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Abstract

The farst cnmmisfsiuuim: ran of th-: Solenoidal Tracker At RHIC [(STAR) project at
Brokhaven National Laboratory will take place in fune, 1999, Focused on the Quatk-
Gloon Plasma (QCP) formation and related studies of strongly inferacting matter, STAR
will observe collizsions on an event-by-cvenl basis and search for QOGP signatures. A brief
" introduction to the Relativiste Heuyy-lon Caoliider (RFIC) physics and corresponding
STAR physics, as well as the main STAR hurdwurelnuuutums are presented.  The
architecture of STAR Slow Eg;mtm]s {s deseribed with the introduction .ul.' the
development toal known as the Experimental Physics and Industrial Comirol System
(EPICS). The author’s :}unu‘ihutinnl of inteprating und duvclnpingl the Slow Controls

system will be presented.
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Introduction

Al introduction to the relativistic heavy-ion physics involved in the Relativistic Heavy-
ion Collider (RHIC) 1s presented. Some possible ways of deleeting the formation of a
Chuack Gluon Plasma (RGP} arc discussed in Chapter 1. An overview of the Solenoidal
Tracker Al REIL (3TAR) :xp:rimnﬁr i1s presenied and a most important detecior in
STAR, the Time Projection Chamber (TFC), is antroduced in Chapter 2. The author's

contribution to STAR Slow Controls in BPICS is oullined in Chapier 3.



Chapter 1

Relativistic Heavy-Ton Physics at RHIC

1.1 Relativistic Heavy-Ton Physics

Relatvistic heavy-ion physics is the study of ancleus-nuclens eollisions at high energies

with a particle specd close to the speed of light. Under the cxtreme conditions of high

density and temperature, the behavior of nuclear matter is predicted (o be different than e

is ut lower energy. Some new lorm of malter may exist only under such extreme

conditions, Fig, 1.1 shows the phase Liin,grmln of nuelear matter which is governed by s

equation of stake,
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. Temperature 15 plotted vs. net baryon-densicy for an extended veolume of nm:]-::u..r
maller 0 thermal cquilibrivm, Mormal nuclear matter appears at the poant shown on the
density axis, at about zero temperature: this is the neighborhood studied by traditional
nuclear physics experiments. ‘'The region of the phase transitions eoresponding to quark

decontinement at Ty and chiral symmetey restoration is incicated, Above T, hadions

dissolve into quarks and gluons. This region is currently achievable in heavy-ion studies
al the Allemating Gradient Synchrotron (AGSY scecelerator fueility at Brookhaven
MWalional Labormory, Above the emperature ol chiral symmetry restovation, (e quark's
tass clecrenses becanse of the shorter distanee between quarks. The wo o critical
temperatures may well be ecoincident. The indicated trajectories show two ways of
searching [or the Quark Gluon Plasmu with high energy oucleus-nucleus collisions: by
renching high baeyoo-densities amang the hot compeessed Gagments ol the eolliding
naclei, and ac very high temperatures in the centeal rapidiey region among l'.|'|-|::ll'll‘|ilil}'--
produced particles where conditions are approximately those of the sarly universe,

Bascd on the stundard model of particle physics (Quanlum ChremoDynamics),
the QGP is produced about ten microsecands afler the Big Bang, which is believed w be
the origin of our universe. QG may still exist ln the cores of very dense stars, In current
theories, quarks always interact with other quarks and gluoons. Isolated guarks are not
expected. The basic constituents of QCD arc gquarks and anti-quarks interacling through
the exchange of color-charged pluons, Al shon space-time intervals (1., large motentum
transfers), the effective coupling constant decreases, whereas it becomes strong Tor large
distances ond small relatdve momenta, This results in chiral symmetry breaking and

guark-gluon confincment.



At low energy-densiliss, quarks and gloons an:. confined in hadrons (bharvons and
mesons). Al the higﬁ ternperatres anticipated m nigh-energy collisions of heavy-ions,
the baryon-densities and energies are so high that the bonds between quarks and glnons
are broken and a dcr:unﬁnéd ::ta;e of guarks and gluons is created, In which quarks and
gluons can move around freely. Furthermore, chiral symmetry {lefi-nand and right-hand
terms in the Lagrangian equation is restored at the eritical emperature Tp for baryon-
free malter, This novel phase is called the Quark Gleon Plasma (QGP). Even thouegh
there always are interactions between quarks and gloons, it is the quark dﬁmnﬁnaﬁcnt
that determines the properties of o ﬁnp.

S:Ming for the formaton of o gquark-pluon plosma is the major focus of
retativistic heavy-lon cxperiments at higher energics, For this purpose, the Relativistic
Heavy-Ion Collider (RHIC) and its  associated mpﬁ:imr:lll:"; are corrently  under
construction ai Brookhaven National Laborulory, to begin operation in 1999, As seen in
the phase dingram, the anticiputed r:mpcmL;:m and densicy rajectories at RHIC are
expected to lie close to those of the &.nrl'jr unlverse, while those :ui the AGS occur at higher
baryon-densities. In RHIC rescarch, physicists are putting their efforts inlo recreating this
novel state of matter, the Quark-Gluon Plasma, under laboratory conditions with head-on
collisions of two gold nuclei with center-of-mass energies of 200 GeV per nucleon.

Relativistic collisions of heavy ions offer a way to study the fundamental theory
of strong intermctions in the high-dﬂl‘llﬁitj.' lirnit and to observe directly the parameters of
the predicted phase transition, B may also enable a study of the physical properties of the
Quantum ChromoDhynamics vacuum state. In soch studies, a better understanding of

symmetry-breaking mmhamﬁmﬂ and the origin of particle masscs may be found [1].



1.2 STAR Physics

The STAR (Soleniodal Tracker At RHIC) experiment i currently under construction
with operation anliuiﬁalml gl REIC beginning in June, 15999,

STAR will search for sipnatures of quark-gluon plasma formation and investigate
the behavior of strongly interacting matter at bigh cmergy density by focusing :I'm
measurements of badron production over a large solid angle. It utilizes a large volume
Time Projection Chamber (TPC) {or tracking and particle identification in the high track-
tensity environmend provicded by REIC. Besides the TIPC, other dcl:nl*.turs. such as S¥T
{Silicon Vertex Detector), EMC (Blectrodagnetic Calorimeter), CTB (Central Trigger
Barrel), and TOF (Time of Flight), will be included in STAR to measure specific
purameters, such as strangeness, STAR will measure many observables simultaneously
on an event-by-cvent basis 10 stady signotures of a possible QGP phase transition anc the
spuce-time svolution of the collision process at their respective energies. The goal i3 1o
obtaln a fundamental understanding of the microscopic stracture of hadronie interactions,
al the level of gquarks and gluﬂﬁs, at high energy densities.

STAR also will smdy peripheral collisions in which the nuelei physically miss
gach other, bot intersel via longer-rapged forces thal couple them coberently (o the
nucleons. The best known example of this is a two-photon collision, studied. at the e €

collider at CERN. But at STAR, photon-pomeron interactions will also be studied,



Table 1.2 EII;.:ELTH:H.:EG lhe STAR physics at RHIC [1].
S'TAR Physics at RHIC
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1.2.1 The Quark-Gloon Plasma (QGP)

1.2, 1.1 String Theory and the Parton Cascade Maodel

Six lypes of quarks have been found. They are known as the up, down, charm, strange,
top, and bottom quack which define electric charge and mass (flavor). They are lurther
distinpuished by [we properties: spio orienlalion and color charge.

Cuarks and apti-quacks are the fundamentsl components of badrons, The strong
interaction acts only between quarks and gluons, Gluons are the strong Toree mediators, It
15 the binding foree (hat holds nuelear constituenty together, Hadions can be grouped into
haryons {with three quarks) and mesons (made of quarkfnti-quark paiss), Barvons are
fermmions that obey the Pauli exclusion principle, while mesons are bosons thal don't obey
the Pauli exelusion prineiple.

[n the very hiph-cnergy collisions of nucle st RHIC, the coherent purlon {querk
and  gluan) wavelnetions of two nuclel evolve into locally quasi-thermal parton
distribulions, which are the eharacteristic of the quark-gluon plasma stale, There are two
wain appronches (o this evolution: QCD string breaking and partonic cascade,

The string picture, developed Trom models of soft hadron-hadren interaetions,
assumes that nuclei puss through cach other gl collider cnergies with only o small rapidity
[Appendix 1] loss and draws the steing (eolor force) between (wo nuclel. Not ke the
Eleciro-Mugnetic interaction in which photons do ool interacl with each other, pluons
will inleract with gluons, which will confine the strong interaclion to & relatively small
region along the beam axis, Fig. 1.2.2.1 shows the schematic interactions between |wo

noelet with EM interaction and strong interaction.



The E&M miaraction is mediated
by a non-sed! Itokacting particls

The Color interaction is mediated
by o self interacting particle

Fig, 1221 Climfineneot mel sclups [2]

I the area-density of strings 18 low, they will lend (o Gagment independantly by
gquack pair production on o proper tme seube of nhowt mdée, Most realizations of this
picture are busad on the Land String Model[ 3]

The parton cascade models are designed Tor (he stody of non-equilibrivm
dynamical effects. They are mostly applied to the nital compressional phase and the
high-dengity phase of ultra-relagiviseie heavv-ion collisions. The parion cascade models
all contain this peneral structure: indtialization, when the nucleons of the colliding nucled
arc resolved into their parton constinents and yield the inilial parton distrbugion;
interaction, when the moltiple scatterings oceur together with associated parton emission;
and hadronization, when partons are recombined via string fragments into final hadron
states,

One of the central questions addressed by parton cas:rad-e-.s invalves the energy

deposition processas in space-lime as well gy momenturm space. Partonic cascades pradict



Li'I.EI-.E roiLghisr EIEI%T: of e expecied eneroy depositon at RHIC: takies place ar the narbnic
wevel [2], Rapd thermalization 15 caused 2y radiative spergy dcg‘aciétﬂ::-tt and spanak
SEpATRION u:u’r'. partons with widely differsnt rapidites; imnsverse momenturmn {component
of mamentum perpendicular to the besm axis) distributions of initally scarered partans
are almose exponential if radiative corrections are taken into scoount [4]. For RHIC
encrgies, thermalization is prediceed on o proper time scale of 0.3-0.5 fm/c which is on
the arder of 107 seconds [5].

Whereas the soing picture muny into conceprual difficultiss ac sery high energy
when the string densilies become too large, the parton caseade model becomes invalid at
lower energies, where most partonic seatterings are two soft to be deseeibed by

perturbacive QCD 31,

1.2.1.2 Formation and Evolution of the QGP

Mast nigh-energy models view a heavy-ion collision st REOC as consisting ol three
distinet stages, pamely the imital Lorenz-contracted hard parton-parion scatiering, then a
pre-equikibrium or quasi-ihermal stage, ond (inally the hadranic equilioration ns the result
of resvattering of thess partons,

Differant physics govems evolwion in these thres states, The first stage is well-
described by perturbative QCD i the momentum transfer invobved is sutticiently larze.
The second stage is addressed by parlon cascade models [6,7], The third stage, which
inciudes the hadronization and subsequent final-state miersctions, has recently been
madeled by combining an inidal parton cascade with either hydrodynamical or siing
[ragmentation-tike transport codes. This merging of the three stages of the intersction
mto one coninuous process seems the most complese wav of deseribing the RHIC

interactions [#1.



This cvolution in space-time is shown in Fig. 1.2.1 .

e Axis)

&

Frremzeanl| ol ludinns

Hadronization
Hyekresdvommity of i gquirh- Ligualibrinm

glucn plazma

Formiatinn
- v

- TR [E-i]:mu-u.—

'\\ Axis)

Tty Fead

Projectils Target

Fig. 1.2,1 Evolution of & QGF in space-time (9]

As indicated in Fig. 121, the scattered purtons develop an incoherent jdentity
immediptely after the collision and evolve inlo a quasi-thermal phase space disuibution
bya free propagation along the longitudinal dircetion,

Onee Lhe quark-gluon plasma has reached focal thermal equilibrium, ies Murther
evolution can be described in o [mamework of relulivistic hydrodynamics [10H, But

thermal eguilibrium does not always imply chemical equilibrium st the parton level. So



the chemical ':tu:uiiibﬁllm of heawier guarks. cspecaaily smange and charmed ouacks. is
thoughe to be an oxeellent probe of the physical conditions in dense aadronic mateer. A
general result of ali partenic cascade simulations is that phase-apace equilibrium ocours
much faster for gluens than for quacks, As a result, the QO plasms in its hottest stage is
predorminsnlly o ghuon plasma [11].

The quark-gluon plasma then evolves inte iy hadronization phase. The plasma
expunds and cools unlil it reaches the crilica L:mgmLLUﬁ Te = 170 MeV and then
converts into & hadronie gas while maintaining thermal and chemical equilibrium,

It 15 difficule to find a robust heoretical description of relativistie heuvy-ion
collisions involving the QCD phase iransition that will prediet valuss for observibles,
Another major unknown is the infloence of the non-sguibibrium evolution on the (small)
many-body system. So, & stralegy’ [or delection of quark matier must collecl st least
indirect evidence from several “signals” [12]. In the following sections, several of the

possible QP signatures will be discussed.
1.2.2 Ouark-Gluon Plasmn Sipnatures

Theory remains academic unless experimental tools werily it Because there are
[ormidable background sigmals from the hot hedrenic gas phose that fallows (he
hadrenization of the plasma phase, it is very difficult to distingaish the QOGP signal from
the background signal. Much effort is comently devoted o recognizing #ppTOpLiate
signamares for the QGP,

Most of thess signalures can be categorized in the [ollowing way: (8 signals
sensitive o the squation of state; (1i} signals of chiral symmetry restoration; (i) probes
of the color response fonetion (incleding deconfinement); (iv) probes of the
elecromagnetic. response  function: (v) varioos  olher ﬁgr;uls thar escape simple

elassitication [5].



