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Abstract

The Slenoidal Tacker A RHIC (STAR) experiment at Brookhaven National
Laboratory studies the physics of nuclear mattéigit temperatures and densities.
Models predict that a state of matter, the Quanke@IPlasma (QGP), existed only
milliseconds after the Big Bang. In the QGP, indinal quarks are not bound in
traditional particles. STAR searches for signauwkthe QGP in the aftermath of heavy
ion collisions. To improve the ability to identifiiese signatures, the STAR experiment
is incorporating more detectors for the trackingnetitral particles. Using the
Experimental Physics and Industrial Controls SystéaPICS), controls for the Electro-
Magnetic Calorimeter (EMC) systems have been iategrinto the STAR Slow Controls

system.
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Chapter 1: Introduction

Since the start of civilization, philosophers hgeadered the composition of
matter. According to the Greek philosopher Arigtotatter is composed of four
elements: Fire, Water, Earth, & Air [Ar39]. Ariske arrived at this conclusion by
observing the basic properties of matter. Thiseobational process later evolved into
the scientific method. Today, scientists use thengific method to understand the
revised constituents of matter: quarks and leptons.

The STAR collaboration studies quarks in a higitgited state known as the
guark-gluon plasma. Before describing my worklawscontrols at STAR, | describe the
guark-gluon plasma, emphasizing its role withinekielution of our universe according
to the Big Bang Model. A discussion of the methfmdsstudying the quark-gluon
plasma follows. From this point, | elaborate omvitbe STAR detectors function in the
analysis of quarks and their interactions. Afariewing these detectors, | explain my

contributions to Slow Controls at STAR.



Chapter 2: The Big Bang

2.1 Introduction to the Big Bang

People have always wondered about the origin pfioiverse. Science has
followed this question backward in time, almosatoabsolute beginning. In a
culmination of today’s knowledge and with the as@yof current experiments, scientists
hope to further study the beginning of the univense the Big Bang model.

What is the origin of the universe? To answer sughand question, scientists
look to the stars. With the law of gravity, scierean predict the movements of planets,
the interactions of solar systems, and the evaiuticgalaxies. Through observations of
these distant entities scientists followed the erse’s evolution.

While studying stars, astronomers observed a strahgnomenon in the spectra of
radiation from distant stars. The characteristiwelengths within these spectra are
longer than is observed in a laboratory on eatis 1§ known as a red shift. This
phenomenon is believed to be a direct consequdribe ®oppler Effect (see Figure
2.1). The implication of a Doppler shift to largeavelengths is that distant stars are
moving away from the earth. Careful analysis esthwavelength shifts give the
relative speeds of distant stars. In 1920, Edwible gave the next major clue
concerning the evolution of the universe. Hubbt#servations of distant galaxies
showed a relationship between the distance torasththe amount of shift in the
spectral lines coming from that star. This promoral relationship is known as

Hubble’'s Law [W095]. The conclusion drawn fromsthelationship was that the



entire universe is expanding in



BLUESHIFT REDSHIFT

Figure 2.1 [De03]. The Doppler Effect: When
radiation emitted at a constant frequency is observed
at a different frequency depending on the relative
movement of the source and observer.

time. Extrapolating this expansion back in tinfeés tonclusion yields a moment when
the entire universe originated from a single in&simal region. The evolution of the
universe from this single point is described byBig Bang Model.

Evidence that stars are receding from us is not defitive proof of the Big
Bang; more evidence is necessary. In 1965, the heiece of the puzzle was
unveiled. Astronomers Penzias and Wilson discoveséhe universe is filled with
blackbody radiation, emitted from the unseen backgound of space. A blackbody (
a perfect radiator and absorber) comes to equilibim with its surroundings,
eventually absorbing and reradiating energy at thesame rate. This radiation’s near
isotropy contradicts the seemingly discontinuous dtribution of matter. The peak
wavelength of blackbody radiation is inversely proprtional to the average
temperature of the object according to Wien’s disgcement law. Using the
measurements of the intensity of various wavelengsha temperature of

approximately 2.7° K can be associated this radiation [Wi97]. The unerse’s



temperature and the recession speed of distant staare two phenomena understood

through the Big Bang.

2.2 Evolution of the Big Bang

Evolution of the Universe
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Fig 2. As the universe
cooled, it underwent
several phase transitions.
This logarithmic plot of
temperature vs. time
highlights the various
phases of matter as the
universe cooled. [Eu03]

2.2.1 The Start of the Universe



In the Big Bang model, it is hypothesized that theniverse started with all its
matter in a small space. This matter existed in aBxtremely hot and dense phase.
Throughout this initial state, matter was too energtic to exist in the forms found

under today’s conditions, where quarks are confinedn the protons and neutrons of
the atomic nucleus. Instead, quarks and leptonshé fundamental constituents of
matter, were free to roam about in a quark-gluon pasma. In order to create this
highly energetic state of matter, a particle’s enagy must exceed the binding energy
of the strong force (150 ~ 250 MeV) [La96]. Two vg important processes occurred
before this stage ended. The first process involge¢he divergence of the forces.
Near the universe’s beginning, it is theorized thaall forces were indistinguishable
from one grand force, which diverged into the fourforces observed today: Gravity,
Electromagnetism, Strong, and Weak. The second peess of this stage was
inflation. In these few microseconds, the universenderwent a rapid growth. It
expanded in volume over 27 orders of magnitude tdraost a kilometer in size
[LiO1]. The universe has taken the remaining 15 Hion years to duplicate an
expansion of this order of magnitude. The energyisisipated in this expansion
enabled the universe to eventually enter the age b&dronization.

2.2.2 The Age of Hadronization

The age of hadronization is marked by confined quéds. For this
confinement to occur, particles must have cooled ta state where their kinetic
energies are less than the binding energy of therahg force. Hadrons are particles
consisting of quarks, bound by the strong force thwugh its mediating particle, the

gluon. The most common hadrons in the universe t@y are protons and neutrons.



After the age of hadronization, free quarks are foad only in the deep cores of
neutron stars and in black holes. In these liberatd states, quarks and gluons are
free to move about in a much larger hadronic region The stage of hadronization

lasted almost 4 minutes; during this time, energy as present to a significant extent
as both matter and light. By the end of this stageghe universe was composed almost
entirely of photons. The ratio of photons to neutons and protons at this time was
over a billion to 1 [Wi97]. Leptons, particles un&fected by the strong force, are also
present during this stage of the universe. Enougdleptons (i.e. electrons, muons, and
tau particles) exist to keep the universe electritly neutral. Through absorption, re-
emission, and scattering, the photons from this sgge of development eventually
became the blackbody radiation of space. The discexy of this radiation by Penzias
and Wilson provided significant evidence for the Bj Bang. No other explanations
so easily explain this nearly isotropic phenomenon.

2.2.3 The Age of Nucleosynthesis

As the universe continued to cool, it entered thege of nucleosynthesis. The
strong force was still the dominant force guidingts evolution. Nucleosynthesis is
the combining of protons, neutrons, and other hadros to produce larger nuclei.
Through this process, protons and neutrons eventulgi began to form deuterons,

tritium, and alpha particles. The heaviest nuclei reated from these reactions were
those of lithium, but this happened only in extremly rare cases [Wi97]. By the end
of this stage the composition of matter was appromiately 76% hydrogen and 24%
helium [Wi97]. In spite of billions of years of futher development, the composition

of the known universe is approximately unchangedThe Big Bang, unlike other



cosmological theories, explains why the universe $® overwhelmingly composed of

hydrogen and helium.

2.2.4 The Formation of Atoms

After approximately a million years, the universes temperature had fallen
to about 2000 K [Wi97]. The average energy per nimon dropped below that of the
Coulomb binding energy (approximately 13.6 eV for a electron in the ground state

of a hydrogen atom) [LiO1]. Nuclei started to retan the electrons they captured,
and neutral atoms became prevalent. Even though ¢huniverse’s chemical
composition did not change considerably, there haseen a dramatic change in its
structure because of gravity. It is at this pointhat the amplified effects of previous
guantum undulations became evident as the distribubn of matter became locally

non-homogeneous.

2.2.5 The Universe Today

Today, the universe continues to cool. Now the picle density in the
universe is sufficiently sparse for gravity to acas a dominant force, allowing the
formation of planets, stars, and galaxies. The stg, composed of helium and
hydrogen atoms, are capable of continued nucleosywgsis. During this fusion
process, hydrogen and helium are combined into heear atoms, creating the trace
amounts of oxygen, silicon, and iron currently foud. Since this fusion produces
energy, these processes also give stars the fuetddiate energy. As stars age, some
explode in huge supernovae while others simply loskeeir luminescence. The energy
from these supernovae allows the formation of elemés heavier than iron [LiO1].

As this 10 billion year old stage continues, old ats burn out and new stars form, all



while the universe continues to expand and coolt ik in this state that scientists

strive to map out the evolution of the universe.

2.3 Summary

The Big Bang Theory incorporates the quark-gluon fasma within the early
evolution of the universe. The desire to understahthe early universe has
contributed to making the quark-gluon plasma an adte area of particle physics
research. The quark-gluon plasma currently existaaturally only in the deepest
cores of neutron stars and in black holes. Sincéése very distant and exotic entities
are out of reach to modern science, other methodsust be implemented to study the
guark-gluon plasma. Before explaining these methaj it is appropriate to

investigate the fundamentals of particle physics.



Chapter 3: Particle Physics Today

3.1 Introduction to Particle Physics

Over the last century, particle physics has deveb@d from an ambiguous
understanding of the electron, the positive chargearrier, and light, to the standard
model predicting the complex set of fundamental pdicles observed today. This
new branch of physics has revolutionized the undetanding of the interactions of
matter. In order to understand the quark-gluon plasma, a foundation based on the

history of particle physics is necessary.

3.2 History of Particle Physics

Shortly after the start of the twentieth century,physicists were trying to
understand matter on an atomic scale. They had reatly discovered the electron,
the proton, and various forms of radiation. A bre&through occurred in scattering

experiments between 1909 and 1911. In these expeents, Rutherford provided
evidence of an atom’s nucleus. This discovery di¢ nucleus paved the way for
understanding the structure of atoms. It explainedhe charge and mass
distributions of atoms. Scientists had trouble exjaining components of the nucleus’
mass until 1932, when, through kinematic scatteringChadwick confirmed the
existence of the neutron [Wi97]. At this point, @me scientists believed they had
identified the complete set of elementary particleghe electron, proton, neutron,

and photon. In the eyes of these physicists, theyere approaching the pinnacle of



understanding. However, these elementary particlesere just the tip of the iceberg.
Between 1930 and 1960, cosmic ray detectors unveilen entire catalog of new
particles, varying in mass and charge. The concepf a small set of fundamental
particles was seemingly obliterated.
The categorization of these particles became a longrawn-out process. The
first methods of categorization were based upon mas These methods quickly
became obsolete as scientists discovered these [des varied in everything from
mean lifetime to their interactive properties. Thecurrent method sorts particles
according to the nuclear forces by which they inteact. This created two categories
of particles: leptons and hadrons. Leptons are péicles, like electrons and
neutrinos, that do not interact by the strong force They are considered to be point-
like fundamental particles. Hadrons are particles]ike protons and neutrons, that
do interact via the strong force. The category dfiadrons is further divided into
baryons, which obey Fermi-Dirac statistics, and mems, which obey Bose-Einstein
statistics. Fermi-Dirac statistics imply two particles cannot occupy the same state,
whereas any number of particles can in Bose-Einstestatistics. It was in 1964 that
two prominent scientists, Murray Gell-Mann of California Institute of Technology
and George Zweig at the European Center for Parti@d Physics (CERN),
independently proposed that hadrons are composed gét smaller particles [Yi03].

These particles became known as quarks.

3.3 The Fundamental Particles



Quarks are considered to be fundamental particlegust like leptons. All

guarks and leptons are spin-Yz particles, known agefmions, that obey Fermi-Dirac

statistics (see Table 3.1). Quarks themselves comb to form the two classes of

hadrons. Mesons are hadrons composed of a quark-tguark pair. With an even

number of spin ¥z constituents, these particles hawghole-integer spins, meaning

they obey Bose-Einstein statistics. Baryons, theh@r category of hadrons, are

composed of three primary quarks. Due to the oddumber of quarks, these are

spin 1/2 or 3/2 particles. The most commonly foundaryons are protons and

neutrons.
Fermions
Spin =%
Leptons Quarks
Flavor Mass Electric Flavor Mass Electric
(GeVId) charge (GeV/d) Charge
Vv, | Electro | <3 x 10° 0 d | Down | 0.0036 -1/3
n
Neutrin

o




e | Electro | 0.000511 -1 Up 0.0036 2/3
n

vy Muon | <0.0005 0 Strange | 0.15 -1/3
Neutrin
0

p | Muon 0.107 -1 Charm | 1.5 2/3

v, | Tau <0.250 0 Bottom | 5 -1/3
Neutrin
0

T |Tau 1.784 -1 Top 173 2/3

Over the last four decades particle physicists liweloped quantum mechanical
descriptions to explain different types of nuclederactions. Two predominant theories
are Quantum Electro-Weak Dynamics (QED) and Quar@tmomo Dynamics (QCD).
Today, QED provides extremely accurate predictionglectro-weak interactions. QCD
explains strong interactions using a new propengwkn as color. Both of these theories

Table 3.1: The 12

fundamental particles known
today. Each particle has an
associated antiparticle with
the same mass but opposite
charge [Se96].

rely on the existence of yet more particles, thaggabosons.




GAUGE BOSONS
The Force Carriers: Spin =0, 1, 2, ...

Weak Strong (color)
Spin=1 Spin=1
Name Mass Electric Name Mass Electric

(GeVId) charge (GeVId) Charge
W- 80.4 -1 G |Gluon | O 0
W 80.4 +1
Z° 91.187 0
Electromagnetic Gravity
Spin=1 Spin =2
Y Photon| O 0 G | Gravit |0 0

on

Table 3.2: The 6 gauge
bosons accepted today. The
gauge bosons are particles
that mediate the forces of

nature [Wi97].

Gauge bosons are particles that mediate the fundtahferces (see Table 3.2).
Gluons are the gauge bosons that act as carrietisfstrong force. Photons are the
force carriers for the electromagnetic force. Weak force is mediated by three bosons,
the W, W, and Z. The graviton is the theoretical conveyer ofdghavitational force.

The graviton has never been detected. The 6 bptsmgether with the 6 leptons and 6



guarks (Leptons and quarks have 6 particles amdigarticles each), form the complete
set of fundamental particles known today [Wi97].

3.4 Summary

To further understand this set of fundamental particles, physicists wish to
observe patrticle interactions with reference to thdéour forces. The strong force has
become an area of interest due to its predominanbie within matter around us. To

study the strong force, physicists must study allypes of quark-gluon interactions.
This is accomplished in many types of experimentfom cosmic ray detectors to
particle colliders. The current goal of many partcle physicists is to understand
quark interactions free from their hadronic confinement, within the quark-gluon
plasma. To do this, particle physicists are tryindgo recreate the quark-gluon

plasma in the world’s largest supercolliders.



