file which supports the tmain code. 1t containg
culls o include olher header file that are needed to compile the
i code ps well as declamtions of structures wsed in the main
cocle,

vitelielfeRecord aseit 'This file contalng ASCI definitions of many of the main recond
lields,

efiaioe VMETIDEC I This is g header Gle ol containg the reeord struciere chodee values,

efinicelec.cseli This [te containg the ASCIL strings for eoch of the record choices,

The last Tile, named seede Ie_rboe, was writlen by Dr, Jan Chrin (Creighton Universily b
This file ond variations of it are responsible for reading entire events out of the event
memory an the TPC rendaul boards amd 11 can also be wsed e owrile [ake evenls to the
TPC readout boards. This code utilizes the VMBENDLC record for the transferring of the

daia,

RecVmeHDLL .o
S eVl EDLA ¢ - Recond Support Roulinss for WME HDLO Link=/!
l|'+
*  Authou Taalin Meler
= Ll RZ1Md5

Bosed on reeymic. by Mak Rivess




* Bdadifcation Lag:

= +F

Hipelicle e Workys ho
thnclude =lvpea.h
Hinclude sldinlil. b
R <lstLib, bz
Virslude =rlringJi=

#hiclicde <ibiirin. iz
Mineligle <elh Dt |-
Hinalude Ztlldeccsahs
Hinclude allbEIE Ty sl
il wileybngilis
Hineliicle <grediief e
Hinalude Fos Pl M
fnelude entfis

iziclide awvmehdleR ool i
finelude "readautBdLil, "

M Uncaie WSET = Beconl Suppaest Baeey Tuble®!
filislizne repor MULL

felellne Dndeinlize NULL

sensie long it reeasd

Atnkled o prisessi;

heleline special KULL

annie Joisg gt witlued s

atutle Jonge ewt_glbicldr);

atncle fong pel_nsray_inlol);

atntie brang prue_nray_bnled)
Alelislirne pet unliy MUEL

ilileling pal_precislon NULL
Aiclefine mai_snum_acr MULL
Mdefive getenum,_ sirs MULL
efefine pot_gnnm_sic ML
ilefing pet_grophic_douhle NULL
tdefine get_coieal_doalale ML,
dtdlefine el _nlicm_sloabls KULL

filafine BEALD RO 2
ledirs WIRITE_ RO
Milefing WRITE RO ME
flilefine MODES

itelefine RO RESET

O LA e L

strel it vimehdlc RSB T=(
BESETHNUMBER,
reporl,
initiilize,
imir_record,
Proceas,
Spmaciil,
Inel_value,
vt dbaddr,




gal_army_inlo,
put_arroy_info,

el onits.

Sl [recisidi,
arl_enam_sir,
aci_enam_sirs,

UL 2L _sLr,
wel_wraplic_cuilale,
gel_cmiral_sauhble,
cef_nlnrrn_doulde ;

slalic void monilany
elatiz long doVimclop;

skabic kg inbt_recordfpemahidle, puss)
struel vmehddleBecord *prmchidle;
R {HELH
I
if [poss==l |
At {pinehidles=nmay <= ) pemebidle-zomas=1;
prentelille=s=bye s eliar *Jeal o pemebidle=snimiog sieeafhangy
ikl le=sspte = (el Yiealloeipyinehdle-=amax, sliwaafieln;
elaendi:
I
returnii);
|

bt lang procesnipeeehille)
uirne ermediclbeB el *pyoaliel ey

[

g, slalig;
sLatusedo Y alolpvinehdle /Do RE 1O apeton =
reeCihlal TimaSimmpypvmahel le);

£ elweek event list *f

b ekl

£ proens e lorwand seom link ressoml 5
reeGblPadLink(pynichdla);

premelslie-=pocl=linL S5
refuradsiaig;

1

stiric long mer_volesipymehdlopydesh
arruet winehdleBeenrd *pyawelidle;

struek vitluelles *pyes;

I
predes-= o elenreng=pyinchdle-=nasa:
prcles-mpralue = peonalste-s b
prdes-=fiell_type = DRE_LOMNG;
petwrni);

!