P 1200 Peobes ol the Ecuation of Stz - thermodynamic vosiables, nuclear stopping

Sosaier Aanccniissiive fow

‘The basic idea behind this class of sigratures i the idendficatdon of modifieations in the
dependencs ol energy-densicy £, [pressure p, and entropy-density s of the ioteracting
svstam g8 o funetion of the temperature T and the burvochemical potential pg. I a ohose
wansition to O40P ocows, a rapid fse in the effective number of degrecs of freedom,

sxpresaed by & T or P, should be observed over a small range of T as indicated in Fig,

e
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Fig, L2 1 Resals of a lawics (CD caleulation usiog Two bohe guarks fJaver {133, Ploned are the
enerry-density & (aircles) anid the pressurs 2T (squares) as 3 fanetion of the lemnpermmee T- A cansition

zezurs i the cdceliation at T=160 ke,

The nuclear stopping power must De mentioned at cthis point. because -4 is
sssocated with the thermedynamics signal, encrzy-density or pressurs: for example, and
several differsnt simmaturss, The fenm “roclesr stopping power” charscienzes the Jegres

of stopoing which an ncident nuclepn undersoes when it collides wids 2nother nucleus. It



determeines how much snecey is lefl in the mtefaction recion and how much transverse

ENCIEY O IFAnsverss MOmCnmm s ssoaped o the coilision anea,

The Gegree of stopaing can be vsed 1o esiimats the anaverss momentim D, of the
shape of the baryon-rapidicy disteibution, According o the defimition of sipidiee
[Appendiy 1], “mid-rapidicy region” refers to a situation ic which P, i particle moementim
wlong the beam sxls) approaches zero in the center-ofomass frame and he momertom
iransfer 1o the tcinsverse direction is muximized, S¢ a supid change i the shape of the
sealed baryon-rapidity disteibution with mersasing empesture will indicate new degrees
of frestlom,

The degree of stopping is alse particolalv interesting for estimution of the
energy-density in the interaction region within the Biotken scenarin of seuling
hydradynamics [10], For sush an estimation, the rapidily disutbution of the sseondars
urticles is required, not that of the incident particles.,

“Flow™ is another wrm that is ofien used 1o desoribe the ransverse colicerive
radial and dirsel epergy or momentum Sew and s the enrliest predicted stenatire for
prabing compressed nuclear toanter. 1t has been shown thal the excimzion funetion of fiow
i sensitive 1o the squation of state and can e used for abnormal maner stotes and phase
ansitions [ 147,

[ e fuid dynamical approach, the mansverse collective flow 1s indirectly linked
ta the pressurs of the marter in the resction zone, shown by the formula below FERT,

Py = I; L’-':. Fig,Sidad
whers dA represents the seefece clement between the partizipants (particles tha
Paicipute m ithe interaction) snd spectarers (particles thar da not participate he
mmieracnion; and the totdl pressure 35 the sum of the porential oressore (pressure cansed %

Lhe potential energy between particles) and the kineiic srossure (pressure ciusec by the



kineds energy of the narticiesi. This =ouanon shows 120 the ransvense colieouye Dow

depends directly on the squannn of state, B (p. 5.
1222 drranpeness Bphancemenl

strungeness cnhancement is one of the sipnatures mdicating chital svmmetry restorition.
It it the most-often oroposed signature fir & resoralion of spontsneously broken chiral
symumetry in dense barvon-ricn badronic matter

As mentionad in section 1.2.1,2, the QIO plusime in iy hotest stage, or the nitial
bard scatiering scage, 15 predominantly o guon plasme. Therefore, the main concibution
of the strangeness formation in the sarly purt of the collision 15 due to gluen fusion, giuon
decay and gluon seateering, This is where the sirmgeness enbansement i introcuced. The
energy threshold for producing a steangefanti-strange ouir 15 mueh lower in o QGP than in
& hadron gas. This is becanse the strange quarks con be produced on their own from
gluan interactions in a QOGP L s nol necessary 1o provide also the wo and down gueirks
needed o formea color-neutral hadron ay is the cose ina badron gas,

Early work by Geiger [16] prediced a very targs strangeness enhancemen due 1o
a phase ranaition, The strange quarks will most likely noc chemically eguilibrate [17],
bt the paston cascade might lead 1o fost local thermal equilibration of the simange quarks.
Thus, there is a sipnificsnl slrapgeness tonmation in the paron cesende, mosthy due o the
re-inleraction of soft (low pneroy) ginons,

AL RHIC, kaons will aceount for almos: 90% of 1e strangeness vield, based on
standard string fragmentation modeis, Stange baryons, though very interesting os rare
proies of SIrangensss él{]llﬂibﬁlljﬂﬂ. will comtribute only maderalely 1o the soangeness

wiei] [8].




In many theoretical predictions for strange quark matter formation in.E_Il]C, the
muin requirements are large baryon-densilies and a relatively small bag pressurc
{according to the MIT bag Model in which baryons ars all confined nside the bap with
little interactions between each other) and encrpy-density. Based on these arpuments, the
prohability of forming a strangelet in the central rapidity repion at RIIC scems low, but
the fact that Torward rapidity regions al RIIC am expected Lo have hiph nel baryon-
densities might dead Lo an interesting phenomenon, lie possible formation of twe phascs
of QOGP scparated in rapidity, distinguishable by their respective baryonic conjent. They

heve yet to be demonstrated by experiment,

1.2.2.3 Ouarkeniumn Suppression - JAy Suppression

The Ty meson contaings of a ¢ & quark pair, In a QGP, the prediction is that the furmation
of JAyr mesons is suppressed, This s 0 resuht of {he Debye serecning of @ charrmfanti-
~ charm quark pair (e& ), initiadly formed in the QOGP by Tusion of two incident gluons,
Debye sereening occurs as charges (or colorsy are surmounded by moving charges of the
opposite sign (or complementary golory, substantinlly reducing the E-I‘Tt:-w'.:l'.i.'l-‘c range of the
strong Torce, “Screening length” is defined as the distance between two nuclel ol which
the binding force beging to collapse. Thus, 2 bound state of a (¢ £ ) pair cannol exist when
the color sereening length Ay is less than the bound state radiug, Therefove, & ¢& pair
produced in the fusion of two gluons from the colliding nuclel cannot bind inside the
quark-gluon plasma and will tend fo separaie [18]. In addition, the D-meson is cxpected
to dissosidate in the deconfined phase, lowenng the encrgy threshold for thermal broak-up

of the TAy into two D-mesons. The combination of these Two effects pives rise to a rapid
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rise of the disseciation probability bevond the critical wemperalure Tp, approaching unity
at ahout 1.2 T [19]. Less tightly-bound excited stalcs of the {o e ) syslem, r.uf:h as yr' and
o* ol are mote easily separated, will be supprossed cven more than the 1y, and should
disappear a5 soon as the temperature exceeds T

The NASD Collaboration at CERN has measured tbe production of My and y* in
158-GeVie-per<nucleon  Ph+Ph reactions using a muon-pair speclrometer [1]. They
ohserved an anomalous suppression of the 34y and y normalized to Drell-Yan puir
production, a process that describes the annihilation of o quark of one hadron with an
apti-quark of' another hadron. Fig, LA2Z3 shows this suppression compared to the
suppression already measured in lighter syslems with proton-, oxygen- und sulfur-nucleus

reactions in NA38, The ratio of o "Wie™

liemaes the muen paic's branching ratio By is
plotted in the fgure os a function of L in fermi, where Lois delined by the NASO
collaboration a5 o geometrical menn path length of the (e8) system.

The proton-, oxygen- {(not shown) and - solfer-nueleus eactions are well

reproduced by the straighi-line {3t in (he figure, which represents By, ' Y =

exp (~pOan.L} , with oy,=0.2£0.7 mb for the normal absorption of 4 ¢ state. Most of the
peripheral Ph-+Phb dala agree with the fiermal absorption model, However, [or L=7.5 fin,

the Ph+Ph dats ave strongly suppressed by factors as large as 0.62:0.04,
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e & system tenveling through nuclanr mutter for the varios colliding neslear systeums [240],

Data which have becn I:';puﬂ:fl recently by NASD [20], support this observation
with greater significance.

Due to its finite size, the formation of a (c€) bound state requires a time of order
of 1 frofe. Classically, this can be viewed as the time required for the (ce) pair to become:
separaled by a distance equal 1o the average bound state radii, The Iy may sull survive if

the guark-gluon plasma cools very fast or if the JAy has high enough transverse
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momentum p,. wnder which circumstances the Jw escapes from the high density and

temperature region betore the (o ©) pair is separated by roore than the bound-state radius,

On the other hand, the My may also be destroyed in hadron interactions by
sufficiently energetic collisions with hadronic co-maovers (pions and resonances producaed
i the same rapidity range as lhe ¢ ¢ pair), leading 1o & break-up into two D-mesons,

Tl 35 still & matter of dispuie whether these mechanisms caplain the full exten of
observed Ay suppressions. One of the main problems in the interpretation of Lhe
obscrved suppression as a sipnal for deconfinement is that non-equilibrimn dynamical
sources of charmonium suppression have also been clearly discovered in p+A renctions,
But in p+A reactions, the formation of an equilibrated QGP is nol expected, So it is still
nol clear that the observation of charmonivm suppression definilely leads to the
formition of o QGP. Furtbermore, the hadronie co-movers and & quark-ghuon plasma can
deseribe the availoble data equally well, at least al low cnergies [21]. 1o view of this
persistent ambipuity, the observed JAy suppression connot yet be considered as strong
evidence for the formation of & quark-gluon plasma in nuclear culliﬁi.r;n.la [5]. Whether this
uneerlainly can be resolved at hipher energles remains w be seen,

Despite prevailing ambiguitics, heavy vector-meson suppression remains a good
indicator of the ]ﬁrexﬂncn of a high-density environment in the central rapidity region

formed in relativistic heavy-ion collisions,
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1.2.2.4 High pt probes of QCL

Measurements of the fragmentation produets of hard scattering can provide mbormation
on the matter through which the hard-scattered parton propagates. This, another possible
waoy of probing the coler structure of QCD matter is to study its effects on the
propagration of a fast paton. The mechanizms are sitmilar 1o those responsible [or (he
electromagnetic encrgy loss of a last charped particle i matter; enerpy thay e lost either
by excitation of the penclrated medium ar by racdiation.

The conneclion between eserpy loss of o quark and the color-dielectric
polarizability of the mediom can be established in analogy with the theory of
clectromugmetic energy loss [22]. The magnitude of the energy loss is proportional to the
strong coupling constant based on the stopping power, As mentioned curlicr, the preater
the nuclear stopping power, the more energy thot pels lost in the roaction region,
Different authors oblain o stopping power between 04 and | GeVilm lor a [est quark
[22]. This is somewhat smaller than che energy loas of o fast quark in nuclear matier,

Although radintion is o very efficlent enerpy-loss mechanism for relativistic
particley, il is stromgly suppressed in a dense medinm by the Landan-Pomeranchuk elfect
[23). The suppression of soft mdiation |24] lHmits the madipive energy loss of a hard
parion lo-aboul | GeVilm [25] Adding the two contribulions, the stopping power of 4
quark-gluon plasma is predicted to be higher than that of hadronic matter, In other words,
# higher lransverse momentum will be observed in cvents associated with a gquark-gluon

phasrnz,

1.2.2.5 Dircet pholons and thermal dileplons

Photons as well as leptons may be produced from a quarkfanti-quark pair in 2 QGF. They

will nol interact vid the soong {oree. Thus, they are, in many respecls, the cleanest signal
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for the quark-gluon plasma because they probe the carlics! and hottest phase of the
evolation of the thermal fireball, and escape the intcrsction region wilhout subsequent
mnteraction o modification duc o flinal-state interactions. Their drawhacks are the rather
simall }fiﬂ!d!.i and lhe rolatively lurge backpround from  badronic decay processcs,
especially electromugnelic decays of hadrons, such as «°, 1 decay and lepton pair
production from T ananihilation.

Leptan pairs also provide an early probe for the formation of 4 QGP. Analogous
lo the formation of 4 real photon via a guarkfant-guark annihilation, a virual photon may
he created in the sume manner; it subsequently decays inw a dilepton, Bremssizashlung
from quorks scattering olT gluons cun wiso result in dileptons. They con cary information
o Ehe L1lt*-1‘rl1:1t.].}.fnm'rlir: state of the medivm al the momen! of production in lhe very sums
manner a5 the direct pholons,

Many of the original ealeulations concentrated on leplon pairs emited with
nvariant masses in the encrgy ronge below the peameson mass (about 7700 MeV),
Powever, recent work has shown that lepton pairs from the QGP are also expeeted to be
observed [or invariant masses above | GeV [26]. Assuming thermalization of the QGP on
i time scale of aboul 1 fmfe, the thermal dileplon speclrum is soperseded by Drell-Yan
pairs from nocleon-nucleon collisions for dilepton invarian! masses around 2-2.5 GeV,
There is an indication {rom the parton cascade model [27] that lepton pairs from a QGP
may dominate over Drell-Yan pairs for even higher masses in the 5-10 GeV region, Thus,
the early thermal evotution of the quark-gluon phase can be traced in 4 rather model-
independent way (28], Dileptons from charm decay are predicted to yield a substantial

contribution to the total dilepton spretrum and could, becanse of their different
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Kincmalics, provide a useful detcrmination ol (he tota] charm vield [29], This conld scrve
as an indirect probe of the partonic pre-equililrium phase, where the total charm vield is
enhanced due to rescalterng of E_qunﬁ.[m].

Direcl photons, he second type ol clectromagnetic probes of densc magter,
compete with o fommudable back pround from the other decay processes, Bven if the decay
photond can be subtracled, there remang the competition between eadiation [rom the
G and from the badronic phase. The mos| prominent process for the creation of direet
(thermal) photons inoa QGEP are q@-» g (aonihilation) and gg — g (Canipton
soattering ), The production rate and the momentum distribution of the photons depend on
lhe: momentum distributions of quarks, anti-quarks und pluens in the plusma, They also
cary Information on the thermodynamic state of the medivn at the moment of
production, The main badronic background processes are pion annibilalion &R — yp and

Compton scattering Tp — w7 [31],

1.2.2.6 Summary

The quark-gluon plasma bas yet 1o be observed onambiguously, although there bave been
several interesting propertics of high-densicy nucltear matter observed in AGS und SPS
experiments, This suggests that stodies wsing relativistic heavy ioms ot significantly

higher enerpies at RHIC and the LHC will he productive,
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Chapter 2

Relativistic Heavy-Ton Collider (RHIC) and Experiments

2.1 The RHIC Facilifies

The Relativistic Heavy-Ton Collider s presently under construetion and expected to begin
operation in June, 1999, A schematic diggram of the RIIC accelerator complex at

Brookhaven iz displayed in Fig, 2.1 L
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Fig. 2.1.1: The Relarvistic Heavy-Tan Collider (RHIC) accelerator comples a2 Biookhaven Mational
Laboratory. Detaals of the characterssies of protoo aod Ao beams ore alsasiedizaied ifler ncosleralion in

each phase,



Ton heams are accclerated rom the Tandem Van de GraulT, through the transler hne into
the AGS Booster and AGSE prior to injn::n::Linﬁ into RHIC. RITIC will accelermie and collide
jons [rom protons up to the heaviest nuclei aver a range of cnergies, up to 250 GeV for
protons and 10D GeVinueleon for A niclei.

