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1). Iirml,, I,. Chaornan, A. Vrarirk, $1. Glass, 1%. i~ul~li~~sky, J’. Smit.11, .J. %agrl 

Fr-rrn~ ,Yn/tond :Iccclrmtor Lnbomtory’ 
1’. 0. lb2 500 

lhtrr~m, llhois 60510 

Abstract 

\Vr arc drvrl+ng R ny\~rnl 1.0 I%roviclr real t imr fwdllark fnr rnnt ml 

nf I hr ‘I‘rwt rnn I t~nrs ;~nti rhwmat iris irs during rolliclrr qwrat ions. In 

111~ pas1 Ihr ‘l‘~~vi~lrm IIns ml Id I hr rap~bili1.v fur cnnlirruous arljilsl- 

mrnl d l11rsr paramrlcrs, and various rnnchi~w q>rrnlions (illjrction, 

llw ritrnp and squrrzr 1.0 h-(i, for rxnri~plr) lii~w lrd to rmillanrt* 

grow1 II and hrnrr1 lr115. V’imr-vnrving pwyisll-rlf rurrcr~ls have alru bcctl 

a scriolls pr~~blrm. In fulllrc ‘l’rvai ran rollidrr run9 wc rvill hnvr cou- 

linilluls 11111(’ nntl rhr~,nw.tiritv rnra~i~rr~t~rnls ;Ivnilablr. l’lirsc will tlr 

tl~r ir11)uls lo a Mullillus It’ prr!rrsscw wliirh will calruln1.c Lhr rwrrr- 

I iore lci t II<, vi)rious cj~~adr~lp~~lr allcl scxl ~rpolr ,a,‘wrr sllppiirs Ilrrtleci IO 

nlaiulilin 1 tw IIL,W~ at111 chrwrli~t irll ifs al I hrir spwilicd valurs. Thrw 

rorrt~li011~ will tw I rnnsmi1tt.d ilr~u~id llw ‘i’tvxlron 1.0 ltrc individual 

c~g(rtllirs. $+‘r wiil drscrihc I Ilis sr’s~c~rn and t IV wCavs in which wr inlcr~d 

to llsr il. 

Introduction 

In hl~lrr rr>llirlrr ru115 I hc ‘l’~~si~lron will stow up III Xi 1’ nrlri 

36 J, hunchrs with inlrnsilirs of lip to 3BIC10 p’s/bunrll anti 71110 

p'5/htrlrilZ. 111 il~11-r t 0 h0ld t lie lirtrnr Iw;IITI-~w;~~T~ t ~lt~~5hift. I~PX~C- 

lrr 10 O.~Jll, lhr b~ir’~bes will bc ~rpnral~4 al. ~111 htll two inler;~rliorls 

pniul e hoI h twrizrwtallv anti vrrtirnliv in hrlirnl orbits. ‘1’110 oprmling 

I)oinl lli~s l)crn rllnsrrl I II 1)~ (Zfl.59, 20.5!,). This is brl.wtrn I lw I/71h 

and :tjVh rrSlltlXl,CrF m1d ailnws i, tclf.Al IIlflF spnrr of ntrlNlt o.oa. 

‘I til. III~IC sparr will I,r (.orihlllnr(l Ov l.hr rhrnmatir I tlnr Fpread 

(Al, [np/7>) ill111 lllf I l,rlP hprr:ldF from hnl t/ I hr trrall ,111 Rllll IOng- 

rant+- twarwlwiln~ intrrnrt ions. ‘f’hrrr arr wrrlrmlnr oprrations whirh 

cm r;131m- I IIP I unc- 10 viwp ill ivi~ys I h;~l rannrd be rnsilv rr~odrilrci or 

rorltr~~llrrl. ‘l’hrics inrlll<tr injrrtinn, arcrlrrati~nl, and I II? SqllPPxP In 

l~,w-[i. ‘l’ll(~ rl~r~rrrl;~tirilirs aIs0 rlinngr dllring I hew nprrillions. Timr- 

dcyrr~dcrrl twrsislrrll rttrrrnt c+~rrts rauw [ 10 rharlg:r while thr Trvi~- 

1 rcln in set al I611 (;r\; I;lr p alld 0 illjrrl ion nnd in the firsl. few srrlll,ris 

