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NEW LOW-LgYEL RF SYSTW FOR THE PY2ttuLu BoogTW SYWHROT~ON 

C. Kern.. J. Cr‘ap. P. Ken. and 8. tu1l.r 
Fermi N.t‘on.1 Aoc.1.r.tc.r ub.,r.tory. 
P. 0. BOX 500. g.t.vl., 111‘11~‘. 60510 

Abstrlct 

m‘s papaa- d*.cr‘b.. the Bwatar lo"-1e.41 RF 
4y.t.a that we. co"4trWt.d to meat tb... r...nt1y 
add.* r.q"‘r.m."t.r (1) .y"th..‘z.r OOntrQll.* 
O.Ptw. fr.qu."oY at ‘"j.ct‘o". (2) “.I-, low-ph... 
“01.. over th. m.oh1n. C~Cl.. (3) saootb ph...-lock ot 
beam to an .xt.m.l ~.l.r.“c. hequsnoy and (4) 
ab‘l‘ty to .oo.1.P.t. e1tb.P a lull turn or pmti.1 
turn of beam. 

me ~edhb n00.t~ IA ~1 8-w r44t-cym4g 
synchrotron. m4 b1y)d3 ft~mb~ IA 64. a th4 RF 
FM~. from 30.2 HHz at ZOO-f4.V ‘njwt‘on to 52.613 
fill. at srtract1on; 

hBC 
5e - z;ii - 

ma ma~hin4 ~A~IUA i4 75.5 5.m~~; th.3 guiddri~ld IA A 
15 HZ b‘...d sine we"., S-Bdc-Be0 cos2rl5t. 

FOP con*."‘."c. In u"d.r.t.nd‘ng the lml-1.".1 
system oparat1on. we can d‘v‘4. the .Cc.l.P.t‘"g cycle 
time of l/30 second into three ‘ntsrval.: I"t.rv.1 
(1) T, to T,. Injectlo". C.pt"t'.. .,,a buncblng; 
‘"ten.1 (2) the .co.l.r.t‘o" ‘"t.lv.1; ."d i"t.r".l 
(3) pa...-lookIng. Int.r".l (1) 111.t. .bo"t 2 M, 
interval (2) i. the ,'..t of th. .co.l.r.t‘on time, 
.XC.P~ the phase-lock‘~ ‘"t.W.l and. th.,-.i.,r., 
last. about 30 r,., and 1nt.tv.1 ti?J ‘..t. 2-112 ma. 
Actu.lly. ‘"t.rv.1 (3) 1. whatavsr t1l.a the Bco4t.r 
take. to cover the ~.q"."cy rang. frwm 52.605 "HE t., 
52.613 MH.. becau.. i"t.w.1 (3) Is started by a 
frequency triggsr .t 52.805 MHz. not by tim. tr‘ggsr. 
locked to B a. T, and ,, are. 

In c.w phase-lock‘ng is not banted. ‘ntar".l (3) 
di..pp..r. b.ca".. th. h.qU."CY trigger i. rithb.ldl 
and ‘nt.rv.1 (2) proceed. all the ua, tn .xtr.ctio". 

FIgwe 1 Is a simplified block diagram or th. 
2~0ster ku-Iare RF System. I" the d1.cu3.10" th.t 
I0110"., r.i.r.m. ~111 b. 

k= 
6. to 1t.m. on th. 

*‘*gram. m4 n00.m~ bea the *muty 0r 0per4ti~ 
w‘th .ith.r . lull tw" of b.qP C-84 bunch..). or .,,, 
P.rtl.1 turn *ora l... than 84 dM" to .bo"t 10 
b"..bas. In part141 turn op.r.tion. th. ph... .rror 
.nd the r.dl.1 pO.‘t‘O~ (LTPOP 9h.l. A,-. a.mp1.d each 
tW" .“d h.ld iOF the t‘m’bf th. q ‘..‘ng b,,,,ch... 
P.rtl.1 tw". ha". b.." Produced in sither oi two 
ways: (a) the 200-M." L‘n.0 OhOPpC length 0." be ..t 
to 1s.. than th. t1m. or on. 2oo.t.r ‘"j.ct‘o" turn. 
1.0.. I... th." 2.8 w.001 0~ (b) .Yt.r' th. i"j.ctXon 
Of on. or sever.1 turn. or L‘".C b..m into th. 
Bo0.t.r. k‘ckar. a.n be r1r.d to ..tr.ot wm. fi.ction 
or . tu-n. 

Remark. on the "CO 

ma mitags Control1.d Osciltitor wco) i. "0t 
sufficiently .t.bl. to run th. .cc.l.P.tor open-loop 
irom a pr0gr.m. although a" appror1m.t. program is 
.UPPli.d to th. "co. rn4~~m~~. 1" .dd‘t‘c" M tn. 
prog?'.m. tb. VCO mat b. ph...-locked to .o= 0th.r 
fP.qU."oy .O"IC. dw‘ng each i"t.w.1. Ttm.. ar. A. 
follou.: during lnt.rY.1 (1) th. .o"rc. lor "CO 
locking I. the .ynth..‘z.r. d,.“"g ‘"tsrral (2) the 
beam, Ed trMs1.t.d r.f.r."c. hsquancy during 
‘"terv.1 (3). 