Approximately 1000 charcged particles per unit of pseuderapidity will be produced
frovm the collisions of the heaviest nuclel at inpact parameters near zeére at RHIC, This
makes it very difficult 1o detect all of the products from reactions, The experiments will
tuke various approaches Lo search For the QGP. Twao large collider detectors, STAR and
PHENIX, ure under consteuction for aperation at REIC start-up, The STAR experiment
will concentrate on event-by-event mensurements of hadron production aver a large solid
angle in order to study globul observables, such ut,. Huctunlions of particle ratios, energy-
densily, and enlropy-densicy.

There ure twe other smaller detectors in the RITIC ring, They are BRALIIMS, o
farward and mid-rapidity hadreon spectrometer, und PITOBOS, a compuet multi-particle
spectrometer. The collaborations construcling these detector systems  consist of

approximately 900 scientists from over B0 instlotions,



2.2 The Solencida! Tracker At RHIC (STAR) Experimont

The STAR (Solenoidal Tracker At RHIC) experiment is presently under consteuction

wilh operation expected-ul RHIC beginning in June, 1999,
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Fig, 2.2: Livwenat oof the STAR Dewevtir

STAR is a close-10-2r coverage detector consisting of a central aulencidal magnet
which containg the central Time Projection Chamber (TPC), the main detector; o Silivon
Vertex Tracker (SV'T), the detector able o locate the decays of strnge particles; plus an
Electro-Magnetic Calorimeter (EMC), the transverse energy detector, The solenoid
provides a uniform magnet feld of (05 T for eacking, momentim analysis and paricle
wdentifivation in the tracking detector. Along the beam line the coverage is extended i

two Forward Time Projection Chambers (FTPC), one un each side.



The Tollowing trigger detectors are under canstruclion for STAR: a centeal trigger
barrel for determinging the charged-particle multiplicity surrounding the outer cylinder of
the TPC, will trigger in the Mi<] region, a TPC end-cap trigper will be trigeering on
charged-particle multiplicity over the interval 1=<hl<2; a vertex-position detector will be
used to idenlify and localize the inleruction vertex; and a zero-degree calorimetor (at
farge pseudorapidily, not shown in Fig, 2.2) will be exploiled 1o avoid farge mpact-

paramneter collisions thal have a large amount of energy remaining along the bedam lne.

2.3 The Time Projection Chamber (TI'C)

The STAR Time Projection Chamber {TPCY is the main detector of the STAR
experiment, It s desipned lo ek the high-energy particles 15 each collision event, lis
lemptluis 4, 1B meters between the twe end caps wilh o ot outer dinmeter of 4, meters,
The culer lickd cage contains o pas mixture of 90% Argon und 10% Methane, called P-
10, The gas aets as an donization mwedivm as the charged particles travel through its
volume, The average eleetric ficld applied between the central membrane and the two end
caps is 145 Viem and a 0.5-1T mageetic feld is present inside the TPC, The magnetic
lield cawvses the ionizing particle to be derected. The electric felds [orce the ionized
elecirons Lo drift wwards the end caps of the TPC. Encrgy and momentum measurements
are made from these curved jonization tracks that are left in the TPC gas,

Fig. 2.3 shows a schemasic diagram of major TPC components. The TPC gas

system and field cage will be brietly deseribel.
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Fig. 2.3 Behematic dingram of e TIPC,

2,31 The TPC Gus Syslem

As mentioned, the TPC detector will be Glled with P-10 #as as an ionization mediom for
the charged particles. The drift speed of an jonized electron depends nlut only on the
cleciric ficld, but also on the type of medium it's going throngh, Thus, chooesing [he righl
gases and gas mixture as well as monitoring the pas contenl become very imporlunl,

A schematic areanperment of the gas syslem is shown in Fig, 2.3, 1 [32] below.



Monitor

iﬂ *rewinee Conbeilber

Flg, 231 A schemntle dingram of the TPC pus sysem [15],

An Allen-Bradley Interfock System i installed in the gas roem Lo monitor and control all
the TPC subsystems. There are 16 green lights and 16 red lghts on the panel representing
the system stalus. Green stands for ON and red stands for OFF, By checking the color of
the lights, the system slatus can be identified, The channels monitored arer Pioneer 1
through 4 {each represents the status of o methane sensor), Gas S}-stém & Computer
Status, CHy Monitor [nsulator, O; Monitor Insulator, Gas Svstem Power, Laser System
Enable, Gating Grid Enahle, Anode High Voliage Enuble, OK Signal to STAR Controls,
Monitor Chamber Power and Cathode High Vallage Fnable, The sixteenth channel is not
used as this paper is written, Fig, 3.2.2.1 shows the Gas-Interlock Panel designed by the

tl!.'ll.h:ﬂl'.



There are four scrsors attached to 2 smalt Pioneer computer, The sensor readouts
arc analog 4-20-mA curreni-loop madoots. ‘The Pionesr computer reads the scnsors,
calibrates the signals relative to 100% of LEL (lower explosive limit), and applics a
programmable threshold. In other words, the Pioncer jssues an alarm if the methane gas
i the gas svstem rises to a dangerous level (Lo, 104% of LEL). When it signals the alarm,
il also sends 4 statos signal to the Allen Bradley Tnterlock system. ‘This status signal is a
single ool bil,

The gas-control program s on a PC wsing the Windows NT operating system.
Dhata s saved every 20 Hu::umlb': on o cross-mountedl disk which is sccessed by Slow
Controls, The values are displayed in EPICS, This is the onfy subsystem with a front-crid
nol under the dircet control of an EPICS interface, The implementation of an’ EPICS
front-end was not cost-clfective since the gos system was developed in Russin using

interfaces developed specinlly lor the STAR experiment,

2.3.2TPC Field Cage

The TPC containg an outer and an inner field cage. They will provide a unifonm electrie
field inside [be TPC. The structures of the inner field cape and the outer leld cage are

nearly identical, A [eld cage consists of 182 rings and 183 resiswors, Bach rving is

separated from the next by a 2 mezonm resistor,
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2.2.2.1 Choosing the Drift Field

The STAR TPC uses an externally applied electric field to drill the clectrons from any
point in the TPC to the anode and pad planes, The rate of drift i propartional to the
applicd Deld, buc it isn linear and it depends on the gas composition.

Fig. 23.1.2 s [rom Saulis 1977 CERN lectures. Drill velocity 14 shown plotted

versus the reduced electrie field (e, eleetrie field £ gas pressure ). STAR uses P-10 gas.
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For the purpose of accurate track reconstruction, it is reasonable o choose an clectric
field neac the peak in the dnft velecity curve, This ensures that the drift dees not change
much :;.m:l the drift velocity is least sensitive lo minor changes in the gas pressure or
lemperature caused by the local enviconment. However, the STAR TPC hus an dutoimatic
drift-velocity stabilization feedback loop which works by monitoring the drift of lascr
tracks in the TIPC. Since the origin of these racks is well-known in time and space, it is
easy Lo caleulate the netunl dridt velocity dod to apply corrections to the external field o
compensate for any time-dependen] variations in the gas propertics. The operating point
far the draft velocity must therefore be slighlly off the peak in order o provide some
slope to the observed changes in parameters and W avoid Lthe problem ol o deuble-valued
solution when the deift velocity is observed to drop|33).

Inspection. ol Fig, 23012 reveals (hat any reduced [eld greater than .16
WViem/mm-Hg satisfies these conditions, Assuming thal operution will be newr standard
tempernture and pressare, the deift Held should be stightly greater than 120 Viem, This i

why the TPC is operated ot on average voltage gracient of about 145 Vicm,
2,322 Tuning the Neld cage

The TPC field cage defines a uniform eleciric lizld between the centrad membrane and
the gating grid near the pad plane. A high nepgative vollage will be applied Lo the central
membrane and the two ends will be grouncded,

Fig. 232 3 is the schematic diagram of the resistor chain in the field cage that

creates a uniform electric eld.
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i d.3.2.30 the schematis Jovout of the resistor chain (wisies s mm).

The terminms of the region ol unilorm drily speed is the galing grid, However, the
TPC feld coge extends beyond the gating prid i the region oulside the anode sector and
lhe: parullel ficld is required o continue into this repion 1o prevent distorlions ol fhe
tracks at the sector boundary,  Two adjusiable resistors sct the veltnge on the lost two
licld cage rings and they wust be tned to achieve this poal,

The resistor chaing are different for the outer fekl coge and the inner Gekl cage.
The outer field cape has a "ground shield" atcached to the last ring {1823 and the shield is
lined up with the "ground wires" in the anode 5.|:cmr. T'his prevents the shield from being
locared at the cenler of the ting and reguires the ring to be sct at the correct voltage for
the ground shield, rather than its own nalural scting. Accomplishing this requires tuning
broth resistons,

In order to easily adjost these bwo tesistors, they bave becn removed from the




TPC and installed in an external rack. The resistor chain terminates in g SCANNIng curment

meter 50 that the currents flowing in each chain can be monitored, This is & useful

diagnastic for finding short circuits in the voltige-divider system. A scanning voltmeter

also monitors the voltage on the ends of the twa rings to chsure that they are set properly.
In the special case of the inner field cage where there is no ground shield, the

seltings on the final 1wo resistors are fixed: Rz =2 M Ohms, Rjg =310 K Ohins,

By comparison in the outer feld cage, we hove: Rig = L8370 M Ohms, Ry = 440 K

Ohms, Detailed caleulations of these values can be found in reference [33)
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Chapter 3

STAR Slow Conirols and the Aui;hur"s Euntrihuﬁnﬁ

31 5TAR Slow Controls

The STAR Slow Controls system sels, menitors and controls all the subsvstems. Slow
Conerols ensures the validity and consistency of the recorded data so that physics may be
extracted fom it A real-tme, running VxWorks environment is uiiijﬁ for this porpose
and a software toolkit, Experimental Physics and Industrial Control System (EPICS), is

used to operate all the controis.

3.1.1 Slow Controls Overview

An example of Slow Controls user interfoce for the TPC is shown in Fig. 3.1.1.



G

Flg, 3.1.1: The general conteol of e THC

3.1.2 Experimental Physics & Industrial Control System (EPICS)

EPICS was selected as the foundation for the STAR control software environment
because it incorporates a standard means of sharing Information and services, graphical
diaplay and comerol interfices, and a robust, real-time operating system. EPICS was
designed by Los Alamos National Laboratory and the Advanced Photon Source at
Arponne Mational Labm'atc.:r}' as a development toolkil.

The EPICH ron-time environment consists of several integrated components that

share a standard communication layer. Together, these companenis provide a system For

il
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the data collection, supervisory contod, continueus control, and sequential conlrol, along
with interlaces to modeling and analysis codes, The components of EPICS used by STAR

LN

= Moot Editor and Display Manager (MEDM), un operator interface that

provides full-coler, window-based sereens thal can mimic control pancls,

= Ciraphics Datnbuse Confipuration Taol (GDCT). the design tool for a
distributed, run-lire database hal isolaces the hardwaee characleristics of the
IO devices from the applications program and provides Buill-ing Tow-level

conlrel eplions.

= Aosequencer that implements stale-hased control in order W supporl syslem

autormation,

= An glorm manager w organize system-wide alorms Tor quickly pointing to

problems without overloading the operaor,

s Acdat archiver that scquires and stores ron-tme dats and retrieves the data in

i graphical format for later analysis.

s An interface oo channel access program estahlishes a network-wide standarc

for accessing the mn-time databasc.
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All functions in the system are optimized for apeed aod elfeiency. For example, event-
driven mechanisms are usesd throughout the systein to reduce or eliminate the need to poil
Ibe-data sources. .]-‘auit detectioh mechamsms are built-in at all levels to provide a robust
syslem, Taull detection s used by all the EPICS nun-lime components and is available o
the application programs. System-wide data synchronization correlates data with a
parlicular system event, such as a hmm_[mlﬁu [34].

Il order oo EPICS, 1 VME processor is reguired. T loads the designated
dutabase files and establisbes all (he hoardwore links designed in the dataluse, 10 1hen
Iweping 1o send the contral commands to e hardware that is Hoked e the ¥ME
processer, Memnwhile, the processor will also be monitering the commands throughoul
the network and sespond Lo data requests, The response will then be relurned ond
displayed on the remote vser's screen vy the MEDM soltware.

A Driel introduction to BPICS follows; more detailed exomples will be given

when the autlen's conlribution is deserdbeel.
3021 Motil Bditor Display Manoger (MEDM)

The MEDM is a Graphical Uscr Interface (GUID lor controlling the hardware and
rerieving data, Each object in MEDM is associated with a record name from GDCT, By
choosing a certain abject, MEDN will broadeast the eommand or request (o the whele
network, Once the request s acted on by Lhe appropriate ¥ME processor, the inlormation
i3 sent back to the MEDM screen for display. This may generale an alarm, depending on

the database design.



31,22 Graphical Database Configoradon Tool (GDCT)

In ihis database design tool, there are many records written in the © langpage that
perform all the desired fuoctions, such as inpulfoutpul, Tt wiilizes s Gruphics User
[nterface (GUT} Lo ease the burden on the progemmmer, Bach recond must bave a unigue
name which acts like a variable oame io the C linguage. By specilying record felds, the
programmer can tell the record to which hardware device QL will b linkel and the
Irecuency of ils exceution, Bach record performs a certain task. An BPICS programmer
must choose the oecessary  records  and ercole necessary  limits; this takes  some
experience.