,lf nrrt~lrrnlir~n7. tlrrnllw t Ihr ramp rate nf thy sllprrrnnrl~lrtirlfi nlng- 

nc*t.s is lirnitc~rl, I Itcw t,rorrsaPs (t-stwriallv arrclcmt,i<vrt alrId sqiwrsing) 

can 1akc1 ri,iniltc*q. if I tlr t uurs nrr> not rontro!lrd during lhrsr pcrirlds, 

I IIP t11,ir 9prrad car1 cwrtap WsonanrPs, Iwtling lo rrnillanrr grllwth 

nlld/or Jw417i lws. .Acl,jl~st irlg l.hr luup and rhrnrnxlirily rirrllils point 

1)~ pGrl1 (rrFr rxa~nplr, at inlrrvals d-i) fw irrr~nrls) iq vrry time ran- 

sllmiug. It rlflf5 1101 prrvrnt 1111conl rollwl cxrltrsiotls bet wwn the wt. 

prrinls, and rn\~hl Or rr~dwr whrnrvrr l-he nrrc~lrrnlc~r renditions (ic., 

I hr c-ia,srrt whit ) iwr rhnngrrl. 

\Vil h t hr ‘I’CVRI~OII srparatrcl orbit. upgradr thr prr~blrm d rontrnl- 

ling 1 III~s awl rllrnmatirit iv will bfvorrir mow r-ompliratrd. t’rw- 

011sly I hrrr wrrc 011ly 7 rirruits: f<,rusing and drfwasing quadrupolc 

nild srxt~~polr rirctlits and 3 skew q~adropolr cirruit. All of thrw arted 

idrnt ically II~C,I~ 11’s and 1”s. \Yith srpara~rd <,rhits WC havr I Ile ahilit v 

10 rn~~tr~l thr ~II~PS a4 r~pli~~g~ d ttw p’s ad p’s itldrprxldrnlly of 

mrh ol.lwt wil h 5~x1 trlx+ rirrlrils loratrd al posilinns wbwr thr two 

beams ZITP wparalc‘d (sludirs have shown that. t.hwr is no reason for in- 

clrprudrnl rhr~maticitv ronl.rol). hpprnximalrly 30 nr* “diiTerrntia1 

f~~ddown” s~xfup~~lc circuits will br used in additiorl to the prrvi- 

ouslv mrntinnrtl cirrllits”. Diffrrcnt rirruits will hr used depending 

‘Op-rated hv Ihe tlnivs-rsilim Rrsrnrch Awociatican un<lrr cnntrnrt with thr II 
s. ,~rperLrnrlll or KW~Y 

upon whirh arrrlrrator operations are orrurring and the relationship 

het.wrrrl thy Mix and the frcddown rirruits. The rnmplexity of this 

sysl.cm rrquirrs an xutomatrd syst.ern for ront rolling thrsr rircnits. 

‘I‘tw systrm WC have derided 1.0 build is a fwdbark systrm. The 

‘I’rvatmn has bcrn instrumrrttcd wit.h 2 s&s of’ horizontal and vrrtirai 

Srhottkv drtcrtors”. ‘I’hry are Iocatrd such that vrrtiral and horizon- 

~.al p nrld p t IIIICS ran br mrasurrd independrntlv and sinnlltaneously. 