slaticlomg cvi_ibaklpabds)
siTnet dbddr *paddr;
[

T4



etruct vmchdleRecond *prmehdle=(snzet vmehdlcRecord *piddr-=precesnd;

iF (paldr-=pliekl == & pyinehdlcsvad)) |
paddr-=plicid = (void *Rpemebadle-=hrrl;
paddr—=np_clements = pymekdle-=nmnx;
gibclle=lield gwpe = DBEF_LONG;
Talelrzfield_sive = sivsal{larng )
paddr—z=dbr_ficld_type = TAF_LAMNO;

] elae if {padde-=piictd == &(prmchdle-z=snmy) [
pailelrempiiehd = (unsigned char Epvmiclicle-=spr;
perldr-mon_claments & prrnebile-snmics
jrstldr—=ficld_Avpe = DBR_CHAT,

Ty ezl _sise = sivenlchan):
paddr==dbr_ficld_type = DBF_CHAR;

;

NI

atotie Jong patarrny infapucldrao_alaments ol
atpaet dbAdddr #paddig

e *ne_eleingnis;

i *offset;

simies vmehdleRecard *pesiedidlesiamet varahad e Rezonl =pelde-cpreeond:

B lements = pemchdle-snse
*aaltual =
el

f

stigles longg pusl _preis_{ndfolpodir, ||"'4Ll.'.-]
steucl dtdelde *pade;
larip nfsea

sivvct vehdleRecared *pymehdlosiairuet vmebitleRavont =ipalde-z=pracond;

premelilbe e = aew;

if fpvmalnble-=nnse = permahidle-znnns ) pemebidle=snnge = pemeidlenmis;

EETTOE

)

atatie vild mnleorpymehdlah
sirnsl vmediclliBesnnt - Fperahs

{

wnatgied slurt moniior_mask;

M gen presions stk el seeroarsl e stk o seect!
manilor_mnsk = recGhlReseeAlarms{pemehille);
M* check for value chnngs *
il fpvimelille-z=val 1= peaeludle==mlst) |
£ pasl evenis for valne climge *f
moniter_mnsk = DRE_YALUE;
S updaie Jase valoe wmonioeed #f
remelillczmlsl = permelel -l

I-

= el ot inoisito s commeeted whe viloe Deld =
il [eromibr sk |

db_posi_eventsprmehdle & prmehdlc->walmenitor_mosk);




|

T

]

Lelacn;

stocic leng do%mcladpyimchdle)

{

stmact vencldleleeard  #pwinehdlc;

int wmod, lengob, mode;, stabug=ERROR, volue, i) meun ool

g *dosn_peroy = Cint =) geielulle==lpr;

usigi el el S iy = pemebdlo-ssple;

char *vimahallc_ptr;

shiort ward _value;

clear elear_walue;

anllamskls[] = |
WME_AM_SUP_SHORT_IC.
WRE_AM_STR U SUT_LATA,
WAE_AM.BXT RAR_DATA,
WL A KT SUP_DATAL

ant alb_lengihs[] = 48, 2,47
bibiall_mindes | = [V X_REAT, VX WRITE, READ_ RO, WRITE RC, WERITHE BGCRE, KOS, ROD_RESETY

faiirsd = all_nimwacls| ezl e-Samod];
Feerngttin el _langiels [ prmatslle=sd siz];
mistele = all_mades(pemelhdlesrdwt];
syallugsToLacnl Advalnnasl, v molelle-sm&le, dveralelle_pie);
iF Cle m= W ECRIATLY Y
lar (il epvmehelfisnnues b4 |
swhichilanjoib) |
chge |3 atnins = vddamMolsa) venalelle_pir, Y X_READ, 1 (clir =) &elhine_valiz);
ikl = ek vl
beaiik:
cape 23 atatna = vabdem kel vrialcle_pie, WE_READ, 2, (chir =1 &word _valea);
witlue = vl vl
brank:
chge Az At = vabdamProlal vinahsdle ple W8 RBAD, 4, (el ) &enlna;
benks,
|

clinhi_mrruy i = value;
ssnius_nreay (1] = aLatus,
winehelle_pir = premehedle-z=pine
I
;