GO creates and maintains two tles: o graphical information e and a *db”
lilee. The "alb®™ [ile is un wseii lle thal conlaing only the information that EPLCS requires
o create a database, This inlormaltion includes enly BPICS records and Lelds, The
araphical information lile containg the graphic representation of reconds and links to and
between the records, 'Uhere ore some defavlt database seltings in the delaulidecsdr lile

which must be loaded belore loading any user-desipned databases.

3.1.2.3 State Notation Language (SNL)

The State Notation Language is used o perform some functions that cannol be included
or cannot be easily handled in the GINIT design. Tt is  text-format program and must be

compiled and loaded into the YME processor, The variable names inside & SNL program
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arc linked wilth corresponding record names, a0 that whatever actions taken oo that
variable will Lake elTecl in the corresponding record. The prienty of 3ML s higher [han

that of GDCT, so0 it can read and chanpe all the delault value setlings in GDCTT.

A.1.2.4 Alarm Handler

The Alarm Handler conlaing at] the records that need and have an alarm siatus. The salke
aperating limils of each variable which s associnted with a record pame can be set inside
the database. Wl]l..m the monitored viriable exceeds (he Hodls for that variable, EPICS
will gencrate an alarm for thal record nd send e alorm w the Alarm Handler, There are
two stages of alarm, major and minor. IF it s o major, severe alorm, the omne bar will
Bhiok in red: iF i is 2 minor aleem, the name bur will blink in yellow. 1f provided with o
speaker, the uscr will hear o beep us the name bar blinks. The name bar appenrs griy
when there is no alorm, [n this way, the Alarm Handler identifies the seurce of rouble
and subsequent alarms and makes proper netification so thal prompl corrective netion

ity he tiken,

3,1.2.5 Summary

EPICS is unique in the way hat it can communicate with the hardware in real time, Once
the database written lor a certain putpose 18 loaded, & commeand can be sent through the

netwaork. This design eliminales the need for the user to know the intimate details of how

EPICS works. All the user raust de is send commands and requests.
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3.2 Author’s contribution

Smee joining the STAR Slow Controls proup, (he aulhor has been actively involved in
the BPICS design of several dilTercnt projects including: MEDM screen modification, an
alarm handler and archive tol for the Field Cage Current (FOCY; all the BPICS programs
for the TPC Gas-Interlock system; all the EPICS programs for the LeCroy HigJ1-"..-'n]t::.|_.,n::
Pawer Supplies for the TPC Tripger group, and the EPHCS monitor for the TPC Plane

Pulser.
3.2.1 Field Cage Curvent (FCC)

As menlioned in section 2.3.2.2, the TPC field cape exlends to the region outside (he
anoce high-voltage sector, so the parallel leld must continue into this reglon. The last
two resislors et Lhe voltage on the last two lield cage rings and they must be luneed for
this purpose,

A user interfoce was desizned to manitor the current and voltsge on those lwo
fesistors, [L generates an alaem whenever he curtent or vollage excecds set limits. Slow
Controls is respensible for the monitoring but net the contrel of feld eage current aned
voltope.

The eriginal program for the FCC was wrillen by Dr. Jan Chrin, The suthor was
involved in some modilications of the MEDM screen and the addition of an alurm

handler, which will be shown in the following seclions. It is carrently up and nnning,
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3.2.1.1 MEDM screen for FCC

Fig, 3.2.1.1 Shows the MEDM user screen used for FOC moniloring.

Fg, 3.2.1LL: The MEDM sereen for PO

The two buftons in the upper middle are the control huttons for displaying a GPIR
device, The displays in the middle show the current and voltage data at the two ends of
the innetfouter Geld cages. The schematic diagram on the bottom of the screen shows the

locarion of the twa resistors that are being monitored.
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3.2.1.2 Alarm Handler for FCC

Fig. 3.2.1.2 .:ahu;w.;e the Alartn Handler u.sad! in the Feld Cage Current ﬂTEC}. IO Eram.
When the current or vollage excead sel limits, an alarm will be penerated. [t appears as a
blinking name har andfor a beep. Far e:mmp'la,, if the voltape of Lhe 0 ring” on the west
side of the ouler Geld cage excesds the major Hmits given w the database confipuration,

the name bar with “TpeFCCYW_OTC_0" will blink in red and an sudible beep will be

generated.

Fap. 32,122 The wlarrn haodler for FOXCC
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3.2.2 Gas-Interiock System

As purt of the TPC systom, the s syslemm was commizsioned for o teat man in November,
1998, A pas-interlock syitem is instafled w controd all the siubisystemns: Laser, Guating
Grid, Anode High Vollage, STAR Controls, and Cathode High Vollage.

All the subsystems are linkesl logether, For example: in order For the Galing Grid
subsystemn to operate, the gas system and the compuier must he ceddy, so it is very
important for the operitor of cach subsysicm to know the status of the mun gas system.
The gas-inlerlock pimel is installed in the gas room, o il connot be ensily accessed during
fudl TP operation. Tnoowder for people st a remole loeation (the experiment ¢onlrol
ronm) to be notitied of the status of all t|'lE!I.".'IJ.hF.:.|'I-;l:':I1‘.IF., it is imperative that the gay-
interlock system informolion be browdesst onling in read time. This motivated he

construction of the Slow Controls Gas-Tnlerioclk Panel,
3.2.2.1 MEDM screen for Gas-Interlock System

Fig, 3.2.2.1 shows the MEDM screen Tor the Gas-Tnterlock Panel, Tn this case, only the
atafus of [Neen channels (green lights) are sent o Slow Conlrols doe to a hardware
limitation. The logic diagram in this figure shows a “geeen-light logic.” Only when the
status of the methane sensor (Pioncer | through 4) are all ok, the gas system power ean be
turned on. Only after the gas system is turned on and the comguter that is moniloring (he
£05 SYSten i rea;;ly, can all the subsystems (laser, gn[ﬁ:g prid, anode high voleage, STAR
comtrols, chamber power) he tumed on (nol pecessary if you do noet enable those

subsystems). Ooly when che stams of methane and oxyeen ave both ok can the cathode
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figh voltage he tumed on. The lighes in the fac-right column are reserved for future use,
There is also an “override” feature of the (as-Tnterdock Panel. With a ke, the
nperator can manually torn on the grecn Hghl without the preliminary green lights on.
This results in a blinking green light, Red-lght stalus is the logical oppoesite of the preen
light. Whenever the green light is on, the cerresponding red lght will be off, and vice
versh, except when the green light is hlinking, This “greco logic™ reflects the real logical

relationship belween subsystems indicated by a light,

Inieriank Frant Panael
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3.2,2.2 GDCT database for Gas-Interlock Svstem

The status of.the sixteen channcts (the logic mpots) is sent to Slow Cuntrn.?uls via TTL data
lines. Five volts represests the “on” sL‘.’:}.uﬁ, ael {1 volls represents the “off status of the
green light. This voltage infarmation iz received by the Acromag AVME 28X 64-bit [0
madule and converted inlo ™17 or “(F" binary format by 1 TTL cwewit which 1s then ourput
lo the O module. Thus, the GDC! records will be able to cead the binary values through
the IO module, In this project, the lght status is updated every second. The module pin-
out is presented in Appendix 2.

There is a hidden problem in the signal display, As previeusly mentioned, the
green light could be blinklng by the “foree-on” feature. In this case, the corresponding
red light should be off, Sinee we do not have any informution on the red light, if we do
pot make any modilcations, the veed light will be Blinking as well, inslend of staying red,
To ger around thia, more records are added (o the dotabose and further judgement nbout
the light status is made by the State Motation Language progeam which will be discussed
i the mexe section.

Fig. 3.2.2.2 shows the database configuration for the Gus-Interlock System,
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Lip. 3.2, 2.2: Thnbnae for the Cas-Inferlock System

3.2.2.3 Sequence File for Gus-Inteclock Syslem

Ad was mentioned in the previous section, there (5 o problem of eliminaling the blinking
red lighls on our screen when the channgl is heing overridden. To solve Lhis problem, not
onlvy must the information about the channel logic atale be obtained for the channel, it
must also be known whether the channel remaing in that state. So one more record is
added for each channel Lo distinguish the “blinking” status from the noomal siamus,

All these decisions aee accomplished in a sequencer program. A copy of the

interlock sequencer program is shown in Appendizx 3.



3.2.2.4 Alarm Handler for Gas-Interlock Svstem

When the whole TPC 15 oparating, the aixieeh stalus bils should a.]l be sel. A bil which is
not set signals that something is wrong with the device that it represents. An alarm shouid
be genernted to inform the operator and all other gas-system wsers. In fact, a lond alarm
pravides this warning at the expeciment, but it would not be able o inform people at a

remote location. Another alarm handler 15 needed for this purpose.

Fig, 3.2.2.4 shows [he alarm handler buill for the Gas-Inlerlock System.,

Tig. 3.2.2.3: Adoarn TTaendler for the Gos-Loteriock system,



3.2.3 LeCrov BV {High Voltage) for Tripger Group

Buscd on mmpidly digitized disteibution information for each RHIC heam umﬁs::ng, the
Irisgrer sysiem determines whether or not to indtisle (he recording of a particular event. A
LeCroy (440 hiph-voltage power supply is used to provide high vollage to the phototubes
inside the Centrad Trigper Barel (CTB) detector, Hardware Conttols monitors and sets
the voltage on each channel of the LeCmoy 1440 win an R8232 serinl conneetion.
Communication 1% accompiishid using subroutine records, New subroutine funclions

were writlen for this purpose.

32,31 MEDM sereen for LeCroy Ld40A

The MEDM sereen for the LeCroy 14404 High-Voltage Power Supply is shown in Fig,

3221315
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Fig, 3231 MEDM sereen for LeCroy L4404

The TeCroy 1440A controller bas a programmable chip inside which can be
remolely controlled, This confroller sels, monitors and controls all sixteen Lecroy 1446
high-voliage hoards in the LeCroy High-Voltage Power Supply crate. In the current Stow
Controls vergion, the MEDM screen controls the LeCroy 14404 controler to determine
the high valtage being supplied to the trigger deteclor,

All the initia] seitings that need to be placed for LeCroy 14404 are on the controel



punci at the bottom lefl of the screen. i the bollom right of the screen are the confrol
butions, such as the power swilch and the feamre display.

A yminer problem with this screen is that much informalion must be dispiayed in
other UNTX windows duc to the fimitations of MEDM. The data coming from the secial
pott is in stning-with-line-break format, which is not currently supporled for a MEDM

RCreen,
3.2.3.2 GDCT Database [or LeCroy 14404

Due to the limitations of EPICS, most of the work in creating (he link between EPICS
und the LeCroy must be done in an external C program. EP1CS acts as 2 bridge between
the serial-port command and the Gnal data owtput on the MEDM screen. An GPICS
subroutine was used for this purpose. The subrouting record hus a € languape-like
structure, Ficld “d" of the structure is vsed o conteal the oop for cach fonction. Fields
e to U1 are used to store the data retrieved from the serial port, and the remaining fields
are used to store the commands, The operations are then done by the € program, which

will bes discussed in the next section.



Fig. 3.2.3.2 shows the database configuration for the LeCroy 1440A.

Fig. 3.2.3.2 Datbase configuration Lo the TeCroy 1440A

3,2.3.3 C program for LeCroy 14404

The loop through each function of this C program is controlled by a message quene
stored in feld ‘d’ of each subroutine record. That record will be processed only if the
walue of the field 1s 1. I each swirch statement, certain functions are performed, such as

sending commands and getting data chrough the serial part.




Ancher important task 18 the establishment of a serfal connection beiween the
VME processor and the LeCroy 14404, This link iy cstablished by opening a file stream
i the VxWorks environment [35], Once this file is successiully ::rp:;'nr;d, thv.: serial port is
opencd. All commands can then be written to this [le and actions can be performed an
the hardware, either to control the device or eequest data Tom it

The object file of thiy © program is loaded during the YME processor stard-up,
A copy of this. program is included in the Appendix 4.

324  Wavelek Monitor Tor Plane Pulser

The Wavetek 350 is o waveform generator, 1L genenies simulated data signals during the
configuration stage for the Cating Grid system lo lest that the pud generates the correet
cormesponding signal. At the start of a run, the Wavelek is disconnected.

During necelerator operation, there is no physical access 1o the Wavetek, so Slow

Controls manages the control of the Wavelek through on RS232 serinl connection,

a2




4.2.4.1 MEDM scresn for the Waversk 350

A sample wave that i8 Joaded into thﬂWa:mtEkiﬂafm“rninﬁg. 32410

Fig: E.MIIMNEW'MEDMMEIHE:WMW

Dﬂthﬁltftsidl“;i.! tho input wave and oo the dght sids is the ﬁutputdﬂiaﬂ'ummﬂ
Wavetek, These two pictures are dispiayed together to allow comparison betwesn the
input and cutput signals.

There is also a mlated screen shown in Fig. 2.3.4.1b that performs the task of
maiing IO connections with the Waverek, such as “define .f;uew trace,” “delete a trace,”

ot
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i

Folnt Tnpuir:

Fig, 324 I MEDM screen for the tmes operation on Wavetek

3.24.2 ODOCT screen [or the Wavelek 2560

The databuse design for the Wavetek is relatively casy compared 1o the LeCroy program.
There are virtually no connections hetween the records hecause cach record represents an

individual function dealing with 4 separate task.



Fig. 3.2.4.2 below shows the database design.

g, 3.2.4.2 Trunbaye for Waverekds0

3.2.4.3 SNL code for the Wavelek 330

In principle, the Wavetek program is the same ns the LeCroy contral program, But
nstead of using a subroutine record in GIOT and depending on the C eode, the State
Notation [Language (SNL) fs utilized: 2 recommended procedura in EPICS. The source

code appears in Appendix 5.
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A.2.5 Future Plans

As the time approaches for the STAR commisstoning run, the programming work s
reaching its final stage as well. The next task will be to maintain the programs. This is the
biggest problem in computer programming. Not only does the program have to be Kepl
manming, it has to e understood by the tollow-up people in cose there are changes to be
raide.