~hcsr sigrlals wit1 bt used as thr inputs 60 n wt. of phasr lark loops 

(I hr “I nnr t rnrkrr” rirulits) whosr outputs will hr a single numbrr 
proportional IO thr frart.iooal part nf the tune’. Enrh tuw tracker 

will haw 2 out puts, a rw (up I.0 100 11~. hnndwidl tt) and a slow (1 

Ilx,) 0~1 t~ul. Thr bandwidlhs will tw atl,~usl.nbir. ‘l‘hr slow rhanwls 

will be used for t.unp measnwmrnts when thr Twatron is in a st.alic 

statr (the 150 <:eV front porch, slows) and we ran afTord to wait for 

wry prrrisr nwnsurrmrut,s. The fast. rhnrtncls will be llnrcl when the 

acrrtrratnr rowlitions are rapidly rhanging, surh as during the actual 

injrrtinn prorrss, ramping, and sqwrzing. Thrrr will also be a lock-in 

bit which indiratrs thal thr Ioop has locked proprrly. Thrsc devices 

have hrrn built, and will he installrd in the Trvatron by thr summer of 

I ~90. Thcrr arc also plans t.n build a “rhromnt icily tracker” which will 

rnotlula~r tlw RT: frt’q~wncy and usr the out put.s of the tune trackers 

to calrt~lnlc [* and [,. Thrsr 14 signals (8 tune signals, 2 rhromaticity 

signals, and ,t lock-in bits) will Ire the inputs to the CBA processor7. 

The ClIA processor is to use thrsc input, sign& Lo ralcuiatc rorrcctions 

to t.hr necessary quadrupolc and srxtnpole cirrnits to kwp the tunes 

to within 0.002 of thr dwirrd values whrn l.he fast. tune channels are 

nsrrl, and 1.0 within 0.0005 for t,he slow channels, and t.h~ rhromatiritirs 

within 3 units. 

Surrrssful impi~mrntxtirm of CI3A rrquirrs I i&t rontrol over other 

‘f’wnt.rnr~ pwamrt.rrs. The frcddown rorwrt inn srhrmr is designed to 

work diffwrntiatly on p’s and p’s, This rcquirrs that thr Trvatron 

rlosrd orbit w-if h the ciertrostalic srparators ~urncd off pass through 

thr r+wl.rrs of t!ar magnrts. If there are deviations from this %=ro- 

whit”, Lbrrr will be a “common-mode” tnnr shift nf both thr p’s and 

p’s, and Cr$A may try to rorrert I he wrong rircxri1.s (ir., the ferddown 

cirruits rathrr than the quadrupolr circuits). III ndrlit.ion, WC must 

wsurr t.l~at. the tune t rarkers arc arcuratriy measuring the tunes. 

HARDWARE 

‘I‘hp CBA prorrssor must. fit within the rstnblished Fermilab arcrl- 

rrat.or contrnl svstem, ACNET’. This includes romputws and links 

for rommunirnt.ions brtwrrn the oprrnt.ors and local prowssors and 

diagnostir cquipmrnt, power supplirs, their ront.rollrrs and the links 

thy use. IL is relativrly rasy to install an additional mirroprocessor 

enjoying all the advantages of this system. The presence of a group in 

the Arc&rator Division drvcloping Multihus II processors for the new 

front end computers” for this network made it att.ractivc for US to we 

the same system. 

.4 functional diagram nf CR/t is shown in Fig. 1. We have only 

included t-he tune tracker inputs. The path is the same for the chro- 

maticity trarker. Thr rcnttd rlrmrnt in the systrm is the lntel X36/116 

processor with 8 Mtytcs of DRAM mrmnrv and a 16 channel Intel 

iSHS 311 Analog Input hard on the SBX site. The analoE outputs 

and lork-in bits of the tune and rhromaticit,y trarkers will be digitized 

by the ADC. Data “filtering” (primarily cherks nf the lark-ir! bits and 



rhrrks tha.t the YRIIICS make sense) will tw donr bv the prorrssor. The 
processor will also run thp frrdbnrk algorithm to ralrnlatr t hr rhangcs 
nrrrlrd for the pow-r sul~plirs. Thr P %lb$rs of IIIPIII<~ will wrvc 
as a local data logger and diagnostic mrmory, aF well as storagr fclr 
pRFaI”FIPrs nretlrd ror CBA’S opxalirm. 
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Fignr~ 1 : Fw~rtional diagram of t ht- Cl314 sysl.rm 