Chapter 4. The Quark-gluon Plasma

4.1 The Search for the Quark-gluon Plasma

The significance of the quark-gluon plasma extendseyond the Big Bang
Model. Quarks and gluons are the building blocks fonuclear matter. In normal
matter, quarks and gluons are bound to each othemnihadrons. Within the extended
space of the quark-gluon plasma, it is possible foee quarks and gluons from their
confinement in individual particles. To liberate quarks and antiquarks from
hadronic confinement, they need more energy than éhstrong force binding energy.
The dilemma is, the strong force binding energy igreater than the quark-antiquark
creation threshold. This means before separationcgurs, the energy given to the
original quarks is consumed in the spontaneous créan of another quark-
antiquark pair (see Figure 4.1). Because of thiscientists look for different ways to

free quarks and gluons.

To separate quarks, wark must be done.
Az the distance between them increazes, the force binding them does not decreasze.
1
@ -~ E—- ()
— I —
Once the guark-antiguatk creation threshold is exceeded, two new quatks are crated.

@) e () (5 c— ()




Figure 4.1: To separate
quarks, a large source of
energy is required. However,
prior to seperation, the input
energy is consumed in the
creation of a new quarks [QJ

97].

4.2 Deconfinement of Quarks & Gluons

To study quarks’ interactions physicists use the pnciples of Quantum-
Chromo-Dynamics (QCD). According to QCD, the strong forcés mediated by
gluons. Gluons, unlike any other gauge boson, hatiee ability to interact with other
gluons. This causes the strong force to initialljncrease and then become constant
with distance, and leads directly to the inabilityto separate quarks using the
classical methods. An important corollary to thisproperty exists. At the limit of an
infinitely small distance between quarks, the strog force interaction between the
guarks approaches zero. Thus, in extremely denséages, quarks screen each other,
causing this asymptotic freedom [Yi03]. Using thiprinciple, many particle
physicists attempt to study liberated quarks withinthe laboratory. This freedom
occurs naturally deep in the cores of neutron starand in black holes, where a large
amount of hadronic matter is compressed into an ertmely small region. In these

ultra-dense materials, the borders between individal hadrons cease to exist.



Instead, the hadrons combine into a large hadronicegion as their wave functions
overlap. The quarks and gluons are able to roam aut within this hadronic region.
By colliding massive nuclei at relativistic speedqhysicists create an
extremely dense and energetic region in the attempd create a quark-gluon plasma.
Unfortunately, the laboratory lifetime of this plasma is about a trillionth of a
trillionth of a second  (~10%*s) [Le01]. This is far too short a time period talirectly
probe the plasma. Scientists must look at the padies emerging from this region to

understand the quark-gluon plasma.



4.3 The Nuclear Collision

Before discussing the residual particles from the uprk-gluon plasma, it is
necessary to understand how matter evolves from thguark-gluon plasma.
Particles collide in the interaction region at thecenter of this nuclear fireball. In
order to create the quark-gluon plasma, a very deresenergetic region of space must
be created within the interaction region. In thisprocess, hundreds to thousands of
quarks are compacted into a very small region of gre. Due to the enormous
number of interacting particles, “global variables” like those of thermodynamics are
used to describe the interactions. Thermo-QuantunGhromo-Dynamics (TQCD) is
the theory incorporating these global variables t@xplain the interactions between
the formation and eventual freeze-out of the quarlgluon plasma. At freeze-out,
inelastic collisions cease; hence the particle comgtion of the system remains

unchanged.

4.4 Signatures of the Quark-gluon Plasma

Detectors cannot directly observe the quark-gldasma. They observe the
many signatures of this state. Four of the sigeataurrently used in the search for the
guark-gluon plasma are the enhancement of thegernaarticle production, the energy
distribution of emerging photons and dilepton paargseduction in the observation of

charmonium, and the decrease in the number ofcpajtts observed.
4.4.1 Strangeness Enhancement

The detection of the particles carrying strangemesgse method of searching for the

guark-gluon plasma. Theory predicts that stramgkaatistrange particles will



become more abundant in the aftermath of the qglrdn plasma for three reasons:
the reduction of threshold energy, the higher endemsity of the medium, and the
Pauli-blocking of low energy up and down statebese reasons are all based on the
principle that the less energy necessary for agqasidhe easier, and hence the more

likely, it is that the process will occur.

The first reason for the abundance of strangegbestis less energy is required to
create matter in the quark-gluon plasma. Thistsalbse inside the quark-gluon
plasma, a gluon can produce a quark/antiquarkipairsingle interaction. The energy
required for this process is just twice the mashefquark being created. This is
about 300 MeV for strange quarks [Re95]. Outsidde quark-gluon plasma a more
complicated annihilation/creation process occuUnao hadrons must interact to
produce the strange quarks. In these collisidnesspectator quarks contribute to a
larger mass difference between allowed statesa #esult, 0.67-2.23 GeV of energy
is required to create the strange/antistrangequaside of the quark-gluon plasma
[Re95]. The lower threshold energy results in ngitrange/antistrange particles

expected in the aftermath of the quark-gluon plasma

The probability of producing a particle is relatedhe energy of the particle and
the temperature of its system. At larger tempeeatthe probability of a particle being
found with an energy, E, in a collection of pad&ith temperature, T, can be
approximated by a Boltzman distribution, P(T,Ef’*". Up quark creation is more
probable than strange quark creation, because agggjaan be in a lower energy state
(lower energy threshold). For high temperaturéestavhere the threshold energy is

significantly less than the Boltzmann energy (k¥ probability of any particle being



produced becomes nearly equal. This means tha wik be almost as many strange
guarks as there are up and down quarks. Whilel @goduction probabilities are not
achieved, the increased temperature does resalirger fraction of strange quarks in
the mixture than at lower temperatures.

The final reason for enhanced production of strgpagécles is the Pauli
exclusion principle. Since quarks are fermionsngp particles) no two bound quarks
can occupy the same quantum state. Due to the tangnber of initial state up and down
qguarks (from the colliding nuclei), a saturationil@# energy up and down quark states
occurs. The difference in the production prob&bgibetween low energy strange quarks
and high-energy up/down quarks is no longer sigaift [Yi03].

Given these three mechanisms, the presence ofistcararks is greatly
enhanced. It is estimated that within the quadeglplasma, the production of
strange/anti-strange pairs is 10 — 30 times greélaserin a hadron gas [St92]. As a direct
consequence, production of rare multistrange hadirmreases 15 fold [Yi03]. With
such a large increase in the production of strapgeks, this enhancement is considered

one of the primary signatures of the quark-glu@spia.
4.4.2 Photons & Dilepton pairs

Another signature of the quark-gluon plasma isitbin the energy distribution of
photons and dilepton pairs. The photons and difepairs of interest are the highly
energetic particles coming directly from the intgi@n region. The dilepton pairs
produced are primarily electrons and positrons voms and antimuons. Because these

particles do not interact by the strong force, tbftgn do not interact with other particles



after their production within the quark-gluon plasnmAs a result they provide direct
information about the energy and temperature ofjtrerk-gluon plasma.

There are several difficulties in studying thesdipl@s. Because they do not
interact with the strong force, they are much hatdeletect. Furthermore, the decay
products from the most abundantly produced pasjaieutral and charged pions,
obscure much of the information the photons angptiiin pairs offer, because the pions
decay exclusively into low energy photons and leptoProducts of these background
decays may interact with detectors, making it diffi for many detectors to study the
particles of interest [YiO3]. In spite of thesdfidulties, many experiments use these

particles as the primary method of studying therkpgguon plasma.
4.4.3 Charmonium Suppression

A third signature for detecting the quark-gluoagsha involves the observation of
charmed hadrons. Charmed hadrons are particlégicomg a charm or anticharm quark.
Charm quarks are much more massive than up, davatrange quarks, and thus require
much more energy to create. Like strange quanksetvery massive particles are more
easily created at the high energies necessarg#tecthe quark-gluon plasma. The
production of charmed hadrons is still dramaticllys than that of even strange hadrons.
The evidence for the quark-gluon plasma comes &graculiarity in the creation of
these charmed particles. The signature here ihegiresence of charmed hadrons, but
how they are present.

The JW¥ meson is the state of charmonium with the lowest energy.
Charmonium particles consist of a charm and arclaatm quark. However, due to

overlapping wave functions and the large numbdigbter quarks within a quark-gluon



plasma, the probability of a charm/anti-charm paimaining together as alparticle is
significantly less than if it was produced in figgace [Yi03]. This suppression of
observed W particles, despite the increase in the numbehafraed hadrons, is
considered to be distinguishing evidence the qgéukn plasma formed [Ar02] [Go02].

4.4.4 Unpaired Particle Jets

The suppression of particle jets is another signate of the quark-gluon
plasma. A high momentum quark will produce large mmbers of quark-antiquark
pairs in its wake by the process outlined in sectio4.1. Jets are bunches of particles

emitted in nearly the same direction from the inteaction region. Due to the
conservation of momentum, two high momentum partias (traveling in opposite
directions) are produced. Within the quark-gluon dasma, energy loss for a quark is
more rapid due to the high likelihood of quarks ineracting strongly within it.
Because of this, one of the high momentum particlggoduced occasionally loses its
energy as it passes through the quark-gluon plasmahile the other leading particle
may have a shorter path in the plasma. This causéise suppression of one jet,
resulting in the observation of single jets of paitles. The unpaired jets (monojets)

are an indicator that the quark-gluon plasma may hae been formed [Le01].

4.5 Summary

Given the extreme conditions necessary to createdlguark-gluon plasma, particle
physicists must use supercolliders to study thisate of matter. The Relativistic
Heavy lon Collider (RHIC) is one of the world centes for quark-gluon plasma

research. Its various detectors and a collectionf @hysics signatures (including



strangeness enhancement, photon & dilepton pairsharmonium suppression, and

unpaired particle jets) are utilized in the searchor the quark-gluon plasma.

Chapter 5: Relativistic Heavy lon Collider

5.1 Introduction to RHIC

The Relativistic Heavy lon Collider (RHIC) is loeat at Brookhaven National
Laboratory in Upton, New York. Operation begari @99, with the first physics data
collected in August 2000. The primary goal of Ri¢IC collider is to create and study
the quark-gluon plasma. To achieve the necessdligion energy, the facility utilizes a
series of particle accelerators. In RHIC, theipkas then collide in one of the six

interaction regions.
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Figure 5.1 A layout of the RHIC Accelerator Ring showinghe seven components
used in accelerating particles [Sc03].



At RHIC, physicists accelerate massive gold ianspeeds approaching the speed
of light to create the quark-gluon plasma. Thedietrs are located at four of the six
collision points around the 3.8-km ring. The eneofjparticles in the RHIC beam is on
the order of 100 GeV per nucleon. At these relstitvspeeds, it is estimated the energy

of the collision will be sufficient to form the gikagluon plasma [Ha03].

5.2 The Brookhaven Accelerators

In the acceleration process, particles start imeeithe Tandem Van de Graaff
Accelerator or the Linear Accelerator. From theéeeices, particles enter the Booster
Synchrotron, then the Alternating Gradient Synaturotand finally the RHIC ring (see
Figure 3.1). By incrementally increasing the bearargy, the Brookhaven accelerators

create a high-energy particle beam used for makatgdense nuclear matter.

5.2.1 The Tandem Van de Graaff Accelerator

Heavy ions, such as gold, start their accelergirogess in the Tandem Van de
Graaff accelerator. This machine was completel®irO and, for almost 10 years, was
the world’s largest electrostatic accelerator fgcillt is composed of two fifteen million-
volt electrostatic accelerators [Tv03]. The Tandéam de Graaff Accelerator uses
negatively ionized atoms and accelerates them tbagositively charged target.
Passing through the target, enough electrons @ppatl to positively ionize the atoms.
At this point the particles are then re-accelerateey from the terminal (giving the

“tandem” acceleration). These ions are accelenapetd 1 MeV per nucleon via this



process. They then enter the Tandem to BoosteéB)Lihe, completed in 1986, where

almost half of their electrons are stripped ofireate to the Booster Synchrotron [Ha03].

5.2.2 The Linear Accelerator

RHIC is capable of accelerating and storing nealfljon species. Brookhaven'’s
Linear Accelerator (LINAC) is the starting pointfprotons and light ions. This
accelerator can accelerate 35 mA beams of protoesdrgies up to 200 MeV [BI03].
To accomplish this, the LINAC uses nine radio-frexgey cavities that span the 140 m
tunnel. Radio waves oscillate in the cavities signs and electrons, particles that
interact with the electric field, are acceleratddhe radio waves are timed to push
protons or electrons in a way similar to that inekha. wave pushes a surfer. By using
different radio frequencies, these particles apel@cated in steps as they traverse the

nine cavities. These particles are then transtdoéhe Booster Synchrotron.

5.2.3 The Booster Synchrotron

The Booster Synchrotron pre-accelerates the iefad®they enter the
Alternating Gradient Synchrotron (AGS). It usesc#iic fields applied at intervals timed
to the ions’ orbits to boost the energy of the ioBy the time the Booster Synchrotron
has completed its acceleration process, the kieegtgy per heavy nucleon is about 95
MeV [Ha03]. At this point, the gold ions are trédirey at 33% the speed of light [Bs03].
From here they enter the Booster-to-AGS transier, where all but 2 electrons are

stripped away from massive nuclei.



5.2.4 The Alternating Gradient Synchrotron

The Alternating Gradient Synchrotron (AGS) is finemary accelerator at
Brookhaven National Lab. It accelerates gold iopgo 0.997 c. To accelerate ions,
they are directed through a series of electromagfields that alternate in field
gradients. This process, referred to as altergafiadient focusing, simultaneously
accelerates and bunches these heavy ions. Thi®det alternating electromagnetic
field gradients was first developed at Brookhavertidhal Laboratory, and is currently
used by almost every supercollider in the world§8jy By the end of this process, the
AGS will have separated the beam into 57 distinictdnes. These bunches fill the RHIC

rings one beam at a time via th&8 To RHIC, or ATR, line [Ha03].

5.2.5 The RHIC Accelerator Ring

Prior to entering the RHIC ring, foils in the ATRip the remaining electrons
from the ions. Then 3.6-km RHIC ring acceleratgssiup to 0.99995 c. By colliding

such energetic beams, physicists attempt to cteatguark-gluon plasma at RHIC.



5.3 The Relativistic Heavy lon Collider

At the Relativistic Heavy lon Collider (RHIC), saitists strive to understand the
guark-gluon plasma using various detector experisaefhere are currently four
experimental detectors: BRAHMS, PHOBOS, PHENIX, &1AR (see Figure 5.2).

Each detector looks for the quark-gluon plasmagugarious signatures.

BRAHMS

Figure 5.2. The RHIC Accelerator Ring.