A second major tisk fcing STAR Slow Controls iy Lo upgrade EPICS to o new
version. Already the incompatibility of the two versions of the sequencer poses a problem
in one of the Slow Controls workstations. Some progeams are not pladfonm or device
independent, Eventually EPICS technicad support will stop supporting the EPICS 5UN-
08 version and Jocus on the Solaris vemion, All code will need 1o be ported (o this

platforrm. These are critical problems which must be addressed,
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Conclusion

An EPICS-based control system has been developed for the STAR cxperiment at RHIC.
The system developed ;;:unlajm o nunber of new EPICS implementations. - Controlling
and menitoring the STAR hardware through u netwark is nol 4 casy job, especially when
redl run-time contral is required, EPLCS, running in o VeWorks unvimmnrmt; seoms to be
approprisle for this purpose. It is reliuble and easy lor the operator to use. Tt does not
require the programmer to be very well-iequainted with € language programming, but
when EPICS is unable to sccomplish certuin jobs, C experience is very helpful, Using it,
Slow Controls has heen able (o [ulfill its mission of monitoring and conirol during test

runs af the TRC: Slow Controls is poised for STAR'S up-coming commissioning run,
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Appendix 1 Rapidity and Pseudorapidity
Rapidity
Rupidity is a dimensionless messurcment of a particle’s forward momeatmn along the

bearm line:

where E s the particte’s total energy und Pz i the momentum along the z-axiy {atong the

beam line}.

Psendorapidity
Pseudorapidity (n) is used in high energy physics o mensure o particle’s trajectory
relitive to the beam line, This is the rapidicy assuming a massless incoming particle,

For purticles traveling ot nearly the speed of light, we have

BE=pec,

I = p cosi

Substilution into the rapidity definidon gives the following

] [l-i—:‘:ﬁﬁ-ﬁ':|
n=—In

2 l—c:nsuf_‘i'_

which can be reduced o

cafl?]

& 15 the angle between the particle’s momentom p.ﬂmf the beam line. The pseudorapidicy

for various directions in the STAR detector are shawn in dpure Al
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Appendix 2 Pin-out for the Gas-Interlock System

There are altogether 64 pins on the Acromuag AVME module, anly 32 of which can he
‘used -t read data. So sixween pins must be chnnected to the sixteen outputs for the oreen-
ligt status, ie. subsystem statns,

Table AZ shows the connection of the output conneetor, The P3 pin number
indicates the number of pins on the AVME 948X 64-bit 1O module. The Base address is

set by the jumpers on the module. Tt is currently aet 1o DX 3000,




wTemory Addiess L3t Mumber  © P3 Pinnumber

(Basc Address <3

256 T 43
f a3
5 37
4 St
3 d]
7 &3
I a3
4] a7
257 T a4
{ a6
5 au
4 il
a 42
2 A4
I 16
¥} 3

Table A2, The Pin-Chot of the Actomuoe BC module Tor interlock,



Appendix 3 SNL code for Tnterlock System

progea inteclock_sosnn

glanet coaialy
ussirn oo to Minleelnek row? ot
shinet idle;

slanet swwl;

assigny s o M ielerloe ko suml:
nuamlur semil;

shioel sl g

nssie sum e tinteelock row? swiml'
mnitoe s |

ahorl sind;

assign swm2 o Minteelock_sowd s
iEihilar 51,

shore sum;

wesign sureld Lo Minterlock row?_aumd";
Moo s

shiurl sured;

wasipn suend: [ Vintareloek_owd il
ueor simek

short sums;

iasign suend 1o “inlerlovk_row?_sumi®;
ERDEIRCT SIS,

aline sl

A g sy 9 nterleek rowd sund©;
MO suend:

sleorl sungts
nEEign swm? 0 nterloak raw'd sumi;
ke sum’

alwort fighath;

assapn lghtdd o "inteetock row2 sedi™;
shart lighel;

gustan Jsadll Lo "ineeelnok eow? eed| "
shoit Liphed;

assign light2 tn "incerloek_eowd pald!
short light3;

assign light? to Sincerlock_rowd_eaed?”;
shorr lighid;

wesipn lightd to " incerlock_eowd_radd®;
short Liglits;

assipn lHghes to *interlock_rowa _red57;
shorl lighté; '

nzsipn Lipht® 1o Minterlock w2 reds’;
short light'y;

ussipm Hphe? o interlock: row? med?™

st interlock _scang



slide init

i
when(delay L2714
coaLit=l;
prPutlcoanll;
vewldlcnitor{count);
Jalate ool
grate nind

[ wheolvounl =151 ale=1;
Fatate fod

;

shivle nod
1
whinfuuunl == 15} 1
it £ =414
(gt 1;
(v Tiple
suisnlk=sil;
e sumia,
I
elie |
iyl 1=ty
(e [ gk
I
IF ] =1
lightie];
pruTdlighe
yupan =il
(v Puersum |5

2lae |
light 1=0
pvPuacglighel

t

IF{smwm2 =}
lipht2=1;
pvThadlighe3h:
quIm2=Ll;

prvTue s );

alse |
LightZ=0);
pvPueliptu2y;

i

if [aurm3 1=y
lipht3=1;
p¥Trenclighest;
sum=tl;
prThaesumaT;



batare nal

alse |
liphi =0y,

prPatlight3y;
i
ilgsumd =00
lightd=1;
prPullightd);
sl =0l
prBut{zume 3
]
clac |
[iphiteb=l;
[Pt lghid);
;

it Taumes =11}
Lights=1:

pTat{lights);
st
AR ETIRET
|
clne |
Hghtse0);
prePusilighe sy
|

1 {aumd =0
TN GENE
pwlutdliphiey
summfeall;
prePurlsantiy;
]
ilaa |
fighthsl;
(PPt lighia);
t
it (T =11
LigheTealy
[Tl (light'?);
sumT=ll;
i R

else |
light =0
pyPutilieht
awmni=
pyvPutsum7;



Appendix 4 C code for LeCroy 14404

fjlin tpehy_are.c *
it

Skeleal code for subrowtine record served to pasa es A58 cnmimaisls,

authar: Heng [Hia
modified for weing dral458 and arenct - Wei-Ming Fhang ST N7/0206
micslifee] Foc Ies1da ] vtk new LT aod cldh WL 127317
madificd For imerface with sevial pogt WA BIRE

+

Manhv_sorial.e
Sheietad code for subreowtine recard served tooposs 43A conmnends,
adhary Tie L Carclioe) | EGESSE %

Mo Works el ®
Hinclude v Wiarks. e
Biselinle <ulring, iz
#Hnelade eqlillaly i

Hiaeluilis stulalelee Ll
iHnelude sbypiesdie
Hinclue eIk D bt
daclude sdbAocais.hs
Hincloghe el enn, iz

fnclude wabdinliblie
Mzl gl Ll i
iaclade  <iolil. ]
finclode © <loglib, e
winclisde oL U [ [
Al salirone, lis

£ i lude =liTrers. e =
wnclsdie wljokLaky b
wenclmle skemnalLib b
inelede wliti kb b

M epiey includes *f

Hinchede <hzesup. b
Tienclude <deviop.h=
Finclide <reefsubRecord, e

(R ERRAE RN E daline folr lops Server FEFRRIEEERE

#Fienne CHE_SYS 0

fdedine PLAWER i

ifdefine REALY 10

wlefine SET_TDIEMAND  22-5F this ligs been ransfereed Lo woother proc, #
define READ T 23

wlefinge SET_TAME 25

idetioe SET WLIM 26




T_ITRIF 27
T_ILIM 24

T READY 29
T CLEAK 30
W LIMITS 31
TW_ACCTRIP 32
T_AC TRIF 33
OW_W1 a5
IP STATI 36

I STATZ 37
Al YL 41
ADETT . 2

I _DEMANMDT 43
[P1_STAT] 44
[PI_STATZ 45
OW_MODULES 46
LARITY 47

U MCHILS 1 A AR=D ovinber 8 Linser 4
S BLATS [ 5 WAX=1T (=6 channeds) #f
AaX_ClANS r0 AN =R ¥

K OCHANE 16 M L1443 hos 16 channely, +

AL slate(y

T ETH T

L stmletl;

' slagmiy

R _atatmtl;

il

srs 7 LeCreoy 444 bas B elinmnels, 5
= 50 Loy 1448 hay 16 chunnels, =f

chaniee dnven by Subroaline Bocerds #f

Juene driven by Subroutine Tecornds 7
leps_£05

nuitinusT ol ol prog +EE %

itnlization, "o execuce i INIT BIT ORTI in server ok
oeh aah-recond as we dein the pldb for this procram */
(struct subbecord * pauh)

IG
shiil wis culled by <%fes=trin”, pruh-=nane);

process sub-recards.
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long lopeProcstmct subRecoed * psuh)
|
if {peub-=puaL)

[
M Scoond pusy =
if (pAub->udf)
ceslam =115 #F ervar retorm =F
return (1} 7 £ procesaing complale %/
h
ulse
i

£ Firgl pasa 2/ !
iF (st asend(leps 0, debiae ¥1 &paali, b MO WATT, MSG_PIRL_NORMALY == ERROR)
[
Tl Qe wreor in LepsTroe] o, 0, 0.0,60,00
psub-zudf = TRUE;
etnere (= L avror palaen ®

i
raiuen [ 173; 1% anynch proccaing ®!
}
;
/¥ Main concdae to periarm actiond wier cocrespaecding sub-vedcnds
dalingd in el are. procesaed *

Iong leps sarver()

I
sttt suliReencd Fasuky,
HEEuGL THel *prsse;

it sty
int  polaritys={l;

ing talot, i e
voubdl elieek_svst);
I il sertings();

it Wlioe_s ==, Ylim_s =00 $Wle_e_ =40, Yn_ge =0, Vlim=(;

inc Ramp, 5 i=0h, Ramp_ s =), Ramp e =0, Bamg o B ramps(, ramp time=1,
sk step=141;

ol ACtoip s =0 A mp_ s B0 AC inpe_ dal, AC mips e (0, A rip=;
inereip_stacl [MAX CHANS]={ 0], wip a2 [MAX. CTTANS]={0]:

chir bufout_ W I[S00 ="0";

clae anpMAX _CHANS]E0]=1"0"

char EmpVEMAY CHANS|[50]={"0" };

Mot decosod[BAAK_CHARNST=(0], deenwod_olilMac CHANST=[ U] ;

K foac voltage now[MAX _CHANSE=[0); ®

leps_ () = mspCreale! 10040, 4, WSG O FIEEDY, ' oreate msw Ouesue =

M open a fle soeam *

£



1 = openi™ivCel T, O_RDWER, Doty

vk

* initialize serial e s God oud ] woxihing is theee

L7

£ pates oot {1, FIOBRATIDR ATE, 000},
status = juctild; FIOSETOPTIOMNS, OF1 RAW):

il sz == BRROR)
LE s bntg==I1}
relur (-1 5
else printfisorvial poel apered O

while {TRUE)
|

/it Foea requesl
msgORceavellepe L), (uhar ) &paub, 4, WAIT FORRVER);

awitel (finty panhi-mda

|

ease CLK,_SY 5
[
printlicheeking syaeem ')
R psulm e | e
chioek sy

puub-sp=EMNABLE sl
IMTENARTE stit== L preng [ T1Y enablad.n )y
uhickal;

|

brenk;

v POWER:

(
chur  *hon = "o
clhar *holl = "ollcn®;
const chaor *pon = "on'
canstchir #*ponl = "ON"
chur  hufoue3[70] = 0"
char buloud [20] = ",
int - pr=arlenhnn
inl pl = sclend ot
S O % BV v U
stogic ik firslfinwe=0;

islar=(inlpaub-z=b;

iMeheck==00 check_zy=();
else cheok=0

&7



WIS EREAL stal f= 0 &b LeCray srat 1=}
vFENABLE: stat—11
[
paisho=p=l; % the HY coable lighe on y
MIVOLT seat==1} psub-=l=12 0% the BY OROLE light on *
clge peub-=i=0); fthe TV QORIOFF light of[4

il (oL paub-ro =12 ;M."v'{]],‘l'_;lal:ﬂ] JE D=y

|
wiitedfd, bon, pri
0 = timing e, bufould, Ty,
fin =13
|
[ni L L2 fe=H
L0 seestgBulunl b bpr,pont = NULL &8
strstr( bufour3+pepon 1 =0 MULL)
[ printfg" Y on suecesstuliin'y
palbfzl;
I
£ Ll time==l;

]
M el | ¥

I
fortinly lmAX CHAMS; b1
DT _sum += dermwnd 1]
i (LY _sum==iy)
[
wrilef [d, bult, pti;
m e Aminglan, Talourd, 200;

ilin =00
{
efoutd[]="0%

iEC atresre{bulonteinpt, =" = WULL)
1 Bt T HY off successtul ‘v ™),
[tk [=40;
/

'
t

el

prindfi"Cann’t e pover off with non-zens demand voltags '

i




elae paube-=p=: * the HY enable digid off %
¥ :

|
hreak:

cpse REAL 1

[
iot k. n,i;
stitle It cosni=4;
chur butf[30]="0";
el *tomp,
wransl chir #vilie=
const char *st:n"-""'"
copdl chie *e="5";
chur *enmp I="41", ®lompl="1";
chuir ®lempd="0";
char Archer[S005="0"

islot=dint ypauks-st:

sprinelfbafl, *Read (%d.0-15000" 8lat),
wrltelht, half, arclend balf);

n = Umingtao, bafoul Y, BIKI);

M 16 ehinnnels lave moee chaes,ao cise 300 %

temmp = (el *atestdbanfour, VT, vabue);

sircpyd Arabicr, taempe-;

temps(ehar ¥jamste] Archor, yalue);

M yleip the very Tirat oo *+f

£* Beapuge there is a comma in e commmd ot the hulont string */

for (k=0 k<bIAX CTIAMS: ki

if{{vsmp l=(ehar st emp,atac) =N ULL)
tripy_atatl [k]=1;
SEserutrEcbulont_ Y I[{k+E* 0], atarey
} '
if{{lemp2=(char®)sirser(temp, Hagh) =N OLL) |
wip sl [k]=1;
}

Tar{i=2H4; i=36; i++)
templ[k|{i-28]=*{tomp-+i};
areepyi Archer, temp L
= tomp = = {char * s Shafound _VI[k |-2J*'-:1ﬂ], vuhn:‘],
this js for L1444, & channels. *f
tenap = {char Fjamstr{Archer, value);

i
ptib-se=arnftampl 0] 00.0; & there js 4 fclor 100 %



==l Lempl] 110100
b= p=aeo e mpIT2T0100,80;
b hezatol) lermpd[ 3]0 10118,
B-i=atnf{ecmp T[T 00,0
ez j=atul{teopl| 3 W1 GO,
h-zk=atot{icmpl[H] w1 0.0
bz I=anladd beeop | 7 P10