Commnnicat,ions he! wcon CBA and ACN E’l’ occur over thr Token 
Ring lirlk. Within CBA, lhis is implrmented on a Micro Induslrirs 
186/l IO hsr board usir~g t.he Texas 1”strume”t.s TMS RXOCI 6 rhipsrl.. 
Thr Token Ring link is being designed to run at 1 MlIz., although it 
will be possible to upgrade it to 16 MIIe operation. This link will 
bts used to t.rarrsfer dal.a from t.hr mrmory to uwrs on A CNF’I‘ for 
display in t hr Main Control Room or for ofIIinc analysis. It will also hr 
uwd for downloading of cowtants, a”d eventually for dcrwr~lrtadix~g of 
microcode. ‘I’lw arcnmpfishmen1 nf t,hesr tasks will rrquirr a signifcan1 
investmrnt. i” applirat.ions code, and until this rodr is rlevelc~twd we 
pla” 1.0 romm~~nical~ with CBA through a” IBM PC ronwrl.cd directly 
to the 386jll6 card through a” RS-232 pnrf. 
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Both 1 hr ‘I’CLK and 211>AT cards a.rr “w&d to i;tt&arr to existing 
Frrmilnh arcelcratnr-wide links. ‘I’CLK rrfrrs to thr ‘l%vnlron Cl,ocK 
sys~.cr”‘~. Arc&rator liming informat io” is rnmtlcd on 1.his lirlk, a11(1 
is available for whatever device decodes TCI,K. The ‘l’Cl,K rvrnls of 
iult~rost lo ClJA will br fv~uls such as in,jrclic>n, start of ncrrlrrxl.ir~~~, 
St-art rlfsqurrx.r, rec. CBA will t.akr slwcifir arlions ulmn rrrriving such 
wrnfs. ‘I’hr rnrnplrxilirs of diatrilnlli~~g clock w(w1s wil bin a singlr 
crate (mally modulrs may wquirr differrnl rvtxits and 1 hc rrquirrmwt s 
may rhnngc dynarnirally) have hl US to build the Multiblls II TALK 
drrodrr lrsiilg the SBX silr on a hlirro Intlllst rirs 186/l I (I card. 

Thr MDA’1 link is arrollwr fast. liuk for communicating dala drscrib- 
ing the currrtll st.ate of 1 hr accrlrralors. The rlpdate rate car, be as 
fast as 720 llz. CBA will wad t.hia link IO drlrrminr thr Tcvatron 
Iwnd bus rllrrcni., and will distriblllr the correctim~s 1.0 t.hr frrddown 
powrr s”pplirs on M DA’I‘. ‘I‘hr M I)A’I’ rpreivrr/t.ransIrlill,~r is CSBCII- 
liatly a passivr card aud is bawd 0” llw Iutrl Ml’1 chip and supports 
all Miilt.iblls II addrrssing. Our rxrd dors nul Ilaw lhc ability lo ini- 
t.&r irl1.rrrup1n on I IIF il’SI% bus. 01 hw m~iul~‘s in I hr rra:r have 
rcad/wrilp ncwss simplv bv rrqorslirrg Tram or wril.i”g to the card. 
‘I’hr dala CBA will put. 0” hlDA’l’ !\ill br I h(’ r11rrr111 charl#rs Ilrrrlwl 
i” I he tunr, rhromatirily, a”d frrddowti rirrilit 5. ThP MI)A’I’ 0111. 
pnts arc- l)rocrsscd by a C,lhlAC l)arallfI-t.o-srrial crwwrt w and t.lwn 
plarrd on 111~ li”k. 12u-l1 power supplv rorltrtllirr will rmd R1 DA’I‘ and 
dccodr t II+- information rrlrvanl lo it. ‘I‘hr rurrrr,l i”crrmr”l will act 
as a vrrnirr C)r 1hr programmed tablr alrcadv in thr pow-r supply 
wnt roller. ‘I‘hr rw~trollrrs aw statlrlarti l~rrmilah pow-r supply ramp 
grnrral.ors”. 