This shows the layout of the four detectors cutyettmmissioned at the RHIC ring.
Two positions are currently available for new potge[Sc03].
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Figure 5.3 A schematic diagram of the BRAHMS detdor [Sc03]
5.3.1 BRAHMS

The Broad_RAnge_Hadronic_Magnetic $ectrometer (BRAHMS) is located in the
2 o’clock position on the RHIC ring. As one of tfwe smaller detectors, its acceptance
is limited to particles coming from very specifisghes. Using its spectrometers,
BRAHMS measures the momentum distribution of thiected particles. BRAHMS
consists of two branches of detectors, the forgaettrometer and the mid-rapidity
spectrometer (see Figure 5.3). Rapidity is a dsimress measurement of a particle’s
forward momentum along the beam line. By measudifrgm the beamline, the forward
spectrometer covers 2.8 8 < 30° [Le01], and is composed of a long array of
calorimeters and tracking detectors. The mid rigpgpectrometer covers 3& 06 < 9C°
[LeO1]. Itis composed of two Time Projection Chaars (TPC’s), which allow the
identification of charged hadrons. The primarylgddBRAHMS is to study charged

hadrons emitted from the RHIC collisions, and dateetransverse momentum (the



momentum component perpendicular to the beamlin®) sentrality (the degree of

overlap between colliding particles).
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Figure 5.4. A schematic diagram of the PHOBOS detéor [Sc03]

5.3.2 PHOBOS

The PHOBOS detector was built to study the racewarusual collisions at RHIC,

paying particular attention to the ratios of thedarction rate of the different particle
types. This small detector is located in the Idazk position of the RHIC ring.

PHOBOS is composed almost entirely of silicon dete; which completely surround

the interaction region (see Figure 5.4). With éhdstectors, they accurately measure the

total number of charged particles produced. Thabmer of particles produced is known

as the multiplicity. With PHOBOS, physicists stutlyctuations in particle distributions

and correlate them with energy, centrality, andnathal angle [OI01].
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5.3.3 PHENIX

The Roneering_Hgh Energy Nuclear_hteraction exeriment (PHENIX) is the
heaviest of the RHIC experiments, weighing 4003 t(see Figure 5.5). It is located at
the 8 o’clock position on the RHIC ring. The PHENdxperiment is designed for the
study of photons and dilepton pairs emitted digeltthm the interaction region. A
central component of PHENIX is its multiplicity ek tracker which measures the
charged particle distribution. The PHENIX detestare designed to identify and
measure all types of leptons, particles that damietact via the strong force. By
studying these particles, PHENIX hopes to acquirectimeasurements of the interior
temperature of the quark-gluon plasma. As charsomeecay has a large branching
ratio to leptons, the detector should be partitplaseful in the study of charmonium

suppression.
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Figure 5.6 The STAR detector [Sc03].

5.3.4 STAR

The Solenoidal Tracker At RHIC (STAR) is foundla¢ 6 o’clock position and
weighs about 1,200 tons. The three-story tall ST&Rector (see Figure 5.6) was
designed to study two aspects of hadron productionelations between global
observables on an event-by-event basis and thefilse hard scattering of partons to
probe the quark-gluon plasma. To accomplish AR simultaneously measures
global parameters (like temperature, flavor comjpmsi and collision geometry) while
studying particle trajectories (with the TPC) amemrgy flow (using segmented
Electromagnetic Calorimetery) [St92]. Named aiietarge solenoidal magnet, STAR’s

main attribute is the ability to track charged mdes emitted from the collisions. To



accomplish this, one of the world’s largest timejgction chambers surrounds the

collision region.

5.4 Summary

All four of these detectors play important rolesitadying the nuclear
interactions at RHIC. Each offers unique perspestior understanding the quark-gluon
plasma. From this point, a more detailed lookat$TAR detector is required prior to

explaining the author’s contributions.



Chapter 6. STAR
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Figure 6.1. A schematic diagram of the STAR deteot outlining many of the
principle subsystems.

6.1 Introduction

The Solenoidal Tracker At RHIC (STAR) was desigteettack and identify nearly all
particles created in the head-on collisions betwsm particles. STAR (see Figure
6.1) can reconstruct the path of nearly all chaggaticles as they pass through the
Time Projection Chamber (TPC), the Silicon Verteacker (SVT), and the Forward
Time Projection Chambers (FTPCs). The Time oft#l{dOF) detectors add
information useful for determining the mass of plagticles. Finally, the neutral
particle (photons fromt’'s and direct photons) energies can be determioea the

Barrel Electromagnetic Calorimeter (BEMC) and tmel€p Electromagnetic



Calorimeter (EEMC). By incorporating all of thesemponents, STAR provides data

for studying a number of signatures of the quateglplasma.

6.2 The Time Projection Chamber
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Figure 6.2 A schematic diagram of STAR’s Time Praction Chamber. Itis
the principle detector used in reconstructing the pths of charged particles.

6.2.1 Basic Operation

The Time Projection Chamber is one of the baseletectors for STAR. The
TPC is a cylindrical detector with readout elecicsron the cylinder caps (see Figure
6.2), offering tracking capabilities for thousamdsharged particles. As a particle

travels through the TPC, it leaves a trail of i@tiparticles, similar to a bubble chamber.



The electrons and ions that are separated in thgeps drift following the electric field
lines to the positions of greatest potential (flec&ons) or least potential (for ions). The
liberated electrons drift to one of the endcapsmtiront-end electronics record their
position in two dimensions. Because the TPC mensta constant drift velocity, the

third spatial dimension can be determined by ad¢elyraneasuring the drift time. By
combining this information, online computers cortrteese space-points fitting a track to

each particle’s trajectory.
6.2.2 The Field Cage

In order for the TPC to get accurate spatial meamants, an extremely uniform
electric field parallel to the beamline is necegsaro accomplish this, the TPC contains
ring-shaped inner and outer electric field cagetedeles. These electrodes, aligned
perpendicular to the drift direction, are connedtegether by a chain of resistors. These
electrodes create equally spaced equipotentiakplparpendicular to the beam axis,
producing the desired uniform electric field pagbtb the beam. The thickness of the
inner and outer walls of these field cage cylinde®s compromise between a minimum
of material to prevent particle deflection and lason capable of handling voltage

differences of up to 10-kV [An03].

6.2.3 The TPC Gas

An important element of the TPC is the gas usqadduce ionization tracks.
The TPC uses a mixture of 90% Argon with 10% meth&nown as P-10, regulated at 2
mbars above atmospheric pressure. This mixturéges the capability for charged
tracks to produce sufficient ionization while sinameously allowing the detector to

operate in a safe (non-explosive) environment. oAng chosen for two reasons. As a



noble gas, it does not react with the detectorthiéamore, its mass is comparable to that
of methane. As a result, it produces similar scatty effects, making the electron drift
more uniform. Methane is an easily ionizable giés.use leads to larger signals from the

charged particles passing through the TPC [An03].
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Figure 6.3 An electron avalanche induced by the gh field near an anode wire [HIO3].

6.2.4 The Endcap

The endcap is the principle detector within the TRGllows for a quick
electronic readout of the ionization trails creabgdgarticles passing through the TPC’s
gas. To accomplish this, the TPC contains an atwdd#ract electrons. As the electrons
come near the high field anode region, they arelacated towards the anode gaining a
kinetic energy between collisions, which is lartfean the atomic binding energies.
These electrons knock off more electrons, which atart to rapidly accelerate toward
the anodes. This effect, known as an avalancees fenough electrons around the anode
wire to create a usable signal [Le87]. This signdlces an image charge on the array of
pads located behind the anode wires (see Figuye 68 pads record the particle’'s

vertical and horizontal position. By recording thduced signals as a function of time,



and by incorporating the 40 microsecond chambdirtdre, the third spatial dimension
can be extrapolated. The STAR endcaps also hgaéray grid, located near the anode
wires, that helps to prevent the build up of chargihe anodes by only letting electrons
into the amplification region when the detectord@a is initiated by the collision
selection trigger. It provides full azimuthal coage of collisions, enabling the detection,
identification, and measurement of momenta fpf £ 1.0. The Psuedo-rapidity)(is

the angle between a particle’s momentum and thelhea. Tracking alone, for the
purpose of studying particle spectra, flavor contpms and momentum distributions, is

performed for 1.0 <1} | < 2.0 [An03].

Figure 6.4 The Silicon Vertex Tracker (SVT) sumda the beampipe at the center of the
STAR detector. Itis composed of 216 Silicon Difttectors [Be03].

6.3 The Silicon Vertex Tracker



The Silicon Vertex Tracker (SVT) is located vergs# to the region where the
collisions occur. The SVT increases the trackiagabilities to low momentum and
short-lived particles, as short-lived particlesalebefore reaching the TPC, and low
momentum particles do not have enough transverseemium to reach the TPC in a %2
Tesla magnetic field. The SVT is of particular mnfance in determining which particles
are from decays, and which particles are fromnitberaction region.

To detect particles, the SVT incorporates SilicaiftDetector (SDD)
technology. The SVT consists of three concenirides containing a total of 226 SDD’s
(see Figure 6.4). A 10 cm, high resistivity n-tygikcon wafer is used as a substrate.
Strips of p-type material are implanted symmethcas field-shaping electrodes. A high
voltage gradient (up to 600 V/cm) is applied tosthshaping electrodes which fully
depletes the silicon, thereby creating a deep paterell [Be03]. Free electrons
produced by the passage of charged particles thrthegdetector are attracted to this
potential well. Because of the electrostatic fielkctrons drift toward the edge of the
detector where signals are read out on a segmantate. The SVT is capable of

identifying the vertices of charm and strange hadrhat decay before reaching the TPC.
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Figure 6.5 A schematic diagram of one of the Forwar Time Projection
Chambers (FTPC) at STAR [Ac03].

6.4 The Forward Time Projection Chamber

The two Forward Time Projection Chambers (FTPC's)lacated at each end of
the SVT, concentric with and between the TPC apdRHIC beampipe. These detectors
measure the momentum and production rates of ctig@eicles emitted at small angles
(along the beampipe) from the interaction region.

The FTPC is a mini-TPC with its own gas vesseldfeage, and electronics
readout (see Figure 6.5). It uses a cooled gatureixf 50% CQand 50% Argon. This
non-flammable combination offers a very low defl@ctangle, improving tracking
precision. Unlike most TPC'’s, the FTPC incorposatecro-strip gas readout pads

located along its outer cylinder. It aligns arctie field perpendicular to the solenoid



magnetic field, guiding the drift of free electramslially to one of its 9,600 readout pads.
The radial drift configuration was chosen to imprdwo-track separation very close to

the beampipe [Ac03].

6.5 The Time of Flight

The Time of Flight (TOF) detector determines timagtiit takes for a charged
particle to reach a cylindrical detector array justside the TPC. After reconstructing
particle tracks with the TPC and SVT, the distaagarticle traveled to the TOF detector
can be obtained. This length, combined with thretof flight (at a 100 picosecond
resolution), will give the velocity of a particldgy using the momentum determined from
the curvature of the path (see section 6.6), thicfeis mass can be determined.

The Time of Flight subsystem currently incorpordtes types of detectors. The
original design for the TOF was to incorporate imgle structure of scintillators around
the TPC. Funds are not available to cover theeem®C with this shingle structure. A
less costly alternative has recently been impleatensing Multigap Resistive Plate
Chamber (MRPC) technology. This is a gas-typedieteontaining 90% Freon, 5%
isobutane, and 5% Sulfur Hexafluoride {BFE103]. These newer, inexpensive TOF
detectors, composed of glass and graphite, offgr reésolution of a charged particle’s
flight time. A large electric field is uniform owéhe gaseous volume of the MRPC. Any
ionization produced by a charged particle passinguigh the detector will start an

electron avalanche, which generates signals opittkeup electrodes [Pi03].



6.6 The Solenoid Magnet

The solenoidal magnet establishes a uniform magfietd inside the detector, along
the beam pipe. The bending in the magnetic fietdides a measure of the transverse
momentum and sign of the charge for each partiClensidering the magnetic force, a
relation between velocity and acceleration candierchined € = qv x B = ma). The
centripetal acceleration (a 724r) can be expressed in terms of the componertteof t
velocity perpendicular to the magnetic field. Aat®nship for momentum can be
established (p= mv = qBr). From the information about a particlemaé of flight,

from the TOF, and a measurement of the distanweled from the tracks in the TPC,

a particle’s velocity (v= d/t) can be calculated. Combining transverse moument

and transverse velocity information, the particl@ass can be determined (m-#d.

The STAR magnet is normally operated at a fieléz0fesla. A second operating
point of ¥ T is occasionally used for periods oéigtion intended to study low
momentum charged particles. The field is creatdgul0 main coils, 2 space trim
coils, and 2 pole tip coils. The main coils, watlcurrent of 4500 A, provide the
primary field for the magnet. The space trim antegip coils, with a current up to
1330 A, serve to maintain a uniform magnetic fiséldund the endcaps. The total
power consumption in the coils exceeds 3.5 MWaddition to the coils there is a
large iron yoke, surrounding the coils, to redifict and reduce the stray field near
the electronics platform. These magnet comportents a weight which exceeds

1100 tons of aluminum and stainless steel [BrO3].



The uniform magnetic field must be aligned with #tectric field. Electrons will
spiral along the magnetic field lines aiding sdagsolution if alignment is correct,

and distorting the drift path if the fields are patrallel.
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Figure 6.6. A diagram of the Barrel Electromagnett Calorimeter, located between the TOF
detector and the magnetic coils. This beam lineeiv also displays the SVT and TPC

[We03].
6.7 The Barrel Electromagnetic Calorimeter

A calorimeter is a device that measures energy.flewergy from high energy

particle collisions often takes the form of elentemnetic radiation. The



Electromagnetic @lorimeter (EMC) measures the electromagnetic gnedjated

from the collision.

The EMC performs two important tasks at STAR. t-tfse amount of energy
deposited in the EMC is directly related to the ami®f nuclear stopping that
occurred. This information is strongly correlatedhe collision centrality. The other
important contribution is the EMC gives an excdllestimate of the energy density of
the fireball. The energy density is an indicatbwbether the conditions necessary for

the quark-gluon plasma are present.

The EMC detects approximately 50% of the total gndéiow in a direction
perpendicular to the beam from a collision. kstsimated that 40% of the deposited
energy is from low energy hadrons, and 60% is freutral electromagnetic energy.
Neutral electromagnetic energy is most abundamtigdyced by the® decay. Half of the
particles produced in collisions are neutral areithis the most abundant of these. The
1 decays almost immediately into two photons. TMCHS then able to provide a
picture of the flow of energy from neutral parteMhile complementing the picture of
the flow of energy from charged patrticles (providigcthe TPC) [BdO3].