Al [1:

b-e=arn T teamp IR ] LTRDLC:

be-mef=nlo | Recop [ SH W 1UCL;

b=zspitcabtempd | 0T 000
A==le=mtal e[ § L0,
d=ml=gtal{tempd] 1210 16040,
A= je=atn Tiammpl[ 1 3]0 100.4;
a=zskeegitod  lempd( 14 1 100
-z l=atnteepl] 1501 00.0:

LA

| A

* Marn

£ ahar Yenlwe=","
Archiar| SO0 "W

Sl LT EATE R

e (e ®steslr(Botoue Y1, value);
awCAraher, ok
r=ielue Flslraie] Archer, vilas)

k=l k=bIAX_CHANS, ki)

for{i=1 B; 1226 bi-+]
temp VK] [i=LBl=*emptil;
B ey = (chor ®geeser{dbadhoe, VI[P, vahee
this ig for L lddd, B climnels, +¢
simepyiATcher, emp=11;
tempr= (ehar FsiabrdAreher, vilueh;

~=e=a0ed e V0T
-zf=atnl{mpy[ 1]
ssp=ulal{lemp ¥ [2]);
-zh=atoitempy[5E]];
=ik lemp Vi ;
->j=motitemp VIS



prub-sk=mtof emp V],
prub-=i=atofiep v 7;

]
hreal;

case READ Wi

1
ptib-stntoftemp VIR
pal->f=utefiemp ¥ [91);
puub-rr=atof{ emp V[ 10]);
paub-shmatofampWi L]
ptb-si=atofemp V| 1271
Paube-=ito i temp V] 131
prnb-zle=ataf{tempy| 14}
pruli-zl=ala emp LIS

}hranks;
/% showing 1he rip amtun ¢

case TRIP_STATI:
[3nL i
prslsirsirip_stat | [0];
b=z d=Aripy acall] 1]
prl-sgrrip_stacd[2];
[aub=zhatrip stk [3];
Janubysieip_utntl [4];
puubesjetein st ] [4]:
paalesbosdrip_seitl [6];
paub-=l=elp suk[7);
far{i=0iad; 4D mrip s [i]=0;

Jreak;

casa TRIT_S1TAT:
{inal i;
pautl-ze=inp st (4]
panib-=F=eip_stut 1 [91;
paudsrairip, stack[10];
puub-=l=trdp_siatl | 11]:
psub-=imtrip. statl{§2];
peub-z=j=teip_stwlf13];
patth-mke=rrip atat| [14];
pEul-=l=tnp stk 157
forti=81i= 1 55i++) trip_stat] [§]=:

i break:

cage TRIP STAT?:
fint i
piub-se=trip_stm2[0];
paubs=fmirip. sratdi1]:
punb-=g=trip_s1tZ[3];



psub-=h=trip_&ratz[3];
[auh-=i=lrip_slat2|4];
psub-=j=trip_statd[53:
prub-=k=tripslind| 6);
psub-z=l=trip_star2[7]:
Foeli={hi=S it} torp_stnl28 =0y

thicak:

case TIRIP1_STATZ:
Lint i

pratib-zetrip statd[H]:
pasds-=T=lrip_sinl2 |,
pebibesa=irip st 2011
paub=h=teip_sild[11];
palibzi=itap_stat2| 12];
paub=sj=trip_stacA[ 14]:
pelb==katrip stued[ 14];
pauh-sl=trip_sow 2 15];
[or1eBaaMAN CHAMNS ) [rlp_slo 2 |l
Theenky

coge BE T WLIM;
|

cluae bt F 120 ="
Wlien_u_i= (inlipsub-ma;
Wlim s = (inckpaulesD
Wlhinn_t_i= (inthpuube»g;
Wiim ¢ (= (lutipsulszl;
Wit = paubesi
INYOLT _atars={1)
{
i VIim A bV i s M el Wi g i< Vo g )
Psprintl{bulfl, “ser voltage limic (S-S, Bal-Sedp Sdvm, Vlmoa i, Vliels_f, Vi ci,
Wiim_g I, Vlim);
write( o), bulll, stelentbaflL
|
i lim_s_i==1im_s_ I && Viim_c_i<Viim ¢ h
faprintflaac e, "ser valtnge T (%, Bad-Sal) Bdirn®, Vs, Vo d, ¥imoc f, Wi
writis( L, buftl, sirlendhattfl )y
|
ULy _i=3lim. s F &M Wlim oo i==Ylim_ i 0 '
aprintTballl, "sel voltige limit (Fd-%d, Sdy Buvin®, Vien_ s 3, Ylim s F Wim e 5 VHm:
wriled B, tubrl, strlenhutfloy:;
]
ATWlim_ s i==%lm g F & Vlimoe_i==Ylho_a_t}
(spriotf{bulfl, "set voltage limil (%, %d) Sdvia”, Viime s 3, Wim_ e |, Vi,
writeifd, Buffl, sirlendbuall1);
!
pointly " Set vlim ready '
}

bheezk:

T2



vuse SET DEMAND:

|

int i; :

ciar - bulfl| MAX CHAMS]30]=["0"):

isl={1ntpsui-=h;

demand[D]=p=ub-2e;
dernpsod [ 1 ]=path-=1
demand[2T=puub- =g,
demund | 3]=pstilsh;
clenmisl f4 |epyuh-=i:
demand( 5 ]=psute);
demisiaiedfa [=psub-=k;
demand[T]=psuli-=l;

Liar L=tk Lehy it |
ilebeimand|i ] l=demand_chi[i}}]
i palaricy==0{(
spELnLIThubE ][], wile (%, %) Sedhin” il -Cio demund f
A el Current Polarily is Negarive oty o
I' "
elun|
sprint oV, write (5l ) Solhn ialon, bl e [ £
a'"'l printf(* Current Polurity i Positive ety

werile(lu, balf1 1], seelendbalT 1)
demmancd okl =dacmmd[1]:

f

Freak;

onse SET DEMAND:

i

THEH

chigr - bullT[MAX_CITAMS] 20 )= "' |

isle={intpautesh;
demmnd [3 =psuh-z=a:
demund]=psyh-»0;
demand [ 10 =parh-=g;
demondf | 1]=[rmub-=h;
deimand[ 12 |=nsuh-=i:
demandl | 3]=psub-=1;
demand| 14 |=psuls-=k;
demand[ 13 |=psoh-2=1;

Fomii=H; i<l A CHAMNS; 144+H
iffdensmedi | l=demond ald[i]{
it polarity=>1)
sprinli{bulll]i},"writs {Fd, %) Sadir'n® islotd-(inOdemand [3]);

T



else .
Sprntflal [i],"wrile (%ed Sod) Sdirfin”,islord (il demand{i]y

writefed, BuffI[i], stelendbul¥1]i)0y,;
demsitnd _old| i J=dcrand[i};
|

!

Jbreuk;

cuse SET RAMP
[
char hutf | [30]="\";

rampe - (intipsuh-=i;

it pau ez =0 rwmp_ime={ingpsabe=g;

step=lindlrampramp,_ling:

IVOLT_stl==0]}

b stape=L]
sprinti{bulll, "set ramp (-4, 0- L5} Fditn®, Tidd 5, step);
writed i, Bugrt, steleaghalTl ¥
|

olse |
aprintfbll], "set racop (0484, 0« 151 K", 1, 14437;
wrlladicl, Bafr, qoeland Ty
]

prindl” Set cumplig ribe reody 'y

)

bk
fF Loe L mdules =

cilgg SLET_ITRIP:
|
wlar Budl | 300 ="
Teei s - I={innipsLib-z=1;
[trip.s - F=(intipaih-=1
Iieip_e_i=(inlipsub-=;
[trip_c. E={ingipsubs=h;
Tirip = 30*(inlipsubezi; #* bocanse there 15 o factor 50 %
Y OLT srat==i)
i
it Terip_s_i=Treip_s 0 &de Trip_c_i< lrip_c_[)
[sprintf{butfl, "sot eureent trip (%d-%, FEd-Fad) BT, lrip_s_i, Iorip & 1, Terip o 5, Tieip oo f,

Tewipd;
writeltd, batel, solea(la T,
]
iMTiop_s_i==lrp_s_LSd [rp o i=<lirip_c_ 1)
{aprintfChu e, "ser cocrent np (% 9ad-%d ) Sdcn®, dp 5§ Trip o i, Twip e £, Tieip;
wrile([d, bultl, strlenhottly);

74




)

[aprintlibulll, "set cowent wip (Sod-%d, ) Sda'n’, Trip_s i, lidp s F Ttrip o i.Ttrip):
weite(fd, bwffl, sielenhuld]7y;

1

HEltcip s i==Iltrip_8 & Tieip e i==[irip o
tsprint(ibulll, "set cwrrent trip (Fd, Sd} Sd'vn®, Oop_s_t, leip_z_t, Lrip);
write(ld, buffl, seelenihoft ),

i

princh™Set ki ready 'y,

'

el

case POLARITY:

pularily=lintipaub-za; 42 delall is 0 whicl nwms werive
printf Polarily ahiosed | \n")

Hncnk;
M cnse SET AC TRI
;
AC_teipos l=(ingipauheso,

AC teip_u_=(inl)patib=zsl;
ACIrip_ dsdlntpaul-=g
AL i e T e b
AC_Lrip = (inlipsubazi:

1heeak:

K

cige SHOW_LIMITS:

[

char BufL I3 ]="11"
chen Bnafont LI [ 12600H="0"
and e

slel=puub-h;
ifpsub-ze==11
sprintli budLIb, “show limits {51, 0« 150", isloy
wiltel o, b lLI6A, strlenlbu LR b;
ne=tirningt Ol bacfoast LT ROHT)
praed [ S o Licomats: ot sy, balout 16y
!

Jorewnk;

case SHOW Al TTRIP,

{

clur bull30)="",
char T faur[R0E]="v1"
int m;

1=lot=psub-=hy
ifipsulyme==11[

)



sprintilbuf, "show ne_trin (Sed, D-150n", 1slol);
write{fdl, huf, stlen(buf);
aztiroeng A0 ool 4000;
printfi Bhow AC tripanEEain ', huabout);

!

ek

cuse SITOW Y1

i char hadtyEiE0]="v";
char ™ hufoaaty [ B0 ="
i3l o
isle=gintipah-=h:

ipsithze==03] ]

sprantl{bul¥y], " Hewd (%d,U-150rn" islon;

writie( ek, haf VT, seelea b YT

o= Hmingg(al, bufouty' L B0

printf{"Show Yollnge and Corrent S, afouty1);
|

|tk

case SELOAY _MODLLLS:

{ - ehar Rhulins "show mocdilazwin”;
Luie Batoan L] SCH="d1",
il

palot=( inthpuuks-h;
i [psul-za=m]l]

sritel o, Talin, saelanbaelied);

= Lamingd Gy Buluyg, SO0

preint 7 Cherrene modides wrainfasin', hufout);
;

i brenk;

chse BET . CLEAR;

[
chur *hoftd="clear '
stic inl glsy

clr=rintipsub-=»o;

itfelr=1}
[ wratel [ul, bulld, stehendlu (4},
clr={
printf" Cleared wll the old settiowes: o',
|

jbreak;
b Mol ol switch *

process e meacd apgin o do-asvocheanous earnpletion =f

T8



prsct = (slruct rsct *) (peubescss s
dhSeanLack({stowcl JbCommean =} pauk;
[P prsct-sprovess ) pauh’y
diScunUnlocki{sirucl dbComman =3 psuby;

i ond while oF

;

l|'t

+

Rowstine to read 10 specificd time with specificd

* minimuen hytes:

=

- % % B

)
i
int

|

wif

Passed:
min: mininn byle count
buthers lulfer address
szt buffer sizw

Returned:
SLERCE read Fadled or timed nud
ARRLY uetual byee conng

efine FIRST_WAIT 4
Lo g bt weade, chiae %hulTer, ine sizc)

it e lelt = wail - FIRS'L_WALT,
Jesole izl
wur_pus =2 0,
Esip__reim e aids - 1, leave poom [oe MLILLT %
ernd_runed 1= 0,
ief el =0
Nt siiliy;

sk Delay(FIRST WAITY

while (e _le - & Tl rem s 10
[
£ Lok lnsaed [o iy huffor
atisluy = joetl{fd, FIONREALD, (int) &look_wheud):
il (aboius == BREOR) break;
* Read whatever is there, which mighe be more thas
inell,. butl keap within hallar %
il Ik Ak = 0
i
net_rod = reanl{fil, &butferfour_pos], bubrem:
Cr_pog = et reacl)
Lot_read += ael_read;
bl_rem -= act_read:
.Il'-i
* Terminate, check I done hy loaking for ‘prompe’ sidog
# al end of huffor,
i
bufter[cur_pos] = 0% .
if {er_pos = 3 dede serempibufler + cur_pog - 3 "0 7)== ML)

1
def DERTIG



prinll(™ Gl { Kz, buller);
printf Tonk. Fadin®, Daailaome ell-177;
wendif
el {lal_red);
!
b
M Wait and retry id nathing, or not enonsh =F
sk Dejuy(17;
t

relurr (8%
]

wpid check 5ysl)

i iniomg
slatic int inode=();,
char - Fotop="\I";
ooial chir ®ay = "LaCroy 14454
post chir*is = "Pawar supply disahbed"
conat chor *heye o2 lageh vollige"
conisl shie-Fprll = "ol
char *lime"show ity (0, U-150r0";
chiar  balost 1 [200] = 0",
char *budind = “eoninfeees Oita
il = arrlendbafinl g
el bulowl (400 ] = "
el Hhallnd = "show statug'on"
inl b srbentbufing):
elur  EnafcntAf4 081 ]= ""

MM oakeek T %

write([d, bufinl, pr);
==t ing (G0, ot | 20401
M prindd {"netadin ny; B
ir{n==101
SHRIAL stal w0
clae
|
Buloe Lo |="0Y
i ({ehar jstratr{&hulout] |pr], "t=") 1= NULL)
BERIAL slar= 1;

elue
SRERIAL stay=1{];
)
i* penb-ma = SERIAL stiat; #/

M elheek swans
i {SERIAL =taf =01
LeCroy_stnt = (1]