SOFTWARE 

Much d 1.11~ s&ware WP will usr for I his projrcl has brrn (or is 
bring) dpvrloprd as grnwnl ,w- mirroprorrswr COCI ware in 1 he ,2rcrl- 
water Divisiorl. ‘The 80386/116 will rule I.he M’I’OS” oprralirlg systrm 
and 1hr 80186 cards will ru” a lorally wril.trr, opcratirlg system and 
Trxnspnrl rode. The high lcvel code running ilk thr Rfl.388 will hr dnnc 
wing a protocal known as Object Oriwlrd Cornmwirations (OOC)‘“. 

The CBA-sprcific analysis rode will hr implrmrnted using tir~itr 
stalk machines within OOC. Slate rhallges will occur on chwk rvrr11s 
or on a clock rvm1 and a delay. Thr periotlir roulinrs will br rallrd 
al nnywhrrr br1.w~r” a 15 Ila. ralr nr~rl a 120 11~. mlr, drpwding 
upon the lwamlwidtll of llw tunr Irackers. l&h stale will have a tablr 
of “target” values for thr l~mrs and rtiromnt.irilirs alld information 
on which rirrt1it.s to control. ‘l’tw vales may rhangp t hrnugh a SI n1.e, 
drpcndi”g upon 1.11~ accclr~rntor rorldi1 iuw. Thr data logger faritil its 
have brrr~ mwtiunrci. WC plarl 1.0 log all nf tlw at~alr~g input.s, the 
rnrrrnl. MDA’1 vahws bar I tw hidown srxt.rtJ~olrs and the newly ral- 
r&ted values which arc 1~7 be put OII 1he link, and any irltcrmediatr 
ralrulations which may bc of i”trrcs1. There will alsn br a circular 
b”fTcr in which WC will stow many hours worth of data (probably us- 
irlg the 1 Jlz. valurs for thr tunes). Wr will also provide programs to 
analyze CBA data in the Main Corltrol Room. 

All codr will bc writ t P” in C. Code drwlopmrnl. and debugging will 
occur on thr Accrlcrator Division Vax Cluster. We are now using 
arceleralor data taken during the 1988-1989 collider run to evaluate 
various fcrdbark algorithms. 

We inbcnd 1.0 provide full closed loop ding”oslics for all &rnent.s 
within thr CBA crate. One possibility for doing this is to inrlltdr 
a DAC on a” SBX connrrlor (rilhrr 011 the HO386 processor card or 

Ron the TCLK card) and USC its outputs as the inpuls to tlw ADC. 
We can then write a “Tewtro” simulat.or” 1.0 r”n in the 80386 10 
generate “sinulat.rd” Tcvatron 1 unes iuld rhromaticit.ies. The rcnl, of 
the data path would he identical to real Tt-vatro” USP. Thr advant,agr 
of this systrm is that it is romplrtrly contained wit.hi” thr CBA rral,r. 
Anothrr possibility is to set up a srparatr ttst starId with a PC arid 
a CAMAC crate with DACs and othrr diagnostic eqnipmcrlt. The PC 
would the” arl as the “Twatmn eimulalor” and program the DACs 
which would then be inp1rt.s lo ~hc CBA ADCs. The advantage of this 
method is that we would hnw a syslrm that is tot,ally independent of 
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oprralicmai CllA anti 1 hrrr H.DIII~ 1101 hr PX:I;J JI~I~PFSPS n~nrring in 

I IIF CIlA 803H6,. I)urillg otwrat ion wc also ilbtrnd to mnrlilor awwal 

“dummv” 21l)A’l’ rbnnnrls to ~nsurc that data arr bring put on I hr link 

5. r). Marlin ct. al., “ A Rwnr~w~ Brxrn Detprtnr for T~vatron Ttlne 

Mnnit oring”, Proccrdings of t hc 1989 IF.EIC Part irk Arrdrrator 

Confrrmre, March 20-23, 1989, Chicago, II,. 

prqwrlr. Wr will ai5.f~ clrciirnlr two riianrirls of I hc- A I)(: lo cant inulbus 

,t-sls (for illhtnnrr, grollnd ;uld 1 IO v ). 
6. .I. Fitzgrrald, personal rommuniratio~~ 

CLANS 

7. CPA is an arronvm for Culliciing Hram Adraslus. SW R. (Zravrs, 

‘I’IIIC GREEK MYTIIS, vol. 2, Viking Penguin Inc., New York, 

NW York, 195.5, p. :li’7. 