The EMC is located between the TOF detector anangnet coils (see Figure
6.6). The EMC is composed of alternating layerkeatl and scintillator material.
Energetic photons interacting with matter oftendoi@e electron-positron pairs. As these
electrons and positrons pass through matter, tseyénergy in the Bremsstrahlung
process [Le87]. These secondary photons agairupeochore electron-positron pairs,
and the process is repeated. This cascading effemivn as a shower, continues until

almost all of the energy is deposited within thimgmeter. As this shower of electrons



and positrons pass through the scintillator mateatams in the material become excited.
As they return to lower energy states these atonispghotons, which are detected by

photomultiplier tubes (PMT'’s).
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Figure 6.7. The Shower Max Detector (SMD) is locatl between the tower’s layers of
lead/scintillator material [We03]

The EMC also contains a Shower Maximum Detector@$btrategically located
at a 5.6 radiation length depth (see Figure 6THe electron-positron shower from
electromagnetic radiation is greatest at this dgmtbviding high-precision
measurements. The SMD is a wire-proportional caunstrip detector using gas
amplification. The detector strips sense indudetges, with the help of gas
amplification, on a wire readout grid. The SMDoalk precise measurements of the
energy deposition within a particle jet, improveatilon rejection (as electromagnetic
showers tend to start earlier in the detector tredronic showers), and/y separation.
This helps identify how many neutral particles wereduced, and the transverse
momentum of those particles.

Once completed in 2004, the EMC will have 60 tomedules covering)| < 1
and Z in azimuth. Each tower module contains 80 diffieeMT readout boxes
(channels) each reading data from the 21 layelesagf and scintillator. Besides these
4800 tower channels, it will have 36,000 SMD chasan&ach SMD channel
corresponds to one of 30 wire strips (in a 15 x&) contained in an SMD segment

(there are 1200 distinct segments) [Bd03].
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Figure 6.8 A schematic of the EEMC Tower lead/sitator layers. Finely segmented
into 720 channels, each 24 layers deep. Embedieith the tower layers are the 2
SMD layers, and a pre & post shower layer [AIO3].

6.8 The Endcap Electromagnetic Calorimeter

The Endcap_BEectronagnetic Glorimeter (EEMC) is located at one end of theddarr
EMC, mounted onto the magnetic pole tip (see FiguBe. The EEMC will provide
full azimuthal coverage for highrghotons, electrons, and decaying pions over the
range of 1 ¢ < 2. It also includes a Shower Maximum Detec&W¥D) to

distinguish electrons and photons from chargeddredr



The EEMC is composed of 24 segmented scintillatpels, two shower maximum
layers and one post & pre-shower layer (see Fi§u8e Each scintillator segment (24
layers deep) is read into one of the EEMC Towe?28 PMT tubes. The SMD and
pre/post shower layers are read into Multi-AnodetBMultiplier Tubes

(MAPMT’s). These MAPMT’s allow up to 16 channetslie individually recorded,
increasing the detector resolution while efficigntsing the available space. In the
EEMC, the SMD'’s are located about five radiatiomgiéhs deep to distinguish
between directly produced photons and the lowerggnghoton pairs characteristic of

thet® decay [AIO3].

6.9 Trigger

The Trigger system of STAR enables the experirtediscard or record data
based on event characteristics. This system iposad of several smaller detectors
(Central Trigger Barrel, the Zero Degree Calorimgtand the MultiWire proportional
Counters) that can be reconfigured to fit the atroperation characteristics. The trigger
detectors offer fast real-time decisions as tgtiysics value of a particular collision.
The trigger quickly determines whether an evepbi®ntially useful for future analysis.

The trigger system makes decisions at four levelsst trigger (level zero) issues
an acceptance trigger within 1.5 microseconds @irteraction. It uses the fast readout
detectors, trigger detectors and the EMC & EEM@igadeters, to quickly determine if
an event (collision) exceeds the predefined thidsh& small subset of the trigger data
taken is then analyzed. This level 1 trigger pssdakes less than 100 microseconds to

accept or reject an event. The complete setgdéridata is analyzed in the level 2



trigger before sending the data to Data Acquisi{iDAQ) system. The time required to
fully accept or reject an event is under 5 millseds [La03]. The data acquisition
system reconstructs the event for the purposeatafréduction as part of the level 3

trigger.

6.10 Experiment Operations

Two subsystems are used for the operation of TR&RSexperiment as a data
collecting device. The first of these subsystesithé data acquisition system. This
system collects all the digitized output from tregesttors, compresses it in size, and
transfers the data to a storage medium. For aatexu + Au event, 96 MB of data is
expected per event. Currently, DAQ is capablero€gssing 200 MB events at a rate of
up to 100Hz. After data reduction the average esize is 10 MB; events are written for
storage at 30MB/s via ethernet to the RHIC computacility. This is sufficient as the
trigger rejects most of the unsuitable events goaxriting [DAQO3].

The second subsystem is slow controls, which monaad configures all of the
detector systems within STAR. The majority of ghehor’s contributions are to the slow
controls systems (discussed in chapter 7).

The human interface to these operations subsysteeagially important. Many
people are required to operate the STAR deted&wery week of operation, three four-
person crews work to keep the detector runningesé@tpositions are: the shift crew
member, who monitors the gas system; the deteptnator, who remotely operates and
troubleshoots all detector systems; the run-tinsestent, who starts, records, and

configures the triggers for each run; and the $b#ftler, who manages detector operation



according to the physics plan. Part of my workwBiIr'AR was to serve several weeks as

a shift crew member, a detector operator, and dinu assistant.

Chapter 7: SLOW CONTROLS
7.1 Introduction

Operation of a large and complex detector systeen3ITAR requires an extensive
experiment controls system. The trigger and dedaigitions systems handle the
high-speed collection and initial processing of §iby data. Hardware control
functions are handled by the slow controls syst&how controls systems set,
monitor, and control all experimental parametersrtsure the recording of accurate

and reliable data.

The RHIC accelerator ring hosts many experimentduding STAR. During normal
operations, these experiments sit in inaccesdiiyh, radiation areas. To prevent
stopping every RHIC experiment, these experimenistrspend months operating
remotely. The STAR Slow Controls system providesrtfriendly operator interfaces

to allow the remote, real-time monitoring and colsiof all detector subsystems.

The Experimental Physics and Industrial Controlst&y (EPICS) is used for the
STAR slow controls software. The EPICS packagedessgned at Los Alamos
National Laboratory and the Advanced Photon Soat@rgonne National
Laboratory. It is used to operate devices in pleraéccelerators, large experiments,
telescopes, and utility plants. Further developnseourrently being done in

collaboration with institutions from around the \ebr



7.2 EPICS

The EPICS package operates using a distributethaseanetworked by channel
access servers and clients. The contents of tabakse are called records. Each
record consists of several fields that containrmiation for that record. Each record,
stored on one of the channel access servers,ess@t by name. A channel access
server is a network monitoring program that listemsdatabase calls from channel
access clients. At STAR, channel access servemnainly located on Versa Module
Europa (VME) processors running the VxWorks realetioperating system.
Individual workstations running UNIX utilize charlreecess clients to control and

monitor device specific programs.

7.2.1 Distributed Databases

EPICS uses a distributed database system. Mutigseator interfaces are able to
simultaneously display real-time changes. To agdisim this, Input Output Controllers
(I0C’s) communicate to the user interface overthemet network. At STAR an IOC
consists of a processing CPU located in a VME cratee VME crate houses the
processing CPU and all necessary application-spdwrdware interfaces. At boot-up,
these 1I0Cs use an ASCII file to specify which datsbrecords and parameters to load.
These database records then become availabledioaaihel access clients. These clients

(the end users interfaces) listen for updatesarcedatafields to be broadcast by name



over the ethernet network. The two requirementshtis system are: all records on the
network must have uniqgue names and the networkohas capable of supporting the
large amounts of traffic created in this procedsing EPICS tools, such as thea@hical
Database 6Gnfiguration_Tool (GDCT, shown in Figure 7.1), databases aretetgeand
configured. These tools simplify database credtypdisplaying all the options available
to each record type. For simple databases, dasltas be created using generic text
editor programs like EMACS or VI. GDCT is a CompuAided Drafting (CAD)-type
program that allows programmers to diagram a databa@his means the connections
between EPICS records are documented, allowing®tbequickly understand how
information flows through the database.

To handle the creation of databases containingredscdor thousands of records,
template functionality has been implemented. Tewasl are database files in which
record names contain a placeholder. When loadti@gemplate into a processor's
memory, a value must be specified to completedberd name. This expedites the

creation of multiple records with the same attrisut



A GDCT Screen
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Figure 7.1 A database template is created with the Graptél Database Configuration Tool
(GDCT). To create multiple sets of similar records, this temiate would be called repeatedly,
supplying a different value for $(A) with each instantiaton.



7.2.2 Operator Interfaces

The ability of the non-expert to control electranis essential to slow controls systems.
The operator is usually unaware of the complex ggses required to complete the tasks
desired. To accomplish the desired tasks, EPIG®@ges user interfaces to change the
values of database records. The EPICS tool usednstruct the user interface is the
Motif Editor and Display Manager (MEDM). MEDM ac&s an access client to monitor
and control database parameters. With this teogrammers can create graphical user
interfaces for the end user. MEDM incorporatetuir slide bars, meters, dials, and
buttons. Interfaces are often designed to loaktlile equipment being operated. One of
the most important features of MEDM is the abitystructure displays. Rather than
clutter a single display with indicators for thonda of parameters, a tree-like structure is
incorporated to allow orderly access to all paramget Since certain functions should
only be available to the expert user, these cantaae located on separate interfaces. The
display is color coded, making warnings and erressages apparent.

An MEDM Screen
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Figure 7.2 A top-level user-interface. Created wh the Motif Editor and
Display Manager (MEDM). This screen allows controbf the EMC’s 60 Towers, 8
Shower Max Modules, and the Tower Digitizer Crate TDC). From this top level,
operators can quickly pinpoint which of the 15 thogand parameters are out of



operational range. To accomplish this, a tree ofidplays takes the user successively
closer to the problematic parameter. These secoaty displays also allow experts to
use advanced control features.

7.2.3 Real-Time Coding

EPICS incorporates computer programming into tbe sontrols environment.
There are two methods used to communicate diragtlythe detector electronics. The
first method involves a “subroutine” record typ&hen these subroutine records are
processed, they execute a function usually writigd. These functions are specified in
a field of the subroutine record. To communicaith whe database, these functions are
passed a self-pointing structure representingitend’s fields. This enables the retrieval
and manipulation of data from the record’s field$iis manipulation varies from saving
information to a file to writing ASCII strings oatserial port. The second tool EPICS
provides for coding is the sequencer. The sequeysreerates real-time code written in
State Notation Language (SNL), a programming laggueery similar to C. To use
SNL, a series of states must be defined. Eacheskt states incorporates a programmed
function. Sequencer programs are typically sebupop infinitely through its states.
By monitoring various record parameters, real-timplementation of this code is
utilized. Sequencer programs have the ability émitor and manipulate multiple records
and can incorporate data from multiple I0C’s. |dsinese programming methods,
EPICS is able to access front end electronics tir@uvariety of protocols including
HDLC, CANbus, and RS232.

7.2.4 The Alarm Handler

The Alarm Handler is a tool that allows criticaltdbase records to be monitored.
It audibly alerts system operators whenever a par@nexceeds its given operating
limits. Accompanying this alert, a color-codindneme provides the operator with the
severity of alarms. There are three severitiedaims issued. A major severity alarm is
indicative of a problem that needs immediate attentlf a parameter is approaching a
problematic level, a minor severity alarm is isste@arn the operator of potential
difficulties. In the case of a loss of communiocatwith the IOC'’s, a validity alarm is
issued. This alarm usually implies an IOC has beeat. The alarm handler is arranged
in a tree-structure. By following branches, th#tsupervisors and detector operators
are able to locate the alarms in the context ofiftector systems (see Figure 7.3).
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Figure 7.3 The Alarm Handler provides an overviewof the slow controls

parameters at STAR.

7.3 The Archiver Engine

The Archiver Engine interfaces with the EPICS @ayekto provide web

accessible archive data. This archiver offerslavels of record keeping. The most

important of these is the monitoring of

global empental parameters that are fed into

STAR'’s experimental database. These parametkesyiagnetic field information, are

important for event reconstruction during offlineadysis. The second level is for

monitoring individual detector parameters. Theos detectors of STAR record

parameters important for online analysis and tresfboting. These parameters are

usually accessed through the web. The archivewalktorage and retrieval of



experimental parameters from an HTML based web .pdde page graphically displays
the evolution of these parameters throughout aetbsime interval. It also enables
comparisons between multiple parameters to aidardebugging of hardware and

software problems at STAR.

7.4 The Author’'s Contributions

My work with STAR focused on the development amégration of the EMC
systems. The Barrel EMC tripled in size betweed128nd 2003, creating the need for
global software to replace software created fodware testing. The introduction of the
EEMC in 2003 required the development of origiradtware to control the new
hardware. This upgrade of the Barrel EMC includadegration the PMT High Voltage
(HV) controls into the STAR Alarm Handler, integaat of the SMD’s into the STAR
Alarm Handler, configuration controls for the Towata Collector (TDC), and
configuration controls for the EMC Towers. Develent work for the EEMC included:
controls for the power supplies, controls for thgelr, configuration controls for the
EEMC Towers, and configuration controls for the EEMIAPMT’s. In addition to
writing these programs, | have provided suppottonbleshooting detector software at
STAR.

My work on the Barrel EMC involved the integratiohnon-EPICS controls into
the STAR standard EPICS environment. Monitoringcfions needed to be provided for
the PMT high voltage system. The Barrel HV programich was written in LabView,
monitors the demand voltage, actual voltage, amghégature of all 80 PMT’s in each
PMT Module. The LabView HV program was modifieduse file swapping to
exchange information with EPICS. | wrote an EP[&£&gram which loaded the file
information into relevant EPICS records. Usingstheecords, all relevant information
was incorporated into the STAR Alarm Handler.

A program was written to monitor parameters onSMD FEE’s of the Barrel
EMC. Each SMD module contains 15 FEE’s. Each Rifitors three voltages, two

currents, and a temperature. Communication wigs@H-EE’s uses a High-level Data



Link Control (HDLC) protocol over an RS-483 connent The HDLC link is interfaced
to EPICS through a Radstone PME SBCC-1 VME boasgrote the program for HDLC
control which monitored the SMD FEE'’s, allowing ithielll integration into the STAR
Alarm Handler.

The SMD’s and Towers both communicate through #mesRadstone board.
Multiple programs cannot communicate simultaneoustis the FEE'’s through the same
Radstone board without generating errors. To pretreese errors, | incorporated the
Tower configuration software (originally written TCL/TK) into the SMD program.

The Tower Data Collector configuration functionsrevéhen added to complete the
conversion of Barrel TCL/TK software to EPICS.

The addition of the EEMC into STAR required the elepment of new controls
software. The EEMC used a low voltage Wiener PQ-80al power supply to power the
EEMC Towers. Communication with these power sugsplises Controller Area
Network bus (CANbus) protocol over a 9-pin seri@ble. The CANbus link is
interfaced to EPICS using a Greenspring CANbus.cardconfigured the EPICS
CANbus software to setup and control the EEMC ghaaver supplies.

