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Abstract

The Solencidal Tracker At RHIC (5STAR) will search for sipnatures of a
Quark-Gluon Plasma formation and investigate the behavior of strongly
interacting matter at high enerpy density, The correlation between global
observables on an evenl-by-event basis as a probe of the propertics of high
density nuclear matter 14 discussed. An overview of the experiment is
presented, The control system for the STAR experiment at REHC ig presented.
The VME-based architecture is described, Reasons for the hardware and
soflware choices are diseussed, A significant new application of a slow contrel
system {(LP1CS) 1o a run conlrol selling is discussed, Inlerfaces to the delector
subsystems are described. The initial implementalion of the conleol systemsy

for the baseline STAR delector s summarized,
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Introduction

This thesis discusses the Solenpidal Tracker At RHIC (STAR), a
detector to be used for detection of particles produced from heavy ion
collisions at the Relativistic Heavy [un Collider (RHIC), under construcHon at
Brovkhaven Nalional Labaratory. The theory and history of heavy fon
physics, the physics of the S5TAR experiment, and the physics of the
Relativistic 1eavy lon Collider are presented in chapter one. Chapter two
presents the experimental sel-up of each STAR detector, as well as an
explanation of the engineering and physics behind each. The third chapter
presents an overview of the STAR Controls system, discusses the architecture
of the system, deseribes the functiona lity of the software, summarizes
subgystem slow conlrol parameters, and explaing the invelvernent of

Creighton as the head STAR Controls development institution.




Chapter 1. Relativistic Heavy Ion Physics

1.1 Theory and History of Relativistic Heavy Ion Physics

Muclear physics has gone through a revolution in the past two decades.
In the 1971Ys and early 80's some accelerators used by particle physicists werg
being converled lo accelerate heavy ions such as lead, gold, and sulfur. At the
same time the energics of acceleralors used for nuclear rescarch were
increased making beams of relativistic heavy nuclei available in several
locationy throughout the world, By the mid-80's, heavy jons were injected
inte some of the highest energy prolon aceelerators such ag the Alternating
Ciradient Synchrotron {AGS] at Brookhaven National Laboratory {BNL) and
the Super Proton Synchrotron (51°5) at the Buropean Center for Nuclear
Research (CERN]. Plans alse were being laid for the development of new
acceleralors such as the Relativistic Lleavy Ton Callider (RIIC) at BNL and the
Large Fladron Collider (L1IC) at CERN. The reason for the new interest in
heavy ion reactions is that this is the only means of studying highly enarpetic,
compressed nuclear matter in order to observe a new phase of matter callpd
the quark-gluon plasma,

Decp inelastic electron collision experiments af the early 1970s wore
the first invesligations to find real evidence of an internal structure of
nucleons, that they are made of quarks and gluons. The name 'deep inelastic
scattering’ is given bocause the nucleons, which are probed by electrons,
nearly always disintegrate as a result of the penetration. A calewlation can be
done for the minimum momentum required to disintegrate nucleons, The

momenlum-wavelength relation is given by h = Ap, where h is Planck’s




constant and A and p are the respective wavelength and momentum of the
clockrnn. ‘The formula h = Ap then gives the required momentum of the
eleciron, with which the target nucleons are likely to disinlegrate, as being
ereater than 10Mel /c.

The success af Quantum Eleclrodynamies (QED) in accounting for the
interactions between charges has encouraged physicists to scek a similar gauge
thoeary for the stronp inleractions. Quantum Chromodynamics [{2C10) is such
a gauge theory which describes strongly interacting matter, In QCI2, quarks
can have {arbitrary) colors of red (R}, green (G), and blue (B). The anti-guarks
are given one of the opposite colors which in conventional color lerminology
are the complementary colors anti-red (R ), anti-green (G ), and anti-blue (B ),
I oure physical world, all pacticles, at least those which we can abserve, are
while, or color neutenl. In other words, a meson containing a qq pair, a
Baryon containing a red, a preen, and a blue (RGE) quark, an anlbaryon
neutenl. The forces between quarks ore similar to those of aleclrons and
positrons in (hal in both cages there 15 an exchange of virtual quanta. The

wirtual guanta in QCD are called gluons, QCD parallels QED in the [elowing

WaYE,
Orn QCD
» |ilectric charge + Color
» Force between charges is due o » [orce between eolored quarks
photon exchange (massless bosons) i due to exchange of quanta
called gluons (massless bosons)
o Une Charge and one anticharge * Three colors and three

anticolors

» uantum is neutral = (luans are colored




The strong interaction is represented by the quantum number called “color.”
The idea of calor is believed to play a fundamental role in the interaction
between quarks. However, the coupling of gluons to quarks is more
complicated than the coupling of photons to electrons. When a pholon
interacts with an electron, the latter remains an clectron, When a pluan
mteracts with a quark, the gluon ean change the calor of the quark. For
example, a gluon can transform o red quark inks a green quark {figure 1.1)

(D3 9]

Green
Hed

Gluon

Creen

Eod

q q

Figure 1.1 The Inleraction between quarks and pluons,

The strong interaction, dependent on the distance between the quarks,
increases lincarly with the separation between the quarks, If quarks wero
separated, an infinite energy would be needed, However, at high energy
densities and high lemperatures, the strong He between the gquarks and
gluons weakens and colored objects will propagate longer distances from the
interaction paint.

Current theory predicts the energy in a conter-of-mass system {c.m.s.)

for colliding beams needed to produce a quark deconfinement to be around



10-100 GeV per nueleon [CS 92]. This phase of matter, called the Quark-Cluon
Plasma (QGTY, is believed to have existed for 10-0 5 after the Big-Bang. This
phase appears as a gas composed of quarks, anti-quarks, and gluons. Under
normal experimental conditions (moderate temperatures and densitics) a
hadronic gas consisting mainly of baryons and rions is observed. The
hadronic gas then expands and cools into normal nuclear matter at a lme

corresponding to the freeve-out lemperature (figure 1.2),

A

B

E I Fuark Fluon Plasrie.
=

41k

)

E Hadron yratfer

0 < -

Nuelear Malter  Not Baryon Density n,

Vigure 1.2 Phase diagrom of the tempersture va. the net baryon densily, The

rogion of nuclear matter is Indicated as normal | DO 92),

Normal nuclear maller appears al the point shown on phase diagram (figure
1.2}, at low temperature. This is the area explored by lraditivnal nuclear
phiysivs experiments. The region of the phase transitions cortesponding to
quark deconfinement {at temperature Te) is indicated, Above Te, hadrons
dissolve into quarks and gluons, Fipure 1.2 shows that as tem perature
incroases, the internal components of the nuclei can be excited so that
deconfinement could possibly occur. At present, the existence and nature of

such a phase transition are matters of conjecture. Under normal conditions



thiz new phase would be very unstable, Although this quark phase may be
stable and thus directly observable in exotic environmenlts such as the
interior of heavy stars, a direct observation of the existence of this phase
under lereestrial circumstances is not possible. The predicted period of this
phase is expected to be no lonper than the fime of hadronic reactions which is
on the order of 3 x 1024 4 |5 921,

Cansider the head-on collision of two nuclel in the center-of-mass
reference frame. Two colliding nuclei can be represented as two “pancake”
shaped disks due b the Borentz contraction in the longitudinal direction
(figure 1.3). Al high energies, the lower energy baryons from the collision can
shill have enough momentum to procecd forward, and move away from the

region of collision.

Nucleus Nucleus
B A

Before collision

Figare 1.3 The confipuration of two colliding

nuclei A apnd B before colliaion WO 94].




The projectile baryon matter after the collision is denoted by B' and A' in
figure 1.4. The energy lost by the barvons appears in the collision FOgTion
arpund 2z = { in the center of mass frame. This is a large amount of energy
deposited in a small region of space in a short time interval, The quanta
which carry away this enerpy could be in the farm of quarks, gluons, or
hadrons, Whal form the quanta assume in the lirst instant after the collision
i5 an unresolved question. Whatever the form of the material, the cnergy
densily around z = (0 is very high, This led to Biorken’s suggestion of the
space-lime scenaria for a high-energy nuecleus-nucleus collision shown in

figure 1.5 (W0 94).

After collision

Figure 1.4 The configuration after enllision

with energy deposited in the reglon around « = 0 [WO a4,
By dep HEL




L af hadrons

hydrodynarmios
of guork—gleon pldsma

Figure 1.5 The space-time pichure of o nuelews-nuclons collision [WoO 94,

Soon after the eollision af two nueled, the energy densily may be high
enaugh to make it likely that a quark-gluon plasma will be formed in the
central rapidity region. The plasma may nat initially be at thermodynamie
equilibrivm, but subsequent equilibration may bring it to lacal l'!i.'iui”hl'“ll'l:'l at
a given thme, and the plagma may then evalve sceording o Lthe laws of
hydrodynamics. As the plasma expands, its lemperature deops and the
hadronization af the plasma will ke place.

Collisions of relativistic heavy ions offer the possibility of producing
sysbems of dense nueleonic and gquark-ghuon matter at high temperatures,
Howaever, the observation of the quark-gluon plasma is made dilficull since
the high concentration of particles projecting from the epllision lend to mask
its presence. The hadrons emoerging from the collisions are 1.15-'.1.1:1.11}r a result of
complicated multiple interactions.  Although the quark phase may be present
at the beginning of the callision, the resulting hadrons do not carry with

them the memory of what proviously occurred. Special lechniques are



therefore needed Lo carry out the analysis. Hecause of the short lime frame
involved in the production of the QGP, one must look for indirect evidence
for this shorl-lived state of matter,

It is plausible that signatures of the quark phase could be carried by
those reaction products which emerge from the initial “fireball” withoul
rescaltering. This suggesty the detection of the quark phase by observing
photons and lepton-pair production. The delection of leptonic matter,
lepton-pair praduction i particular, carries less ambiguous signatures of the
hacron-quark Lransition. Although lepton-pair production is a rare process
compared to hadron production, once a pair is formed, photons are less likely
to thermalize than hadrons, duc o heir weaker interaction with the
enviranment, The vesult 19 a spectrum which has more information aboul
lhe early stages of the hot fireball [DO 83],

Theory predicls that the production of T/ and P mesons will be
suppressed inoa QG Bxperiments have shown thal low ransverse
mamentum, pt, pair production in the [ mass region is suppressed in high
transverse energy, Ly, events relative to low E) events, J/7'F mesans, which
are bound stales of charm, anti-charm quarks, are believed to be ina
deconfined stale in the QG The |/ meson could remain bound in a low-
density OGP, However, due to Debye sereening, the [/ can dissociate at a
sulficiently high density and/or temperature. The color charges af the charm
and anticharm gquarks are screened in the decomfined environmoent of the
plasma so that the ]/ binding energy is reduced relative to that in free space.
[f the number of quarks and antiquarks within the collision volume is
sufficiently large, the color charges are neulralized so that the J/Y% is not
bound, Pormation of the Quark Gluon Plasma is consistenl with these

tendencies [MaA 86] [GA BY,
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Anocther possible indication of the OGP is the momentum distribution

of jets of particles produced in the interacons. Enhanced production of jety
with large transverse momenta oceurs in central nucleus-nucleus (A + A')
collisions. Mew theories suggest quarks and gluans will lose less energy
passing through a QG than passing through a hadron gas of similar size, It
might then be supggested that the average transverse momentunm of jets will
be incrensed for particles in a QG rather than in a hadron gas [0 9],

Enhanced strange particle production is yet another signature of a QGI,
In the early universe, equal amounts of light quarks and strange quarks were
produced. As our beam energy inereases, the likelihood of strange quark
production becomes comparable to that of the other lighl quarks, The phase
ypace of a QGE, shortly aller it has been formed (10722 &), is saturated will
sleange maller [1KO #86]. Tn addition, the long lifetime and abundance of
steange particles makes them good candidates for signolures of n QOGP

Ta provide evidence for the enhancement of stranpge particle
production, decay schemes of particles exhibiting strangencss must be
examined, Accommanly studied strange meson is the K9, which is a bound
slate of an anli-down quark and a strange quark., The K© decays in the

following processes:

K e AT (68.6120.28)%
K9 e = wHt (31.3940.28)%

Studies of the K [avor the ficst channel for two reasons. The first is that the
branching rabio is greater [or the decay into a wta— pair. The zecond is thal the
decay of a neutral particle into two oppositely charged particles is much easier

to reconstruct.
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Ancther commonly studied parlicle is the lambda particle (A) which is
made of an up quark, a down quark, and a strange quark, Lambda's decay by

the following processes:

e s I (64, 1:0.5)%

K e - o (35.7:L0.5)%

The firsl process is favored for Lhe same reasons as oullined for the KO decay.

1.2 _Physics of the Solenoidal Tracker at RHIC

The Solenoidal Teacker at REIC (STAR) expoeriment will look for
slgnolures of a quark-gluon plasma (QGI) formation and investigate the
behavier of strongly interacting matter. The emphasis is on the ability to
correlate global abservables such as temperature, flavor composition,
collision geomelry, reaction dynamics, and energy or entropy densily
Huctualions on an eveni-hy-event basis, and hard-seattered partons as o probe
of the properties of high density nuclear mattor. Event-by-event
measurements of global observables are possible beenuse of the expecled high
density of charged particles, approximately 4000 central-detector particles In
nucleus-nucleus collisions. Fluetuations in global abscrvables from one
evenl to another are expected in the vicinity of the phase transition, so it will
be necessary to measure these observables as a function of enorgy density. In
the absence of definitive signalures of a QGP, it is imperative that such
correlations be used lo indicate special events. This requires an elaborate and
flexible detection system thal can simultaneously measure many global

obsarrahles.
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The experiment is capable of tracking and identifying several thousand

particles in an event. A full azimuthal acceplance of the detector is required
lo do parficle identification and continuous track reconstruction. Tracking,
combined with electromagnetic calorimetry and high momentum particle
meastrements, will allow the study of hard QCT processes. These
measurements of hard-scattered partons will pravide new information on
nuclesn struchure, Momentum analysis and the direct identification of
charged particles (e 7 K% IC,p,p.d,d) as well as neutral and cha rped strange

particles (K%, &, 2, L) via charged-particle decny modes are planned [HA 92].

1.2.1 Parlicle Spectra

The statistics made availoble from high multiplicity central nueleus-
nuclews collisions permit the tranaverse momentum (py) disteibution and the
<ppe {for pions and kaons) eoleualations to be made on an event-by event basis.
The individual evenls con then be characterized by lemperature, Events with
extremely high lemporatures, Le, those resulting from a QGP, can then be
identified, Figure 1.6 shows bwo spectra penerated by the Monte Carlo
method from Maxwell-Bollzman distribations with T = 150 and 250 MeV,
each containing 1RO pions, The shapes of these spectra show the case of

being able to discriminale spectra at the event level [ST 92],
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pt {Gev)
Flgure Li Sirwalalion of Be py spectoum lor one event generated

using n Balteamann distribution of 1000 piony, ‘1he hlatogeams correspond
Ler siovple svenls peoerated wilh T =150 MeV and 250 MeV, The curves

are flts to the histogram using a Maswell-Bollzmann distribution [57 92),
1.2.2 Flavor Composition

Moasuring the K/r ralio (Kaon to Pion ratio} provides information on
the relative concentration of strange and non-strange quarks, STAR will be
capable of measuring the K/r rotio event-by-event with sufficient accuracy o
be able to correlate the evenls with other event observables (figure 1.7). The
standard deviation of the measured single event K/ ratio is plotted as a

function of the charged particle multiplicity measured in the event.
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Although the strange quark density 15 much higher in the QG than in
a hadron gas, the [otal contenl of strange quarks is less in a OGP than in a
hadron gas. This is due to the larpe volume assocated with a hadron gas due
to the small number of derrees of freedom compared to that of a QGP.
Therefore the observables which depend on the strangeness abundance, e A
and E™s or K/ ratios, cannot be considered signalures of the QOGP However,
observables depending on enhanced strangeness density, such as multiply-
stringre baryons, benefit fram the higher strangeness density reached in the
QG These exotic particles are therefore pood signatures of a QO formation

[ST 92

1.2.3 Fluctuation in Global Observables

The fuctuations of energy density, particle ratios, entropy density, and
flow of different types of particles as a function of pt, rapidity, and azimuthal
angle have boen predicted to appear during the process of hadronization of o
(OGP, Such fluctuatioms cin be seen only in individual events where the
statistics are large enough to overcome uncertaintios, The large transverse
energy and multiplicity densitios at midrapidity in central eollisions will
#llow event-by-event measurement of (luctuations of glokal obsorvables, as
well as measurements of local Fluctuations in the magnitude and azimuthal

distribution of pt [5T 92].

The measurement of Blectromagnetic Energpy (M) vs. charged-particle

energy is one of the correlations that must be measured in the search for
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sigmatures of the QGP. The vnexplained imbaltance between charged particle
and neutral particle energy observed in cosmic ray cvenls emphasizes the
need for BEM/charped particle measurements. Correlation and fluctuabion
analyses in both azimuth and rapidity are improved considerable by
combining the BM and charped-particle data, Approximately one-third of the
enerey in STAR will be EM. The remaining hadronic energy can be measured
by either calorimetry or particle tracking, This will provide data analysts with

the information needed to determine energy correlations [5T 92].