78



clse

:
write{fd, bufinZ, pr);
n=ricrane(&4, bufout?, A000;
poiodl [ Tu=%n",

printt] “bufrue?=a%sin®, bufour?y;

im0}
LeCroy_utat =1;
clag

|
bpfeanie 2 ="K
i (lemp = (char #jstesirdcbulon| p], &)} |= MOLL)
LeCroy_stat= 1;
e
LaCrov_siit = 1k
!
I write( i, e, sirlenilim;
n=Lirnin g0, ufeadd, 4009
g [ " Bl 2= San", Luslow L3y, =/

s pasthesh = LaCroy gt ®
M oelicek enabletf
iF (LaCery gl s 1)
FEMATLLE stat s (0
alsa
(
iE{ strat{emp e = MULL)
LMABRLE st
elae
EMNABLE gt = |

I
i paub-ao = BWABLE st %

Moeleck  power ondolf #f

i (LeCroy stat == (3
WOLT stt =0,

e

i
§F ( aueareiemip,potf 1= NULL)

VOLT atac=10;
ulse

VOLT anr= [
i



Appendix 5 SNL source code for Wavetek350

prLram prulser

Mo Works inchudoy #f
FStfinchede mvrWorks he
SRR ne e st he

S ifinclude wstdiil b

EF e e e <lidlef bz

T Fedbinelude <hypos, iz
St lud wdbDefs i
Tewinclionle adbAceosshs
b Jucle stel b i, bz
Cond e lugle -q}ih‘liﬂl.;h.h_—_-.
Sedabaciude TP ] B P [
Hatiitinlide ialil. e
abihnclude eliyrlib b
b dineludn shtdiohs
Ftbinelide b | Lib, o
St Rinehsde aliskiiby b

Shiine e

alyLilJi=

eftlefine . S1IELE - TO00

Flaifdetine ADDOTESINY 204

shot min_au

isaign ot oo TPC ppelwer MainOuoe
TS rndn_ okl

shoel main_chech;
assign mun_eheck to "TPC ppolser. MainChecl!;
manieor maie elaeck;

short maiin_cel_enle;
mssign main_out_enle o "TRC ppalaer Maincile;
M micniior mn_oa_enl; B

shot svec_nl;
pesipn syoc_cul o "TPC ppolser 5%
SErngpai o sy ol RS

shoet sl w;
nssign oot v "TPC ppulser. WaveOulpat”™;

short outpros
assig onl_proc o "TPC. ppolser. WaveOuepat, PROLC",

shart sl
agsian sl to TP ppulser sclect™:
cocniLoe st

shon wave_input:

ikssign wirve_inpor o TP ppuelser_Tapul®;
MONitor wave - inpuot;

8



short wave_check;
assign wave check w TP ppalser WaweChee k™
mmiilor wive _check:

shurt Wove Shoar;
ussign WoveShiow o "TPC. ppulser_ Show";
ek Wil how:

shen P_ichik;
assign P chk o " TPC_ppulsee TNT_ CHE PROC!,
monitor Pochk:

shore P oindex;
assige T _ipiches do IO gpulser PRTCITE VAT,
moenilor P_index;

shedt P_value;
augign P _value o "TPC_ppulsce PRT_CHE A"

sliart (rse _gquery;
wEsign trace fuery 16 TP ppulser TraceQuery ™,

shore Trabdade;
nagign Trpddoe o ST ppolser Teghdode®,
enimsilor Trabdode;

shieste Trghada CLLK;
mssipn Trahdndde CHIC 16 "TRPC ppolser_ ModeCheck™
enon o Trghdode _CHIK

shor Froghode;
masign Do ok (o TP ppmilser - FregdTode"s M lnee Naoseney et
rmckibor Teeg blocle;

shiory Urueedode_ CIIR;
asskpn Tracehnde CHI 16 "TPC ppalser TraceMade™;
menilor Trcebdude _CLK;

shert X3
assign o "TRC ppulser X"

shorl & _pros;
angign x_proc to "TPC_ppulier X PROCY,

shart y;
assizm ¥ i TP _ppulsec_ Y,

short y_proc;
assipm y_prog o TP ppulser ¥ PROC!,;

Mohar display200]
string digpliy G007
assign display to "wst2 WAL

|



slong seroen[ 3t

wssign-sereen Lo "TPC_ppulser New Treve VAL,
I™ assign sereen to "tosrdoeal"; =

IMOOENOE SEmEEn;

short Mew T,
ussign NewTrace to "TRC_ppualzer_New®:
mganibar MeowTrice;

sl Tracesize:
asgigs TriveSize 1o "I ppalser Trace S
menitor TracaSine,

shirt FroqCW;
ansrgn BreglW 1o 1P _ppulter. FreqCW";
wrnitor FrogOw:

Iy FreqCW _proo;
gL BreqUW o prog o "T'PCppulscr. FreqCwW, PROCY

lomgy Fraeg AN
assign FregRAST 10 "FPC_ppulser_TragRAST
noniter FregRAST

shoat Frogt AST_pro;

wssiin PFregBAST peoe o "TRC ppstlaer FrogRAST FROCT,

short RAST; /* always ser the RAST mode will frog 1ol
i g RAST 1o "TPC _ppulsec RAST";
monitor RAST,

floar Volt:
iasign Voll lo "TPC_ppulser_Volt";
munitar Yol

Hoal Y
nasion ¥ o TP peelaer Y _eeadback™;

shorl ¥_pro;
masign % prne o "TRC_ppualser W remdlacl, PROC!,

short Y, exoced;
assign W oexeaed o TUPC_ppulser W _excesd”:

short W_exeeed _prac:
asgign ¥V _exceed _proc to "TPC ppulser _V_eaeesd PROC™

Mowt Yalt_ Otfsat;
assign Yolt Offsel wo "TPC_ppalser V0T
meanitae Valr DiTser;

sl Wall_Switcti;
assign YWolt Switch to "TPC_ppulsier V5@
menipar Vol Switchs

g2



short weaverek reger;
aasign wirverek resct in "TPC_ppolser_roscr”
nomitor waviiek _seset;

short s1op;
asaign stop o TIPC ppolser_siop';
InLLor stop;

intidic;

i fel;

ane shiliy;

ok statss] ;

LIE 18

Rl COMNT=1i8;
G hint Chlef=4):

AR SEchar Hile="AyCof1": Ayl ia o VxWeorky physioal serinl ehannel, but only vCad | works! Wiend, =

Sofhohar *file="f1yCof1 ",

Heehor *bufMuinin =" OUTE e’

Fatehar a0 =" QU in 'y

Gatehine *bulbainSar =" OUTP ™

Wb hur *hufSyneOns" QU TPSY NG Dy
Sotalinr #hu S yaoOf " OU TR SY NG O

R TLL *Pawklning & wave o duln =

Setehar "pallo= "ometsunstae 24 infepies_nppdPRulser A ppdsredocmac.du '
et ®lnpus" TRAC DA LA POIN WaveTuk,";

B Sehor Yinputl=" T TRAC BATA PO Wave Tak],";
W tchar Hupardst TAC AT AP O Wive Tek2,™
el Yinpolds"  TRAC TIATADICIN WaveTok3, "

Tofhehnr "inpallast=""TRACDATADIOIN TOST,™
Sl fracenames"TRACDEE WaveTek, TONMAR";
fafhahar *rmeenune 1= TRACDER WoveTekl, TUAN '
Fohar ®ineeename2="TIRACDEE WaveTek2, TN 0™
fefhchar *imesonmed=""TRACDEE Wiy ek, TN
T Aichar fnomo="WaveTek";

Wibchar *wacetest=" TRAC:DER TESTY, [4yn";

Hae i fwivequery=""TRACDATAPOIN'T WavaTek,
Pt hur *wavequery 1= TRACDAT AT OINT Wi Tek]1"
Fafalir Swavequery2="TRAC DA TAPOIN WaveTek 2"
Fltchar "wavequeryds"TRAC:DATAPOINT WiveTek?,"

Sefechar Mwavelas =" IRAC: DA TN POINT TEST,"
Felpchar *rrucequerv=""TRAC/CAT Pin";

Hchar #rigger_sut=""TRIG:SOURSTAR EXTwin™:
FeFachar Frripper_int=" TRIGSOTRSTAR INT0":
Yodchar *FradodeCheck=""TRIG:S0TUR:STAR Y Om'
fclar *TruceMadeChesk="TRAC:MODE TR
Sofehur *Tracebdode Cw=""TRACAODE Ao
Fa%ahar *lrucebode, RAST="TRAC:MODE RAST ",

&3



Hdnchar *Rel=" TRET "

G Fohur #Freq RAST="[RECRILAST",

S elar *Frog . CW="FRLECICW™,

% Fchur *Volage (Hisct=":VOILTIOFFS":
Gt *Walmees WOLTANMPL™

Snmehar *hodbeRAST="FAST";

nigchir *ModeCW "W

Kihchar *CWMede="Don't need OW mode now,";

W edar inpuatl;

Fhehar wapl 1G0]="0"0
wchir |f:-]3|]:llL1UD| Sl I B
#ichar temp2 ] TI0="0"
GetFachar tenip3 [ 1007="0",

s chiar pufoul TO[200]="0";
Gt hnr ufoutblCy| 2000]="0
ahielanr buluut_cheak| 200]="0",
sichar ufout U MCR0)="4
Hthehar bufuslTroce] 20050
Sifchiar bafout| 2040 =",
sy *ofl="0"

GG linr on="1";

int lenhluinCh
{nl lenhdninCLr
int lenbdninSo;
int lenSyne;
Tnt JenSyne O
int leapthy

int lenaemis;
int lenlwpue;

int kew'lguery;

it 0

it wavedain] 7241

inl wavedata_ o[ T200];
it book _nhend;

Ik Gur_pos;

g5 delne race

[

simto suart
whenMewTroges=1] [
sprintiiemp, " TRACDER s, i sercen, TraceSiee);
Lengtl=strleni wemp);
write{fil teanp,lengeh);
} sioie ke
;
stale next
{

whenfMNewTeace==0] |
sprinifidisplny, “define o new tmes Toe” UTEEN]S
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pePutidisplay);
} stute stusl

]
R amin_ ol

Slide inil
1
whinldelavinL2l) |

fil = | &

fd = open (file, ORI, DA4A); Mread und wrine. #
it {itl == ERRCHLY

|

St printfl"Cinn'l open %un®, file)

axdt (=13

t

stats = incll{fil, FIOSETOFIIONS, OFT_RAWY;
if {utuluy = ERRCORY
L Bbats===t{]}
el 1)
alyn
S printlf™serin) purt opened O™y,
M grepyidisplay, bafhoindnd;
prePuriedlaploy) ™/

batite s ot

)

SEIl mmnkn_on

[

when(muin_out == 13

lendupnOnzsirlandbuffddainCng
writefd, buMdainOn, lenhlidnCn);
printli ™ [urmn the mainos on "y,
main_oul_cali=1;

prPutimain. oorealo

M Tdprineffd, "OUTT !y Dprntd doesn't wark here®/
barade mmiin_oil
]

state main_nft

[

whenlmein_out = {

lenhluinCrH Eestrien buttlainCrf:
writa(fil, hafbainCF, lenhainCLE);
Praned{ " wrn the muenout offln



main_out_cale={;
pyPul{rowin: out_calcl;
Jstate mmin_ o

f i whenfmain_our ==][
printl(® no weticns on maincat. Yn");
atate main_check */

1
;
B Shi s
[
sl miin_eleck
|
whieof min_chesk==1] |
satug | = ioetlyfd, FIOBRLTIST, D1y elear Uwe 1o buffer. %
lenbdansStrlesirlenbulddwinsat);
writel fd, TafhdwiSoar, lendainSom;
TESE (L L N T T LR TR
printf{" matnout slaty s et bu ot g
i steal (T Bone I on =M UELLY
{ eoin el ewlgsls
pvPuemanin_oul_snlel;
prind 1 * mndnou s corrently onfn');
aprintidisploy, minisout is Bl o
pePurfelisplioy s
t
strser (kaafoatbE O G I=MTTLL)
[ rmadae_ o gadedds
pvPurimain_ nue_eled;
print " matnout is curmendly ofl '’y
sprinefdisplay, " mainooris #sl* ol
prPulldisplioy];
t
Jstmle awmin_sheck_|
I
slate main,_sheck |
{
when(main: elweek==0] [
pooti"check muinout sowlus end. "
patare mam_check
]
|

R Sy RCTORIZACH

[

arale inar

[

B



whend

|

pridunilon svosout);
} srate syne o

t

state svRe (il
1
when(syne_uul==1]{
lenSy neCn=serlendhuls yocCin);
il I bulsyneCn, lenSvne Oy
printf" Tusn 5 M entbn
| state syne_off

;

state syne, off
[
whanlsyie onut=={){
I SvaiaCh e strien e bk v Ot
write( 1l bufS yneO I len S yoet T
printdy " Tuen SYNE afffan';
| atile syne_u

1
t
A4 Renen(ieey
i
alule: it
[
whiend|
reManitrlience_yueryl;
b dlate send_query
]

stule send query

|
whenfires querys=11[
stinusl = jotl( i, FIORLLISH, N}
len Tyumr y=strlen( Imwequeryh;
writal fd, tracequery JeTouery);
et 7 semding queey, 'n'];

n=timin gl bufouc T, 100,

princi n=Sdvn current mves ure: \n%bsin ", o, bufout T,

sprintf{display,"current trace %' bufoul Ty
omsimpywidisplay, bufoue TN

prv Tt displayhy

1 state enc_query

t

stwic end _query

&7



when(trace_query=d{]} {
printfi"query end, n"y
| state send - query

1

48 wave scl

(
siate st

i
when{slbe=1)
(
sprint{temp, " TRACSSEL %sirin”,namo ),
lenggh=atrlen{mp);
write(Rl, temmp lenpgth);
| stoie next

1

Aiate Xt
{
whan(sll==={1)

i
npﬂntl'{dtup.luy. Trke s’ unJr:letll".numuj
pyPut{dioplay);

] adnita wiarl

oy wive_dnfn
(
seate inie
{
when(){
Fwieliear=fopemipak, " );
i Fwitlntal=MULL)
{furli=0i2STFR )
| tecanf{Fwittuta,"Fdin® dewavedaralil}