The original EEMC tower control program was develdfrom the Barrel’s
TCL/TK tower control software. | converted the EEMCL/TK software into EPICS to
bring it into conformity with the rest of the STA#Xperiment. This year the EEMC
incorporated Shower Maximum Detectors into thestsgn. These SMD’s used
MAPMT'’s for signal detection. Both the Tower anBllS systems communicate through
the same EEMC Radstone board. Again, to avoid camcation problems, | expanded

the EEMC Tower software to configure the EEMC MAPBIT



The EEMC uses a New Wave Nb:YAg laser to calibtia¢eTowers and
MAPMT’s. Communication with the laser uses an RB2-8erial line. The EPICS 10C
communicates through the serial ports of a Motordla Module. Since the
PMT/MAPMT high voltage software also uses serialtpcol, | developed a method to
communicate with multiple serial ports. After imporating the EPICS-based EEMC
High Voltage control software into the STAR Alarnaktller, the entire EEMC met the
STAR EPICS software standard.

In addition to the calorimeters, | have contributechumerous smaller projects.
These projects range from helping debug FTPC clsntoaetrieving gas and voltage
information for the new TOF detectors (includingithnstallation in the Alarm
Handler). | also upgraded the web pages allowaugss to the new information | added
to the web archiver. These slow controls prograee allowed the calorimeters to

function as an integrated part of the STAR expenime

7.5 Conclusions

The STAR detector receives data from many diffedetectors with the hope of
being able to identify the decay products of thargtgluon plasma. My work with the
STAR experiment has permitted the slow controlsesydo function in a fully

operational state in which operating parameteth@talorimeters can be monitored, set,



and controlled. The STAR detector has been catigdata for the last 2 years, and will

continue to produce physics results for the negade.



Purpose:

A: The Barrel PMT HV Software

The Barrel Electro Magnetic Calorimeter (EMC) Hidbltage (HV) software

monitors the temperatures and voltages for theO4F8@to Multiplier Tubes (PMTS) in

the EMC.
Files:
Startup User Database Filesy Source Code Data Files
Scripts (for Interfaces
IOCs) (MEDM
files)

Path: ioc/EMChdlc/ EMCApp/op/adl| EMCApp/EMCDb EMCApp/src/ | EMCApp/
Files: st.emc EMCcode.adl EMCtemplate EMCcode.st EmcFile.log
EMCcodel.adl | EMCtemp.db
EMCcode2.adl | EMCcode.db

Background:

The Barrel EMC PMT HV control software is writtanLabView to control the

high voltage on 60 PMT Boxes, containing 80 PMTshearlhe LabView program lacks

fundamental tools that are common to EPICS basaegi@ms, namely the ability to

archive control parameters, and alarm handlingtgbiFurther, this program can only

run one computer in the STAR control room, andrsftanly one interface for STAR

operators to monitor program parameters. Thisvso# compensates for these

limitations, makes use of the EPICS alarm handied, makes use of the EPICS data



archiver. This is accomplished by having the Lawivrite data to a logfile, which is

then read into an EPICS database for alarming ectdving.

Program Operations:

The user interface for the barrel’s HV monitorimggram is accessed by logging
onto sc3.starp and executing the alias command “Bumson”. This alias runs the
EPICS MEDM interface tool, loading “EMCcode.adl’an “execute only” mode. The
MEDM tool will then display the interface in Figukel. This screen displays the alarm
status of all 60 PMT boxes. A red light indicatdsen a PMT tube of a box has its
voltages or temperatures outside alarm limits.d&@rmine which PMT tube in a PMT
box is causing an alarm, the user can click a blowtton to bring up its related display

(Figure A.2).
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Figure A.1. The PMT HV Monitoring Program displayialf 60 PMT boxes.
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Figure A.2. An individual PMT box display for Box #Bowing its 80 PMTSs.

A typical box interface is shown in Figure A.2 foox 2. The display shows the
alarm status of each PMT tube in that box. Eithexd or green light indicates alarms.
A red alarm indicates the difference between theata and current voltages exceeds
20V, or the temperature is too high. An operatay click on a PMT tube to display its
demand voltage, actual voltage, and temperatuiguré-A.3 shows such a display for a

PMT in slot 52 of box 2.

¢ EMCcodezad | =10 =]
PMT Box =2 Slot 52
Slot # 52 Temperature 33
Slot # 52 Voltage Requsted 1500
Slot # 52 Voltage 1491

Figure A.3. A PMT display showing its temperature, demanithge, and voltage.



Program Setup:

The PMT HV monitoring program runs on stargatepsta MVME 167
processor. Loading this program requires the m®mes startup script, “st.emc”, to
perform several additional steps. Several of tiséses are shown in Figure A.4. After
EPICS support is setup, the object code “EEMCcddausst be loaded by the script.
Next the script will load the appropriate databfss, “EMCcode.db” and
“‘EMCtemplate”. “EMCtemplate” is a template fileathloads “EMCtemp.db” for each
box. After “ioclnit” is executed, the final stelpat the startup script performs is to run

the command “seq &EMCcode”.

# LOAD HODULES

oooooo

# added to PHT HY program
cd “/atarssciusersssysuserSepicesRE, 12, 2-LBL 4 EMCAPR s D, e 167"

1d < EMCcode.o

oooooo

# LOAD DRTABASES

# This {default,dctsdr) iz used by gdct,
cd "/star/sc/usersssysusersepicssR3, 12, 2-LBL 4 /EMCApp/EMCIL"
dbload "default,dctsdr"

# The PHT HY database
cd "/star/zc/usersssysuzersepicssRE, 12, 2-LBL 4 EMCApp/EMCIL"

dbloadRecordst "EMCoode, db" 3

dbloadTemplate "EMCtemplate”

++++++++

# IOCINIT

cd "Astardsciusersssysuserdepics/R3, 12, 2-LBL 4 /EMCApp/EMCIE"
ioclnit

zeq &EMCcode

Figure A.4. Additional steps included in the Barrel H&rp script.



Troubleshooting:

The only problem that has been observed for tifisvare occurs when the
LabView program fails to write out the PMT parammeteTo alert the operator to this
problem, the date and time of the last updatesgldyed on the main screen. This
problem can only be corrected by one of the EMGeetspvho can then update the

information.



Purpose:

B: The Barrel SMD Software

The Barrel Shower Maximum Detector (SMD) softwarenitors the voltages,

currents, and temperatures for the Barrels SMDHENd Electronics (FEES).

Files:
Startup Scripts | User Interfaces | Database Files Source Code
(for IOCs) (MEDM files)
Path: ioc/EMChdlc/ EMCApp/op/adl EMCApp/EMCDb/ EMCApp/drc
Files: st.smdnew SMDmain.adl smdtemplate SMDseq.st
SMDmainl.adl thesmd.db SMDsource.c
smd2.db
Background:

The Barrel EMC uses a gas detector for its Shdwatmum Detector (SMD).

Once completed, the SMD detector will have a tota&l SMD boxes (or crates), each

box containing 15 FEE boards. Currently theredabexes installed. The signals from

the SMD are read out to Front End Electronics l®@8rEE boards). These FEE boards

have voltages, currents, and temperatures thattodsslmonitored..

The EPICS software interface with the SMD boxes askligh-level Data Link

Control (HDLC) protocol. The FEE boards monitodamonfigure the detector

electronics hardware. HDLC communication passesitih a Radstone microprocessor

board to a crate's memory. When reading and \grtora crate, the crate is specified




with a unique channel, node, and memory addrehks. cliannel identifies which
Radstone branch (HDLC cable) is used for commuioicand the node identifies which
crate is accessed. The memory address specifieh warameter is accessed for
monitoring and configuration. Only one SMD box neynmunicate per Radstone
branch (HDLC channel) due to an unknown limitatiath the FEE boards in the Barrel
SMD.

The HDLC communication link passes function speabmmands using
parameters and routines defined within program ¢tiesource files) and database files.
The program code details how changes to the databasrds cause the execution of
program functions. The HDLC link is interfaced vEPCIS software to allow
communication between program code, database, [@ardtor interfaces. These operator
interfaces were created using the EPICS MEDM iaad, they monitor and manipulate

database record values.

Program Operations:

The primary purpose of this software is to monita voltages, currents, and
temperatures for each FEE board within an SMD bbx.access the EMC’s SMD
monitoring display a user executes the alias condfi@amc_smdmon”. This alias runs
the EPICS MEDM interface tool, loading the file “8¥hain.adl” in an “execute only”
mode. This main interface (see Figure B.1) dispkyed or green status light for each
SMD box. If the status light is red a problem e&xi®r that SMD box (also called crate).
The main interface displays several buttons, inalgithe “Pause”, “Unpause”, “In”, and

“Out” buttons. Unless paused, the program rowicblecks the voltages and currents on



every “installed” SMD box. The “In” (install) ar®ut” (uninstall) buttons are used to
change the “installed” status of an SMD box. Owmwzly, other programs need to
communicate via HDLC. The pause button stopsoatiine HDLC communication so
other programs can operate without causing HDLCramnication errors.

To load the display for a problematic SMD box tiserclicks on that box. The
display for a typical SMD crate (crate 33) is shawiigure B.2. A display for a crate
will indicate that voltages, currents, and tempeed for each of the 15 FEE boards in

that crate.

Figure B.2 An SMD box displaying the voltages, curreats] temperatures of its 15 FEES.

Program Setup:



The SMD FEE monitoring program runs on creightota®ps a MVME 167
processor. Loading this program requires addingrse steps to the processor’s startup
script, “st. EEMCqgpib167”. Several important steyps shown in Figure B.3. After the
EPICS support is setup, the object codes “SMDseand’“SMDsource.o” are loaded.
The program used to periodically check the SMD Bagealefined in “SMDseq.0”. The
file “SMDsource.o” contains the database subroutimetions for HDLC
communication. Next the startup script must Idagldppropriate database template file
“smdtemplate” (from EMCApp/EMCDDb/). This templatalls “thesmd.db” for each
specified SMD box. Currently there are five, apdmw completion there will be eight.

To start the program, run the command “seq &SMDsdtgr ioclnit in the startup script.

The program must incorporate Radstone driversiiatstartup script. The steps
involved are outlined in Figure B.4. The drivers bbaded from, “hdicRoutines.o” and
“testRoutines.o”, located in the “radstone/qgl2/sda’ectory on sc3. Once the drivers are
loaded, the Radstone microprocessor is initializéd the command “radstonelnitialize
address_in_hex, radstone_module_number”. The ssldre hex must correspond to the
base address encoded in the Radstone modulehd-8MD program, the
radstone_module_number is zero for the first mgdae for the second, and so forth.

Once initialized, the Radstone microprocessoraslygor communication.



# LOAD MODULES

FEE

# added to SMD monitoring program
cd "#ztarssclusersdsysusersepicssR3, 12, 2-LBL , 4/EMCApps src /O, me 167"

1d < SMDzource,o
1d < SMD=zeg.o

b

# LOAD DATABASES

# Thiz {default,dctsdr} iz used by odct,
cd "dztardsclusersdsysusersepicssR3, 12, 2-LEL, 4 /EHCApp/EMCIR"
dbload “"default.dctsdr”

# The SMD monitoring database
cd “/stardsciusers/sysuserdepics/R3, 12, 2-LEL . 4/EMCApp/EMCTID"

dbloadTemplate "smdtemplate"

YT

# IOCINIT

cd "dztardsclusersdsysusersepicssR3, 12, 2-LEL, 4 /EHCApp/EMCIR"
ioclnit

zeq &S5MDzeq

Figure B.3 Additional components found in the Barrel SM&rtup script.

et TR Ao RO A A A
# LOAD MODULES
HRRRRRR R R R R R R R R R R R R R R R R R R R R R R R

# added to monitor smd data
cd "fatarssodusersdsysuzersepics/R3, 12, 2-LBL , 4/ radstones/gl 27/ are "

1d < hdlcRoutines,o
1d « testRoutines,o

radstonelnitialize OxB3000000, 0

TEEE LR R

Figure B.4 The setup steps for HDLC communication thrabhgiRadstone microprocessor.

Troubleshooting:

The most common problem with this program is arLBrror. This occurs
anytime the program tries to read or write to arCeihbx without power. Such an error

could also appear if multiple programs try to sitaneously communicate through the



same Radstone microprocessor. Loading a falseneh&node address may also give
this error. The HDLC error causes all the voltagesperatures, and currents to read

extremely large values.



C: The Barrel EMC Software
Purpose:

The Barrel Electro Magnetic Calorimeter (EMC) s@fte has been written to
power on and configure the run-time parametershf®i30 EMC Tower crates, power up
and monitor the 8 EMC Shower Maximum Detector (SMI&ctronics crates, and

program the Tower Data Collector’s (TDC'’s) Fiel&mammable Gate Array (FPGA)

cards.
Files:
Startup Script| User Database Files Source Code Data Files
(I0Cs) Interfaces
(MEDM
files)
Path: ioc/EMCgpib/ EMCApp/op/adlf EMCApp/EMCDb/ EMCAppfsr EMCApp/
Files: st.EMCgpib167 | EMCmainctl.adl| emc_maincontrol.db| emcbuild.st EMCconfig.dat

crateConfig.adl | db_emc_control_file| EMCtest2.c
twrConfig.adl twrentrltemp.db

smdConfig.adl smdcntrltemp.db
tdcConfig.adl smdmontemp.db
smdMonitor.adl
EMCAlarms.adl
EMCstatus.adl

EMCcrate.adl




Background:

This software was originally known as the BarreWer software. It was first
developed to replace the EMC Tower’'s TCL/TK softevéiower_qa.tcl” (located in the
“radstone/unix/” directory). After incorporatingeg necessary TCL/TK functionality,
several other features were added for the Barrd) @hd the Barrel TDC. It was at this
point that the Barrel Tower program became thed@&ain Control program.

This program provides functions for the Tower, SMIdd TDC EMC systems.
The Tower system consists of 30 Tower electromiates housing the electronics that
configure the 4,800 Photo Multiplier Tubes usedh®/EMC. These electronics need to
be configured with latencies, delays, and maskse Barrel EMC uses a gas detector for
its SMD. Each SMD electronics crate powers 15 Faifl€ The TDC is responsible for
the flow of data between the Towers and Data Adtijoins system.

This Main Control program is used to power on afidcF&E cards, and to monitor
and configure the FEE cards. It also program®thigput FPGA card and the 5 Input
FPGA Cards used by the TDC.

The EPICS software interface with the electroniedes uses a High-level Data
Link Control (HDLC) protocol. The FEE cards momitlmd configure the detector
electronics hardware. HDLC communication passesitih a Radstone microprocessor
board to a memory of a crate. When reading antingrio a crate, the crate is specified
with a unique channel, node, and memory addrehks. ciiannel identifies which
Radstone branch (HDLC cable) is used for commuioicand the node identifies which
crate is accessed. The memory address specifieh warameter is accessed for

monitoring and configuration. Only one SMD box neynmunicate per Radstone



branch (HDLC channel) due to an unknown limitatiadth the FEE boards in the Barrel
SMD. As a result multiple Radstone boards are tsgdovide the necessary channels
for the SMD boxes.