i [repcle == %X WRITE) [
tior fim0; iszpymebdle-=onsa; 4+ |
switehilengaly) |
cam 1 el vislue = dal_prmy[ils
slits = v MemPrabe venehdio_pie, WEUWRITE, 1, deliar #) Selarvaluoey
birenk;
case 20 word_value = dals_wrrli];
sty = v MemProbed vomehdle_pie, VE_WRITE, 2, (char *) &owvoid value);
birenk;
cagd 4 valoe = data_amryli ]
slitlus = vx MemProbe! voehdle_ply, VE_WERTTE, A, {ehar *) &value);
hirek;
1
vrchdle_ptr += primehilbesaings
aratue_anay[i] = sias;




if [made == READ_RQ) |
HOLC _HARNDLE  veadhandies
ceadlandle = reasloat BB rena Timdled);

e BdRendbdem (rendlandle, penszlyle-zneto, penahcllisnode, prmebdle-=addr, prmehdle-=nuse.
premehdle-=aine, panehdle-=hple;
rndin {1l Dl el lamd lefrendhandle);
I

i Cionde == WRITTE_RLY |
NOEC NANTLE  writchandle:
writzhintle = readantBdCeenteEuwl e

redeleat B bebdean Cwritalind e, ponghidle-znaim, prmehitle=rode, pemehdie-=addr, frenslidle-snise,
e inehidlezming, peanalElle-sbpes
reateutBdDeleteHandlagwiite bl le):
1

iFrinde = WRITE RO MR |
B LA MDA werite_nrhirble;
werble_nlignel e s sl S et Handia);

reacloi Bl eacdddam Do e lueble, peinmhidle-seain, penehdle-snsle, pemahdle-=adds, peimeldles
s, pyimalcle==alne, pemedidle-s=hple;
resnelinat PlCasbatal Cniflelwri le_narbmandla);
!

SOy me MO |
HOLC_HANDLE  pedelandlie

nudehiendla = recdaat BCnantal D led;

ranclawtbdMaceattoasaiidnadatimmtle, pemeille-saetn, painsle Tl hare); ]+
i [l = 10 RERET) |

HREC_TANDLE  resalboncla;

rasathandle = readoutBaCrenpab Lol e

renclm R eselsastal resechirl e, pemehdle-=nam, peoehidle-=nada;

tetnm CK;
|




vkl *dpvh Mt Dhavdee Private #/

wiiakg il slosl Jrice; £ Seheduling Priotity */
unzipmexl chir Ipmy; M* Trace Processing =/

chnr bkpr; f Break Podiog =

wnsigned char udf, SE Lhndefined =

char 15[ I Created Pogd =/
TE_ETAMEP fime; ST ™

slruct Link fluk; M Boewant Peadess Lisk *F
I stad of vinchdie apecific Tields =/

lung wil; £ Current volug *
unsipmes ¢hnc A00T; M Statas array *

alanr i) S O] Poel =/

T nlst; £* Lost Vil Monitorod #f
viid bl i Bubfer Patisler =/

v Mepdn; i Beabis ol ler =

lang wilelrs MO neldresy Chex) =)
mishpnesd slord sl £ NME pddress ouade *f
unsigned shai ilsiz; PYME dotn s
unaigned shot gilwil 5= Rl fveri e =)

al pl ZHE2)s 2 Ormied Pugl =/

TR nmag; £ M, awimber of valucs
lorg ) &= Mumber of vabies e LAWY
[insg il S A tress Dnereenand (1) =/
naisd e sl HIU{RH f= Medanrk Mumber #F
uraljonedd shorg nela; £ Mode Mumber ®f

fvpeedel atngel vkl ecund yiaholeldeond,

Azl




1

vmefidleRecord asei

! vmehidlcRecond.ascii

1

Vo Oeiginal Awthor: Tolin Meaee Creighien Lniversity
! Dhatet HIX1MA

1

} Bosed on vmeReeord.asci by hark Rivers

i

1 Mdificiian Ly

1

fiitelude =dbDefs e

frinelude <spec okl

Mo hisle <chsdeed il bz

rinclisde =B PI0T v pes he

ficlefine INCeliRecthash

Mo sl <l Reed s bz

rineligla i e bz

finelucde scholee VMBHDLL b=

RECTY' " weinalel "

tapecinl is ona ot [ NULL. 810 MOS0, 510 DHALIR, SPC_SCAM, SPC MO0, S0 RUESIET,
SPC_LINOONY, SPC_Caloh

VASLI LB ok e aey ol (COE_UCETAR, DRP_SEIORT, BEF_LONG, DREF_ULOMNG)
ARLE TR il amensy pog ol [EBOE_BLOAT, BRP_DOUVELE)