1.2.5 Parton Physics

o

The study ol hard QCTY processes pj'ndm:r.!d in relativistic hl:!ﬂ".-’}f-'inl'l
collisivnes is used to prabe nuclear matler by the spawning of quarks and
gluons, The rates of hard parton sealtering can be estimaled an the basis of
QCD calewlations. Flowesver, RFIC will be the st aceeleralor to provide
nuclear collisions at energios where rates of detectable partonic debris (jots,
high-pt partiches and direct photons) from hard partenie scatiering will permil
accurate measurgments, Calculations have shown thatl the propagation of
gquarks and gluons through matter depends on the properties of the medium,
An example of this is the suggestion that there will be changes in the rale of
enerpy losses of propagating partons as the energy densily of the medium
incresses, particularly i the medium undergoes a phase transition to the
QG This would therefore be a direct method of observing the excitation of

the medium, i, the OGP [5T 92|,
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L
1.3 Relativistic Heavy lIon Collider

The Relativistic [Heavy Ton Ceilider (RHIC), on which construction
starled in January, 1991 at Brookhaven MNational Labaratory, is designed to
accelerite very heavy nuclei up to an energy of aboul 100 GeY per nucleon,
The total cost of construction will be aboul $480 million, approximately onc
tpuarter of which will be devoted to building the initial complement of
detectors. The collider will be ready for experiments by early 1999,

The complete RIIIC facility is comprised of accelerators interconnected
by bearm transfer lines, The RHIC tunnel is located on the northwoest corner
al the Brookhaven site, The major components of the REIC complex arg
shown in figure 1.8

The aceelerator systemy included in the RENC facility congist of bwo
Intersecting superconducting storage rings, the beam transfer ling from the
Allernating Gradient Synchroteon (AGS) to the collider rings, and the
ancillary accelerator systems (AGS booster and Tandem Van de Graa (1)
required for collider operation.

Ihe aleeady existing Tandem Van de Graall accelerators will provide
the initinl ivn acceleration. Gold ions, after being stripped of 14 electrons, will
exit the Tandem at a kinetic energy of 1 MeV per atom, Upon exiling the
Tandem Van de Graalf, the lons will traverse a heavy ion transfer line and bo
injected inte the AGSE booster. The booster will inerease the kinetic energy to
72 MeV per atom. The beam will then be extracted from the booster and
passed through another stripping target, where they are further stripped of
their electrons to a charged state of G = +77 and then passed into the AGS.

The atoms are then accelerated to 10,8 GeV per atom, stripped of their last (K-
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shell) electrons, and transferved to the collider. & schematic of the path of an

ion is shown in figure 1.9 LU 93],

Figrure 1.6 Loyoul of the RHIC Project - Collider & Injectos [L1 %3],
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W is expected thal matter wilh an inilial energy density of 108 GeV per

nuelean will be produced vaing such o collider, On the bagis of lattice paupe
theoary, the enerpy density at which he transition from the hadron phase to
the quark-gluon plasma phase is expected to ocour is a few GeV per nucleon.
The initial energy density of the maller produced in such high-energy
nucleus-nucleus collisions may be sufficiently high to make it possible to

farm a quark-gluon plasma in the central rapidity region [LU 93].
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Chapter 2. Soleneidal Tracker At RHIC

21  Implementation Ilan

The initial phase ol the STAR experiment will consist of the
Solenaidal Magnel, the Time ijnct.itm Chamber (TIC), the Silicon Vertex
Tracker (5VT), the Electromapnetic Calorimeler (EMC), Trigger Detectors, and
the associnled electronics und data acquisition systerns. These detectors are
expocted o be on-line at REIC start-up, Construction of Time-of-Blight
Detectoes (TOF), External Time Projection Chambers (XTPC), and upgrades to
maee sophisticated triggers will take place as funds become available. The

delectors as they will be implemented are shown in figuee 2.0 [ST 92].

Fipure 2,1 A perapective view of the STAR experimental con figuration [ST 92].
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2.2 Experimental Set-Up

2.2.1 Solenoid

A sulenoid magnet is used in the STAR experiment o provide a tool
for subsystem detectors lo measure the momentum of charped particles
traveling in the field, The STAR magnet hay a 4.2-meler inside diameter (1.5-
Tesla solenoid magnet, with a length of 6.9 meters and an cutside diametor of
ol melers. An iron return yoke and shaped pole picces carry the magnetic
flux generated by the solenoid and shape the magnetic field to the reguired
uniformily. The requirements of the magnel are such that the magnetic feld
uniformity is approximately 1 part in 7000 if no corrections are used in TPC
software. [ software corrections are performed, o uniformity of 1 part in 1000

will suffice [ST Y2

2,22 Tima Projection Chamber

The principle of a Mulliwire Proportinnal Chamber (MWPC) i to use f
proporticnal chamber for a detector of large arca, A series of parallel anode
wires is strefched in g plane, usually betweoen two cathode planes, The
mechanical arrangement and electric field configuration for a typical MWPC
is shown in figure 2.2, A charged particle traversing a radialor gas leaves
behind a string of electrons and ions (figure 2.3), The elactrons praduced
from ionization travel along the electric field lines developed by the anode
wires. The field strongth near the wire is approximalely the same as in a
cylindrical capacitor. When the kinetic energy of the clectron gained from

twao collisions is greater than that of the ionization energy threshold of the

21



radiator gas, secondaty ionization oceurs and an avalanche formation sets in
{figure 2.4) [K1. 8a].

L .

= . cothede - glanes

onode wires i

Figure 2,2 Pringiple of multiwire proportional chamber. Upper part;
achomatic of geometry; lower park: equipotential surfnees (dashed) and
chectric fleld lines (full curves) in the neighbaood of two anode wives in

the plane perpendealir to the wive direction |8 73],
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Fipure 2.3 Charged pazticle traveraing a radiator gas [FA 79).
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Figure 2.4 Time developoment of an avalanche near to an anode wire in a
proportional chamber, {a} Primary electron moving towards anade. (b} The electron
gaina kinetle enesgy in the clectrde feld and fonizes further aloma; maltiplieation
atarts, (e} The eleetron and Ton clowds deift apart. (d), {e) The electron cloud dellis

Lowvards e wire and suercunds it the lon clond withdraws radially from the wire

[CH 72]

The time for an avalanche to occur, which can be seen by using an
oscilloscope, is about 0.1 ny, The deeay Ume of the signal depends on the time
canslant, BC, of the differentiating circuit, The main conleibulion o the
pulse seen on the anode wire is due to the ions in the avalanche moving
away from the wire.

Divift chambers are based on the observation that there is a correlation
of the time difference, At, the distance between the point of primary
ionizalion, and the anode wire pulse ina MWPC, This time difference iz
given by the drift Bme of the electrons al b= by up to the point t] at which
they enter the high field region around the anode wire and generate

avalanches. The drift path length of the electrons is then given by

H= VD {” di,
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where VDY) is the drift velocity of the electron in the ionizing gas.
It is desirable to have a constant drift velocity, V. The drift path length then
becomes a linear relation given by

=Yl - = VAt
By making the electric drifl ficld as constant as passible, the force on the
electrons due to the field is constant, This is done by maintaining a procise
vollage pradient throughoul the entire drift path, A resistive foren, due to the
interaction of the electrons with drift gas molecules, produces an equal
magnitude, oppositely directed [orce o the electric field-produced force. The
drift velocity of the electrons then becomey uniform over the whole drift
gpace. Another technique used o ereate an almost linear relaton belweon
drift time anc drift path lenglh is to introduce field wires at a negative high
voltage, ‘These field wires are placed midway betweon the anode wires and sel
te a negative high voltage hall the magnitude of the posilive high valtage on
the anode wire (figure 2.5) [KL 92], Factors such ns differences in jus
uniformity, varying pressures, and unequal temperatures can also cause o
nom-linear drift veloeity,

A time projection chamber (TPC) is a novel way of using proportional
wire chambers and drift chambers together, A TPC is typically either
cylindrical in shape with end-caps at each end for wire chambers and cathode
planes, ar rectangular in shape with one side serving as the wire chamber and
cathode plane, The construchon principle of a TPC is different from that of
other chambors in that the magnetic field and electric drift field are parallel.
The drilt direction is parallel to the E and B fields, The electrons farmed by an
tonizing particle emerging from (he interaction region drifl lowards the end
caps. In this process, the image of the ionizing track is broadencd by the

transverse diffusion of electrons during the Jdrifting, However, the strong
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mapnetic field considerably reduces this effect by forcing the electrons o

perform helical movements around the magnetic field lines.

ionizing parficle

ORIFT ORIFT
- i s H Hf‘1
el REGION GION v
\ 1 - L] ] ] [ ] [ ] @ [ ‘+1 I-.z - (3 a - L} - L'} ] [ ]
NEG, POTENTIAL NEG. POTENTIAL
Vigguee 2.5 Eguipotential lines are deawn as [ull lines; 1V polential of anodo wirg

%1 potentinl of enthode wires; other Feld wires: potential varving

Trsbwieun Dand =1V [KL 92],

Three-dimensional track reconstrucltion is performed by measuring the
two-dimensional (x and v coordinnte) image produced on the end caps using a
cathode pad readout and by registering the arrival time of drifted electrons at
the end eap wires, giving the z-coordinate, A eylindrical TPC used by the
ALEPLT collaboration at CERN iy shown in figure 2.6 [KL 92), A rectangular
TPC used by the MNA3G CUl'Et]:";J]'ﬂl"lUI'L alzo at CERN is shown in figure 2.7,

The central TPC is the main detector of the STAR experiment, The
associated subsystems work in conjunction with the TPC to enhance the
measurements taken by the TPC, Charged particles traversing the TPC are
detected, identitied, and their momenta are measured for a psuedorapidity (n)
less than ane. The acceptance, as well as the pauedorapidity (0, of the TPC is

seen in fgure 2.8, Tracking is performed from 1.0 < 171 < 2,00




Figure 20 Thme projection chamber used for lesls by the ALEPH eollabaralion [AL B3]
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Figuwie 2.7 Sehemakic pivhare of the NAJG TPC. The chamber consisla
of a quadratic deifl volume and an endeap with 40 rows of 192 anode wires

cach. More than 6000 channals ave read out digitally DO 91,




Figure 2B The STAR Detectors, Shaded arcas show the aceeplance

af the detector, Traeking [s performed From 10 < |11 < 2.0 (9T 92].

The TIPC has a length of 4.56 meters (end-cap o end-cap) and an ouler
dinmeler of 4.1 melers. The TPC contains a radiator gas mixiure (Argon-90%;
Methane-100% (110)) held at atmospheric pressure. The gas s lonized as
charged particles teaverse the volume of the TPC, The free electeans then
drift towards the end-caps due b an electric field produced by the cathode
membrane which is placed al z = (Lin the TPC, The cathode membrane is
held at approximately -1500 volls while the Outer Field Ca ge [OFC) and Inner
Field Cage (IFC} produce a uniform voltage gradient along the length of the
TPC, The required magnitude of the clectric field is determined by the point
at which the drift velocity is safurated, Por the P10 gas mixture, the saturation

velocity is 5.5 am /ps [S192],
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Fipguire 2.9 Diagram ol [he STAR central TPC and {ls companenls [ST 921,

The ouler field cage provides an enclosure for the radiator gos,
produces a uniform electrie field inside the TRC, and serves as an ouler
support for the TPC, Ttis composed af o voltage pradient cage, a suppor|
structure, an insulating lnlj,rﬂr' between the two, and a load-attachment ring at
either end of the eylinder (Mgure 29), The voltage gradient cage 1s a eylinder
made frim Hhr';uh'a of 0035 mm copper and plated on both sides with a
0.075mm thick Kaplon film. As ean be seen in figure 2.9, the copper has been
etched into stripes. A high (negative) voltage is applied 1o the copper stripe at
# =0 as well as lo the central membrane, The remaining slripes are kept at a
conytantly increasing potential by connecting them to a precision resislor

chain as shown in figure 2,10 [5T 92].
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Vigure 210 Delails of the ficld cage contipurations. Resislor chains are

shown an Lhe Lhick lines connecting the copper stripes |ST 2],

As the QOFC s in close proximity ko other subsystems which are held at
ground potenlial, the voltage pradient will be shielded with o mylar insulator
and a grounded inner oluminum skin, The central membrane will be
fabricated from mylar sheels painted with Aquadag,

The inner leld cage, which has a diameler of 1 meter, petforms the
sime functions as the OFC, axcept ils support slructure is not as substantial as
that of the OFC as it need only suppaorl itsell. Since the closest grounded
subsystem ko the [FC s 32em away, there is no need for shiclding to protect
the drifting eleetrons. Chilled nitrogen will fill the space bolween the [FC and
the VT,

The End-Caps are twa, 4.1 meter diameter, spoked wheels, one at each
end of the TPC. Each cap is comprised of twelve sectors. These sectors

contain an inner and outer module as shown in fgure 2,11 [ST 92),




Piggure 211 A dagram of the T1'C end-cap indicating the

loeations for the pad plane sectors and the pad rows [57 921,

Lach of these sectors houses a pad plane, a gating erid, an anode plane, and a
ground plane, These are the active elements of the TPC, The anode wire
grids croate high electric field riggions in which the drifting eleclrons form
avalanches of electrons. The pad planes are nsed Lo detect these avalanches,
By using data Ifrnm the pads, bwo-dimensional track reconstruction can be
cone, [ this data is used with that gathered from the anode grids, a three-
dimensional reconstraction can be performed using the drift time in the TPC,
The pad planes are created by etching a large multilayer NEMA G-10
printed circwit board, The pad size and row spacing is different between the
inner and puter sectors, The inner and puter sectar assemblies are pictured in

Fiprure 212 [5T 92],
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Figura 212 Tha pad layoud for the foner and ouler pad plane sectors (87 92]
Three wire grids, the gating grid, the anode grid, and the ground grid
are mounted above the pad planes, The first grid is composed of alternate
field and anode wives. The anode wires are gold-plaled lungslen with a 20-
pm dismeter, The beryllium-copper field wires are 125-pm in diameter,
Their larger radius reduces the field al the cathode {pad plane) to improve
resistance fo high voltage breakdown, The second grid is a ground plane.
The third plane is a gating grid used to block eloctrons from unwanted events
as well as to capture positive lons from the avalanche bofore they can enter
the main drift region. The confipuration of the three wire planes with respect

ty the location of the pad plane is seen in figure 2,13 [ST 92]
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Viggeare 2,13 Condiguration af the STAR TPC wire planes and pad plane [51° 92].

The charge frem avalanches collected on the pads and anodes of the
TPC is amplified and integraled by a low-noise, low-capacitance preamplifier.
The preamplifier provides near-gaussian shape pulses which are sent to a 512-
sample (to provide the time histoey) switched capacitor array (SCA} where the
Lotal event is stored. These blocks are then sent out to an analog to digital
converter (ADCE The digitized data is then transmitted to a read-oul board
for data collection and zero suppression before being teansmitled via fiber
link aff-cetectar,

A cooling system is used to maintain a temperature varialion of <1.00C
for all companents in contact with the gas. This ensures that a uniform drift
velocily is maintained throughout the entire TPC, Sources of heat in the TPC
are the Franl-End Llectronics {FEE) which are located on the oulside of the
end-caps, and the resistor chaing on the TFC and OFC. When the TOF upgrade

iy installed there will an additional heat source from the photomultiplier
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lubes which are distribuled aver the OBC. The coaling systern has several

components. These are the wheel, which houses the sectors, the sectors, the
QEC conling water system, and the chilled gas for the IBC.

The radiator Gus Handling System will maintain a high purity gas as
well as precise mixture percentages. A description of this subsystem is
presented in Chapter 3.

A laser calibraling systom consisting of two Nd:'YACG lasers will be used
te calibeate the TPC. Again, a description of this subsystem ls presented in

Chapler 3 [ST1 92].

22,3 Silicon Vertex Tracker

Silicon strip detectors aee made of an n-lype silican crystal wafer with a
known resistivity. One side of the wafer {5 lypically aluminized, while e
other side is covered with steips of polype malerial, These strips form pn
junction diodes if a reverse bios is applied to the strips, A cross-section of the
frst silicon strip detector built by the CERN-Munich group is shown in figure

2,14,
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Figure 214 Cross-secHon of the fimst silicon strip datector

built by the CERM-Runich Group [HY 831,
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4 relativistic particle of charge ¢ typically produces 25,000 electron-hole pairs
when traversing 300 pm of silican. These are collected at the electrodos
within 10 ns. The signals picked up at the strips measure the position of the
passing parlicle to a precision dependent on the resolution of the particular
detector (25 pm in STAR). An imporiant ditfference with respect to standard
wite drift chambers is the absence of a gas amplification and corresponding
dead time. Electrons are continually deained at the anode in a SYT so that the
maximum drift timeis not the dead Bme of the deteclor [KL 83a].

STAR'S Silicon Vertex Tracker is a high resolulion teacking device
with a spatial resolution equivalent to 186 million pixels {72576 channels
limes 256 time samples) or space polnl precision of batter than 25 Hm and a
two-lrack reselution of 500 pm. The two-track resolution can e improved Lo
250 wm by separaling data peaks in adjacent lime buckels by knowing heir
widths, The SVT's purposes are 1o improve (he tracking capabilities af the
STAR detector below o pr of 150 MeV /¢, extend particle detection capabilities
ter short-lived neutral and eharged strange particles, and allow the st v of
By 108 correlations. Charged long-lived kaons will be identified by
mensuring their energy loss (dB/dx) in bath the Time Projection Chamber
(TPCY and Silicon Vertex Tracker (SYT). Short-lived particles (K%, A, A, =,
17}, detected by their weak decay into charged particles, as well as identifion-
tion of strange particle decays by the separation of their decay tracks, roguire
precise information on the track position close to the inleraction point, The
high resolution of the SVT allows for these types of decavs to be seen,

The 5VT provides a toul to oxtend the acceptance of the TFC o low
momentum tracks. Due to the large radius of eurvature of the patls of low
momentum particles, the lower limit of momentum for fully efficient track

reconstruction in the TPC iz 150 MeV /e, Simulations of central Au + A

[ %]



events show that the ransverse momentum (pt) distribution of emitted
particles at midrapidily is generally peaked around 300 MeV /¢, Therefore a
considerable part of the event will be measured by including the information
provided with the SWT. Also, recent results from AGS and CERN
experiments show that low pp physics is an interesting topic in relativistic
heavy ion physics initself. The low pt enhancement measured in pion p
spectra below 200 MeV /e from relativistic heavy ion collisions is still not well
understood. A measurement of this part of the py spectrum at RHIC may
provide ingights into the origin of this phenomenon.