The HDLC communication link passes function speabmmands using
parameters and routines defined within program ¢tiesource files) and database files.
The program code details how changes to the databkasrds cause the execution of
program functions. The HDLC link is interfaced kvEPCIS software to allow
communication between program code, database,@rator interfaces. These operator
interfaces were created using the EPICS MEDM taadl they monitor and manipulate

database record values.

Program Operations:

To access the EMC main control program, a userwggs the alias command
“emc_control” on the sc3.starp SUN workstation.isTdlias runs the EPICS MEDM
interface tools, loading “EMCmainctl.adl” in an ‘soute only” mode and displays the
main interface. The main interface (see Figurg @llbws access to each of the

subsystems as well as alarm and configuration ssree



Figure C.1. The Main EMC Controls Screen

The first subsystem controlled by Barrel Main Cohis the EMC Tower system.
The Tower boxes configure the Photo-Multiplier T{p&T) FEEs for data collection.
From the main interface (see Figure C.1), globatmands are issued to all Tower
boxes. These commands including: powering on anfiguring all Tower boxes,
powering off all Tower boxes, configuring all Towsoxes’ parameters, and reading the
configuration parameters from all Tower boxes. cbafigure a specific Tower box, click
on its orange button to bring up its associatedigoration screen (see Figure C.2). The
Tower configuration screen allows the configuragi@mameters to be changed. These
parameters may also be saved to a file, loaded #r@ta, written to the Tower crate, and

read from the Tower crate.



twrConfig.adl

Figure C.2. The Tower Configuration Screen.

In addition to configuring the Tower system, the El@ontrols software controls
the SMD crates’ power. From the main interface Sgure C.1) global commands are
issued to all SMD crates. These commands inclypadsvering off all SMD FEE cards
and then SMD crates, powering on all SMD cratesthad SMD FEE cards, and
powering on all the SMD FEE cards. To configuspacific SMD crate click on its
purple button to bring up its associated configaorascreen (Figure C.3). Any of the 15
FEE cards within an SMD box can be powered on birofn the SMD crate
configuration display. An important feature avbltais the ability of any FEE card to be

included or excluded from a global command. Tha/&Data File” button stores the



configuration of the included FEE cards for lattrieval with the “Load Data File”
button. By clicking the “Monitor” button, a newgfilay will show the temperatures,

voltages, and currents for every FEE card.

»¢ smdConfig.adl =10l x|

|

E SMD Crate 33

Excluded ‘ Included
P01:  [Ouw _In | _on | _ox |
P02:  [Ouw _In | _on | _ox|@
P03: [Oow _m | _on | _ox |@
P04:  [Ow _m | _on | _ox |
POS:  [Ouw I | _on | _ox |
PO6: Out In on | Off |.
PO7: Out In on | Off |.
P08: [ow m | _on | _ox [
P09: Out In on | Off |.
P10: [Out I | _on | _ox |@
Pll: [Ouw | | _on | _ox |
P12: [Ouw _mn | _on | _ox|@
P13: [ow _m | _on | _ox |@
Pl4: [Out _m | _on | _ox @
PI1S: [Ow _m | _on | _ox |
ChMonitor | Allon | | Anom |
1| :Set TCD timing
Load I*ata File | Save to File |

Figure C.3 The SMD Setup Screen

The EMC control program can also configure the TOEPGA cards. From the
main interface (see Figure C.1), the “Program TDGfton programs the TDC'’s input
and output FPGA cards. Clicking on the “TDC” buttwill bring up the TDC display
(Figure C.4). From the TDC display, the TDC FPG#ds may be included or excluded
with the “In” and “Out” buttons. If an FPGA cars éxcluded, there will be no attempts
to program it. The “Save to File” button stores ttonfiguration of included FPGAs for

later retrieval with the “Load Data File” button.



\\ tdcConfig.adl

. =101 ]
Tower Data Collector

Programmed: Excluded | Included

Imput Card 1: [Ow I |
Imput Card 2: [Ouw I |
Imput Card 3: [Ow _In |
Input Card 4; [Oom I |
Imput Card 5: [Ow _In |

Output Card: [Ow I |

Program |

Load [rata File | Save to File I

Figure C.4 The TDC Setup Screen.

The “Configuration” button from the main interfalcads a crate configuration
display (see Figure C.5). The crate configuratimplay allows all essential crate
parameters to be set. This includes specifyingtiamnel and node of every crate. This
configuration display also allows any crate tom&uded or excluded. If a crate is
excluded, it ignores all global commands. The ‘&Sanrrent configuration” button saves
every configuration parameter in the entire progfamater retrieval. The “Load file
configuration” button loads the entire configuratide. Different flenames may be

specified in the filename textbox.



\ crateConfig.adl
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Figure C.5 The Program Configuration Screen

There are several other important features availablthe main interface screen.
The main interface has “Pause” and “Unpause” bsttdgnless the program is paused
the voltages, temperatures, and currents of the EEP cards will be routinely
monitored. The pause buttons stop all routine Hb@munication so other programs
can operate, uninhibited, via HDLC. On the mateiface, the “CANbus” button brings
up the interface to the EMC CANbus program. T8&&tus” button brings up a display

to show the current status and error messagestfsrsoftware.



Program Setup:

The EMC main control software runs on creightotabs(a MVME 167
processor). Loading this program requires exeggaveral additional steps in the
processor’s startup script “st. EMCgpib167”. Thetps are given in Figure C.6. After
EPICS support is setup, the object codes “emclaliithd “EMCtest2.0” (both from
EMCApp/src/O.mv167/) must be loaded. The file “éontd.o” contains the main
sequencer program. “EMCtest2.0” contains four fioms called by the sequencer
program for HDLC communication and TDC configuratiol he next step is to load the
database files: “emc_maincontrol.db” and “db_ematmwd file” (both from
EMCApp/EMCDDb/). Global records necessary for opers are contained in
“emc_maincontrol.db”. The template “db_emc_contfité” calls twrcntrltemp.db for
each specified Tower crate (30 upon completion)aalid both “smdcntrltemp.db” &
“smdmontemp.db” for each specified SMD crate (8rupompletion). The final step to
start the EMC program is to run the command “sed/i®&Seq” after ioclnit in the startup

script.



# LOAD MODLLES

cd "/stardscluzers/sysuser/epics/R3. 12, 2-LEL 4/ radstone/ql2 s

1d < hdlcRoutines,o
Id < testRoutines,o
Id < yme_tde,o

# added for EMC main contral praogram
cd "/stardscluzers/esysuserSepics/R3, 12, 2-LEL .4/ canbusfppssrc/0, me BT

1d < EMCtest2.0
Id < emcbuild,o

radztonelnitialize (0xB3000000, 0
radstonelnitialize Ox839000000, 1

# LOAD LATABASES

# This tdefault,dctedr? is used by gdct,
cd "/stardsciuzersSsysuserdepics/R3, 12, 2-LBL  4/EMCAPPAEMCIB"
dbload "default,dctsdr!

rogran
Ldb"
ile"

# added for EHC main contral p
dbloadRecords{ "emc_maincontrol
dblLoadTemplate "db_emc_contral

........

a IOCINIT

cd "Sstardsolusers/sysusersepics/R3, 12, 2-LEL . 4/EMCAPRAEMCTE"
ioclnit

zeq REMCocontraols

Figure C.6. Additional steps included in the processiggup script.

This software utilizes an HDLC
protocol and must incorporate Radstone
drivers into its startup script. The drivers
are loaded from, “hdlcRoutines.o” and
“testRoutines.o”, located in the
“radstone/ql2/src” directory on sc3. The
steps involved are shown in Figure C.7.
Once the drivers are loaded, the Radstone
microprocessor must be initialized with
the command “radstonelnitialize



address _in_hex,
radstone_module _number”. The
address In_hex must correspond to the
base address encoded in the Radstone
module. For the MAPMT program, the
radstone_module _number is zero for the
first module, one for the second, and so
forth. Once initialized, the Radstone
microprocessor Is ready for
communication.

Sk
# LOAD HODULES

# added to monitor smd data
cd “Sztardzoiuzersdsysuzersepics/RE, 12, 2-LEL 4/ radstone/gl 2 s

1d < hdlcRoutines,o
1d < testRoutines,o

radstonelnitialize OxB3000000, 0

+++++++++

Figure C.7. The setup steps for HDLC communication tHrdhhg Radstone microprocessor board.

Troubleshooting:

The most common problem with this program is arLB@rror. Trying to read
or write to a crate without power causes this erfidmis error also occurs if multiple

programs try to simultaneously communicate throthhghsame Radstone microprocessor.

Loading a false channel and node address may ®gdtgs error.



The user interfaces for the EMC main controlsvgalfe are color-coded. Every
crate has a status light on the main interface kgpare C.1). If a Tower’s status light is
red, it means an HDLC communication error occudedng a read or write command.
Every Tower read command compares the value rgoentten with the value just read.
If these values don’t match, the new value is ugdi&b the display and the crate’s status
light turns yellow. If values match the new vaiseipdated on the display and the
crate’s status light turns green. If there wasl&x.C communication error while
monitoring a SMD's FEE cards, the SMD'’s statuktlig red. A red light also occurs if
a FEE cards temperature, voltage, or current isregvout of range. If the SMD crate’s
FEE cards are off, the crate’s status light willyeow. A yellow status light could also
mean that a FEE has a temperature, voltage, cerduarlittle out of its appropriate range.
Green means its FEE cards are powered on. Iffi@ Aas a red status light, one of its
FPGA cards failed to program. A yellow TDC stdight implies its FPGA cards have
not been programmed. A green TDC light meansRG&A&'s have been programmed,
and the TDC is ready for data taking. To aid inipleering errors, this program has an

error/status string that reports any problems ébenters.



Purpose

D: The CANbus Software

Controller Area Network bus (CANbus) is a serias Isystem used to control the

low voltage power supplies powering most of STARIgtorola Versa Module Eurocard

(MVME) crates. The CANbus software has been expdnd control power to the

Barrel and End-cap Electro-Magnetic CalorimeteEMC & EEMC) electronics crates.

Files:
Startup User Interfaces Database Files Source Code Data Files
Scripts (for (MEDM files)
IOC’s)
Path: ioc/starvme/ STARvmeApp/op/adl/ canbusApp/canbusDb/ | canbusApp/src canbusApp/src/O.mv16?
Files st.plat_167 vme_®{ plat.adl db_can_sub_fileN_plat vme_canbus.st auto_settings.req
(STAR): vme_?d_plat.adl canbus_macroN.db vme_canbus_6u.st | auto_settings.sav
vme_ps_*.adl cansvcd_macroN.db vme_trig_link.st
vme_global_trig.st
Files st.emc_162 vme_emc.adl db_can_sub_fileN_EMC | emc_canbus.st auto_settingsl.req
(EMC): vme_eemc.adl canbus_ultimate.db eemc_canbus.st auto_settingsl.sav
emc_ps_*.adl cansvcd_emcN.db canbus_iotest.st
eemc_ps_*.adl cansvcd_eemcN.db
Background:

The CANbus protocol allows serial communicatiothwnultiple power supplies

daisy chained together by 9-pin straight-throughateables. These daisy chains must

end with a special CANbus terminator. To efficigmlirect communication, each power

supply is programmed with a unique 7-bit CANbusradd. Communication with these

power supplies is handled by EPICS record suppaotirres, defined in “devCan.c”. The




STAR Slow Controls group maintains two independ@ANbus networks, each with its
own MVME processor, and CANbus controller. Muléplser interfaces have been
developed to control power supplies on either efttlio networks.

The STAR CANbus network primarily controls the pewapplies to the VME
crates located on the STAR platforms. The EMC CAd&betwork mainly controls the
power supplies to the Barrel EMC, the EEMC, andtwesward Pion Detector (FPD and
FPW) electronics crates. These crates are locatdde STAR magnet backlegs and

poletip, and in racks near the west pole tip of SH&R magnet.

Program Operations:

Loading the user interfaces for the STAR CANbusvoek is accomplished by
logging onto sc3.starp and executing the alias cands “vme_platl” and “vme_plat2”.
These aliases run the EPICS MEDM interface toaldiing “vme_1st plat.adl” (see
Figure D.1) and “vme_2nd_plat.adl” (see Figure Dn2an “execute only” mode.
Loading the user interfaces for the EMC CANbus mekns accomplished by executing
the alias commands “emc_canbus” and “eemc_canblisdse aliases load the files

“vme_emc.adl” and “vme_eemc.ad|” seen in figure3 &nd D.4 respectively.



vme_1st_plat.adl

Figure D.1. STAR CANbus 1rst Floor Platform.

vme_2Z2nd_plat.adl

Figure D.2. STAR CANbus"2Floor Platform.
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Figure D.3. EMC CANbus Control.



Figure D.4. EEMC CANbus Control.

On any these interfaces, there are only 2 continalsshould be used by the non-
expert operator: “ON” and “OFF”. They turn on arftithe corresponding power supply.
With the purple buttons, users can also acceswithe-##" displays (see Figure D.5)
from the main screen to monitor a power supply’kages, temperatures, currents, and
fan speeds. All fan speeds should be set to mawinithis is accomplished by moving
the slider as far right as possible. The errdustacreen may provide some useful

information when troubleshooting unexplained podewns.



»¢ eemc_ps_bu.adl

Power Supply

Fan Speed VME Status
Voltages Currents (rpm)
- @ o

+5 Volts +5V (Amps)

3120

Nominal Speed Control
3120

Select Speed

3180 WET] m
3180 [BET

3120 SOERN neximn |
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Temperature e @

- 1200 21185

VME Crate Status
Bin Air

% 2 3 2 2 7 Fan Air Inlet

On/ Power Power Error Fan Fan Error Bus 7 Power Supply Air
Off Inhibit Fail Flag Status TripOff TripOff System

Figure D.5. An advanced CANbus Configuration Screen.

The EEMC user interface, shown in figure D.4,ahéffrom other interfaces in
that it offers a unique related display for coringl the EEMC’s dual power supplies.
This display is known as a STAR “experts only” pégmgure D.6). It allows the reading
(“R” buttons) and writing (“W” buttons) of voltagesurrent limits, and voltage limits.
These parameters are stored in the power supplesvolatile memory. Experts from
the EEMC group (such as the head of the group)lghmuthe only operators changing

these values!



%¢ expert¥IsettingsN.adl

Eead All Channels

VME 93 Configuration Data
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Figure D.6. EEMC Dual Power Supply Expert Configuratiameen.

Program Setup:

Two different processors communicating through tifterent GreenSpring
CANDus controller cards control the two CANbus natke. The STAR CANDbus chain
operates on grant.starp (a MVME 167 processorlaa@&EMC CANbus chain operates
on vtpcl.starp (a MVME 162 processor). The twotsgascripts, “st.plat_167” and
“st.emc_162", are used to load control softwaredhese respective processors. Both

startup scripts have almost the exact same steu(see Figure D.7).