Interval (0 

During l"t.rv.1 (1). "hlch .xt.nd. from T, to T, 
th. VCO 1. 10ck.d to the .y"th..‘z.r. A 200-H." baas 

I. 

1 
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fmm the Linac 15 injected, c.Ptw*d. and bunched by 
bucket. at the *y”th*.ls*r W*qu*“cy. N0~.lly, T, 1. 
set to OCCUP befm. L‘nac Injectton. T, and T, may be 
.*1*ct** 1” 1-w ‘“cre*.nts. Typically the d”~4dti.n 
of the T,-T, ‘ntePY.1 IS 2000 "4. Durtng th‘. 
‘"ter".l, *Pm 1 to 10 a00.t.P tllrn.5 or ZOO-"." H- 
L‘nac beam OP. Injected; th1. take. D-om 2.8 to 28 ~1.. 
The coasting beam !a the” bunched by .” adiabatic 
t”v”-on of the high level RF. me .*j”.t!n.“t. roop 
optimum capture and bunching or* c”~re”tly ““der 
Study. ’ One ‘“teresting feat”,‘. of synthea‘zer- 
controiled capture frequency 1. that certain prec‘.. 
Pr*quencf.* related to the Linac bunch Irequency of 
ZOO.25 MHz are dls.llou.d, I” the sense that they give 
lover Booster output Intensity. Prior to .y”th.*‘ZeP 
control. these .“on.lo”. result. were not “ot‘ced. U* 
belle”. the reascn they Y*P* not pr*“iau.ly obs*r”*d 
1. because the “CC Iormerly WA. run open-loop dwl”g 
capture, and Its ph..* “01.8 smeared o”t the *U*ct. 

The turn-o~f of the synthesizer RF 1. done with 
-100 u* decay at time T,. approximately matching the 
buildup time of the 30 “HZ component or bunch‘ng. 

l”t.P”.l (2) 

During 1nterva1 (2). the “CO 1. ph..*-locked to 
the beam. The o”tp”t oi the re.‘.t‘“* wall beam 
plck”p Is sent thro”gh a 20-60 MHZ bandpa.* filt.~, 
.mpl‘~‘ed, and used to d~l”. the beam gap detector and 
the beam/“CO ph..* detector’. The beam sap detector 
produce. the sampling get** for pha.* .“d ~sd1.l 
pO.ttlo” *et.CtoP .‘g”.l. Seth the beam gap detector 
and the b*.m,“CC ph..* detector ha”. a 40 db dynamic 
range; typIca aOO.t*~ ‘"t.".‘t‘.. rang. tmm 0.5 to 
2.5x10" pPoto".lt"P", depend‘“~ on the number of 
1njecte4 L‘“.C tllrn.. A r”Pth*r r.*“ctlo” o* “P to 
stx time. In beam ‘“te”.‘ty 1s available by “otchlng 
the beam. 0” the Other en*. an l”cr*... I” 800.t.P 
lntena‘ty wo”ld be deetreble, but the intensity- 
dep.“dent~em‘tt.“c. blowp. presently being 
stud‘**.’ s 1. a 1‘m‘t‘“g rector. 

Partlal Turna (- Notched Beam) 

The sample and hold gate. for ph...-lock and 
r.41.1 posltio” or* “t‘11.44 IOP p.Ptt.1 t”r” 
operation. I” tht. case the “CO 1. pb...-locked to 
the “live” part of tha Boo.t*P turn. I” P.Ptl4.l turn 
mode, e”.” if a beam gap of 1 to 74 b”“ch*. ‘a 
suddenly ‘nt.rod”c.4 dur‘ng the machine cycle, ~4di.l 
and phase track‘ng (and acceleration!) are mal”t.‘“.d. 

The ph..*-looking ha. be.” bench teat*‘, to work 
adequately down to . single bunch/t”?.“. The radial 
pmltion clrcultry req”1r.a a m‘n‘mum oft-10 bunch*.. 
Aocurate tlmlng of the gate sign.1 with PeAPACt to the 
bunch envelope I.. of co”r.*. required: g‘ve” to 3C- 
52.8 MHz frequency range, car* we. P*q”iP.d to .chl*“* 
the *ynchronlz.t‘an O”*P the m.chi”* cycle, but o”c* 
.~~~mpl‘.hed required no RiFther attention. 

