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me i-r *requency. ThC Ha‘” RI”8 rn”3L lock LO that 
rF*q”ency pr,or LO Lht rrmsrer. F‘rty m‘l“sco”d3 
after tns a”t*pPOZO”* are tranarerred. t.tlat phane lock 
1, L”Pn*d err and beam reemam IS enabled. me beem 
rt*dDaC* u,e, s*gna*a deriY*d rrom the OppDS‘te end3 
or the aam stripl‘ne derecrora that ape “Ied TOP 
acc*,erar,c.n or profont. one re*mac* loop CO”LPO‘S 
the beam rrcquancy. an* hence. rad‘al po*‘t‘o” 1” the 
lb,” R‘ng ap*rt.ure; the OLIIFP loop COnrro‘e me pnase 
or t.h* l-r. 

rh* acc*1erat*on or antiprotons requires 
raphas‘ng m* rr crvlr‘er rrom the Phae‘ng requ,rea 
rw protons. n,a 1s sccompl‘shed thm”gh eul~ching 
r,x*.d catx10 delays ‘“t.0 m* rano”r to the Ca”Ltf**. L 
r,m,k.r mahod IS employed ror L‘m loYeP harmon‘c 
(h-53) system “Wd [21 TOP bY”Ch coa1*ac*ng. 
L‘k*Y‘.e. ,Wlk?k, **1ect Yh‘C‘l s*gna1*. pPc&On DP 
ant,proton. arv “sad ror me rr re*dDaoll. 

*ch‘a*lng coll‘s‘one in the revawon. as us11 a.3 
t,m,ng or ?A* k,cu*P3 “h‘Ch am r‘r*d to p1*c* ttlc 
anr,protons onto the CiO,Od orb‘t at *n,act*on. ‘Pam 
In the “a‘” R‘ng and In the Tt”atron. requ‘m Chat the 
anr‘prorD”s be I” a usll-d*r‘“ed locar‘on arimurhal‘y. 
Th,s is accomplished m-O”8h me use or tn. MUi” R‘ng 
Lnd T*r*won mm sync‘? ck.c*s, nras an* TYBS. ‘Jn11rs 
VW 10 It”*. l‘ns-locked, TclnCK syatam !dhlCh control* 
mo,t accs1arator t‘m‘“g. the *cam Synch ClOC‘iS are 
dFP,Wd rrom me PI o* me tvo machines. BY div‘d‘ng 
VI* 53 MnMr r* by 7. a 7.5 It”* C‘OC)I 1, gsnerafed Wh‘Ch 
ia uxlre* to me beam. Event* can be encoded onto 
these clock3 LO r1t-e lt,c*ers. etc. A sot or r.wk*r*. 
called me 1. * and c Llaf-Yers, arc also *ncc**a OnLO 
ZhC BeanI Synch C‘OCb. These *P* Pe”Ol”t,On rrequency 
MarYet-, separated by one-t,hWd or a turn. me *Fs‘~ed 
a*,m”ms1 pO*‘L‘o” or a pa’L‘C”‘ar b”“Ch or part*c1es 
1, to ha** It. CPc333 me FO po,nr 1” the Ma‘” R‘ng 
(Tsvatrc.“, co‘ncldenr W‘Lh me ge”eraZ‘on or me A. B 
OP c caPk.cP* on me HRBS (TYBS) C‘OEk. For protons 
rron fhc FWrn‘hD most*r. vn*cn ahaye accelerate, 
beam Yhml r‘lls IL, c*rc”m*erence. the poa‘tlo” or 
the heam 1” nab, Ring 1s det.erm‘“cd by s,np*y r*ring 
k,CkFPJ rer*Pcnced t.0 me “*BS ClOCL. A”LipPOLO”*. 
Wh‘Ch I‘ll only a small rractkm or me lcC”m”‘arOr 
ElrC”&a**r*“Ce arrer b”“ch‘“s 0” the **tPaCt‘W Drb‘t, 
rn”St. ha POeirlonFd pmmerly at in,sction by re*ert.*ng 
ttll) “RBS Just pr*or to **rraCr‘on from the 
ACC”ti”lat.DP. 