H LOAD MODULES

oooooo

# added MAPHMT diagnostics program
cd "AetardscdusersSsysuserdepics/R3, 12, 2-LEBL . 4 canbusfpps/sr o0 me L BT

1d < drvlpac.o

1d < devCan,o

1d < =zave_restore,o
1d < dbrestore,o

1d < initHooks,o

ipacAddCarrier fwipckl0, "OxB000"
t810Create "canl" .0, 2,200

1d < wme_canbus.o

++++++

# LOAD DATABASES

# Thiz {default,dctsdr) is used by gdeot,
cd "/Astardscdusersdsysuserdepice/R3,12, 2-LBL .4/ canbusfpps/canbusIb"
dbload "default,dctsdr"

# The MAPMT diagnostics program
dbloadTemplate “db_can_sub_fileM_plat®

++++++++

# IOCINIT

ocd "Aetarsscdusersdsysuserdepicss/R3,12, 2-LEL , 4/ canbusAppscanbusDh"
iocInit

=zeq kcanbus, "hame=canbuzEZ, unit=EZ2"

Figure D.7. An excerpt of the EMC canbus startup script.

As with all EPICS startup files, drivers are fitstbe loaded. The drivers loaded
for the CANbus VME modules are “drvipac.o” and “@an.o” (found in the
“canbusApp/src/” directory). These include recandl device support routines to
communicate via CANbus. Three files are loadeit@ate an auto-restore system:
“save_restore.o”, “dbrestore.o”, & “initHooks.oWhen the CANbus program is
rebooted, the auto-restore system returns eachystapips last known state (ON or OFF).
After the auto-restore files are loaded, two comasamust be executed to enable
communication. The first, “ipacAddCarrier &vipc61L@x6000" sets up the module for

communication, and the second “t810Create “can12, @50” sets the parameters



(CANDbus identifier, Card number, slot number, aaddrate) for communication
through the module. At this point CANbus shoulddéy operational.

Once CANbus communication is initialized, EPIC8grams are loaded to
communicate with the power supplies. Several secpreprograms are loaded to provide
any necessary advanced features, like configuhedcEMC'’s dual power supplies.
Then the databases templates are loaded. Usimgdbed support functions, the
database records directly communicate commandeetpdwer supplies. The database
thereby provides most of the control functionalityhe final step within the startup
scripts, is to start the sequencer programs. Adtdnit, issue the appropriate “seq”
command, specifying the sequence program, nameCANbus ID.

Three things must be done to add new power supjolidsee CANbus programs,.
Lines must be added to the database templatddildbe new power supplies. The data
files need to be updated to include these supplidse auto_restore function. Finally,
the user interfaces must be updated to displapekecrates. A reboot, taking 10-15

minutes, is necessary for changes to take effect.

Troubleshooting:

Communication problems do occasionally occur whth CANbus network, but
for the most part, it has very few problems. Thesttommon issue is that some power
supplies wont report all available information atteey have booted. Usually it is the
information related to the power supply status ihatot communicated. This problem is
most prevalent for the power supplies in the EMONDAs network. Often the only

solution to this problem requires rebooting the @Al processor until there is an



acceptable level of communication (i.e. all the $@eeds, voltages, and currents are
communicating).

This bug affects the status bits. Status bitsiaesl for debugging problems and
are rarely used. Hence, this bug is usually igdonn general, problems are most severe
when a new crate is added to the network. Indhse, a solution may exist. For
example if a new power supply continually failgéport a voltage, current, or fanspeed,
changing the record SCAN settings sometimes cartaetproblem.

Two other communication problems that occur wheingiCANbus are both
caused by hardware. One occurs when a single pavpgly completely fails to
communicate any information. The second probleaob&erved when most or all of the
CANbus program fails to communicate with the crates

The first problem is a hardware problem with a #pecrate. Known causes
include no power to the power supply, a crateséte¢ wrong baud rate (usually 250
kbps), or a crate is set with an incorrect CANbddrass. The CANbus address is
specified in the database template file, and madtimthe address set directly at the
power supply. A malfunctioning CANbus port hastéee cause of this problem with
EMC'’s tower crates.

The second problem indicates a problem with the &ég\chain. When this
problem occurs, the CANbus processor will usuatiteea state where it continually
reboots. This problem can be caused by a bretilei€ANbus chain or an improperly
terminated CANbus line. The only method for debnggdhis problem is to terminate the

chain early, and methodically add in more cratdg the broken link has been found.



There is no need to change the software to tesilkeb chain; however, decreasing the

database size greatly reduces the time necessasgbiooting.



E: The EEMC Laser Software
Purpose

The Endcap Electro-Magnetic Calorimeter’'s (EEMQ@a¥er software has been

written to remotely operate the EEMC'’s laser.

Files:
Startup Scripts (for IOCs) User Interfaces Database Files Source Code
(MEDM files)
Path: | eemc-sc.starp.bnl.gov: EEMCApp/op/adl/indianai EEMCApp/EEMCDbf/ EEMCApp/krc
/home/online/VxWorks/Indiana/
Files: | startbnl_new.cmd EEMCLaser.adl EEMCLaser.db laserste
Background:

The EEMC's laser program is used to illuminateititevidual calorimeter tiles
and test and calibrate the Tower photo-multiplidgrets. The software to operate the laser
utilizes a standard RS-232 serial protocol to comicate with the laser. The EEMC'’s
laser program started as a command line intertdlmying basic controls of the laser. It
has evolved to incorporate a user interface dispipgvailable control parameters.

The serial communication link passes function §gecommands using
parameters and routines defined within program ¢tidesource files) and database files.
The program code details how changes to the dagabkasrds cause the execution of
program functions. The communication link is ifdeed with EPCIS software to allow
communication between program code, database,@rator interfaces. These operator
interfaces were created using the EPICS MEDM iaad, they monitor and manipulate

database record values



Program Operations.

To access EEMC laser control program, a user egethée alias command
“eemc_laser”. This alias starts the EPICS MEDMiféce tool, loading
“EEMCLaser.adl” in an “execute only” mode. The ogder will see the corresponding
display (see Figure E.1) in an MEDM window. Thedaprogram is not in constant
communication with the laser. Several necessapssnust be taken to enable
communication. The first step is to open the $@aat with the “open” button. This
enables the laser software to send commands tagee After opening the serial port,
“Port control” must be enabled with the “enablettbn. “Port control” configures the
laser for serial communication. At this point, gregram automatically retrieves the
power status, attenuator settings, and flashlatings. The “Get Laser Status” button
will also retrieve these settings. To change thegr settings, hit the “On” or “Off”
button. The “Reset” button does a quick power eyolreset the laser. To change the
attenuator or flashlamp settings adjust their stide type in a new value. To fire the

laser, hit the “Fire” button. To stop firing, sifgphit the “Stop” button.



EEMCLaser.ad|

Figure E.1. EEMCLaser.adl

Program Setup:

The EEMC Laser program runs on eemc-vxvme.stafp\(BIE 167 processor).
Loading this program requires the processor’sigtestript, “startbnl_new.cmd”, to
perform several additional steps beyond thoseniarenal startup script. Figure E.2
shows these steps. After the EPICS support ipstia object code “lasernew.o” (from
EEMCApp/src/O.mv167) must be loaded. Next thetgpascript must load the database
file “EEMCLaser.db”. After “ioclnit” is executedhe final step that the startup script

performs is to run the command “seq &EEMCLaser”.



# LOAD MODULES

;;;;;;

# added for the EEMC lazer program
cd "/stardzciuzersdsysusersepice/R3, 12, 2-LBL 4 /EEHCApp sre/D, me 167"

1d < EEMCrew.o

;;;;;;

# LOAD DATRBASES

# Thiz (default,dctsdr) is uszed by gdot,
cd "/stardsciuzersdaysuserdepices/RE, 12, 2-LBL, 4 EEHCApp/EEMCDD"
dbload “default,dctzdr”

# The SMD monitoring database
cd "Astardsciuzersdsysuserdepics/R3, 12, 2-LEL, 4/EEMCAPR/EEMCTIE"

dbloadRecords ("EEMCLazer.db" )

++++++++

# TOCINIT

cd "fstardsciusersdsysuserdepics/R3,12,2-LEL, 4/EEMCApp/EEMCTIL"
ioclnit

=zeq HEEMCLazer

Figure E.2 An outline of the startup script's essentialpmments.

Troubleshooting:

This program is a work in progress. Currently whieprogram attempts to read
the data from the laser, the program completelgzies. This problem is not understood.
The assumption is the code attempts to read tbhenation before the laser issues a
response. As such, the code implements a methgutdbing the data stream to
determine if return data is present. This impletaton has not been tested yet. Once

tested, further tweaks will be performed, and neatures will be added.



F: The MAPMT Diagnostic Software
Purpose:

The Endcap Electro Magnetic Calorimeter (EEMC) fidléhode Photo
Multiplier Tube (MAPMT) diagnostic software has Ibeeritten to configure the
EEMC’s MAPMT’s runtime parameters. These paranseitalude box delays, reset

delays, trigger latencies, and many more.

Files:
Startup Scripts (for IOCs) User Interfaceg Database Files Source Files Data Files
(MEDM files)
Path: | eemc-sc.starp.bnl.gov: EEMCApp/op/adl/ EEMCApp/EEMCDb{ EEMCApp/sr¢/ eenwsdarp.bnl.gov:
/home/online/VxWorks/Indiana /home/online/mini/tcl/towerdat]
Files: | startbnl_new.cmd MAPMTdiagnose.adl EEMCdiag.db mialieny. st diagnose_smdinit.dat
Background:

The MAPMT's are used by the EEMC to read out thev&r Maximum
Detectors (SMD) and Pre- and Post-Shower Detectiine. MAPMT and associated
electronics are housed in magnetically shieldedbpthe EEMC has a total of 48
MAPMT boxes. These boxes house the electronic$Zatifferent MAPMT’s. Each
MAPMT has 16 channels, read out to 4 different Feemd Electronic (FEE) boards.
Each board has a separate gated integrator arizeligor each of its 4 channels. Hence
the MAPMT boxes are each housing a total of 48 BE&rds or 192 channels. To ensure
accurate data taking, the MAPMT boxes must be ganéd with appropriate latencies,
delays, and control bits. These values depena@cors such as the position of a

MAPMT within the EEMC readout and controls chain.



A High-level Data Link Control (HDLC) protocol issed by the EPICS software
to interface with the electronics crates, eachaiaitg multiple Front End Electronic
(FEE) cards. The FEE cards monitor and configeedietector electronics hardware.
HDLC communication passes through a Radstone nmocegsor board to a memory of
a crate. When reading and writing to a cratecthée is specified with a unique channel,
node, and memory address. The channel identifieshwRadstone branch (HDLC cable)
is used for communication and the node identifiagctvcrate is accessed. The memory
address specifies which parameter is accesseddoitaning and configuration.

The HDLC communication link passes function speabmmands using
parameters and routines defined within program ¢tidesource files) and database files.
The program code details how changes to the databasrds cause the execution of
program functions. The HDLC link is interfaced evEPCIS software to allow
communication between program code, database, [@ardtor interfaces. These operator
interfaces were created using the EPICS MEDM taadl they monitor and manipulate

database record values.

Program Operations:

To access the EEMC’s MAPMT diagnostic programserexecutes the alias
command “eemc_mapmtdiag” on the sc3.starp SUN vatike. This alias starts the
EPICS MEDM interface tool, loading “MAPMTdiagnosdl'ain an “execute only”
mode. The operator will see the correspondinglaysf{see Figure F.1) in an MEDM
window. When a channel number and node numbenttésed into the corresponding

entry fields, communication with the desired MAPMGXx is enabled. A map of



MAPMT channel and nodes is available at

http://www.iucf.indiana.edu/U/gvisser/STAR EEMC/EEMGERurceMap.pdf

»¢ MAPMT diagnose.adl

Channel: A A
Node: ; Mapmt Diagnostic

FEE temp A: 0.000 FEE temp B: {.000
Supply 3v:  0.000 Input 6I: 0.000
Base 3V: 0.000 Input -6I: 0.000
Center Plate Temp: 0.000 Input 6V: 0.000
RDO Board Temp: 0.000 Input -6V: 0.000
Ground: 0.000 Input 4%: 0L.000
Supply Vi 0.000 Input 4I: 0.000

o B R Lo it
Statns Registers:

Write Read Box Delay:
Reset Delay:

[ Load | [ save | Reset Widih:
Filename: [crudinit PT Latency:

ReConfigure MAPMT Box LED Delay:
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Program Paused, wont talk via hdlc

Figure F.1. The MAPMT diagnostic’s Screen

Once communication is enabled, all
screen information may be written out to
a MAPMT box, or read from a MAPMT

box using the write and read buttons.

The screen displays all available
configuration parameters for a MAPMT
box (see Figure F.1). These configuration

parameters are saved to files or loaded



from files with the “Save to File” and
“Load from File” buttons. The
“Reconfigure MAPMT” button
reconfigures the MAPMT box to its
default settings. The MAPMT program
can be “paused” with the Pause/Unpause
buttons. “Pausing” the program prevents
It from communicating via HDLC,
allowing other programs HDLC
communication. Unless paused, the
MAPMT box’s voltages, currents, and
temperatures will be periodically
checked.

Glossary of Parameters:
Box Parameters:
Box Name: EEMC name for MAPMT box
Status Register: Box Control and Status Register (Tod8Defined)
Box Delay: Offsets the phase of the RHIC strobe as useg the MAPMT box
Reset Delay: Controls the phase of the reset pulse with resy to the ADC clock.
Reset Width:  The width of the reset pulse.
PT Latency: Delay in cycles between the readout board issuirggpulse
command to the FEE boards and it issuing a subsequent réaut
trigger command to the FEE boards.
LED Delay: Like PT Latency but LED Pulsers use LED delayrather than PT
Latency.

FEE Parameters:
FEE ID: Unique ID for FEE board (0-47).
Trigger Latency: In response to a trigger, how many cycles lgk in time to
pull data.

Status Register: FEE Control and Status Register (TBe Defined) [bit7]...[bit0]

Bit0 = A “1” value enables temperature output, adding its €mp to

FEE Temperature Readout.
Bitl = A “1” value enables the FEE for data readout
Pulse Charge: Magnitude of charge injected for a test psé



Chil enable
h1l enable

ChO Enable: Enables FEE channel O for pulse injection.
Chl Enable: Enables FEE channel 1 for pulse injection.
Ch2 Enable: Enables FEE channel 2 for pulse injection.
Ch3 Enable: Enables FEE channel 3 for pulse injection.

Figure F.2. A glossary of MAPMT screen parameters.

Program Setup:

The MAPMT diagnostics program runs on eemc-vxvragxsfa MVME 167
processor). Loading this program requires addavgal steps to the processor’s startup
script, “startbnl_new.cmd”, to perform several stefhese steps are shown in Figure
F.3. After EPICS support is setup, the object cod@omtdiag.o” (from
EEMCApp/src/O.mv167/) are loaded by the scriptxtNbke script will load the
appropriate database file “MAPMTdiag.db” (from EEMQp/EMCDb/). After the
command “ioclnit”, two more commands are necesgastart the MAPMT program.
This program reads files on eemc-sc.starp. Asuatrghe startup script must mount
eemc-sc.starp using the command “cd “eemc-sc:Vx@/briana/™. The final step in
starting the MAPMT diagnostics program is to exedhe command “seq

&mapmtdiagnose” at the end of the startup script.