I"t.r".l (3) 

If ph..*-lock 1. desired, ‘“t.r”.l (3) 1. enabled 
by a frequency tr1gg.r. me Irequency trigger is 
venerated by . quart. crystal and ph..* detactor that 
note the moment the r..o”.“t ‘mped.“c* of th. cry.t.l 
ohang.. .ig” Warn l”d”ctl”* to o.p.Clti”*. Tha 
frequency trigger OCC"P. .cm..wh.t b.R,r. 52.805 MHz to 
allow a pk..*-match to occ”r. 

men .a trigger.*, the system ph...-locks to tn. 
frequency t,‘.“.l.tor wtput Instead of to the beam. 
Tb. *.q”e”cy tr.“.l.toF produces from the 52.813 “HZ 
reTere”ce osc‘llator a Irequency dou”sh‘ft.d ‘nlt‘ally 
by 6 ItHz. ml4 *oml.hlrte* *.quency the” follov. a 

*mooth program back up to 52.813 KHz, wiping o”t the 5 
WP dllr-erence. and stmult.n.ou.ly bPt”gl”g tl,e phase 
d‘*rer.“ca to z*rv. 

The aXAct of ‘mp0.1”~ .“ch a Weq”e”cY pr0~r.m on 
the l.*t 2 m. of beam time Path*? than h.“l”g the “CO 
rem‘” lock.4 to the beam. h.* been studied.’ The 
n.c....ry co”d‘t‘o”. ior sv‘tchl”~ the “CO Warn beam 
to program lnclud. matching f, f and 4 at the 
suitchfng t‘me. me h.~*w.r* .“cc..*. I” matching 
p to f0.10. * to *50 HZ. an* r to 6%. 

Beam p.rt”rb.tlo”. ha”* bee” acceptably *mall; 
mst notlceabl.. a <l-m ul~~le 1” r.4‘“. that die. 
.wt beiom .xtr.ct‘o”; tha .XtP.Ctlo” r.41”. is 
ob.*P”*d to be stable to tha limit of the pos‘tia” 
r..ol”t‘o”. 0.1 mm. The extraction ph... 1. stable to 
1 or 2 *.!gP**.. 

me "BY ~004ter LLRP 4y4tem 14 in PBC~A adjacent 
to the Old LLRP .y.t.m. Either the old 0, the “*Y 
ayetern CA” be aelected f?om the cansale and used to 
run the BooatoP. 

me r**.re*c. 0.C‘11.tor can be *ittIer a local 
52.813 "HZ O.C‘11.toP .*j.ce"t to me LLRP h.r*w.r*. 
or a rem%. osc‘llator located 1" the F.m‘l.b "a‘" 
Rim, RF .y.t.m. about 4500 feat away. The signal I. 
sent OYW on solid-copper jacket.4 5On coax cable. 
Tbt. ,,a‘” Ring r.~e~enc. 1. ~a.4 when Boo.t*r’ b”“ch*. 
are to be locked to Ma‘” Ring buCkat.. 

I” g*“*r.l. the cable. in RF path. leading to 
ph..* detector’. .r* crlt1c.l far phas‘ng. and once set 
need to be left alone; the DELAY called 0”t on the 
block 4t.gP.m ior ‘".t."ce. ts 1134.1 no. The pro”*” 
technique of cut-and-try cable length adjustment to 
m‘n‘s‘z. all .yst*m.tic ph..* .PPO~ OY*P the 30.2 to 
52.813 MHZ rrequency Fang*. Y.. used throuBho”t the 
*ystem. The first couple of day. w‘th a brand-new 
ayetern are .lu.y. exc‘tlng 1” th‘. respect. but later’ 
thing. ..tt1. *mtn. 

During the phase-locki"~~, interval (3). It proved 
d*.‘r.bl. to i”t.rr”pt the do pas‘t‘a” sign.1 feedback 
loop to the ph..* .hirt*P. but to p*rmit .” .C CDupl*d 
loop *or damping. 

l”t.rr”pt‘“~ the do loop Y.. do”* by going Iron, 
track-to-hold w‘th the position ai8n.l. but w‘th one 
.mbell‘.hm.“t: the dc la”41 of the hold sign.1 Y.. 
that of an ..Pl‘*~ IO-turn .“er.g*, not the 
‘n.t.“t.“.o”. po.‘t‘o” .‘~“.l (uhlch becomes “01.y at 
high intensity b*c.“.* of coupled-bunch mode., and 
.g.1* at low-1*t.**tty. bet.“.. or C‘rc”‘t .‘@.l-ta- 
no1.e). some d*“*lopme”t M. done to produce our own 
tmok-to-hold c‘rcu‘t. becau.. “a could not I‘“4 
.u‘t.bl. colrmerc1.1 ““it.. 

The author. wish to thank St.” T.Y.*P, St*“* 
Conlo” a”4 many other. of the RF D.p.rtm*“t lOr their 
t.ch”1c.1 . ..‘.t.“c.. we *.peci.lly thank St*“* 
Helm.. for hf. p.ti*nc* dwlng the d.“*lopme”t of this 
4y.t.m. 
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