7% printit" wavedia Fd|a%dm" 3 '.‘.mwkintﬂll]}l.*ﬂ"

o I:I.I:f.l:l]f{lmﬂj L)
!
printff"fils open suceess,\n*);

}

else printf{"file open fuiled n"});
feloseForfdatnl;

£ satnal = toctl{fd, FIOFLEISH, 0% *
len¥Mame=smrlon{racemime);
wrte(fd racename lenMarme);
printl{" Deting a new tmee Fatn", racename);
ilenMame=3tr|en racateaey: - ! !
writed{ i, traca st JanMarme);
prini Define o oew mace Fatn", mestes):

.t



} stabe weavc Eopat

1

sLale wave _inpll
[ ;
whiowive_iipill=—=I}4 2
MHor(ialkisS1ER i
i=4;
whiie (stop==0 && §=51F1
| i
M wawe [ dato=wavedatafi];
pvPutiwave _[_duli);
data_prec=t; -
pvPullduli_pro) e
=i
prhils;
X prac=];
prel™incs_proa);
vevwavedatifi];
pykutlyl;
voproc=l;
P ULy prae);
G eprintii{temp,” Hd, ol A waveduin i [ FADDOFESETY:
Satrepylicmpd, inputl;
S rmtrepyUempd,Lpoctesg ¥
Harrenticmpd, lanp);
#* prindll inpads Satn" empd); ¥
At | = inatl{fd, FIOULLUSH, 0y
tenlnput=sislen{iompdl;
weeiduf [l lemp 3, Lendnput );
M delay (2000, =f
M ok Dy ClL ne Getd W)+
sk Dalny sy aClR aeCar ) 500,

s
f
) stge - wave inputl
|
eara wivee npall
(
when!wave_iopur==t1 [
printf"wave input finished. Yo"}
| st woive ioput
3
|
39 wave_show
[ (]
state sfast
{

when(WaveShow==1) |
A far =i 5T i+
(




5=T;

prPut{xy

A_proc=1;

pPYPUlx proc)

v=vvedaluf);

priulfyh

y_proe=l;

prebully_procl;

taskDelay sy TR Rate el [ W T,

]
*
=l
streprelisplay " Shesaee Lthe wove data, ...}
pvPutidisplavhy
whiile(slop=sll & =LA
xe=i;
el xl
) x_proa=1;
[eTMUg e _prashy
yeviviedatifi];
VT H
¥ procsly

e lusly_proey
LaskDelaydsyaClkRRa e Cur S0,
ir.l_i
;
| Hinle next
I

AEnlg ExE

[
whenWuveshows==() |
atrepyidiaply, "Showing wive datn lnished, ™,
e ulfdisploy;
| state st
;

s5 winve_eheck
{
aeare clieek_sr
{
wlienlwnve_checka=l) |
M oslams | = inctl{kl, FIORLITSTL, )4

swrepyidisplay,” Clecking sroe dwla "
prPulidizploy];

! =i STEE )%
£=L;
while(stop==0 && =3[ LE]
|

a0



T Fapringtiempd, " Bdlrin );
FistrepyilempZ wavequiryh
1= o Faropy(tempd, svetset); #f
Festreatempd temp 1 J;
statua | = pactl(fd, FIOFLISH, O
leagtb=strdend temp);
wrile(td, lemp2 Jongth);
netiming] 60, beloot_check 200 ;
Sarintfl"checking the inpuiied datia%sin® hufclut_chmk} *
o ge==atni(baalonel_checly®2048; ™ wisrg R:':.EEE g
PYPut{out_y);
wivedata_nut[f}=out_y;
CHE_priie] 5
prPutfout_prock:
x=i:
pvPut{x);
x_proesl;
pyPutlx_proc):
f* printd"oumber Sd=%dn" i, 00t_yi;%¢
8 G barfoue check{Qeays f
ek Delny(sysClkRate Ger( ) #/
tskDeiny{syaClkRateCet a0y,
b
}
Juee chieck_stop.

ttatn check_gtop

wihenwave lwcke=() |

Dpeintf{®check waca ditn oisbied. n");

strepy(dlsplay,"Clheck trnes diim findghed,");
pePuiicisplny);

] state eheck_stare

5 point,_cleck
{
Hils start
(
when(P_ indwx=0bd)
sprinti{iemp ], " Sdicn” P_inder);
strcgry(iEmpd, wavequety )
I*strepyitemp? wavetest); *f
areattempl emp )
stulte 1 = ioctl{fif, FIOFLIISH, 0);
length-=atriangteonp2);
writedfd,lempd Jength);
n=timninup 60, butfon clheck, 200):
wavedat_out[P_index fatoifbutowt_check)S2048; /= wrml k5232 l:ml.put"."
P_valueowavedam out(P_index]; -
pvPutfP valueh;
sprintiisisplay, "check poioc #%.d with valoe Bd”, P_index P valusy:

g1



prePucidisplay

skl luyy sveClkRuteGrel ) 16];
_chi=i;

pvPutlP_chkl;

Old=P_isiclex;

i stabs start

}
Il'i'
slute next
{
whan([*_chk=={1){
iele 1}
| atabe srwel
|
LY,
]
a8 Wava Trijger
|
st selecl mode
[
welienl e iledenml |
lengthestrloninigper indd;
weritaf [l Le gyper_inl Jangth);
princ " Tnternul wigger mode soleciel. ™)y
1 stnde seleot s i
}
atite select _mnds |
1
when{Trahodessl) |
Lemytl=stelont Lrigger_axi):
wrlalfd iriggerextlengil);
prind " Eaternnl tngmer mode salectad, "
] stane salecl mode
|
]

qa tegmade_check
( !
stane moode_check
[
when( Trphdode CHE=—I1{
ataiug L = doctl(fd, FEDFLUSH, 0
length=srtlen TrakindeCheck);
wrilel Id, ITehndeChack length )y,
=iy A0, bulout TR, 2000,

primf " Corrent trigges made=%s4n", bufoul TMC);

M SBymepyidisplay; bufoueThIC )=/

sprimif{display,"Trigger mode: Hs", elont THC);

pvPutidisplayy,




boatinle mndl:_::':_.:i,k]_

]
slte mode_check]
.: .
when(1rgMode CHEK=} |
pontt” check rggee mode finished, o' ':l,
I stale mode_check
1
]
55 WaveFreq
i
state select mnide
|
whenFregphdnde=={1} |
lenplh=strice’ rweMnde RAST):
write(fd, IrvedMode_RAST lengilyy;
sprintificmp,” Sdrin® FeegRASTS:
strepy(lompl, Frag_RAST);
strnl{temp | lemp ),
lengtl=stcleniicipt );
weilel Fe eompd, length):
sprincfdhisplay, "RAST lrequensy is Sein" e RASTY,
PP clisplayy;
| stare wolect_maodal
l
stnlg selear ol
{
when(FrogMesdes-1) |
M langil=sirleniTrceMuode, CW);
write{ [, Traoeh oela_ CW Janpth):
sprintitenp,” Foden" FreqgCW;
srrepybemmp [LFnsg _CWy
strenttermpl, lemg):
length==sirlan{tomp )
wrtedfd temp 1, Jeageh s
PR CW frequency is S o FreqCw);
*
printf{"CW frequency ot peaded mow, o
M % Restrepyidisplay, CWMuode);
pyPuridisplay): %
] stile select naode
I
]
g5 DefRAST
[
skmle searg
{
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when(RAST==1] |
lengih=siclenl Travebdode _RASTY
write(id, Tracchlode RAST length);
spoindfieiag, ™ b COMNT
strepydtemp ] Frog BASTY
streatiiemp Lieng);
length=stclendtempi s
sriled el e Llengehd, .
printf*LAST fraquency is sot to default Fed o™ COMNTY
FregRaS T=CONT;
pr il FreqRAST)
FroqgR AT, proc=],;
pyPul{FragRAST o) & chaoge the mpul RAST hox o e COWT, L)
1 atade ext

slallie e sl

i
whae{ AR ==k |
printh" Sl the rue mode e KAST TeBbn")
| mrmbe seart
'

#s Trocemode_check
{
stte mocle_sheck
[
when Tyugobdode CLLK==1)]
sintus L = b, FIOFLLSH, 81
lengthmatrlontTreobdodeCheck b4 chock the trnge mode ¥
writet il TracebodeChesklenpth)
eslimming G0 bulost T ey 2K,
preint " Cuerent Frequeney mode=Ssn" bufoulTroce )
s sseibfonl Ui, ModeR AST I=NULL)
{ strepytemp,Frag, RAS T,
sercat(lemp,” ol
tength=aielenimempi
write( fil.temp, length )
(§Et WL (TL L 1 TS PR
prEndfl"RAST mode frequency 15 % stn” buloul];
!
iistrat hotouc Trace ModaCW =ML LLY
[ strepyilenspPreg CW);
sircatfremp, Tetn'"hy
length=strleni lamop);
wrile! [ Lemp length);
=t g hufooe, 20,
printti* CW mode Fequency is Hetn”, bulouly;
| :
Sstrepyidisplay, bulbuel;
prPutidispliavy;



| state mnde_checlk]

}
seare mmle_cherk]
l
when{lruceMode CH K==l |
printff*Check Frequeney meode finished. '™
Fetnte made_check :
|
)
g4 wollige
|
stite star
i

wilieal Y uli_Switche=1} {
i Vialte=1.25) |

aprinll lemp2." e Vol
strepylemp 3, Valbipee);
Sec lemmp S emp2);
length=sirlon(lemp3);
wirile] [d, lemp3.lengeh);
printf" The volinge 8 %0, Vall);
YV oexooedsly
PPy egeesd);
Woemceed proosl;
prePuly_exeed o

]

elas |
printif"voltage exceads the 125 i, \n"y;
sprind [{displuy,"voltage %0 excecds the 1,25y lmit ", Val 1)
pePutidiaplayy;
Y ooxcesd=l;
pelull ¥ _axooed)
Yo mxoed_procsl;
PPl _exceed proc);
]
HVoll_Offser==(h |
sprimtilemp?, * Fabvn®, Vol Offsee:
atrepyilempd, Voliage Offser);

sirenffednp 3, temp2h;
langth=strl sniilempd);
write{ fd, lemp3,length);
e The volluge oifser is i’ Vol Offset);
]
| stare apext
|
state nex
[

when( Valt_Swirch==3)]
iV ercand=mi| :
sprintfidesplay, "voltue set o Gl oflset is S0, Vol Valt_ CTset);
PYPut{displany; '

25



]

} state srarc

|

]

e5 voltage chik

1
slilke sLurt
1

when{¥olt_Switch==ih |
statusl = inctl(fid, FIOFLUSEL, 17,
strepaliempd, Volige);
sipLe bempd, "Mt
ichgth=atelénifeompdl;
wrilal B lemp2, lengtl);

I i tenpil= s lemp
nELEenk e AL, Bafout, 200,
printf("Aler ek \nthe voltage is set io be@sin” butfaut);
Veatul{butout);

PN
Yo prodal;
prvPunV_pmoey; :
sirepyliompd, Valtapge, Ol
strcat(lampd, " an' )
tengthi=stelenitenp )
weritel i, feenprd, lung )
retienie o G0, bugaul, 2400,
printf"After eheck, nthe volinge offset isSin® batonl);
HEAHTTCRTER|

|

stalis next

(

when{Voll Switcle==1) |
sprintRdisplay,"Checking: vollagesl, offw=4S 1" hufout )
pyFuticdiaplay;

b st sl
;
]
54 reqel WaveTok
{
stabe Tesel
[

when(wavelek_ resst=I1} |
Length=strleniHsty
wrtte[Fd Rst length),

] stisles ome
t
state done
{

when{wavetek_resct=11 {
strepyidispiay, " Reset the WaveTok!");

0é&



7

lf‘i

pvPutldisplay);
] stide BEeset

¥ Boutine tor reawd - o spezitied dme with speeitied
*inpisnen by les:

*

- O #

#)

Pasgcd:
milo: mLock vl count
Twakfer: hactler addmegy
siee: buller siae

Returned:
R raud Liniled or timed oil
SEBRO: notoal byte coun

fidetine FIRST WAIT A
il timiag el widd, ehur *huffer, int size)

i

il Laane ol o watl - FIRET WAILT,
loak_aheadsd,
Eur_pis = [
bk, o = siwe = |, 5 leave rosm foe MU #f
et _rew] =00

wl o HeaLLE;

il ol el

inl  Jend=()

il Jengili=d;

inl k

cliar Fpr="0,

chor  *uipn="a'n";

chiai *Fsiga |="Eaier cammnml ="

whar areher] SO [

char temper[BO)="0%

ehar Hlamyp:

sk Deluy i FIRST WAL
whibe(time lel— &d& bul_rem=0 )
l
£ Lok e Bow Ly bu[ler #f
sty = aoctl{id, FIOMBEAD, {inchlnok_alwad)
if fstatws = EREDIL) exii-1);
7 Bl whatever iy there, aich migl T oimcde i
il Bewp weithin buller %/
if (lock_sheod = 1
[
act_remt = cead(id, &bulfecour_pos], et remy:
CUT_POY4 += wer roondd;
bul_cem == aet_read;

M2 buller[our_pos| = W00+
hofter[cor paos-2]="1"



pr=straccfbutfor, sienk;
relurnluwsioneud}

ipLi=HULIL)
1 strepyfurcher,pl+ 1y
len | =stricnareher);
prnt urcher sieing='a % archery

FOE [temp=iobue Flalrie(aichar, gign |5 1= NUTLE "
if ({temp=(char *sirstefurcher, s} 1= NULL)

& lere isoa Mnt rght belove ‘Lot Claroenamls"
and in delull eting of RE232 on Wovelek. the cobi 35 off,
that means there will B ooechu BHaler Conmpand:-"
il thie pemote saging oo tho Wovelck s OO QG (ke wa
can zkip e lines boluw, ¢
|
alfopwLEmpeE Letnp);
/e prinl [ teenper strinp=\nn " lemperl; &
lend=sirleniiemper];
Lt =l |l
for ke ] heslangih ke
[l e[ k= 1=t peek);
bl | lomgihe1 |="0%
risbirn Clemgtly;

f
f

SR Lo eetey i oarluog, oF mot enouids +f
tnakDelny( 1y,

|
cawwrn ()3

b
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