Dterm
# LOAD MOTULES

++++++

# added to monitor zmd data
od "Aetardeoduzersssysusersepics /B3, 12, 2-LEL 4 /EEMCAPR 2re T mulET "

++++++

# LOAD DATABASES

# Thiz {default.dctsdr) is used by gdct,
od "AetardzoduzersSeysuzerdepics /B3, 12, 2-LEL . 4/EEMCApR/EEMCIR"
dbload "default.dctsdr"”

# The mapmt diagnoze databaze
od "AetardsodusersSsysusersepics /B3, 17, 2-LEL  4/EEMCApR/EEMCTIR"

dbloadRecord={ "MAPMTdiag.db"

++++++++

# [OCIMIT

cd "dstardzciuzersdsysuzersepics/R3,12, 2-LEL , 4/EEMCApP EEMCDE"

Figure F.3. Additional components found in the MAPMaghostic startup script.

The program must incorporate
Radstone drivers into its startup script.
The steps involved are outlined in figure

F.4. These are loaded from,
“*hdlcRoutines.o” and “testRoutines.o”,

located in the “radstone/ql2/src”
directory on sc3. Once the drivers are
loaded, the Radstone microprocessor is

Initialized with the command

“radstonelnitialize address _in_hex,



radstone_module _number”. The

address _In_hex must correspond to the

base address encoded in the Radstone

module. For this program, the

radstone_module _number is zero for the
first module, one for the second, and so

forth. Once Initialized, the Radstone

microprocessor is ready for
communication.

Sk
# LOAD HODULES

# added to monitor smd data
cd “Sztardzoiuzersdsysuzersepics/RE, 12, 2-LEL 4/ radstone/gl 2 s

1d < hdlcRoutines,o
1d < testRoutines,o

radstonelnitialize OxB3000000, 0

+++++++++

Figure F.4. The setup steps for HDLC communication thrdhhg Radstone microprocessor.

Troubleshooting:

The most common problem with this program is arLBRrror. This occurs
anytime it tries to read or write to a MAPMT boxthout setting the correct node and
channel. This error will also occur if a MAPMT bsxcompletely powered off, or when

multiple programs try to simultaneously communidat®ugh the same Radstone

nﬂcroprocessor



Display fields (parameters) on the MAPMT diagnoslisplay are color-coded. If
a parameter displays red, there was an HDLC conmatian error when trying to read
or write that parameter. A parameter whose disggasllow could be indicating its
value is out of the range designated in the socwde. This is checked on all read and
write commands. If a parameter is out of rangeydlue is updated to the maximum
allowed value. There is one more reason for dyspépa parameter in yellow. When the
operator uses the display to read values, new sarteeread. If a parameter that is read
does not match its previous value the screen iateddout the values are yellow. If the

value read matches the previous value the valegraen.



G: The EEMC MAPMT Software
Purpose

The Endcap Electro-Magnetic Calorimeter’s (EEM@A)Iti-Anode Photo-
Multiplier-Tube (MAPMT) software has been writtemgdynchronously configure the
run-time parameters on all 48 MAPMT boxes of thavEE The parameters include box

delays, reset delays, trigger latencies, and mamg.m

Files:
Startup Scripts (for I0Cs) User Interfaces  Database Files Source Code Data Files
(MEDM files)
Path: eemc-sc.starp.bnl.gov: EEMCApp/op/adl/ EEMCApp/EEMCDb/ EEMCApp/src/|  eemmstarp.bnl.gov
/home/online/VxWorks/Indiana/ /home/online/mini/tcl/towerdat]
Files: | startbnl_new.cmd EEMCMAPMT.adl| maincntrl.db mapmtstart.st mapmt-ID-config.dat
MAPMTtemp.adl mapmtcntritemp.db
(c=cratenumber)
Background:

The MAPMT's are used by the EEMC to read out ShraWwaximum Detector
(SMD) and Pre- and Post-Shower Detector signalee HEMC has a total of 48
MAPMT boxes, each housing the electronics for Xetbnt MAPMT assemblies. Each
MAPMT assembly consists of a MAPMT and 4 differénbnt End Electronic (FEE)
boards. Each board has a separate gated integratatigitizer for each of its 4
channels. Hence the MAPMT boxes are each housiakof 48 FEEs or 192
channels. To ensure accurate data taking, the MRAB&kes must be configured with
appropriate latencies, delays, and control bitses€ values are based on several factors

such as each MAPMT’s position within the EEMC reatdand controls chain.



The EPICS software interface with the MAPMT boxesaia High-level Data
Link Control (HDLC) protocol. The FEE cards monieord configure the detector
electronics hardware. HDLC communication passesitih a Radstone microprocessor
board to a crate's memory. Reading and writing ¢oate is specified with a unique
channel, node, and memory address. The channeifide which Radstone branch
(HDLC cable) is used for communication and the nidéatifies which crate is accessed.
The memory address specifies which parameter issaed for monitoring and
configuration.

The HDLC communication link passes function speabmmands using
parameters and routines defined within program ¢tidesource files) and database files.
The program code details how changes to the dagabkasrds cause the execution of
program functions. The HDLC link is interfaced vEPCIS software to allow
communication between program code, database,@rator interfaces. These operator
interfaces were created using the EPICS MEDM taadl they monitor and manipulate

database record values.

Program Operations:

To access the EEMC’s MAPMT program, a user exedie alias command
“eemc_mapmt” on the sc3.starp SUN workstation.sHiias starts the EPICS MEDM
interface tool, loading “"EEMCMAPMT.ad!” in an “exete only” mode. The operator
will see the corresponding display (see Figure @& Bn MEDM window. From this

main interface, commands are issued synchronooslil MAPMT boxes.



From the main interface, several functions arelalbs to the users. The first
function "Load from Files", loads box parametensdweery box. A default data
configuration file for every MAPMT is loaded at low when the software is loaded
into the IOC. This function allows the user to i@ configuration files. The file for a
given MAPMT is identified by its position on theadrap. For example MAPMT 12S1
uses the file "mapmt-12S1-config.dat". Differeahfigurations may be loaded and
saved by changing the filename (the default narfeoisfig”). These files specify the

MAPMT box’s node and channel, which are necessargdmmunication.

Y EEMCMAPMT. adl =10l x

EEMC MAPMT Software

Write to Box | Read from Box | Load to File | Reconfigure Box

Pauged UnEa\lsedI File name: Eeonﬁgf

Figure G.1. The EEMC MAPMT Screen



The "Save to Files" command writes the databaswdealues back out to the
files. The “Write to Boxes” command configures svBMIAPMT box with the parameter
values specified in its corresponding databaserdscolhe “Read from Boxes” updates
the database records to values read from the MAB&OKES. The main interface also has
“Pause” and “Unpause” buttons. When the progratanpaused”, it will routinely
monitor the MAPMT box’s voltages, temperatures, andents. The point of the pause
feature is to stop all HDLC communication so othergrams can operate, uninhibited,
via HDLC. On the main interface, there are buttmmsevery MAPMT box. These
buttons open up another configuration screen (gped¢-G.2) used to configure a single
box.

This single box configuration screen details afifaguration parameters
(explained in glossary below). It also allowsth# main functions to be performed on
just one MAPMT. These include: loading data frofilea(“Load from File”), saving
data to a file (“Save to File”), writing data tdax (“Write to box”), reading data from a
box (“Read from Box”), and pausing/unpausing thegpam. The single box
configuration screen has several additional fumstimo. The button “Reconfigure Box”
reconfigures the box back to its default settin§ke install/uninstall button designates
the MAPMT box as installed/uninstalled. If a bexuininstalled, there will be no
attempts to read or write to it. Another availafoiection is the ability to mask out
parameters by using the “M” (mask) & “U” (unmaskjttons (see Figure G.2). This
masking feature is available because some MAPME$&oxay not be fully functional.
These masks prevent configuration parameters ftarmang a MAPMT box. To alert

an operator of masks, masked parameters whickctive are highlighted with a red box.



»{ MAPMTtemp.adl

I Paused Unpaused |

MAPMT Box 12851

o (=1

Channel: [IE Status Supply 3v: 0.000

Node: [ Power: Base 3V: 0.000

Center Plate Temp: 0.000

7 Uninstalled stalled I RDO Board Temp:  0.000

Box Name: [N Ground: 0.000

Status Registers: [ | Input 6I:  0.000

Pulser-Trigger Latency: Input -61I:  0.000

LED-Trigger Latency: [ 14 Input 6V: 0.000

Trigger-Readout Latency: I | Supply 5V:  0.000

Box Delay: | | Input -6V: 0.000

Reset Delay:  [E 71 Input 4V: 0.000

Reset Width: [B9) | | Input 4I:  0.000
0x0 0x0 00 00 0x0 o0 |
e 1T LR LR LR LR LR L
541 sarus Ree: (SN [ 1O (XN EE N O K SO D O [N 1 0 S O I
542 senus Ree: (XN 1 [ (XN I £ [ ) K [ [a] o I 0 TSN O
543 sarus Ree: (SN [ 1O (XN EE NN O O D [ O Y [0 O O I
0x0 0x0 0x0 0x0 0x0 o0 |
e =TT LLE: LR LR LR Ll
B 1 Stars e [N V] EONN 3 (O NN O K N N T O D
ey =TT LR LR LR LR L
Bd 3 Status Reg: [0 [ | 0x0 v | 00 [ | 00 1 | 0x0 [ | [ |

Write to Box | Read from Box Load from File | Save to File | Reconfiz Box |
Mode: Physics = Filename: |confiz

Figure G.2. The MAPMT Configuration Screen




Glossary of Parameters:
Box Parameters:

Box Name: EEMC name for MAPMT box (read only)
Status Register: Box Control and Status Register (To@Defined)
Trigger-Readout Latency: In response to a trigger, how manyycles back in time to
pull data.

Pulser-Trigger Latency: Delay in cycles between the readout bodissuing a pulse
command to the FEE boards and it issuing a subsequent réaut
trigger command to the FEE boards.
LED-Trigger Latency: Same as Pulser-Trigger Latency, but LD Pulsers use LED-
Trigger Latency rather than Pulser-Trigger Latency.
Box Delay: Offsets the phase of the RHIC strobe as used the MAPMT box
Reset Delay: Controls the phase of the reset pulse with resp to the ADC clock.
Reset Width:  The width of the reset pulse.

Assembly Parameters:
Pulse Charge: Magnitude of charge injected for a test putsof FEEs (a zero value
disables charge injection).
Status Register: FEE Control and Status Register (4EE’s per assembly)
[bit7]...[bit0]
Bit0 = A “1” value enables temperature output, adding its €mp to
FEE Temperature Readout.
Bitl = A “1” value enables the FEE for data readout
Bit2-7 = To be defined.

Program Setup:

The MAPMT program runs on eemc-vxvme.starp (a MVME processor).
Loading this program requires the processor’sgtastript, “startbnl_new.cmd”, to
perform several steps. A sample of these stepstimed in Figure G.3. After the
EPICS support is setup, the object code “mapmistaftom EEMCApp/src/O.mv167/)
must be loaded. Next the script must load thebdesa files: “maincntrl.db” (shared with
other EEMC control programs), and “mapmtcntriterbp.dThe file
“mapmtcntritemp.db” is a template file that musvéahe value for crate number, “c=#",
specified. After the command “ioclnit”, two moreramands are necessary to start the
MAPMT program. Since this program reads files eme-sc, the startup script must

mount eemc-sc.starp using the command “cd “eeméx®¢orks/Indiana/™. The final



step in starting the MAPMT program is to execu¢bmmand “seq & mapmtroutines”

at the end of the startup script.

s LOAD MOTDULES

oooooo

# added HAPHMT diagnostics program
cd "fatardzoluzersdaysuzerdepice Ra, 12, 2-LEL , 4/EEMCAPR/ a0, mel BT

1d < mapmtstart,o

oooooo

# LOAD DATABASES
R R S S SRS G
# Thiz {default,dctedr? iz used by gdct,

cd "Astardzcfusersssysusersepics/R3, 12, 2-LEL , 4/EEMCApp/EEMCIBL"

dbload "default,dctsdr”

# The MAPHT diagnostics program
cd "/etardzouzers/eysuzerdepice RS, 12, 2-LEL , 4/EEMCApR/EEMCTE"

dbLoadRecords{"maincntrl, db" >

dbloadRecordsy "mapmtontrltemp,db”, "o
dbLoadRecords{"mapntcntrltemp.db", "o
dbl nadRecords ! "mapmtontrltemp,db” . "o

oooooooo

3
4"
G

" TOCINIT

cd "Sstardsciuzers/sysusersepics/R3, 12, 2-LEL . 4/EEMCApp/EEMCID"
iocInit

cd "eemc-zciYxlorks/Indianas™

zeq Emapntroutine

Figure G.3 An outline of the startup script’'s essentialpamants.

As an HDLC program, the program
must incorporate Radstone drivers into
Its startup script. The steps involved are
outlined in Figure G.4. The drivers are

loaded from, “hdIicRoutines.o” and
“testRoutines.o”, located in the



“radstone/ql2/src” directory on sc3. Once
the drivers are loaded, the Radstone
microprocessor must be initialized with
the command “radstonelnitialize
address _in_hex,
radstone_module _number”. The
address _In_hex must correspond to the
base address encoded in the Radstone
module. For the MAPMT program, the
radstone_module _number is zero for the
first module, one for the second, and so
forth. Once initialized, the Radstone
microprocessor Is ready for
communication.

Sk
# LOAD HODULES

# added to monitor smd data
cd “Sztardzoiuzersdsysuzersepics/RE, 12, 2-LEL 4/ radstone/gl 2 s

1d < hdlcRoutines,o
1d < testRoutines,o

radstonelnitialize OxB3000000, 0

+++++++++

Figure G.4. The setup steps for HDLC communication tjiinahe Radstone microprocessor.

Troubleshooting:



The most common problem with this software is &8 communication error.
This occurs anytime the software tries to read tevto a MAPMT box that is not
powered. This error will also occur if multipleggrams try to simultaneously
communicate through the same Radstone micropraceksading an incorrect channel
and node address may also give this error.

The MAPMT diagnostics program is color-coded. d®lon the main display
reflect the overall box “status” as viewed on théividual screens. On the individual
box screens, if a parameter displays red, thereawa$DLC communication error when
trying to read or write that parameter. One redeodisplaying a parameter in yellow is
its value is out of the appropriate range. Thishiescked on all read and write commands.
If a parameter is out of range, its value is updlédethe maximum allowed value. There
is one more reason for displaying a parameter liowe Every read compares the value
currently displayed with the value just read. hié$e values don’t match, the new value is
updated to the display in a yellow color. If trdzy match, the new value is updated to
the display in a green color. To aid in deciphgmnrors, this program has an error string

that reports any problems.
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