CARLI DT _link  weans nny of | DAPINLGIKK, DEF_GUTLINK, DBEE_FWRLIMK]

B BIHHTH nme Hpcinl ASLL DMT_STRING pp leras nlae
jni

! Proanp name oApecinl ASL DBF pp Inierasl il
pil mmgel e ewl_ypo

b Pz nume o spaeiil ABL| DEF_ Moot  pp diderest sl i
mogal  ronged

| P anme sl ARLT [MF_[EMLIR pp Inieraul inli
[t [HTETUE I Y1

L BT mng spscinl ASLI DBF_GBLCHOICE:  pp lidcrest il
ehniee_ses pal

| P mme A=l ARLT DT RECOCHOHE  ppointergst Lt
chinice se8 il

! Pranpl nama  spaeinl ASLT DHE_ CMVTCHOICE  ppeinferast inil
HHT

I Pl mung - spseinl ASLLI DEBF_link  pp Indereac pian rangel
ninEes Lonyersion

1 Prompt name gpecial ARLT IMHL_MOACCESS  pp interas) siEn
el

"Currenl value' YAL SPC_DBADDE ASLODRF_LOMG YEL 0O 0 o

VBEntus nreay” SARR ST DHEADDR ASLIIIET LI AR b T B

"Last Wal Manatoiad” RALET SPC_MEM O ASL] DRF_LOMG MG 3 0

" BulTer Peinler'! BFTR SPC_MOMOD ASL] DBF_WOACCESS . WO 4 4 void Yhaur

"Stitus Poinjer” EPFTE SPO WOMUNY ASLYT DHE_MOACCESRS MO 4 4 wiig tapir

"W ME nddress (hes)” AMIR O ASLL DRT_LONG MO o1l 0 GULDISFLAY  CONO

0N 1B CT_IEX

WAL chEress maode” Ahd0D 0 ARLL DBEE_RIECCHOE ME N RBEC Y MEHDLC_AMOD

I

"WBE dntn size! LA VA ASL] DOP_REOCHOICE MO | 1 REC_ VMEHDLC DSIE ]

"Rendiwrite’ LI 0 ASLI DRE_RECCHOIMCE WO | & REC_VMEHDLC RDOWT 1




£l

Mox. nwmbes of values" MAMAX D ASLT DBE _L.OING M 1 52 GIN_INSPLAY  COMNDO

COM 192 07T IGECIMAL
"Mumber of valuce o AW MISES Aal]l DBEE_LONG My I GUL_DISTLAY  Com

VaR NMAX O DECIMAL
"Aydddrcas becreanent {1-4]" AIC O ASLT DRE_ LM WO 1 2 GUILIMSELAY OO 1

CON 4 CF DECIMAL

"Metwork Mumber! MR ASLLDBF RECCHOWCE K 1 0 REC VMEMDLLY NETN
L
"Mode Mwmlert HNODE {1 ASLI TG _RECCHOICE MO 1 1

REC_VMBEHDLE NODE L




choice VHERDLC.R
#* choiceVMEHDLC =

*  Authorn Tohn Meicr Credghion Ciilversity
*  Daber B-21-0%

* Hazed on choleeVME. R by Blark Rivers

= pelilicatiog Lay:

=

Wil INCehoiee Y RTEH DLCK
Mlefiee INCehateeY MERDLCD |

el RECCTIOICE valpes, See chinicelee.nseil Tor meailngs 4
ddefiite REC_VMEMDLE AMOT - O

Mebafvine BB WAL DSTE I

Mbaline BUC_VMEHNDLC_RIWT 2

Mifaling REC_VMENDLC_NETN 1

Mdefine REC VMWBEITLE WO d

M Cor peeord-guppss L ase *f

Hemlll

a1



chatce Kec.ascii
| ghioiceR ec.nseii
Peal ascei 48 [fichnioeBecase 1.2 s

I

l

I Bledification Loa:

P O ok aut mator tnble man ele, keps WME satt
I E-21-25 300 added vmehdle choices

| % hAE;

Hinelude schoice VME

st REC VME _DSLE "DR!