The layoul of STAR's SV is seen in figure 215, Individual detectors
are grouped into ladders, Each ladder holds a sow of six silican delectors. The
ladders are arranged in three concentrie cylinders of radil five, elght and
cleven e, Together, all three eylinders contain 162 detectors with 224 anodes
at the both ends of each detector. This glves 72,000 readout channels, each

Paving 256 time buckety, which account for the 185 million pixels,

Baam
Jrpe -

Figure 213  STARSVT layout 15T 2],




The geomebry of the wafers, an hour-glass shape, is shown in fgure
2.16. The "guard area” an the edges of the waters helps to reduce the local
potential to zera near the perimeter of the wafer. Each of these detectors is a
four inch diameler wafer of silicon 300 microns thick., [f these walers were o
be aligned end-lo-end, there would be a dead-zone of about 89%. This
problem is solved by arranging the wafors in a tled manner. This is
accomplished by mounting atlernate wafers on lop of one another so that the
boundary of the active arca of an upper detector is immediately above the
equivalent boundary of the lower detector. This sort of arrangement also
allows for lhe placement of electronics and cables at either end of each wafer,
The arrangement of walers is shown in figure 217, The wafers are tiled by
placing the next layer of wafers on top of the previous layer's module cables.
This tiling strategy will provide almost 100% efficiency for the region of

coverage of the SYT [ST 92),
wefivi aren snattd aren

mlectronics
Flgure 2,16 The design af the SV Silicon Drift Detectora (S0,
This desipgn splits the sensitive arca of cach detoctor into b drift

repions su that electrons drift in opposite directions in the two balves [T 921,

i1s]
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Figura 207 Partial view of the apsembled 5T [5T 92).
22,4 Electromagnelic Calorimeter

Seintillatory, typically used for measurements of y-ray and X-ray
energies, have bwo purpdses: 1) to converl the excitation of a transparent
malerial caused by an fonizing parlicle inle visible light and 2} to ranspoert
this light to the phatocathode of a photomul dplier tube, Inorganic
scintillators are {onic erystals doped with activator centers, An energy band

slructure of such a scintillator is shown in fgure 208, lonizing particles

conduction bond &

activakar —— :
&-BleV rapter ~-— t eucitons

-

volence band [

Figure 2.13 Energy band atructure in scintillating coystals [KL 421
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passing through the material produce free electrons, free holes and electron-
hole pairs (excilons). These excitons move around in the lattice until they
reach an activator center A, A is then transformed into an excited state A
A, by emitting light, can then thecay back to A, The decay time of inorganic
scintillators, usually longer than 0.2 ps, depends on the temperature according
to expl-E| /KkT), where F; is the excitation energy of A

Organic scinlillators, frequently used in large calorimetric detectors in
the shape of rectangular skrips, contain a seintillator material which emits
bands of ultravielet light during de-sxeitation, This ultraviolet light is
abaarbed by most organie materials with an absorption length of a lew
millimaters, The extraction of the ultraviolet light beeomes possible by
introducing a second fluoreseont material in which the ultraviolet light iy
converked into visible Hght

Photomultiplier tubes are used to detect visible lUght from a scintillator,
This light liberates electrons by the photoelectric effect from a thin photo-
cathode layer at the inlernal surface of an evacuated glass lube. An electrode
s then used to collect, focus and accelerpte the pholo-eleelrons from the
cathode onto the first dynode. The dynade, held at a high potential, is an
eclectrode made from material with a high coefficient of socondary electron
emission, The emission of throe to live secondary electrons can bo achieved
for one incident electron with a kinetic energy of 100 to 200 ¢V. Subsequent
dynodes are used to amplify the number of secondary electrons to araund 108,
A typical transit time Trom eathode to anode is 40 ns. A typical photo-
multiplier tube is shown in figure 2,19 [KL 92],

The 5TAR Electromagnetic Calorimeter (EMC) will measure the total
and local Er using a lead-scintillator sampling calorimeter. It covers a full

azimulthal range and pseudorapidity range -1.05 5 1) = 1.05. The inner radius
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Figure 212 Cross-Section through photomultplier tube R 1440 JKU 53],

is 253 meterd and the length iy 6.87 melers. It consists of 60 wedpe sepmenls

of & degrees cach in i as shown in figure 2.20. These wedges are also broken

VAGHET RETUMH (ITCH

Flgure 220 An end vivw of the STAR EMC barrel. The EMC wedges are tilted at an angle

al 3 to eliminate projective eracks in the barrel 15T %2].



into 40 towers throughaut the length of the detector. Each tower has 21 layers
of 5 mun lead absorber and 3 mm plastic seintillator. There are thus 50,400
pieces of scintillator (60 wedges x 40 lowers x 21 layers) of 420 different shapes,
Each dile will be read oul with two oplical fibers which go to photomultiplier
lubes. Tao reduce cost in the initial implementation all the fibers from pairs of
Adjacent towers of detectors in pseudorapidity will go o one photomultiplier
tube. A cross scction of the lead-scintillator stack is shown in figure 2,21, The
physieal construction permits upgrades as increased funds become available

for more photomultiplier tubes,
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Figure .21 A arosa seckion of the lead-acintillator stack in one of the EMOC

wadpes,




41
The calorimeler includes a detector with higher granularity at 3

radiation lengths (5 Kg's) to increase the two-photon resolution of the EMC,
This part of the detector, called shower max, gives the ability to separate high-
energy direct photons from those coming from 7@ decays. Twelve hundred of
the original scintillator tiles are cut into 24 smaller strips. This gives a total of
28,800 scintillators in the shower max detector. Because of the high cosl of
photomultiplier fubes, the read-outs for the shower max, which will make
use of multi-ancde phototubes, will be added as fundy become available

[S192).

358  TimeofEict

The principle of the Time-of=Flight (TOF) detector is o measure the
Might time af as many charged particles ay possible in the central region of the
STAR detector with o timing resolution of at least 100 picoseconds, This
feature will enhance the capabilities of the dE/dx calculations done by the TPC
and SV, The TOE is a highly segmented cylindrical counter vutside of the
TPC having a 2-meter inoner eodius and 4.2-meter length.

The design of the sysiom is a shingle layout, consisting of Hling the
cylinder with 7776 single-ended scintillalors arvanged in 216 lrays of 36
scintillators each (fgure 2.22), Hach {ray is 2.25 meters long and 118 em wide,
A drawing of 108 trays that house the TOW shingle counlers covering one half

of the length of the experiment is shown in figure 2.23.
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Vigure 223 A dmwing of 108 trays that house the TOF shingle counters

coverng one half of the length of the experiment, [S1 93],



Each tray paositions and supports 36 scintillators and covers 3.3% ind. Fach
shingle consists of a 1-inch diameter 15-stage R3432-01 Homamatsu
proximily-mesh dynode phototube optically coupled to a scintillator with a
plexiglas guide. The scinlillalor material is Bicron BCAM with dimensions 1.5
cm X 26 om X 23.5 e Becawse of budget constraints the TOF detector will be

installed only when additional funds become available [ST 92).

The purpose of the eXternal Time Projection Chambers (NTPC) s to
extend the kinematic range covered by the experiment to <40 21240, The
central TPC covers the range from -2.0 £ 1 S 2.0 into which 50% of the charged
primary particles are emitted, The XTPCs will deteet an additional 40% of
these charged primary particles,

[ order Lo determine primary particle distributions, it is necessary to e
able to detect all particles and reject those coming from secondary inter-
actiong,  These sccondary particles are the result of interactions in the beam
pipe, the VT, the TPC and from the decay of short-Hived particles. In order to
perform this function, the XTPC mosl have an angular resolution of at least
(L& in order lo distinguish parlicles originating al the primary vertex irom
those which originated in lthe beam pipe which is anly 5 cm away,

The XTPC's are designed as two sets of 4 reclangular TPC's placed at
either end of the experiment ¥ meters from the interaction region. The

cm'nfigural:inn of the TPC's 15 shown in Figum 224,
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Figriome 224 A pehematlic diagram of the confipuration of the extermal TIC's [ST 92),

The drift direction is perpendicular to the beam direction as indicated by the
areows in the Agure. By implementing a perpendicular drift to the beam axis,
the analog storage capabilities of the TPC's are optimized, allowing for a
minimum in the number of required channels of eleclranica.  However,
because of the perpendicular-drifting electrons, this requires the 17C's to be
situited so that no magnetic field is present from the solenold. This is
accomplished by positioning XTIC's 7 meters [rom the Inleraction region,
The XTPC's will use cathode readout pads and an anode plane with
lield wires. In addition to the anode plane s a cathode wire plane and a gated
gric. The field uniformity in the drilt region is achieved by using copper
strips on the sides, fronts, and renr onds of the fHeld cage walls. A resisior

chain provides the uniform gradient [ST 92).

2,27 Trigyer

The purpose of the tripger is (o deteet An-Au interactions, delect p-p
interactions, locate a Au-Au collision vertex within #6 cm in less than 200 na

and detect multiple events cceurring within 40 ps. Gigure 2.25 is a quadrant




view of the STAR detector showing the trigger detectors. The trigger will be
able to select high mulliplicity events, select events whose particle
distributions suggest inhomogeneity, select events having unusual
coneentrations of strangeness and provide a calibration event trigger, a cosmic

ray event trigger and a high multiplicily trigger.
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liguree 2,25 Quadrant view of the STAR delector syatem showing bascline
trigger detectors: EM Calorimeter (EMC), Central Trigger Bareel (C11B), Vertex

Position Dotector (VPD), TPC endeap MWTPC's and Veto Calorimeber (VO [ST 92],

The trigger system is divided into bwo components. The first is the
trigger detectors, consisting of a central lrigger bareel (CTR), vertex position
detectors (VI'1), TPC endeap MWPC's, velo calarimeters (V1) and output
from the EMC, The second component consists af the data processing and
triggering functions and the inferfaces to the delectar subsystems and Data

Acquisition.



The CTB iz a barrel of 2000 slats of scintillator an the TPC outer surface.
These slals are 1.5 cm Lhick x 6.25 cm wide x 42 m long. The slais are placed
next to one another to form a cylinder around the TPC. Each slat is oplically
coupled to bwo proximity-focusing mesh dynode phototubes,

The VPD contains two scintillators cach placed on either end of the
TPC. The light sighals are read oul by photomulliplicr lubes. The resulling
signal is senl to specially designed fasl ciccuiley to delermine the vertex
localion, This circuil uses the time difference n sipgnals to determine the
location of the primary vertex in z b within 26 ¢m in less than 200 ns,

The EMC measures o fraction of the total transverse energy which
slecams mostly from photons and electrons which result from o2 decays, The
EMC {8 used to select events on the basiy of the centrality of the collision and
fluctuations in B, The BMC, wgether with the CTB, can be used to select
events with unusual ratios of By o charged multiplicity,

Cme purpose of the TPC MWPC's 18 to trigger on the electeon
avalonehe at the aode wires, The direct readout of this information allows
triggering on fluctuations in changing multiplicity per change in
peeudorapidity,

The VTC's are placed beyond the first dipele magnets in the beam
{aboutl seventesn meters), These provide information on the impac
parameter independent of the Fp values. By looking at the well-separated
proton and neutron spectators from the interaction point the spectator energy
can be detected.

The particle density in pseudorapidity is shown in figore 2.26,
Coverages of the CTB, EMC, MWPC's, VP12 and VO detectars are shown in
ﬁh.ﬂ.ded resions, The coverage of the trigger can be seen to cover almost the

entire pseudorapidity ol the experiment.
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These trigger components are cach divided inlo three levels of time

structure set by the following condilionsa:

ins| 4
The level 1 trigger provides a velo decision within 200 ns, A
determination of the tolal transverse electromagnetic energy is done
with informalion from the EMC. Location of the collision within
6 cm o keep the enllision inside the optimum SVT acceptance is done
using the WP, The CTH is used o lrigger on multiplicities, The TPC
gating grid will be opened wilthin approximately 1 |15 of the original

collision, This number is zel by the time to open the pating erid which
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i5 0.3 s and by the facl Ihat each ps of delay costs about 4% of the data

an traclk ]Engl.'h.

Level 2

The second level lrigger will provide a decision within 50 ps.
This time is sel by the maximum dreilt time in the TPC, during which
time data is passed antoea switched capacttor array which can be stored
tor a few hundred ps wilhoul degrading the signal. During this storape
period, the data is analyzed to decide whether o accept or rejecl an
event, [F the event v rejected, it takes 10 ps for the TPC FEE Lo reset
itself, If the event is accepled, the data is passed on Lo the next level af

analysis,

Leyel 3

Third level trigger provides a degision on the order of a ma,
This fime geale is based on exlensive processing of lraclk and
calorimeter data to look for high-py lracks, energy clusters correlaled

with jets, and for large seale fluctuations in multiplicity and Ey [ST 92,
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Chapter 3. Slow Control System

Introducton

The control system for the STAR experiment at RHIC is presented and
the ¥ME-based architecture iz described. Reasons for the hardware and
sottware choices are discussed. The contribution to the STAR Conlrols
Sysiem by Creighton University is presented. A significant new application of
a slow control system {(HIP1CS) b a run control setting is discussed and
interfaces to the detector subsyaters are described, The initial
implementation of the control systems for the baseline STAR detector is

AU mimnarieed,

31 Control System Overview

Several syslem leatures puide the design and implementation of the
STAR contral system. The contral system is database driven. A history of the
canfiguratiom will be maintained and any change in the values of process
variables thal have been implemented will nat interfere with data raking,
The system will be capable of including a diverse set af interfaces o the
various subsystems, The control svsiem containg lens of thousands of
channels and interacts with experts from bascline subsyatems and is capable of
integraling additional subsystem upgrades.

The key role of students and non-resident physicists was included in
design considerations. A large deleclor project, such as STAR, bypically has a

development lifelime of 5 or more vears, whereas the bypical graduate student
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or postdactoral researcher will spend two years or less aclively working at the
experiment. A professor who spends a limited Bime at the experiment will
want to see some physics return from his or her participation. Because of
this, the system needs fo be well-documented and robust, given the large
lurnover in users who will access it. In addition, this arpues for graphical
user interfaces, iconic representationy of the subsystems and a color-coded
"traffic light" model of representing alarms.

[n the development of the 5TAR control systern, the control systems at
the four LEP experiments al CERN, the DO experiment at Fermilab and two
industrial slow control systems were sludied.

Koy fealures of a conlral syslem obtained feom the ALEPH, DUELPEL, L3
and OPAL experiments include o completely database-driven configuration
and run-time processing, simple and casy updates, automatic checks for
comfiguralion consislency, a standard means of sharing information and
services, and powerful graphics monitoring and control interfaces [1BA 91

The contral system for the 10 experiment is based on o Versa Module
Burapa (VME) chassis and allvws network secessibility, Lach YME crate is
cquipped with o processoe, The software was adapted from a system which
had proven reliable for accclorator cantrol. A real time operating system was
used [GO90],

Studies of a commercial ulility’s and a nalional rail-dispatching
center's control systems emphasized the need for good decumentation and a
robust systerm.

Because of the number of people from several different institutions
involved with controls syslem development, the diversity of the subsystems
from an engineering perspective, and the immense number of monitoring

and control channels involved in the STAR experiment there were several

50



issues which needed to be addressed. Beeause control system development is
being done at several sites, there is the need to incorparate all of the systemns
mte a commaon configuration. The role of Creighlon University is to oversee
this development and ensure the commonality amongst all softwarc
development. Specifically, the Creighton STAR Conltrals group has constilted
with mstitulions deing control system development, assisting them in
hardware selection choices and software design considerations, assuring the
work they do conforms to that of the entive collaboration. In addition to
agsuring uniformity, the Creighton group has trained users from Kent State
University, University of Washinglon's Nuclear Physics Laboratlory,
Lawrence Derkeley Laboratory, University of California at Davis, and
University of California al Los Angeles to become functional in UNIX and
EPICS, Another conlribution thal the Creighton group has made is n the
area uf suftware developmoent, Assistance (o the University of Washinglon,
[Rent State University, and Laswrence Berkeley Laboratory has been provided
for developing the monitoring and controls systers for each of the

ingtitutions' respective subsystems.

2.2 Control System Functionality

The STAR Controds system sels, manitors, and controls subsystem
parameters. In addition, the controls system reports subsystem confisurations
as woll as the histary and relevant statistics for each subsystem, The control
system generates and displays alarms and warnings on workstation sereens
and makes the alarm stabas available to ather subsysterns. If an alarm is
detected, the controls system will archive pertinent data. The baseline

subsystems of the STAR control system are the ime projection chamber, data
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acquisition, computing, and the trigger. Fach of these subsysternys requires a
large number of parameters to be preset as the experiment is configured for
pperation. These subsystems also roquire the operating parameters to be
continually monitored and displaved on a workstalion scroen.