one* a cOa1CJCld bunch, e‘rhcr prorons or 
ant‘protons. ‘3 inJeered ,nro the T*r*t.ron, ‘L cannot 
be mwcd a**auma,1y u‘rh PeepCEL 20 ~‘m‘1.r bunche,. 
They m”*t, thereroPe. be ‘nJ*cred ht.0 m. pr9scribed 
b”CLOL at me time or zPa”*reF. In,, Pt-DC.z4, IS 
called *ti-.“srer cogg‘ng”.and 1, .CCompl‘*hcd rnmugh 
?A* rollwing procad”r*. F‘rJt. Lb parc.ic1ss art 
accelerated LO 150 ce”. tnc TeYaLm” *n,*cr*on energy. 
1” olc Fan Fang. me Ma‘” Ring Pr 1, then BPaCerUl‘y 
phase-lmked LO the **vatron rr. and the d‘rrercnce. 
wa,“P** I” t-r cycle,. herteen th* nRBS 4 narker and 
me IVBS 1 r.eyPk*r ‘5 d*Lem‘ned. The phase lOCII ‘3 
acconpl‘shsd at lollovr. A sample or th. T*“atrc.n rr 
‘s phase locked LO the Hal” R‘ng rf and the Ml” R‘ng 
oa”‘t‘ss &P# than ew1L~h.d to th‘s s‘&tml. Tl,e phase 
or tall, T**.tro” rr sample. an* ‘LS r,rs#t. and SCCO”d 
d*r‘**t‘ved m-e rile” pr-~c‘sely cmtro11e* to l ‘gn 
Put‘” R‘“8 and T**aLron b”CkCLS “1t.h Lh. propar pilate 
rob- sy”chrono”* wmsrer. In?,“. . prlxpammed 
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TIME (SECONDS) 

FIOURE 1 
Ha‘” R‘ng Ramp and Radial Poslt‘on. 

me cogging sequence beg‘ns at 2.4 eeoonds. 

me low level rr system “ted ror tile aC*elerat‘on 
or Parr‘Cles in the TeYatPOn c31 requ*re* knOwle*g* Of 
the Tevatro” en*Pgy and des‘red P*d‘*l po*‘t‘o”. The 
change 1” fPeq”e”CY ‘5 sufr‘c‘e”tly mall. sl‘ghtly 
OVeP 1 km.. an* slow, appPOx‘mat*ly 30 seconds I" tne 
Coll‘*er n&e. that leedback loops are not necessary. 
Si~ulta"eo"* acc*lerat‘an or prOto"* and antlprorans 
r*9u*res Pephaslng me **gtLt T*Y*tPOn PI CeYiries *ronI 
the Phea‘ng used Yor I‘m0 t&-get phye‘co. Further 
D*as"~*s we also required to *"Old large em‘tta"Ce 
$POYtil dur‘ng the long *toPee assoc‘ated w,m Coll‘der 
O*W*t‘O". F‘gUPe * d.ep,crs the bunch length or two 
proton bunches during a store, one u*tll and one 
W‘LhouL reedback an the phase or the ind‘",d"al bunch. 
The bunch lengths are mea*"Ped us‘"* a sanp1,ng 
storage *cop*. Both tile eampling SCOpe an* the bunch 
phase **edback use the TYBS system to def‘ne the 
bucket contalnlng the desk** Information. During 
these m*aJur*a2nt*, another phaee reedback system "a* 
also I" operat‘on. one Wh‘Ch EMPaPes me phase or the 
rr IanbacY (the vector sum or mon*tor **gna1s *ram the 
cav‘r‘es) u‘th rhat or the *anour (the *‘*rr‘b"rlo" 
system or the 10" leY*l rr **gn*13 to the cav‘ties) 
and CoPrects rcw errOr* In the h‘gh level f-r system. 
Table 1 1,ets the ampl‘tudes or me pha*e r‘pple v‘th 
an.3 Y‘rhoUt t.hiS fee*back at rP*4Y*nc‘*s Of 15 HZ *no 
60 Hr. The Phase nOlee was m**s"P*d ".p"E an oY*Pl*p 
phase *eteCrOP with a cal‘brat‘on or 9 per yo1t. 
Yithout rh‘s reedback. me proton bunch lengths *o"ble 
I" two "OYPS. 