T TTEC A o S | R b i e o

“sinet  REC_VME_DSIE "Dzt

epie!  REC WME W "Mead"
Ui WG M REA BT

Uit MECOWAE AMOID AR
Uwmet RO WAH_AMOIT Az
feme! REC_VME_AMOD AL
feme' REC_VME_AMOI AL

R [EVR T M s

fnelude elwoice Y MEFTTHL, e

"emehdie® REC VMBIIRLEL 60 "R

"kl RUC VMITTINLE DS "D

ymebdlc® ROC_VMINDLO_DSEEE "naat

"ripehidlc” REC VMBI REWT "WML Rend”
Uil REC_VMENINLC_REWT  "WME Wrife"
"emehdle” REC_VMEHDLC_ROWT  "Rend BO-Bonrd"
Mwmeclle’ REC VMBHDLC _ROWT "Wole RO_Bond”
Mweiedille! REC WA BENDLC_REAWT  "Wrile BO_Bonnd Mo Reply"
temehdle” REC_VWMEHDLC_ROWT - *Modos Prssenc”
emehdla” REC VMBHDLA REWT el RO [Rand”
“ermehlle REC_WYMENM.C_AMOD "ALG"

"vonehel " REC_VYMEHDHLC_akiOD  "a24!

"vrehdle! REC_VMEHDLC_AROLD - "aiat

"vrnzhdle! REC VMERIILC AROIT e

"wmeha ]! REC_YMEHDLC_NETH "0

"vonehdle! REC Y MEHDLO NETN "7

“vrizld e REC WMENT2ENETH "2t

"wrnelwlle” REC_YMEHDLC _NETH "7

"vrnahl e REC_YMEHDLI_NETHN "

"vmzhdlc! REC VMEHDLO NETW 5"

“wrncldle! B YREDD C_METH. "7

#3



"eieneindle”
"soehdle”
"wichdlet
Uenekudle’
"smehrle”
"vmchdle!
"winehdle”
“vanehiile”
“yinzhdle’
B 1l A Tl
R A T
“yomzlrllc!
“wrnc e
vl e
el it
el
Mchoic”

“eiriebudle”
"nehidle!
"wmelidlc!
Mgl
"yl e
Uyl et
Ul it

RLC WXHEHDLC. KET™
RBC VAEMDLE M
ELRC WMEHDLC_WNETH
REC_VAEHDLLC _MET™
BREC_WVRIEHDLE MITTM
REC VMENRLE NETK
REC_VMEHDLC_METH
BREC_VMEHDLEL NETH
REC WYMEHDLO WETH
R VMEHDLC_NETN
REC_VMEHDLC NETH
REC_YMEHDLS SITIM
[HC Y MELLCMETN
R YMEHDLC NETH
RLC YMEHDLC NETH
REC_VMEHRDLC WENMN
RHE YMENILE NITTN

REC_VMEHDLE_NODE
REC VMEHDLE NI
BLC WML NOTIE
RIC_VMENDLE_NODE
REC_VMEHLLL NODE
REC VMIIBRLE_NODE
R _VMEHDLE_NODE

i
g
ng
e
"
npan
R
BE
|.1 5
gt
tiy
" H.l
v
rag
kgl
Pl
-2:,'..

e
i
-|3|.
g
g
“l:l'
CALL_MOAMES

ad




modelr_rb.c

M Hardware Conjeole - TPC FEE REATHIUIT: modelr b

L]

* Refs: "Syslem Test Drals Faibs"dnlemal nole, M, |asn

+
&
+
i
L4
L
k4
&
-
-

w

Y O F F = o+ = ¥ o=+ K X

¥ow% F F o = %+ + k& 4 kK

‘Propesed HILAC addresscs for STAR FEE RD0s", interonl pde, 1, ieser

Crelghoon Undversity Hardware Condrols proap:

Becky Burke, Mike Chemey, Jan Chrir, Pale Cirlirce,
Jelf Giroag, Tam MeShane, Jabn Meier, Puul Teeer

28 Bununy 1995
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(I RTETES R

unsined shor nuen e[ WEBY T s 0} M Staves dat o be wrillen b memory
[y temZpad [1152%5121={0);  #* Relaes repd_oot item 1o pad & o=
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Cor il l=a MO 300
Al event_ia;
I feven i i = WAMAXY event_ias1y ¢ Bedel countar 4
(i Wil el armmdavent_nal, *~ Welie Boka ATIC Dt 1o Mmooy *f
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