The Experimental Physics and Industrial Conlrol System (EPICS) was
selected as the foundation for the STAR control software environment
because it incorporates all of the syslem leatures oullined above. BEPICS was
designed by Los Alamos Mational Laboratory and the Advanced Photon
source at Argonne National Laboratory based on GTACS, an earlier system
developed at Los Alamos. GPECS was designed as a development tool kit and
conunen run-lme environment thatl aliows users to build and execule real-
lime control and dala acquisition systems for experimental focilities |EC B9),
Al STAR, EPICS iy run on a UNIX-baged work station connected to VME
erakes operating under VxWorks, o real-time uperating system,  The basic

configuration of the STAR Controls system is seen in figure 3,1 [GI 94].
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Fig, 31. The basic structure of EPICS [GR-94],
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3.21  Database Configuration

The backbone of EPICS is a database. Databases are ASCII files that are
loaded inte the memory of an Input Cutpat Controller (I0C) which consisls
of a VME crate, a CPU, and its interfaces, The database is configured off-line
using dalabase conliguration toals (DCT, GDCT, CAPFAST) and then loaded
into VME memory at boot time, The databases include records written for
alarm checking and selling, and for menitoring and controlling paramelers
within each subsystern, Consideralinns of how to create and manage the
several datubases in the Controls systom is on issue of coneern, Ay of this
writing, the eonfiguralion ool of choice is the Graphical Database
Conflguration Tool (GIXET.) This tool provides the user with a "CAD-lype"
drawing of the database. I allows the developer 1o visually see the links
between process variabley in the dalabase and how they are processed, More
information about each process varlable can be made available by "clicking”
on the respective box with the mouse. This method of configuration is
uhmﬂ]!}'f. favored over that of the Database Configuration Tool (DCT) because
of ity abilily to "see” the logical functions the databuase containg, A picture of a
GDCT sereen is seen in figure 3.2, Note the connections between process
virriables can be seen directly and here 15 a logical flow to it. A DCT sereen is
shown in figure 3.3, This screen shows only the records of one process
variable at any given fime, thus making it difficult to "see" the llow of logic
within the database.

A better possible choice than that of GDCT is CAPFAST, EAI”F;’-".FBT isa
CAD program which can be programmed to produce ASCI files according to
what has been desipmed on the screen, This is bettor than QDT in that

CAPFAST can be used to generate several databases by using only one
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drawing. This is valuable to the STAR experiment because of the thousands

of process variables which will need to be developed. CAPFAS] enstures a
fast and easy way lo develop and change databases, as will be necessary in the
experiment, The actual implementation of CAFFAST into a database
configuration tool is not, howeover, complete. Software engineers at Lthe
Continuouy Electron Beam Accelerator Facility (CEBAF) have been
developing CAPFAST as (heir needs continue to become more dependent on
it. Until an easy-to-use version of CAPFAST is made available to the EPICS-

using community, STAR will conlinue to use GICT.

Figure 3,2 A view of the GIHCT scoven used to create the database for the TPC T

Velocity High Yoltage Control. All of the procesa varialvlea are secn on tue

sereed [HA 05],
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3.2.2 Operator Interfaces
3.2.2.1 Edd/Dm and MEDM

The current STAR operator interfaces (OFI) are SUN workstations.
These machines are capable of several thousand screen updates per second,
Display editors (Edd/Dm and MEDM) are nsed to creale and modify the OPI
displays. This allows the user to design the specitic monitoring and control
needed for the application. The control is displayed on a synoplic-like screen
similar Lo that of LabVIEW, The operator can use the display edilor to set up
graphs and histograms, create monitaring and control dials, design control
switches, set colors and color inlensity, and display alarm condilions. An
example MEDM screen of the TPC deift velocity high voltage control is shown
in figure 34, Figure 3.5 shows a control screen from the LINAC at the
Advanced Photon Source at Arponne National Laboratory, The boxes at the
top of the LINAC display ave used o perform various experiment control
functions. These can be used to begin archiving data, look at old archived
dala, view alarm conditions in detail, and begin viewing the experiment
using a video camera. MEDM allows one lo excoute any function which is
supported on the workslation, An Edd/Dm screen of the TPC Anode Wire
High Veltage Control is seen in figure 3.6, The differences between MEDM
and Edd/Dm are few, bul impartant, MEDM has a "drag-and-drop” touol
which allows the wset o cut and paste features into the display in real-time.
MEDM also has an import tool which allows the user to easily put a "GIE
format picture in the background, This is useful for complex displays which
could have CAD drawings in the background, or even an actual photograph

of the experiment. MEDM alsn has o mare diverse set of 3-dimensianal




moniloring and control objects which present a more "real” feel to the user.
Also available in MEDM is a tool which allows the user to perform remote
shell commands without leaving the display. This is particularly useful
when the operator needs to perform control functions and to bring up other
tocls al the same time. An example of the import tool can be seen in fAgure

s

Vigure 3.4 An MEDM sereen used for the 11'C Drift Veloeity High Voltage Control JHA 95},

Vigure 3.7 shows a CAD drawing of the 5STAR experiment. The hoxes i::laced
in various subsyslems on the detector are used o bring up the corresponding

displays for the respective subsystern.
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thie respective subsystem eonbrol screen,

3.2.2.2 Alarm Handler

The Alarm Handler (ALH) is a system application which is able to filter
and display alarms hicrarchically, The primary responsibilities of the AL
are to bring alarms to the operator's attention, o allow the operatar to
acknowledge alarms, and o log alarms. Color is used to show alarm severity,
Blinking and optional sound are used to indicate an outstanding alarm, A
single character severily code is also provided for an operator with a

monochrome display. Except for alarm detection, which is done by [0Cs, the



ALH performs all alarm processing. The higrarchical alarm display of the

TPC Front End Electronics low-voltage power supplies is scen in figure 3.8.
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Figuie 3.8 An Alarm Handber CALL sereen el for the TTC Front Bed Blectronics low-

vallage power supplles [ME 94].

3.2,3 Features of EPICS

The STAR conlrol systemn is fully distributed. [f a single input outpul
controller becames saluraled, the 'pmerﬂsﬁing can be shared with other [0S,
Alan, Il an operator interface were to become saturated, the processing could
be distributed to other OFLs. This allows the addition of as many monitoring
and control channels as needed. 17 a VME processor or OPI becomes |
overwhelmed, more computing power can be added.

{ne advantage of using BPICS is that procedures have already been

written to support analeg inpuls and outputs, binary inputs and outputs,
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calculations, compressions, fanouts, histograms, longing and longouts, multi-
bit binary inputs and outputs, fimers, and various other functions, In
addition, EPICS runs on a principle of channel-access. Channel access hides
the details af the TCP/IP network and the database from both clients and
servers. A standardized communication path to a field within a record in the
O database integrates the software modules into the control system, This
provides a callable interface that can be used by the QP the sequencer, the
alarm handler, the Back Up and Restore Tool (BURT) and the archiver. The
sequencer implements finite slate machines using a high level language
citlled State Notaton Language. BPICS archiving software supports acquiring
real-time data, saving it on disl, and retrieving the dala from disk for
plotting, printing and exporting it for use by spreadsheet programa. A plol of
nrehived data of a caleulation swhich continuously countys from O to 130 to 0 s
shown in figure 3.9, The organization of EPICS is shown in figures 3,10 and
311,

The system hardware consists of a VME crate for each subsystem using
commercially available industrial interfaces and programmable controllers
whereyver possible, The monitoring tasks and system control are distribuled
an SUN IPX workstations, The workslations and VME crates are networked
with ethernet. Plexibility is maintained as any bridge using the TCP/IP

protocol is supported.
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4.3 ATAFTATION OF EPICS

Since EPFICS was developed For accelerator contrnl, it places cortain
initial limitations on the STAR Conlrols aysiem. In an accelerator setling, it
15 expected that all componenls will be present and working or the machine
will not be operated. This is clearly not the case in large deleclor experiments.
Cine would like to be able to test individual systems or sels ol subsyslems as
well as Lo shut off failing or missing subsystems, The commonalty of the
control system in terms of run control, set up, and monitoring functiony way
considered of sufficient value that significant modifications of EPICS were
underliaken, A more flexible system of checky at startup Hme was
implemented and a common conlrol screen was maintained, EPICS hay been
implemented as a basic commuand interface to the STAR data acquisition
system [MC 93], Integration of workstations ag external devices for detailed
on-line caleulations is an additional extension. A new set of software drivers
to support devices with serial interfaces such ag the LeCroy 1440 power

qupplies are incorporated,
3.4 SUBSYSTEM INTEGHATION

The control systermn attempts to maintain a common command and
display format across the variaus subsysiems, The ultimale goal is a
completely unified contral system far the STAR experiment, Given the large
number of collaborators working in differenl environments, such total
standardization is not always possible, although it is being achieved to a large
degree. The details of the control system for the baseline STAR delector

follow, This initial detector canfiguration consisls of the field cage, endecaps,
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cooling system, gas handling system, laser calibration system, silicon vertex

tracker, trigmper, data acquisition system, and magnet.

2.4.1 TPC High Voltage Dritt Velocity Control

A high voltage supply provides a potential difforence across the field
cage, which creates a uniform electric field in the TPC, The polential is
distributed through four resistor chains, ereating o voltage gradient, The
power supply must be ramped up and down in a controlled manner,  The
drift velocity can vary due to changes in the temperature, pressure and
composition of the gas in the TT'C, so a detection and feedback system which
maintaing the drifl velocity Lo one part in 2000 has been implemented, Fine
adjustments to the field cage vollage are made lo compensate for changes in
atmospheric pressure and to optimize the deifl velocity in the TPC. The
current and voltage are archived on a regular basis, and o continuous record
af the drift velecily will be mnintained. The current and the voltage are
menitored in the resistor chains, The leakage current will be monitored with
the insulator taps using a Keithley electromeler, Alarm conditions are
voltapes outside parameters and overcurrents, Alarms will also be archived,
The controls system monitors and contrals the voltages and currents using a

16-bit ALK and a 16-bit DAC [HA 93],

3.4.2 TPC Endeap Anode Wire Hiph Voltage Control

The endeaps house the primary delection systems of the TPC, The
anode wires create the high eleclric field regians that cause the electrons from

the ionizing parficles in the TPC to form charge avalanches. Pads, mounted




on the base plate, detect the induced charge from these avalanches. A gating
grid can be used to prevent the movement of the large number of ions
produced in the avalanches vut of the endecap region. The ground plane used
in defining the uniform electric field is also located in this region. LeCroy
1440 poser supplies will provide the anode wires with 200 channels of high
vollage. The high voltage is ramped up and down in a controlled manner,
and is operated within defined limits at other times. Endeap electronics
require 312 low voltage power supplies which are monitored and controlled.
Voltage, current, interlock status, and the temperalure of the electronics must
all be maonitored. Control will include on/off and rescl. In addition, the
galing prid con operate ab a number of bias voltage settings. The subsystem
rmonitars and controls the power supplies via GPIB and serial interfaces,
Alarms will be generated when voltages, curvents or the cooling system
temperatures are oulside specilications, The contral system archives the bins

voltage and alarm conditions [KI 93],

343 TPC Cooling 5 yabem

The function of the cooling system is to hold the gas lemperalure at the
aperaling lempernture with a variation of less than 1" C in order to maintain
a eonstant electran amplification factor and a uniform deifl velocity, 1F it is
necessary o operate with a drift gas which is not at the saturation peak of the
velocity versus field curve, then the temperature of the field cage and the end
caps must be controdled o less than 0.30° C. A water-based cooling system is
used. The conlral system carries out the monitoring functions while, for cost
reasens, most of the control functions are carried out maneally, Parameters

to be monitored include the water circuit lemperatures, the pad plane

a7
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temperature, the lield cage temperatare, the water circuit pressures, the water

flow, and the interlock conditions, Alarm conditions include temperature
and pressure over or under operating parameters. The temperature and

alarms will be archived [ST 92].

34.4 TPC Gas System

The gas system maintaing high purity gases in a well-delined mixture
in the drift volume of the TPC, The gas used will be an Argon/Methane {1710)
or Helium/Ethane mixture. Mass-flow metery and controllers are used to
measure and control the individual components of the gas mixture. Gas
fractions are measured ond adjusted vsing the standard mass-(low
meters /controllers presently in use in the gemiconductor industey, Each flow
meter uses a microprocessor-based ceadout interface to set the rate, These
untits provide an absolube aceuracy of betler than one percent and a
reproducibility of 0.2 pereenl, The control systern interfaces to the meters via
GPIEB. Chamber pressure and gas mixture are regulated with a closed loop
system uwing capacitance manometers and proportional selenoid valves.
Both itermns are supplied by the manulacturers of the flow meters, A
subatmospheric exhaust system will be used to remove gas from the
chambers and vent it to the oulside. All on-line primary gas supplies are
lecated in a specially constructed room along with the mixers and the
associated control systemn interface, Monilor chambers are used with each
system to measure changes in the gas compaosition and to caleulate drift

velocity [T 92,
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3.4.5 TIC Laser Calibration Svstem

A high power laser is used Lo calibrate the TPC drift volume, The beam
intensity and polarization are controlled by a system using a half-wave plale
and a Glan palarizer. The alignment of the mirroes also needs to be
controlled. This is accomplished with a stand-alone slow controls system
which uses LabVYiew run on a Macintosh, The data is transferred to the

central conbrols system via ethermet [CE 94/,

34.6 SV Power Supply Conteol

The power supply for each wafer of the Silicon Vertex Tracker (SYT)
musl be conlrolled and monitored, The wafers also require lemperature and
Blay current monlloring. The SV'T control and monitoring system is similar
tor that of the TPC bul ona smaller seale, The subsystem communicates with

the conteal conteols via ethernet |BE 94,
3,47 __Trigger Interface

A stane-alone slow controls system for the trigger s being developed,
The subsystern supplies only limiled infarmation to the central controls
syatem [CR 93],

348 Cxperiment Control

The control system receives a "ready to run® status from each

sibsystem, and provides this information to data acquisition {I2A02). When




DALY accepts this signal, the subsystem is locked as a slave to DAQ. This
prevents parameters in the subsystem from beinp changed while a run is
beginning ar in progress and protects against changes which affect the data
stream fram being made during data taking, The control systern provides the
DAL subsystem with parameters at the beginning af the run and at intervals
during the run, and notifies DAGQ af any alarm conditions, Automatic checks
for configiration consistency are performed, and a configuration history is

maintained. [DAQ and the control system are linked via ethernet.

3.4.9 _ Magnet Control

A siodenoid magnet surrounes the TPC, The magnel ereates a 005-Teula
field allowing for momentum measurements of the charged particles passing
through the TPC, The magnetic feld v to be maintained o one part in 1000,
Power to the magnet is provided by five power supplies. The conlrol system
monilors the voltage and current at the power supplies, the outpul current,
and the powersupply interlock status, AC power and DC power are switched
on and off and reset. The output current and rate of ramping will be sel and
controlled, Large currents run through the coils of the solenoid, creating a
skromg magnelic lield and generating large amounts of heat. The lemperature
n the ceils must be monitored. To accomplish this, the controds system will
monitor the currenl and the voltage drop across the coils and power bus,
allpwing the resistance and the power dispersed as heat to be easily calculated,
The temperature in the water cooling svstem af the coils is monitored at both
the intake and the outlet painls, and the heat carried away by the water is
calculated. The pressure in the water cireuits and eonduetivity of the water

are also monitored. Watermalts, developed at the AGS, are used to detect ary

T
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water leaks. Alarm conditiony inciude avercurrents, over- and under-

voltages, and overtemperature and water leakage. The vollage, currenls, and

alarm condilions will be archived [ET 94].

3.5 SUMMARY

The 5TAR conltol system software is database-driven, Tt capable of
accepting data from a wide variety af interfaces, The adoption of an EPICS
framework guarantees a system with proven relinbility and extensive
documentation. EPICS has been enhanced in terms of run control and
external interfaces. First tests of the syslom were undertaken during the
summer of 1995. ‘The full syslem will be in place at the STAR experiment in

enrly 14994,
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Summary

Three years aga, a research effort was put into developing a distributed
slow control system for the STAR experiment. This was done by looking at
existing control syslems in a variety of settings. The author visited Fermilab's
D0 experiment, CGmaha Public Power Disteict's (OPPD) main conteod room,
Linion Pacific's main cantrol room, and researched a proposed generie contrul
systermn from four LEP experiments at CERNL. Resulis of this work were
presented to the STAR collaboration, which led o the decision to use the
Experimental Physics and [ndustrial Control System {EPICS) for the STAR
Controls syslem. This work was also presented at the American Association
of Physics Teachers (AAPT) annual conference in January of 1993,

The inlerfaces between the STAR subsystema then began Lo be defined.
This was done by calling subsystem leaders and gathering information from
them, This dala was then put in order and placed into the STAR Conlrols
Requirements Document. This work was presented as a poster and papor at
tHhe Real-Time '93 conference in June of 1993, The paper was published In
[EEE Transactions on Nuelear Science (Feb, 94.)

The author then spent he remainder of the summer of 1994 at
Lawrence Berkeley Laboratory, 'This time was spent learning more about how
BPICS works and what software would be needed for our experiment,

The author then spent a week at R1IC School '93, learning nbout the
physics of relativistic heavy ion physics. On the rebun Lrip, he spent a day at
Kent State University, teaching our collaborators there how to use BPICS, as
well as debugging a hardware problem.