‘1’1~ hardwxrr for CllA ia now nwrly romplrlc~ (<01lv thr> final versirpll 

cd t II? hll)A I‘ card has not vrt hrrn rccrivrd). ‘I‘lw hl’l‘OS oprraling 

systprn 11;~s iwc-n wl,rki!,g nrl I he 38ti/ I Iri card for 1nnn.v nlcbntlls, i111d the 

code for t 11~ ‘I’(l,K card is being writ tell now. ‘l’llr OOC rode has not 

lwC-II ported IO Rlultihus II. Ilowrvrr. a vwsion (itlrluding Unite slate 

In;whirlrs) 11ibs I~PII installed and wrbrkirlg 011 t.hr Vhll,; systems in thr 

,\rrrlrratcw I)ivision. \‘+‘r PX~PCI to hnvr OOC rurlrling on Mull.ibus II 

in tllr rnirldlr of lhr sllrnmrr. Our pl;u~ ih IO rlrvrlrlp n simple nrwlvsis 

parkafir workir)K ottly with tllr vrriicnl lllnr (1 llr rnrtge of 111~ l.unr 

trackr-rs is 0.X-0.45 in lllr fractir,nnl part cd’ t hr III~C. iu lixcd largrl 

rurlnirlfi t.ttr vdirnl ttirlr iF ar~ilrlld O.BR anti tllr I~orisonlal tll31P O.,tR) 

;,iid hr. nljlr IO run Cl1,2 par;15ilicallv cltlrinp I hr rurrrut fixrd largrl 

rltti Ftr~(l during collidw st udirs. I)ilrillg this t illlr \w will Ilr drvrloping 

hrltli ~nirrurodr and apl,ticat i<mn codr. OII~ goal is 10 havr a working 

5vsletn RI Ilrc start d 11~ ncxl r<~llI&r run in mid late l!t!tl. 

l$ot h I Jir hardware and soft wilrr for (‘I( .i will llr Ilrxibl~ enough to 

slllllil t II? s~slrrrl to hr r*p”llrlrrl. 

(:ijh ~lrprr~d~ typos using Srld.i.ky clclrctors tu clctrcl osrillati~uls 

ill 1 hr lwnm ill t hr blat ran frrgurrlry. This Iti15 1101 bren a problc~rn 

in the ‘l’rvatrrm. as there are (unknown) wurws of noise driving lllr 

t~mm1 at t.hr Iwtirl.ron frwlurury, and lhr Lunc signals are al, lwsl. 10 (Ill. 

ahr~vr t Ire noise. CC’P would likr to climinatc this noise, as it does CRUSP 

somr drpadnliw of t.lw brarn and makes cliagrlostirs mnrc diflicull. If 

WC- tin surrrcd, I he true Srlwt tkv signals mny br only wwral db. abwr 

the nuiw Itwt~t.u, and il mnv Iw diflicult for the iunr trarkws lo find 

the prnprr l.ilnr. in t llnt ci1w wc must IJP able t 0 injrrl noise inlo tbr 

Tc~~I row wtwnrwr WC wemt I<, make a measurement. WC have madr 

prnvirsioils 141 do this hv usinK hrnm posil ion monilors or dirwtionnl 

kirkrrs cntw~r~t.c~rl lo R n&r source. CIIA musl, hr inforrnrti nf tlw 

hlail~ of :,tw noise wurcq’. awl evrntnallv control il. The rhromatirilv 

trnckrr is anothrr Pxample of surh a device. CHA must know whrn 

I hr dcvirr iF rnnhled and cnlculat.c t.lw rorrcrtions to the rhromnticity 

wxl upole circuit.3 atrordiu~ly. 
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