The proton an* *nt‘*PotOn inJecr‘on k‘ck*P* we 
p031t*0n** WCh mar. "he" ant,protons are ,nject,e* 
r*r*t. =s 1s Presently tne case. they cannot be placed 
1" buckets which Collide with protons at t,hB 

int*PaCtlon reg*ons. The subsequent mot‘o" of the 
ant‘protons 80 that they collide 1" the de*‘~ed 
locat‘On 13 c*11** "coll‘s‘on po,nt cogg‘ng" *n* is 
s‘mllar in prlnc‘ple to transrer cogg,ng. All twee 
*nt‘pPOton bunch** we ‘n,ected u*rtl the Same orrser 
Pel*t,"e to me II, B an* c TYBS maPkePt. After 
accelerat‘ng to 900 c-e", but before turn*ng on the 
low-bsta qY**~"pol*s, they *r* coll‘sion point cogged 
at a rate or 2 ne to the pPcv*P locat‘on. m‘s 
technique is made possible by the orthogonallty of the 
proton an* ant‘pPOton r* C*Y‘L‘**. TO keep WBCk Of 
the a"t,pPoton bumher) uhlc" can imove with respect to 
the TVS A market, a"otheP beam synoh clock exist9 
vhlch 1s referenced to the Tevatron a"tiprOto" rf. 
""like the HRBS and proton TYBS, the a"t‘prOto" TYBS 
is local to the rr control room -- it it nor broadcast 
*Pound the r*ng. The antiprOton PeYOlut‘o" maskers, 
called the x, Y an* z UaPkFPS, are Pees-t just pr,or to 
the *‘l-St inJectton; the three bunches the" ~~059 the 
FO Po‘nt co‘noide"t with ths.X, Y a"d Z ma~kt~s. 
~im‘lw to the Protons and the A, B and C markers. 
These ~?kers are also used by the sampling scope and 
by the b"nch phase feedback system. (The third-turn 
spao‘ng or all bu"cheS, both l"Y%o"s and a"tiProtOn*, 
it determined at the time of their injection ‘"to the 
PLa‘" R‘"$. FOP protons, the BOoSreP k‘cker thing is 
a"tomt‘cally shifted to reference the B (0~ C) mi-ke~ 
‘"stead of the A mzarke~. For ant*protons. me "NBS IS 
reset d‘rrerently, depend‘ng on whether the bunch is 
an X, Y or Z bunch.) 
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The tP*“SreP fPOnl Accumulator to low-beta In tile 
Tevatro” 1s a multi-step process. with losses *t each 
point. me tr*“S*eP 1,ne IPOrn me kcum”latar to me 
Ml” Ring is set up “Sl”8 proto”~ I” the PeYePl)e 
direction prior to each BntlPPOto” transrer. A 
S,rn,lrw tune-up is done *or me Hal” Ring to TeY*trO” 
tramrer line. The tP*“SfeP elricle”cle.3 Ior .sQEh or 
those tvo steps *re tyPicallY better than 90%. The 
Main Ring injection an* *CCel*mtio” efriclency IOP 
protons IS typically I” the P*“Be or 701 for Small 
ensembles. “lLh JlrnilW number, seen for *“tlpPOtO”J. 
DlSEPepancle?. bewee” dlrrerent inten.sity mo”~toPs add 
to me “ncePtai”ty in estlmat‘ng the *“tipPOtO” 
scceleratlon e*r,c1mcy. Coalescing err1c1encies *l-e 
in the vicinity o* 901. There we further losses in 
the BCCelePBt‘o" and loY-bet* sequences in the 
TeY*tPO" YhlCh srrect only the antiprotons; these we 
the subject or cvrrent StUdlea. The Pes"lt or all 
these Inefllciencies is an overall transfer erliciency 
that has bee" ** higil as 251, but IS "JUally less. * 
concerted errOPt is underway to ""derstand B"d Ped"Ce 
tnclle 1osses. ThePe *l-e i"*lCation* ttmt the 
intensltles Of both PPOt.O"J an* antlprctons have bee" 
cO"rlstl"gly underestimated I" both the Ha," Ring and 
TeY*tPO". by perhaps as much 85 301; ttl,s IS SlSO 
Under 1""estigatlan. me transrw and *ECeleP*tlo" 
erriciencies are se"Sitl"e to me rPaCti0" or the 
Accumulator core being extracted; *or larger 
rract1ons. and hence larger longitud‘nal emittanca, 
the err-iclencle. are lower. 
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