In the fall of the same vear, l'r, MeShane and the author presented the

STAR Controls System at the Conceptual Design Review (CDR) to a panel of
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independent reviewers. This included presenting the STAR Contrals
timelines, the inlerfaces, the requirements, and the Creighton group's
imvalvoment in the controls systern, Time was also spent teaching users at
LEL how lo use EPLCS,

In the spring of 1994, the authar was in charge of developing the gas
syslem for the NAd44 Threshold Imaging Cerenkov Detector at CERN. This
involved writing a requirements document, completing drawingy of the
syslem, ordering parts for the system, and finally constructing the systen,
Lessons learned from this development will prove beneficial in the gas
syslem for the 'TPC in STAR.

In the summer of 1994, Dr, Iwona Sakrejda and the author presented
the STAR Controls system at the Blectrontes workshop beld at LBL, This
invelved the same topics as did the CIR, but the malerial prosented thiy tme
was i much more developed stale than it was at the CDR. Time was also
gpent Lraining STAR collaborators in EPICS,

The rost of the summer was spent at Argonne Nallonal Laboratory,
again learning more aboul EPICS. At the end of thwe summer, the author
presented an overview of the control syatem and gave an EPICS
demeonstralion at the STAR Collaboralion meeting, [ Seplember, he
presenled the 5TAR experiment, with an emphasis on the Conlrals systern, to
the EPICS Collaboration.

In the fall of 1994, the author designed and installed an amplifier and
discriminator for the NA44 Threshold Imaging Cerenkov Detector at CERN.
He alsa finished installing the gas system which he designed thr.—:.prnv'muﬁ
spring. Data from heavy-ion collizions was also taken,

In the summer of 1995, the authar presented the interface bolween

STAR Cantrols and the Pront End Electronics Readout-Boards to the Silican
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Vertex Tracker group. He also explained o them how the confrols system

worked and discussed with them possible implementations of the controls

system for their subsystem.
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Conclusion

EPICS has proven itself to be a promising slow control system software
package. ‘There are however bwo distinct disadvantages in choosing EPICS as
the STAR Controls system software package. The [irst is that there is a steep
learning curve in EPICS. Although EPICS is very easy to use unce the
conlrols suftwire has been writlen, hearning how to design the software can be
somewhat complicated. The second disadvantage in using EPICS is that it
wis not designed for detector experiments such as STAR, bul ralher as
comlrol system packape for accelerators. 'This presents the problem af EPICS
nalk having n high-level control functionality, but rather containing low-level
calls Lo and from hardware,

This secand problem i currenily being addressed by developing o
second, high level conteal system, ealled Experiment Control, which will
perform the housckeeping routines invalved in the experiment, The
definile boundaries between Experiment Control and STAR Controls are not
yeb well-defined, and should not be until software development in BPICS s
more mature, The results of this development will show exactly what the
capabilities of EPICS are and as a resull, whal duties will be required of
Experiment Control.

Current waork is being done al LBL on a readout from the Front-Tnd
Electronies motherboards, The hardware interface to EPICS could push the
software capabilitics 1;:: the limit. The result of this would be not to use BEPICS
for this higher level means of communication, bul rather to let this be the
task of Experiment Control. However, if EPICS does prove to be a good link

tx the readout boards, his would indicate that FPIOS cauld perform well nol




only al low level calls o and from hacdware associated with STAR Controls,

but al high-level functions involved with Experiment Conirols as well.




Common Terms

J"H':L'HP tamce  Volume io detector b wldel detection af [raeblelios con pocur.

Anode
Azimuth

Er:r_'!mnﬁ

Boson

Cathode

Ed el Thm

The pusitive electrode of an electrolytic eoll, clectron tube, or solid-stie
rectilier. 1Eis the eleclrode by whicl electrons leave o system [TL 91,

Positian as messured by an angle around some lxed piot or pole (1191,

[ Laclrons with Telf integer apin (Fermions), ie, ] =172, 3/2 [IL ¥1].

Any particle Tuving integral apin: photons, pions, and kaons are all begons

[T1. 91},

The negetive clectrode of an electrolyte eoll or clecteen tube, 11 the eleetrode
by which electrons eader a system [IL 41,

Eeel: an operalor interface edior used in BPICS. Doy The eperalee inforface

tal b to display seveens edited with Bdd,

Electromagnetic Enevgy (EM)  Ronorgy of particles which con undergo an

electromagnetie interaction.

EMC Acrenym Tor Lhe Electromagnetic Calorimeber used in the 1412 Bxperimoent,

EPICS Aerenym for Experimental Migsics sined badustrie] Contral Systen. Sew
Appendix [,

Event Term vsed fo idenlily the colliston of two nuclzi at aomo interocton Print,

Gauge Theary Acguantuim field theeey for which ull measurable quantties remain

unchanged under a gavge tranaformation, in which the phases of the
fialds ave allered by an amount that is o funetion of space and time.
Gauge theorics are now believed b provide the Basis for o descriplion

of all elementary particle interactions. See alas QED and OO0 [IL 1.

T



GICT Acronym for Graphical Dalsivse Confguration Tool, a tool used in EPICS to
creabe dalabasos to be loaded inko a YWE crate,
Gluons The elementary porticle thal mediates the strong literaction bebween tpusr ks

(and antiquarks), See alsa QT [IL Y1),

Hadrons A elementary particle composed of quaris and o antiquarks thal can kala:
part in atrang intemctions [T, 91,

Hard-5cattering A precess in which particles resulting from a given cvent bave a gy

1 Gel e Ina hard=scatbered process, teee is o large momentum teanster.

[FC Aveanym for the Deser Tiefd Cuge in the Tine Projection Chanier, See alao
TIPC,
Kaon synonym lar B meson, ‘The following aee possible K mesons (1, di, s, ds)

which nre (K*, K" ¥, L_{ﬂj, s peclivaly,

Lambda A nnelueged olemostary partels with spln | /2 sod a mass aboul 1.1 Hmes
thal af e prota 11,91

Lepton The clivse of elementary purticlos that do net ke part i slrong ndernctions,
They ave all fermivng, There ave six cdistinet typos: the dlecteon, tuon, and
taton (which all carry un ledentical eharge but difer Tn mas) and the thrae
eenpective noutrinos (which ore all neateal) [TL 917,

MEDM Acranym for Motif-iased Editor and Display Manager, ‘This s a tool vsed in
EFICS o create ond digply: operator Inleeface seroons,

Meson Aocolleellve name given L elementasy partlcles that can take part i strong
interaclions and that have sere orintegral spln, By definition, mesons are both
hadvans and bosons, Piows and kions are mesons, Mesons hive a sulsbmctume
eomposed of 4 quark and gn antiquark bound together by the exchange of
partictes known as gluons,

MeV A camman unit used to measire energnye in bigh eneney physics (100 37,




Midrapidity The region of rapidity about midway between the projectile rapidity and the

Multiplicity

Muon

Mucleon
OFC

Ot

Partons

Pion

target rapidity. Sve Appendix 3.

A measurement of The number of particles T an cvent.,

A negatively charge lepton similar to the electron except for its mass, which is
204,760 times groater than thal of the electron [IL 91].

Ihe eollective tern for a proton or neutron, Lo, for a constiluent of an atomic
nuclews 1L ]

Acronyin for Duler Pield gy, which is parl of she STAR 11

Adrunyin for Opevalar Teleface,

A hypothetical painl like pachicle postulated 1o be associaled with guarks in
aucleans, They hive been used in QR 1o help o the undorstanding of high-
eoergy dxperimaents an odomibe nueled,

Representedd by the Grael leller ", Aot je made of an ud quark pade, See

eI,

Punedorapidily  Represunted by the Greek letter "0." 1 i doflined as 5 = -lo[tan(6,/2)1,

QD
OFD

Qor

COuantum

Chaark

Ra pidil}r

where A) 1 the angle botween a purtiches mementum sed the beam axis, Soo
MAppendix B,

Actanym for Qeanden Cheosimdymomizs,

Acroryam for Qrvordime Elestendainnics,

Aoeonvm for Cherk Glnon Plaan,

The srmillest amount of energy hat s system can gain or lose, The chunge in
eoergy corresponding b & quantum is very small and only noliccable on an
Ao seule [IL 91].

A fundamental constibuent of badenns, Le, of particles that ke part in strong
ik me bons [IL 93]

Defingd in teerees of a particles energy and mamentum companents, pe and (o,
respectively, by v= L I:L{M] See appendix B,
g 2 hPasPs




S5V'T Acronvm for Silicon Verter Tracker.

Thermalize To bring particles {commanly neatrons) inla thermal equilibrivm with their

surroundings.

TOar Acronym for Tine OF Flight.
T Acranym for Tane Profection Chamber,
Transverse Momenhum Py A carniponent of momentum of a particle which s

perpendicular Lo the beam dicvetion in collider experiments.
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Appendix B
Rapidity

The rapidity variable "y" iz a useful variable used lo describe the
kinematic condition of a particle, The rapidily of a particle is defined in terms
of its energy and mamentum components, pp and pg, by

It is a dimensionless quanlity which is related to the ratio of forward
momentum Lo the backward momentum. The rapidily of o particle in one
frame of reference is related to the rapidily of the same particle in another

frame of relerence by an additive constant as the following derivalion shows.

Congider a particle in o reference feame F with eapiclity y and
rapicily ¥" in o Lovenlz frame &' which moves with a velocity [ in the
z-direction. The rapidily y' of the particle in the F' frame s

b g [Pt l?f.] ().
Fe~ Pz

Under the Lorentz teansformation, the energy p, and the longituding]
momentum p, in the F' reference frame are related to the energy po

and longitudinal momentum py in the frame B by

Po = lpo - Bpal (30),

Py, = ¥l - Bpol (3b),
where [§ iy the velocity of F' relative o P, Now substituting (3a) and
{3b) into {2} we get :
¥ipo - Bp.) + ¥{p, - Bpo)

.
¥ o In it
2 | ylp, - Bpd - vlp. - Bpal




}r' i S J.R(TE] " Hpu + F?} ['1]
20 Iyl 4 E‘][F'n : F':c]'.-)

MNow substituting in {1}, the rapidity of the particle in the frame B, we

get

(1 - )

}r- =y 4 38 1L (LA

(5
2 lyl+ I5]J

This is the additive relation of the rapidity bobween two reference

[rames.

Pseudorapidity

T'ee measure the rapidity of o particle, it is riecessary o measure two
quantities of the particle, such as outlined above. In many experiments, it {9
anly possible lo measure the angle of the particle's trajectory with the beam
axig. In this case, it is convenient lo ulilize this information by employing the
paeudarapidity variable 1I1. The pseudarapidity is defined as

(T (g) [},

whaere ) is the angle between the particle momentum and the heam axis, In

I‘|'.4-h'|

terms of the momentum the pseudorapidity can be wrilten as

1 :i In (lll; Tgi) (73

By comparing equations, (2} and (73, it is seen that the pseudorapidity
coincides with the rapidity when the momentum is large, be, when 1pl = po.
So the pseudaorapidity is a convenient tool to define locations in the
experiment. This is actually a limit of the rapidity for high enerpy particles,
So the pseudorapidity is a convenienl toal to define the angle of the particle's

momentin with the beam axis.
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Appendix D

Creightun UIIi‘FEI‘Sit}i’: Central STAR Cuntrols Group
UCLA: Gating Grid

University of Washington (NPL): Field Cape and SVT
Kent State University: Ancde Wire HY

University of California Davis: Laser Callbration System

Lawrence Berkeley Laboratory: Trigger
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1.0 lotrodueting

The Solenaojdy) Tracker AL RHIC | STAR) is one of (he two delectors that are 0 be installed
on the Relativistic Heavy Ton Collider to loak [or evidence of a transition of nuclear matler o the
stale of 4 gquark-glyag Plasma, STAR provides u means of detecting charged particles and
identifying their pararmetips Thig comiplex detector is comprised ol several subsysiems thal are, in
A tiil sense, independor; parts ol the entin: experiment. For this reason, a centralized conirof
system s crucial dor by data-laking and safety.

The main PlUrpose of the STAR Conlrals System is o ensure the validity and CDIHlElC_l‘:E ¥
oF tha y.g.;;u.rd.eq! Hata e il zan b analyeed snd Phiysics can be extracied. The main ol of the
Comdrals group is 1o design, huild and smoah] ¥ operate such o syster,

Thiy documen; 18 intended to provide an overvies ol what is needed far STAR Efunil‘ﬂ!.ﬁ [T
nceomplish its goaly Uhinteprating and controlling the nimerous subsysrens, The configuralions
of the individi Subsysiems, their ideal operating conditions and heir alarm conditions ape
deterinined by the Eﬂgiﬁeurir[y requirements of the detectors, The engineeting requirernents an in
[Lrn mmntullud hy the plky;,-iu.ﬂar:im:livcs; ol the experiment, [l is not e goal of this docwment 1o
cliseuss the justificatiog, of {he H1J|I‘.IH}fH|.L‘.1TI pardmeters, except for the suke of clurification,

The STAR Copjpqlg requireents document consists of an Frecnive Sunmmary and
Subsysiam Requtirempry section., 'The excoutive summary contaims talles and short swimeomariea.
They describe the Tesponsibilites ol the Conlrols groupy, outling poals of the Contols Subsyatem,
lisl. syslem |-]-_-|,-“|_|mh- Hitel lelll'Il.'}-lilfllflﬁ that e NECLERITY [ achivve Lthese j;;ﬂ-ll.].'-i and deseribe |II.'IZ|.-'|-' Lhe
SYsLern internets with (e rest of the experiment. e Subsystem Reguircments seetion provides o
more detailod deseripion . of each subsystem's contrals aned mamiloring needs.

2.0 Exeentive Summyyy

i section lists e goaly of the STAR Controls Group and the Controls Sysiem, 1t also
-'.[i.lH.':Il.‘-iht:‘:!_ PO UITE e |y thae have 1o be met by the System so that s H“"J_H carl be "”E.””"'w"l' Lhe
impact of hese fequirements on dilTerent elements of the Contraols syslem is also deseribed,

2.1 Overview of §Tap Controls

The Controly Sygipyy js oy impuriunt component ol the experiment, [is main purpase.Is 1o
COSUIe COnsistency of day, taken by all the subaysicms of the experiment and lo maximize the
elheiency of thiy PHcess, This overall goal can be split Into a list of important and mone

mnageable objectivey:
® Set and MEinsin 5 desimbic delector conliguration.

® Provide the Drary Acquisition Syatem with such auxiliary information 4z needed 1o extract
physics froim e collecled data,

® Ensure eflicien; System performance to maximize beam Hme utlization,
® Create an SW¥iramment for detector lesting.

® Facilitale the debugaing and maintenance of the Supporting hardware (power supplies,
conlimg cirenips Bl

® Contribute ty h 5f, apetation of the experiment.
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_In order to mect the objectives that are menlioned abeve, the Controls System has o have
the following lunctionalily:

® Set the systen paramelers according to a pre-defined sequence.

® Save und restore the detector conliguration,

* Establish bilateral communication with the Data Acquisition Sysiem.

® Yerify proper funclioning ol the sysiem by monitoring svstem parameters.

® Warn about possible system mallunclioning,

® Handle alarms,

® Provide Luslt disgnostics,

® Allow [or simulluncous testing of different subsyatems.

® Archive informalion aboul the system parameters in an easily accesaible way.
® Provide logging cupability.

The task of meeling these objectives is made even mone challenging by thie high complexicy
ol the componenls, he foreseen long [ite span of the experiment, o bigh lurmover of inexperienced
users and the fact that resources ane ot limiled and distidbuted. To ercate o system that will wark
well in this dillicult environment and fulfil] the expectations, a sel of syslem requirements ssucing
s functionality was specified. These requirements Tollow the following areas:

® System Design and Functionality
® Sysalem Inlegration

® Expermment Contrals [nferlie
® DAL inlerlace

® Trgger Inlerluee

® Soltware

* Hordwore

® Archiving

® Documentation

® Securily

® Safety

2.1.1 System Design and Functionalily Reguirements

2.1,1.1 System Boundary Definition

Requirgmenl:

The STAR Controls system and its bowndaries will be well-defined, The control and
mondoring poinls must be delined, the alarm conditions established, logeing frequencies
cviluated, and safety and security issues identiffed,

Justitication:
A clear system dlelipifion lics at the bottom of all well-functioning syslems. A pood
understanding of what belongs to a system and whal does nol is yvery important for o system
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thal functiens within the boundary of many diverse systoms. Such delinition will optimize
generation af the interlaces,

Status:

2.1.1.2 Strocture Hierarchy

Reguirement;

The STAR Controls aystem will have a hierarchical architecture so that the complexity of each
lewvel of the syslem's operation is accessible and is within the limits of human comprehension,
[n ovder to aid in proper syslem design, EusyCASE and Select O, CASE {Computer Aided
Software Engincering) tools, will be usedd as appropriale,

Justification:

Proprerly strucluored desipn 1s one of lhe premegquisites of o well-functioning system. It makes
the tusk of integrating software written by differsnt proups easier and siprifieantly reduces (he
time necessary for system debupping, Fierachicnl srehiteelire eosores guick alarmi processing
and speeds up dingnostics, Good design enforces o modulavity that also enhances systeim
performance, allows For task distribotion and Gcilitiles geperation of an efficienl esting
sovironmenl,

Stitus:

2.1.1.3 Decentralized Accesy
Requirement:
Aceess 1o the Controls System will be decentradlzed.

Justilicalion;

Providing easy and simultaneous aceess 10 diflerent sulsvalems is essentinl nol only in the
lesting mocde bul also for bandling maltiple alarma. 1t also introduces necessary redundancy
it (e systen,

Slatus:

2.1 L4 BEvent Driven Information Flow

Becjuirernenl:

Routine information flow ln 8TAR Controls will be event-driven. The reporting ol parmmneler
vilues that slay within limils will be inlweguent, bul every subsyslem immediately signals sny
chanpe that exceeds pre-defined limils and provides quick information about nnstable
[HTATTEIETS,

Justilicalion;
Event-driven monitoring of the sysiem parameters reduces signal IvalTic in the system and
presvernts the network [Tom baing overlouded, T8 an coonomic means of information transier,

S s

2,1.1.5 Start-up/Shut-down

Heguirement:

[l should be easy to bring up the system, scl the desired confliguration, change system
parameters, and to shat the systen dowin,

Justificatiom:
This requirement 15 a dictale of pood enEinesring praclico.
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2.1.1.6 Prompt Intcrrupt Process

Requirement:

The processing of intermupls by STAR Conteols will be prompt.

Justification:

T complex system Lhe ability to ctficiently process an internapl is paramounl, I s erueial o
both regain contrel over the system and to make surc that the final state of the system is well-
defined,

Stetus:

2117 Test Patterns

Kequirement:

A mechunism [or downloading test patterns to o data butter on a readout card viag o dillerent
patthy that the DAGY system will be provided.

Justification:

Such system is needed [or wsting purposes and the detector commissioning,  IL allows the
performance al a delector o be decoupled from the DAQ function.  These Alternate Access
ehy (AADP) arg oo recommendation of a review cormmilies,

Steilus:

L UL E Adternative DAL

Regquiremenl:

Ao mechonism tor reading ot a data bualTer from a rendout eord vin o difTerent path that the DAG
systerm will be provided,

Justilicalion;
Such system s needed for teating, purposes and the detector commissioning, These Alternute
Aceess Paths CANP) are o recommendation of o review commitiea.,

alans:
Under investigation.

2,119 Supervisory Confrols System
IR uareient,
Provistdn shall be made fer interaction with an experiment-wide control system,

Justification;
An experiment-wide control sysiem hat coordinates controls of the DA, Trigger, On-line
Compuling and hardware 18 necessary,

Comrment;
The respective roles of Bxperiment Contrel and STAR Controls must he defined.

2.0 10 Inter Tace Capability
RLqm.rcmnt
The Conrrols system must be able fo gecept a drﬂ:mc st of interfaces.

Justification:
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The diversily ol lthe deleclor components forces the conatruction of a system that can handle
many different interfaces.

Status:

2.1.1.11 Base of Use

REequiremenr:

The Controls System must be casy to use. 1t should not require extensive training to he used
effectively. This is made possible by the graphics-based, uniform displays, iconic
representations of the subsystems and a tratfic light model of STAR Controls. The Conteals
Syslem should also ofler exlensive user assistance in lhe Form of partially aulomated
procedures and suggestions.

Justification:
This 18 necessary consdering the lkely tim-over of svslem progsramanees amd o coniinuos
slresm ol inexperiened users,

Slalse

20102 Bxpert Syslem
Kequirement:
The system should posses o buill-in leirning ability (so called experl syslem),

Jusliliculion;

The STAR experiment will take data for extended periods of time. 'Thus the possibilite exises
Ut in such compliex systen filures of hardware wall eecor repenledly, So al some poinl there
will be standard recovery procedures, and it should be possible to make soltware recognize nncd
renel properly undder such circumstimes,

Slilus:

2 1013 Expandability
Fequirsment
The syslem shoukd be upgrddoble and expundable,

Tustification:

The long lite apan of the experiment requires the contrals system 1o be ahle to accept new
developments in both bardware and soltware urens, thus minimizing the impact of aeing, The
real possibility that upgrades of the S'TAR deteceor will be funded enhances this requirenent,

Status:

2.1.2 STAR Controls System Integration
2.1.2.1 Execulive Sommary

Since the STAR Controls system consises of many diverse components and groups
waorking on them are distributed, special attention has 1o be paid w imtegralion procedures, Also
ingegration of the controls hardware inle [be STAR delector possesses o cerlain dearee of difficalty.
Ter handle this problem properly, the Controls group stayvs in touch with the Integration groug.
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2.1.2.2 Requirements

2.1.2. 2.1 Needs Inventory
Eequirement:
Inventory ol the subsyslem needs for controls and menitoring bas 1o be done,

Jostilication;

Identification and undersianding of subsystem needs is crucial for a design phase. To make it
eusier, the Controls group utilized parameter definilion sheets, an idey of the University of
Washington, and made them available to the subsystems. Once the parameter delinilion sheets
wire Filled oul, summary tables for the subsystems were penerated, revised and approved. [n
this way, all the subsysiem requirements will be ncluded in the final desipn.

Status

212,20 Bageline Control System

Reguirement:

Based on the invenlory, o generic controlled subsyatem shoull he delined, an essentiad model
tor such subsyslem developed, und dalo ow and state transitions identified.

Justification;
such study will allew identification of commen needs ol (he subsystems and generition of i
unilarm interlace weoiplite,

Status:
Under development,

200,223 Design ound [nterfoce Rocuiments

Recuirgment;

Buosed on the study of 4 generic subsyatem, puidelines [or be develupment will be specilied in
(b "Syslem Daesipn Docoment” oned the "Sotvware Interfaces Document”,

Justilieotion:

Sinee the groups that work on the controls subsystem are peographically disiriluted, it is
essential o docwment and formalize the inlerface design (o minimize misunderstundings and
misinterpratnlions,

Slinlus;

2.1.2.2.4 Design Approval
Requirement:
The subsysiems have o submit theiv interface desipns for approval,

Juslilicalion:

It is necessary to formally review the sabsystem desiogns o pddress early-on in the
development any possible discrepancies between the recommendations contained in the
apidelines and the design implementation,

Sarus:

2.1.2.2.5 Integration Time Scheduling
Requirement;
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The STAR Controls Schedule should allocate time for the integration procedures, mncluding
mtcgration and debugging.

Jusiification:
Because it takes (ime to put things 1ogelher,

Status:

2.1.3 Experiment Controls Interface.
2.1.3.1 Executive Summary

The STAR Controls System is used by Experiment Contral as a teol to control and moniior
performandce of the detector bardware, This relulionship defines the functionulity of the STAR
Controls system as seen by (he experiment contrals.

Z2.1L.302 Requirements

A 1321 Experiment Control Command Processing

Bequiremenl;

The STAR contrals systemn has 1o be able (o understand and properly process commonds
coming rom the Experiment Conlrol,

Justi Neulion;
Mhis feature assures proper funclioning of both syalems and simplifies actions of the
Ex periment Conlrol syslems,

Stotus:

2,1.3. 2.2 Detector [Tardware Stacs

Resquirernent;

o TAR Contrals system huy (o be able to report the STATUS of the detecior hordware 1o
Tixperiment Control,

Justilication:

Status of the detector handware s one of the components of the experiment slatus. Proper
assessment of the status for the experiment 15 needed for both the TAQ system and the trigger
system and o assure good dota qualiey.

Status:

2.1,3.2.3 Detector Stale Reporl

Bequirement:

STAR Controls system has lo be able to report the STATE of the detector hordware w the
Experimenl Control, -

Justilication;

State of the detector burdvare s one of the components of the state of the experiment, Proper
assessmient of the state for the experiment is needed for Toth the DAQ system and the trigper
aystem and (o assure good dala qualicy. [t is also essential to officiently evaluale ststus of the
hardware (o quickly achieve a desired detecior configuration.

Etatus:




L

213524 Alarm Reports

Fequirement;

The STAR Controls sywstem must be able to report alarms generated by the detector hardware
promplly 1o Txperimenl Conlrol,

Jueslaficalien:
Promipt alarm processing is cssential to assore data guality and proteet the cquipment.

214 DAQ-5TAR Controls Interface

2.1.4.1 Executive Summary.

The Intersction between the Controls System and DACY 15 one of Lhe mosl inportanl and
comples relalionships in the experiment,  [dleally, the Controls System should set the system
parameters to seeure desired configuration, dnd the subsyslems involved in the data laking would
then be locked out o prevent them from making parameter changes, The experiment could then be
declared "ready 1o cun" by the Cenlrols System. From this point on, the Controls System would
deliver all necessary information to the DAQ. This sitwation could be chinged when alarms are
penerited.

2.1.4.2 Requirements,

204021 Change Lockout on Run
Recjuiremen:

It should be possible [or the Controls System o disable chunges of the parameters by the operator
lor the subsystems involved in che data takiog,

Jusilieation: i
Data should Be token with & consislenl set of pacinetens oo malke analysis casier,

R ATE
2.1.4.2.2 Bmergency Chanpge Override
Requirement:

It sbould be possible w loenlly overrde such prolection in emergency sitations,

Justification;
T shioulel Ise pessible to quickly reaet locally to proteet the delector hardware,

Als:

2.1.4.2.3 Alarm on Owverride

Reguircmments o : :

Local override of & DACY inlerksek should genermle an alarm visible to the experiment operator,
Tustification: . . )

A person who is responsible for data taking should be aware of any deaslic changes in the
experiment configuration and should be able to reacl sccordingly,

SLatus

2. 14,24 Run Abart Algorithm
Requircment:
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There should be algorthms that evaluate the impact of changes and advise the operator to abort the
nw. Pattern recognition procedures may be used to spol irends and avoid impending tronble.
Tustification:

Although the Onal decision to interrupt the daa-laking should always belong to a physicist,
softwire should exist that delermines the slatus of the data that is beiog wken and advises the

operalor on whal sction should be taken. The STAR detector is a complex system anc it is not
always cosy to evaloate the situation properly,

States:

2.1.4.2.5 Intormation Provided by Condrols Syslem
Requirarnen:

The controls system must provide the DACH with a1l the auxilinry parimeters needed to reconstruet
data.

Justification:

oL all fhe dati needed for Lhe event reconstructian is available (o the FEE, Missing information
laas ter bie proviced by the controls system,

Mlalus:

2. 1.5 Urigger-STAR Conirols Intevface

2.1.5.1 Excentive Sumnary,

o The controls systen las o provide the dgeer with information aboot the STATUS of the
lrclwiire,

2.1.5.1 Requirements.
2.1.6 Controls System Sofitware Requirements,
2. 1.6.1 Execulive summary

The 1ask siee, munpower availability, and cost Hoitations excluded [he iden of completely
euslome-mude Controls System softwnre, On the other hand this decigion should not impaic any
alility of the experimenlt o ke lorge volumes of high qualicy data, Thus seltware needs of the
Controls System should be reviewed carelully and (he best available system that matches needs of
(e experimenl shoald be selected,

2.1.6.2 Requiremends
2.1.4,2.1
Reqguirement:
The 5TAR Contmls sysiem will be based on a standaed software ool ki,

Justi eation;
Cost and man-power limitations dictate this decision,

Statos:

2,1i6,2.2
Fequirement
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The Centrols System will be run on a UNIX-based workslulion connected to ¥ME crates
operating under ViWorks, a real-time opergling system.

Justification:

This selection provides a homogenous seftware environment and malches requirements of all
Lhe: other experiment subsystems,

Slatos:

21523

Requiremnend;

A Mi.'_.nﬂr-lm.qml window manager will be installed on the workstations that peovide the operiator
Inlerliec,

Justification:
A Motif-based window manager 1s used by other subsysiems and again provides o uniform
software environment,

Status:

1.1.6.24
Beguircment:
Maming convenlions have to be adopted,

Justitication:
Adlberence o the naming conventions will euse e sk of inlegration

stalus:
Proposal for the naming conventions appedrs in Appendiz A.

21620
Requirement:
The channelinlormtion will ke kepr in a daluluse,

Justilicalion:

The: database software will protect the system software againg! duplicaled names and enforce
adherence t the naming conventions. It will also penerate the run-time databases that are
Ll inder the VIVIE modules,

216,26
Requirement:
The Cuonirols System sofowane shoulil be modular, expandable and uperadeable,

Justifieation;
This is necded both in order 1o ease transitions to new versions of software and to
accomimeddate upgrades, The EPLICH softwarse provides such an envircnment.

21629

Requirement;

Qualicy assurance procedures muse be developed and o way to introdoce upgrades must be
worked out,

Justiealion; 2
DOE wrants it
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Slatus;

2.1,6.2.8

Requiremenl:

The software that passes the qualily assurance tests will be kept in a central reposilory that is
maintained by the reys, Only this software will be used during dat-taking,

2.1.7 Controls Sysiem Hardware Requirements,
2171 Fxecutive Summary.

The selechion of the EPHCS enviranment nlso predefines the hardware configuration of the
Controls System. The system handware consists of 68040 Motorala processors in VME crates to
which every subsystem plugs in, wherever possible, commuercinlly availuble industrial interfaces
and progrummable controllers. The moniloziog lasks and system control are disteibuted on SUN
warkstaticons, The worksialions and YME crates are networked with Bihernel.

The STAR Controls group provides a workstation for centeal conteols and monitoring, [
ulso provides the subsystems with VME erates inte which the subsyslem can place any modules
that comteal EPICS-supparied hordware, Ttis the responsibility of the subsyslems 1o provide any
interlaces, supported sub-buses, cables and converters und o workstation that provides the
auxiliary, subsysiem operator inlerface iF required.  An example of this is shown in Ggure 1,
STAR Controls will provide the main console, ¥YMT crule and controller (68040 CPUY, The
subsysiem provides an odditional workstation and the Allen-Brodley equipment {scanmer cand,
PP L VTR 1=1G, 17 =00 ond ADC, for example).

i AT Rl
JRDA R
CIpATALAF,. el
i luug
A L o
T
[ B a T
T#F1-a - T
A2

Figure 1. Typieal hardware confipueation of EPICS. Names of the clements provided by the
Conlrels System are underlined, Subsystems would provide italicized components,

Appendix A containg a list of GPICS-supported handware,

2.1.7.2 Requirements.
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Operators interface provided by UNIX-based workstations,

Workstationy should have eolor monitors.
CPU that allows Tor quick scresn updates.
Idonitors should have st loast 17" screens,
Contiels equipment in ¥ ME.

FDDT or ATM backbone 100 Mbicss.
2.LE Contrels System Archiving Regquirements
LLE.1 Executive Summary

Al the parnreters that are needed 1o analyze duli and extraet physies will be forwarded to
the DAQ system to be recurded together with the data taken by other parts o the experimenl.
Another important lask of the Controls system is to Teililile hardware debugging. I onder (o
climinate scanning through a number of data tapes 1o exteact teelinicul information. uuixiliary
outpul slream for the Controly data was designed, The BPICS qeehive facilily will be used (o
archive Information that the subsystems have defined o be uselul for the techoical hurdwase
delugping, Archiving frequencles will be delined by the hardware requirenients, ‘This archive
lactlity also provides graphics wols o display the wrehived Informalion, Periodically these fles
will be backed up to e exnbyte tape, Indornation about hese wpes will be kepl in o database,

2.L.8.2 Requivements
20820

Requirement:
Impartant parirnelers have w po o the DA,

2.1.8.2.2
Reguirement;
An auxiliary archiving scream must be designed,
2.1.9 STAR Controls Duecumentation System,
2191 Executive Smwnnary.
Considering the likely rapid wrn-over of users and Controls System people, good
documentation will be o key to smooth and efficient operation of the systermn, For a disteibuted
group, like STAR Concrels, the organization of o poud information systemn is cssential,

2.1.9.2 Requirements.

2.1.52.2,1 EPICS Docamentalion
Reqguircrment:
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All the EPICS documentation must be made cusily accrssible to the subsystem developers so that
they ean cxplore all the BPICS functionality and use it in their design.

Justificalion;
Easy access to the documentation will helpr developers 1o use and implement all the BPICS
lealures,

Slatus:

2.1.9.2.2 System Documentation
Heguirentent:
The system development bas to be well documented.

Justiliculion:

Giood documentation of the system development allows new members join and continue work
starled Ty olhers so thal there 15 oo need 10 regenerale from scrateh pacts of (he systein in case the
duthor leaves the Collaboration,

Status:

200923 Code Documentation
Requivement:
The in=lioe" documentation for the generated code should be provided,

2.1.9.2.4 Alporithin Documentation
Recuiremenl:

Motes thul elearly expliin the design, deseribe the algorithms thal were used anil explain the
nplementation witl e peavided,

Justilication:
SLatus:

218925 User's Guide
Reguirement:
User's guides for he Conteals system will be penerated.

2018206 Contrals Sysiem Sofiware Doeumencation
Requiremenl;
All e documnentation should be generated along with the Contrals Svstem software.

2.1,9.2.7 Document Library

Flupuiremenl: )
Al the documentalion must e ecasily available so thal il can be found when needed. Lo organize
and speesd up access to the documentacion, the STAR Controls gtoup has set up a docurnentation
area on the Web through which all (he docwments are available (Timelines, Requircmenls
document, nser's paides sto. ).

Tustificalion: : :
Docwmentacion that iy not casily available s wsaless,

Statua:
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2.1.10 STAR Controls Security.

2. L1101 Executive Summary.

The task of security is to protect a system againsl malicious or accidental actions. Cn the
other hand. excessive securily makes work more difficult and increases the response lime of 4
sysiem, Therelore, it 1s important to build just the righl amount of security into any system. ‘There
are three areas where intemtionally mabicious or accidentad action could cause the most barm, Onc
ul them 15 damage to the cquipment it parameters are changed beyond acceptable limits, The
sccond is 4 change of paramelers while data is being taken. The third is when 1wo users
sunilluneously change the same parameter while debugeing the same hardware,

2. L1 Requirements.

2.0 1200 Parameter TTaley

Eeouirermenl;

‘The system must have o built-in robusiness that protects hardwane against parameters seltings
that could chige serious dumage,

Justilicalion:
Robustness ol asystem reduces need Tor a lght seourity systom,

Slalug:

20 22 Parameter Change Lockoul on Run

R uirginenl;

Parameters thae affect data recorded by the Daln Acguisilion should be well protected against
changes by o “Tock=out™ system thit cannot be broken without o major alarm being penernted,

Juslification:
This provices encugh protection against seeidentl changes,

Slalag!

210,23 Systen Restoration
Feguirement:
The System configuration must be easy 1o resion:,

Justification:
This reguirement preally reduces the need for system security.

RENEITR

2100024 T.OTO Capahilily
Reguirement:
The geing ahility should e granted (o any wser that wants to work on the sysem.

lustilieation;
This eliminates unconscious interference of two vzers working on the same subsysiem,

Status:
2010025 Conteols Sysiem Neltwork Tsolation
Bequircment:
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Protecul for communication between the operalor and the devices on the Blhemet subnet for the
expecimental area should be insensitive to external inlerference.

Justification;
This require isolates the Contrals System [rom the external world and protects sysiem
paramelers agmnst cxernal chamgrues,

Status:

211026 Securicy

Requirement:

Systern Seeurity for the SUN workstations should climinate assaalts by backers,

2, L1027 Additional Security
Reguirensent:
There should be & possibilily [or further securing selecled controlled paramelers.

SLalus:
The need for this fealure is under discussion.

2.1.10.2,8 Database Protection
Beguirement:
The parameter databuse and configueation (Tles should be well-protecied with pusswords,

Tustification:
21,11 STAR Controls and Safety.
2.01.11.1 Executive Summary,

_ The Conteols System will nol be reliohle encugh o be in charge of salety Tor the
eapenment, But since it handles infermation from ol the subsystems and is sensitive 10 subsysiem
purameter ehanges, it cun provide an early wairing of sppronehing disasters and enhances system
silely signilicantly.

2.1.11.2 Requiremenis.
2. L1121
Beqgjuirement:

ALl ehanges in the syslem parameters (hat lead (o siwations thal jeopardize safety of the facilily
should generate alarms,

2.1.11.2.2

Requirernerd;

Conirols System must constantly monitoe the status of all the interlocks in e delector system,
Jusliliealion:

Slalus:

2.1.11.2.3

Requircment;
Adl alarims related Lo safety shouald e of he highest level.

Juatification:
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Stalus;
2.2 Central STAR Controls Group,

The STAR Controls Group was created 1o ease the unification of the STAR detectors and (o
ticilitate the construction of a systern Lhat will meet. the requirements Fisted in the previous scction.
A list of ks that should ensble the group to achicve its gual and build a relisble and efficient
syslem include:

® Design a unilorm and efficient Controls Sysierm,
® Define delector confipurations,
® Design sequences of opotations thal cstablish required configurations.

* Plan a timely delivery ihal includes all the intermediate milestones defined by 1he
deslector testing and inlegeration.

* Inlegrale into the STAR Controls Systerm and test the applicalions developed by
Lhe subsystem experts.

® Provide suppont Tor the subsystems in contrals developrment,

® Develop controls or areas deficient in munpower.

® Slimulate information Now between the groups pactlelpating in (he development
ul the Controls Sysien,

® Organize un casily aceessible and well-strociuned documentation systen,

® Monitor developments of the system seftwace (EPICS, VaWorks, Sun 08,
Muotil), plan and comedinale uperades.

® Conpernle with the Integrmtion Geoup in securing spuce needed Tor lhe Controls
lnrdware.

2.3 Subsysiemy Reqguirementsy

In arder to properly desipn the Conrobs System, an inventory of the subsystem needs Tar
controds and maniloring had to he made, Tables 1 and 2 show the resulls of this survey, More
detailed description and, when appropriate, o justification ol the detector requirements, can be
lound in Section 3.
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2.3.2 STAR Controls Executive Summary {(Upgrades)

Table 2
System Subevatam Devies Monitared #of Thuancels Lo | Handwraee
YVariakles Blaniter Intasfeoe
Silivon Verlex HY
Tracker, S¥T ooy uthers

Exterl TPC

Timc of Flight

Lleginenizpnelic Calbrimcree

3.0 Subsystem Interface Requivements
Asseen in tables 1 and 2, STAR Controls has Lo monitor, contre] and coordinate the

following subsyslens;

*TRC

® Laser Calibration System

® Trigger

® Mg

® Time of Blight

* SYT

® Lxternul TPC

® Electromugnetic Culorimeler,
This chapler will addrass the interface requirements ol each ol these subsysiens.
3.1 Time Projection Chamber

The Time Mrojection Chuober conlrals system hos 1o epsure smooth operation ol e main

STAR detector. This contals system conslsts of the following elements:

® fielel cage high voltsge controls syslem,

® annde high voltuge controls system,

® front-ond eleclronics conlrls system,

® couling grid conools system,

® pulser controls system,

® pooling conlool s sy stem.
The liniits within which the parmeters of the above-mentioned control systens can change are
defined by maximum tolerances that physics requirements topose on the Time Projection Chamber

parameters such as slubilily of the drilt velocity, position resolution, leld uniformaty and the gas
gain.
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3.1.1 Controls System for the Anode Wire HYV.

The ancde wires create the high clectric field repions that cause the electrons from the ionizitg
particles in the TPC to form charpe avalanches. Pads, mounted on the buse plate, deies the
induced charge from these wvalanches, A uniform sain across the whole area of hoth cod caps
cusures good position resolwtion and facililates particle identification. Thus controls and
memiloring of the anode high voltage is eritical for the detectar performance,

3 LL1  Executive Summary

The anode bias power supplics will provide 256 channels of high vollage in the range 0 1o
L3RV, with the cupability to monitor and trip on cureents in each channel with NAnNGa
sensitivity. Al present, a LeCroy 1440 system with mocdilied 14440 cards provides capability [or
|6 channels, and is being used for lesting end eap seclors, LeCroy will soon release a new Larvnily
of modular HY supplies (the 1450 family), which will offer greater Hexibiliy and much lower cost
per chunnck than the 1440 system. 11 i Hkely that gither the LeCroy (450 or » competing syslem
Irom another manufacturer wiil be used for the 256 channels of anode bias power supplics. [n this
docwmenl, the paramelers apply 1o the LeCroy 1440 except where noled otherwise. At Lhe
switching tine this high vollage will be samped up und down in a controlled manner, To verily
thal the system is funclioning properly, the current, vollage and interlock conditions will be
manitored. Volluges outside (he lmits delined by the allowabie gain variation and overcurients
hait indlicate that the deteelor approaches lhe sparking mode will generate alarms, The volla L hinel
current will be urehived whenever & measurenient changes by more thon & certain tleranee relative
to the previous record, Information about the system parameters and status will be forwarded (o
the Drata Acquisition system. Kenl State University s prinuuy responsibility for Slow Controls of
the anode wires,

Tabrles 4 an 4o contain o summary of he requirements for the Anode Wine 1V,

Table 4
Anode Wire HY Controls System

Jovioe  Menitorsd (¥ of Ei:nulw.n-. Cperating  (Waealap r;-.:#:.-.ming
Yoriables  [Choaneie Falerfacs  [Wadoes fandling
L3
[ TR
RS 3 2035 2541} oLy
Fell) [
Loy HY slning 5K Leroy Lhb54
Y
[rompeer HY wislioipe |256 LaCroy 445418 kY #
STHY
HV curmenl 256 LaCroy 144540 | mieeoA * (120 meerod, notify

T enuel values and (olerimees o be decided after testing
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Table 4a
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Cevies Eovitored | Alang Alann Coairosl Ecanning Archiving
Fariakles andling Freguensy Froguancy

14H) fEmpsecatun =i Matity WO .1 Hx el a1 TR

Lol HY statis YES

HY Power HY voltupge | 2=12 W * | Malify & mcestnfcMES 20k dlehe W | W

Supply HY current see 1 micrnd = :[Iv.l'.-l:h ke WO T b ezl delta 12 miet

*exuet value o be decided alter testing
B power supply aatoanalically shuts down lor TedOnC

FES haedware trip oceurs at preset et (<20 micro A)

AL12 Requirements

<

[eguireivent:

The Apcde Wire Y Controls system bas 1o handle one LeCroy IS0 power supply
delivers 256 chunnels of HY o the TPC anode wires, Two power supplies would be neede
the L4 system woy used,

Tustification:

A wire or adjscent group of wires that develops n short or chronie breakdown problen n
harve its channel set e zero until i s repaived, Bach such instanee would result in the s
L/n ol the urchive volume, where nocquals the number of channels. The lorgest accepl:
Froetion is 14156,

Slatus:
Closed.

G e
Fuouirement;
The STATUS signal for the Anode Wire HY System has to be defined,

Justification; _
This is needed o identily siatos of the detector and status of the experiment. Slalus of
detector and status of the experiment are needed to assure proper funclioning ol e system,

Sratus:
Under discussion,

Bl T2
Reqguirement:
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The STATE signad for the Anofe Wire HV Controls Systern has to be defined.

Juslifreation:
The STATT of every subsystem has Lo be known to the experiment conlrols (o assure proper
functiomng of the Experiment.

Status:
Thader discussion.

3.1.1.2.4
Requirement;

The STATUS signal has to be defined for all the monitored #nd controlled channels of the
Anode Wire HY System.

Justilication:

The STATUS signal lor the Anode Wire HY System will be o logical combination of (he
STATUS signuls from all the manitored and controlled channels, plus the globul status of cach
power supply.

BLatus

3,1,1.2.5

Reuirerment;

The STATE signul tor all the manilered and controlied chanoels of the Anede Wi HY System
brias 1 be defined,

Justilicalion;

The STATE signal for the Anode Wire HV System will be a logical comubination of the STATE
signads from all the monitored and controlled chinnels, plus the global stale ol each power
supply

Slatus:

3. L1206

Bequirement:

The lempernture of the power supplies has (o be monitored with a scanning lregquency at least
0.1 Hz.

Juatification:
The thermal ineitin of the power supply i3 such that 2 meaningful change in lemperature tukes
ten seconds or longer,

Statuse

L= R ol
Requirainent;

The temperature of the HY power supplics bas to stay within below 3000, I it is outside
liroils an alarm has to be generated. Severity ol an alurm depends on how far outside the Bmils
the temperature is.

Iustificaticon:
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If temperature exceeds 40°C, power supply failure beromes probable. A Modified 1444 power
supply card suffers degraded curment monitering resolution and offset drift for temperamres
arlroves JNC,

Status:

3.1.1.2.4
Reguitement:
The temperature ol the power supplies has o be archived if change is 190 or more.

Justification:
Archived temperature inforouion will be uselul to reconatruct reasons for a chain ol Gilures if

Lhey were Loecur, [Ewill also be usedul in applying comections off-line to the archived anode
vurrent readings.

el FITRITE

5 I
Requirement:
The HY ol every channel has to be monitaned with o scanning fequency at least 2 [ 2,

Juslilication:
This scanning Fequency provides on neeeptable display respense rate when ramping or other
changes ure in progress,

Slalus;

3.1.1.2.10

Regquiremenl: ;

The HY for every channel must sty within 2V of noming seaings. 17 is oulside limils an
alarm has (o be penerated, Severiy of an alarm depends vn how far eulside (he lmits the HY
i5.

Justilication;
Ciag podn s very sensitive (o voltage, A 1% chinge in voltage can canse more than 0% change
in guin, Uniform gain is necessavy for pood dBEfdx resolulion, position resolution cle,

Slales:

Jil.1:2.11
Requirzment:
The BY of every channel has to be archived if value changes by more than 1V,

Juslifieation:
Off-line gain comections, ol f-Hne review of da qualily,

SLabus:

3282

Requirement;

The HY currenl ol évery channel hus (o be monitored with a scanning frequency to he
detcrmined later, see 3.1.2.2.141
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Tustification:
To verify normal funclioning of the chamber. Get advanced waming of possible arcing/liree
leakage curronts.

Statns;

. B I

Reguirement:

The NV current of every channel has 1o stay below 1 micro A, This number may change after
cxpericnce with normal operation, 11 i1 is owside limits an alarm has to be peneraled, Severity
ol an alacm depends on how fae ontside the Limils (he currenl 1.

Jushifeation:
A current of one micro A or tore con be caused only by abnormal leakage or incipient arcing,
Blaxarmuim hardware ap level 15 20 micro A,

Htalus:

J.1.1.2.14

Reqguirement:

Fhe corrend ol every chaonel his to be archived when the chanpe is more thun 2nA, 10 4 rapid
change accurs, it 18 desirable For the archive Lo cooluin gs much detail as possible, which
requires a high moniloring requeney, Our experience with end cap sector testing over lhe nexl
several manths will allow us to come up wilh an eduented specilicntion for this [requency,

Justilication: \ . )
COF-line review ol data qualily, stuly ol onset of Dilures like aeeing with a view o oveid fulure
probliems,

Slitlos;

3ol 118

Regquereimenl:

The Following values should be forworded to the DAG stream wilh 1be following [requency: if

the voltage lor any channel has chiomged by 2V or more since the previous event, the new
vollwge should be forwarded,

Juslification;
I 17 necessary Tor o proper event reconsiruction,

Qs

3.1.2 Field Cage HY Controal System
The design of the Field Cage HY Control System are detailed in STAR Note,

The Field Cage High Voltage Contrels system is responsible [or maintaining a drift ficld for the
tonization electrons wilhin the gas volume of the TPC, To achieve this, the system has (o provide o
voltage of (-100KY at up to a ZmA current to the cenlral eathode clectrode of the STAR TPC field
cape.

3.1.2.1 Esxceollve Summary
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The Tield Cage High Voltage Conlrols system must have an shility to conteol, monitor and
regulate voltage on the feld cage to maintain the eleetric field within the TPC volume and o
compensate for difficult-ro-predict changes in the dridt gas (e.g, small variacions in pas emperalons
or pressure). An cffective porformance is needed 1o maintain 2 constant efectron dofl specd within
A Tange consistent with the desired fracking performance,

Fables 3 and 2a contain a summary ol e requircments for the TPC Field Cage HY Control

Systom.
Table 3
TPC Field Coge HY Control Systemn
Cevice  [Wonitorzd B oof lisCwrnre |Dafacit Taicranens [Warsing  [#urning
Yoziables |[Chroanls  atecfass [Walues Yandiing
[t O
Bdaeiler
IMJ (IR WhALL 2 siulse
iK1z g 1 OFF

Jutpail Volwge 1160 Y
Progeamiming 1 WAL DA 1eh Ity
(1Y Wkl
I“ el Cwivent I MBALL DA 16 hits
I Limll

Jutpail Moltige [sensa | WAL AL HI10 YR 10 bit W1 YES
Aupply voaliipi

Jutpul Cureent | Sensd VM ADG F 10 VD (16 bil Viis
arirlock shitus ~th VML 2 ste [OFF YIS

C Powar | [vML 2 sele [OFF
EaLLI - whe
T AT ] Y 2 wenie [CIFF YIis
Chne THgini der |!|
TR ' i YL THC A1 e
|




Table 3a

TPC Field Cage NV Conirel System Continued

Tre¥ice Klonitared { Alarm Llerm Contzel Ecanaing Archiving
Wazianles Hapsiing Freouenoy Froquensy

AL pavarcr
FAERE RS YR

H& Il
Yoltage Wi
Prapeacnruie
Yullage

Puoweer Cutpat (.1-1 He L1 I B 3
Waolloge sense | YES 1A
voltaye

ChLpmil Y28 13- 16H) 1L =1 He
Supply LUFr2nE Seise

seerleck sl YIS (KRR § (1,005 Hy

AL Powr 0,05 e (16005 He

Searus

LI o stines | YES -1 11a i1=1 He

T
Digitieer
(TRC)

A L2.2 Reguiremently

30221 BV Power Supply

Raguirgment:

The Field Coge HY Controls system has o bandle one GLASSMAN 100EY GmA power
supply hat delivers TIV o the TPC leld cage,

Juatilication;
Supplics Dvift Yoltage o the TPC, Repuloles voliase to insure precise tracking.

Status:
Cluosed,

3.1.2.2.2 Remote/T.oeal Operulion

Eequircment:

The HY system should be operable from o cold start entirely from e STAR contmol room,
without local access at the detector, This means that the AC power and the "HY on” coneition
shonld be reachuble [rom a remote location. This capability will probably require modifications
of the power supply as well as additional control lines.

Justification:
The STAR detector will be inaccessible during operation.
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Status:

3.1.2.2.3 Local Cyperation on Testing
Reoquirement:
An alternalive operation with local control should be availahle during tests.

Justitication:
Dunng beam-olf testy, the Field Cage HY swstem should be locally operable.

Status:

Jo 1224 System Salus Definition
Requirement:
The STATUS signai for the Field Cage [TV System hag to be defined,

Justilicalion:

This is needed to ienlily the status of the detector and (he status of the experiment. The stalus
of the deteclor und the status of the experiment ure needed to assune proper funclioning of the
EVELEIT.

otk
Under discussion.

3.1.2,2,5 State Detinition
Feguirement:
The STATE signul for the Field Cage HY Controls System hos o be delined,

Justilieation;
The STATH of every subsystem has 1o be known Lo the experiment controls 1o assure projer
lunctioning of the Experiment,

SLams:
Under discusaion,

3.1.3.2.6 Channe] Stuvus Delinition

Requireimenl:

The STATUS signal must be defined for all the menitored ond controlled channels of the Field
Cage HY System,

Justitication;
The STATUS signal for the Ficld Capge 1TV System will he g logical combination of the
STATUS signals Inom all the monilored and contralled channels,

Slalus:

3. L2277 AC Power Statc

Requirement:

The state of the input AC for the power supplies has to be monilored with a scanning frequency
al least 1 Hz.

Tastilicalion:
It s important to look al the input AC wevaluale syseen status,
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Slatus:

3. 1.2.2,8 HY Dutput State Sampling
Reguirement:
The slate ol [be HY syslem has to be monitored with & scanning fequency al least | He,

Justilicalicn;
It i important to fook at the status of he HY system beeause the TRC HY conteol status affects
Lhe dats qualily. Archive at 1 Hz o diagnose.

Sty

3.1.2.2.9 HY Output State Archiving
Requirement:
The state al The HY syslem has 1o be arehived with 4 frequency at least 1 He

Justilicalion:
Why iy it importunt to archive the status of the MY system? Arclive for dat quality disgnostic,

Hlatus:

J L2210 1Y Seanning Dreguency
IRegquirenicnt:
Thoe utprut [IV Bas Lo e momitened willy o seanning Greguency o least | He,

Justificalion:
ata qualicy pssurance, Shue down gias on Lol

Sracns!

312211 HY Swbilicg/Regulation Banl

Reguiremenl:

The cutput HY has oo sty wichin +~ Ty, [Cwill be continuously adjusted o mainlain consanl,
drill velowity, A mechanism hal provides these adjusements will be based on o digital fileer
operation and will utilize the deift veloeity measered with the laser system, 1171 §s outsicde ity
i Hlltll'n‘l his 1o be generied. Severity of an alorm depends on bow fae outside the limits the
HY Is.

Justification:
Servo syslem may go oul ol lock or regulator gquality fall below some limit, Indicates gas
syslem problem.

Slatus;

022,02 Voltage Time History Anulysis
Requicement:
The Limwe record of the aulpul veltage bas fo be analveed and scarched for 'vnusual’ patterns,

Tustification:

The liroe record of the output volmge will be nsed o indicale emergency condilions or [0 coase
operation of the HY supply, Most obviously, ‘unusual’ changes in the time record or ics first
derivative are possible places tor the alarm sel poines.
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Sialus;
The levels which constilute 'unussal' have not been delined at (his lime.

3.1.2.2.13 HY Archiving Rale
Requiremenl;
The output HY has to be archived with u Irequency at least 1 Hz

Justification:

The archived output voltage will serve as a weond of The cormestions that were made © maintzin
the electron drfl speed conslunt, This record will indicate the total noise amphiude of the drifl
speed coming from various sources such as changes in TPC gas temperature and composition.

Sleluss

A 122 14 Cumenl Swmpling Race
Hequircment:
The outpul FEY curment has 1o be monitored with a seanning frequency al Teust | He,

Justilicalion:
Slilus;

122,15 Current Archive Rale
Hequircnent:
The ourpul TTY current has 1o be archived with a frequency ot least 1 He.

Justilicalion;
'This s needed for data analysis,

status:

3.1 22016 Gas System Interlock Status Sampling

Hequirciont:

The status of the interlock with the gas system hos to be monitored with a scanning frequency
ot leost | Flz, I abe interlock is broken, an alacm will be peneriled,

Should Be Done by Gas System?

Tustification:
The Field Cage High Voltage System requives infarmation from the TPC gas handling system
tor ensuee sate condicions for the high voltge applicalion,

R HIRTES

This gas system informalion 1s not deseribed at present. The STAR Intepreation group shoald
help to include all the nocessary hardware neeced w deliver the gas information e (he high
volbagme systean and o establish the inlerlock between these two systems outside of the Controls
System,

312217 Gas System Interlock Statug

Requirement;

The status of the inteclock with the gas system has (o be arghived with & [Tequency al feast |
.

Tustilieation:
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Statos:

3.1.2.2.18 Introduction to DA
Reguirement:
The following vulues should be forwarded 1o the DAL stream wilh the following frequency:

Justitication:
IL 15 pecessary for a proper evenl reeopstriction.

Slatus:
3.1.3 Fronl End Electronics

The front-emnd electronics that reads out, amplifies sand processes information from Lthe 'TPC
padplane, requires 312 low voltape power supplics which must be monitored and contealled,
Waollage, current, inteclock stalus und the temperature ol the electronies will all be monitored,
Adarms will be penerated when the menilona parameters exceed lmits lised in Table 5. All the
montlored parameters will be archived with a frequency that is necded for the hacdware debugging,

Tables 5 and Sa shows the requirements of the Front End Electronics Controls,
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3.1.3.2 Reguircments

3.1.4 Gating Grid

A giting grid can be used o prevent the movement of the large number of jons produced in the
avalanches out of the endeap region, Its design has not been linalized yel. For the lime being it is
known Lhal the gating grid will operates al dillerenl bias voltage settings.  Slow Cootrols will
interface with the gating grid via o system based on GPIB to monitor and control the voltage and
corlrol the bias scttings, Alarms will be generated when he voltape is outside specifications,
STAR Contrals will archive the biay voltage and alarm conditions.

UCLA s developing canlrals for the Galing Grid.
Requirement;

G system has (o be nilialized.

Justification:

Requirement;
Remole enablingddisabling of G2 syslem mist, e possibile,
Justification:

Reieirement:
Remote triggering of GO system must be possible,
Justification:

Itequirarment; :
 Remele programming ol the GG systeny must be possible,
Justification:

Requirement:
Periodic monitoring of theGG1y system st be possible,

Juslifeesdion:

Retuirement;
 Periodic mondtoring of the status regisier (1e., an 8- 16 bit word) must be possible,
Justification:

Reqguirensent:
CAMAC power supplics have to be monitored aned controlled,
Juastification:
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3.5 Couoling System

The function ol the cooling sysiem is to bald the pas femperalure al the operating temperature
wilh & variation to less than 1% C in order fo maintain a constant gas gain and a uniform drilt
velocity. If it is necessary {0 operute with 4 drift gas which is not al the saluration peak of the
velocily versus ficld curve, then the temperature of the field cage and the end caps must be
controlled to less than 0300 C. A wuler-bused cooling system is currently planned,

For cost reasans, STAR Cootrols will contrel only eguipment with electronic interluces; most
aof the waler circuits do not fall into this category, So mosl probably cooling system parameters will
be anly monilored and the [Dow controls will be done outside of the STAR Controls. The
maonitored parameters will inchude the waler circuit emperatures, the pad plane temperatuee, (he
lield cage lemperalure, (he watcr circuit pressures, the water Tow, and (he interlock conditions.
Alarm conditions include temperature and pressine over or under operating parameters. All the
paruneters will he archived.

LLo Guas Handling System

The gas system maintains high purity geses in o well defined mixtore in the deilt valume of (bhe
'PCL The gas used will most likely be on Argon/Methane or Helivoy/Eibane mixtore.

Muss [low melers and controllers will be used o measure und contral the individoal
components of the gas mixiure, Goy fraetions will be measured and acjusied sing the standind
sy owe melersfeontroflers presently in use in the semicenductor industey, Each flow meter witl
use 4 microprocessar-based readout imerfuce o set the flows. These units provide an ahsolule
aceuracy ol beller than one pereent und o repradocibility of (02 percent, An inferluce 1o the meters
will be GPEB.

Chamber pressure and gos mixture will be regulated with o closed loop sysiem osing
capagitanes manemelers ond proportional solenoid valves, Boul items will be supplicd by the
manufucturers of the fow meters. A sub-atmospheric exbaust system will be used to remove gas
e the chambers and vent it to the outside. ALl on-line primary gus supplics will be located in o
specinlly constructed room along with (he mixers and the associoted control system interfoce.
Manitor chambers will be used with each syatem to measure ehanges in the gas compesition and (o
caleulate deift velacity. This may involve the tmnsfer of duts to and from a dedicated work station,
The alacm condilions and the arehiving have not yet been defioel.

3.2 Laoger Calibration Sysiem

A high poweer laser 35 used to calibrate the 'TPC drift volume,  The beam intensity and
polarization will be controlled by a system wsing a hall-wave plate and & Glan polarizer. The
alignment ol 1he mirrors will need o be conwolled, The University of California al Davis is
developing a stand-alone system utilizing LalView and running on & Macintosh, 1t will interface o
the moain control system via the inlermet,
3.3 Trigoor

STAR Confrols Lor the igger are being developed at the Berkeley Space Sciences Laboratory,

Table 6§ contains the requirements for the Trigaer Controls.
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Table 6

Trigger Conirols Summary

Enbrystem Yewtex Porition  Delecior Voty  Calotimeler Lontral
Toigger Bermel

Device 1440 L eCroy 4413 LewCroy [ 1440 LeCrow HY | 4413 LeCroy | Cockrof-Walion
HY power CAMAC poswer sappfies | CAMAC love soaallingre
supplics diseriininalors diseriminmury | power supplics

Mumitored Vuruhles | vollage voltne vkl virlbuire il

# of Channels o Mol &3 4 4 120)

Hundweare Diberfes § snnw deiver s sz dlriver i Adliei Tiead ley sisiden
T the TPC lor the TPC
Ak HV anole ITY

Dl 2400y ISm¥-1 ¥ FO0 v 15my-| ¥ iy

Walyes

‘luleninees + 10 gl 1Y 1Y

Waiming oattaide Titwitg outside Timity oitside Timils

Waming Handling nebify Ihow TRIOGER aperalar

Alarm + 25V | [+ 25y | [+ 1% (1)

Adieien 1Lanclling iy Lhe TRIGGIERR uptratar

[skintleduwn’)
ol YES? Y1 YES ¥1i5 YES
| Seanning Frequescy | 15 milnutey |5 miniies L5 tninnles L5 minies 15 tninities
Adviving Pnspuengy | |5 minutes |5 rinay L5 mmimias L5 ariianles 15 minules

Jd Mapnet

A solenoid magnet surrounds the TPC. The magnel ereales o 0.5 Tesla field allowing for
moneniue measurements of the charged parlicles prssing through the TPC. The magnelie leld is
W be muintained o one pael in 1000, At this time, the centrul Slow Contrals group will
provigionally assume responsibility for che wagoet slow controls software in collubormion with
Rraokhaven and the RHIC magnel control group,

Power o the magnet is provided by live power supplies. STAR Controls system will monilor
the volage and current ol [he power supplies, he sulpul current and the power supply inlerlock
stalus, AC powerand DC power are switlched on and o and reset, The output current and e of
ramping will be sel and controlled, ‘Uhe bigh vollage power supplies are water cooled, und Slow
Controls will monitor the temperstune of the water circwits, Alarm condifions include overcurrents,
over and under voltages, and over lemperatee. The vollage, currents and alarm condilions will be
archived,

Large currents run through the coils of (he selenoid, creating o strong magnetic fleld and
generating large amaounts ol heat, The temperature in the coils must be monitored. To accomplish
this, STAR Controls will monitor the eurrent and the voltage drop across the coils and power bus,
allowing the resistanee and the power dispersed as heat Lo be easily caleulated, The temperature in
the water cooling syatem of the coils is monitored at both the intake and the outlet points and the
heat carried away by 1he water is caleulated. The pressure in the water circuils and conductiviny of
the water are also monitored.  Watermats, developed at the AGS, are used to detect any walsr
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leaks. The alarm conditions include over weompersdure and water leakape.  Adarm condilions will be

archived.
Tables T and Ta contain the requirements of the Magnet.
Table 7
STAR Magnet Control Requirements
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3.5 Silicon Vertex Tracker

Slow Controls soltware for the SYT is being developed at the University of Washington., The
pover supply for each waler must be controlled and monilered, The wafers also require
remperature and biss current control and moniloring systerm will be aimilar o thal of the TPC but
on & smiller scale. "The subsysiern will communicate with the central STAR Controls via ethernet.
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STAR Controls Parameter (SCP) Definition Sheet

SCP Aceonym (6 Chavacters max):

SCI Subsyslem = SCP Uity e, |
SCP Range SCF Low 5 SC1* High H
ACE MName =

SCP Description

e n - wema

AL Bisplay and Recording of SCP

| 18 BCP 1o be displayed as an unalog meter?
I Yes, seleer Linear sedle o Lo seole o

2, 15 SCF 0 be disployed as o digiea) merer?

3, 15 SO 10 T displaved as a horzontal bae?

A Iy SCP to be displayed as a vertical bt

3, Is SCI o be displayed vs a Ume-dependent sicip chianl?

I Yes, give lime sample interval
&, I SCP to be archived?

I Yes, give lime sumple interval
7 Is SCT to be sloredirecalled on demand?

8, Is SCP 1o be passed on 1o the DAG system?

Yes o Noo

Yesa Noono
Yes o Moo
Yeso Moo

Yeso Noo

FILLT O 1T o HWCEREC O

Yoes ) Mo

. Tnin o max o WVCELGLIEE O

Yes 0 Noo

Yeso Noo




B. Contrel and Modification of SCP Irom Slow Contral Console (SO0

1. Is SCP to be modificd from SCC by a sfide har?
It Yo, give min valuc
2. 15 SCP 1o be modified [rom SCC by keyboard eniry?
It ¥es, give min allowed value
315 SCP o be modified [rom SCC hy selector switch!
If Yes, aive number of switch seltings
4, Is SCP 1o be modilied from SCC by push buttens?
I Yes, pive number ol push bultons____, values
3. I8 SCP o be modilied by o progoummed procedure?
I Y, list otber SCPs modilied in procedun

pive description of provedurne

~max value

Yeoso Noo

o har,

Joax allowed value

,values

L LT e rs

Yoso Noo

-t

Yeso Moo

Yeso Moo

Yeso Moo

124
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C. Alarms and Protective Procedures for 5CP

1. Is SCP out-of-range o genemle an alarm on the 3CC screen’? Yes o Noo

I Yes, give alarm cangeds)

2. 1s SCP out-al-range to generale an audible alarm? Yeso Moo

If Yes, give alaom ranpe(s)

aive loculion ol sound

Srerrerre

3. Is SCP oul-of-range to penerate E-Mail messages? Yoso Moo

IF Yes, pive alarm range(s)

pive recipients
4, I8 BCP ouc-of-range to generale lelephone calls? Yeso Noo

If Yk, pive alaem einges)

pive recipients

S 15 SO out-of-runge W penenile 4 programined procedune? Yesn Moo

It Yes, list other SCPs maodified in procedure

frive dleserapion of procecdure
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*:ﬁ I bicycle starts accelecating uniformly from tese (at
F £= 00, i Alluing a cortain velocity v after a Gme 1, How
3

- fustwould it be goiog afier a time 3 (that is, & time 3r
" affer (he startf =007

A e
G Gy
B 6

I m Gy

. For guestions 29 and 30, consider the following figure
P EEreeenting: the velociey of & car along o strect,

e

!

LJur alia the following grophs:

Wi bieat represints the graph of displcemant vorus
ling?!

Chapter & ... The Language of Malipn

Far questions 31 and 32, consider the following figure
represcniting the displacement of an ohject in one dimension.

.

31, Whith-best represents the peaph of aceeleration versus

timet

CI _r DI : i

A2 Whatcan be coneluded ahout the ned displcenent !
A Ivis zero.
I s positive except for e point, whers if is zem,
Lo Ifis negative, then deco, then positive.
I [Uis wlwiys positive?

Forquestiony 33-35, consider the [ollowing figure
reprosenting w velocily of an abjeer in one dirmension,

Consider also the following griphs:

GO ON TO THE NEXT PAGE




Tl'IE |}'-"'I|-i._.-£"T |-1'|'|}-si|;5 3.3;.‘.-;

43, Which best represents the graph of displacement verus

licoe?t

A A
B. B
L G B
Dyt T

M. Wehich best represeints the graph of aceelerlion veesps

dime'f

A A
B N
| MR
D D

35, Whil cin he sadd aboof the net volovily changs At
A TUds positive,
B, Tbis sepn,
C. Itis megative,
B Ttis positive, except (e one pain,

Lot the jotiowing information for aiestions 36 and 37

Aoeir bucks WP at canatnnt velocity, hen slows 10a
stop Alter 1 is stopped for o while, i aceelemies and ien
goes forwird ot conglant velavity, Consider also e follow-
kg graphis:

A, l..?’“'_",:: nw
. M n..-\ /—r
|

J6i. Which best reprosents the graph of velacily versis

timet

A, A
B. B
B i
D

28

-

. Which best represents the graph ol aceeleration vers
Limee
A

Lo o e

E.
G
.

Passage 1

A tman ds driving out of his drveway by b king up
Hi realizes ho las forgotten his lunch, so he pulls back i
Hie drivewsy, Car expents ujgree that (he best Wiy 0 oo i
15 10 press on the brake until the cur comes to o complete
stopk, shift feom reverse inlo ficst gear, then accelerie
forward,

The draver, however, shilts inlo frst gear while tha
i5 rolling backward and pushes on the aceelesmtor until ha
gedng Toeward, This causes soine senr on the (eansmisin
The follewing clurt shows some data about his progeass,
(Megative veloclty = hickwards,)

f{n} xm Y
0.0 1.35 =11
£3.5 HRE =02
1.4} 015 (1,6}
5 (b (3 4,0
2.0 .15 [N
2.5 R 1.2
LA 1.35 I

L What is the value of hisinitial velocity?
A =1 Bms

B: O mfs
C. Linus
| ISR T

2. What is the value of his averape volooity?

Ao -1 Emf
. 00ms
Coo 1.2 mfs
D, 1.Bmfk
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