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Abstract 

I11 he Fmrlilab Booster, t.llr co~~plrtl l)rmcl~ osc.illataioll is 
Ftxcit.rtl hwrrti t.rmsit.io11 aiitl rxt.ract,io11 by parasitic Iii+ 
order ~~~otlcs (HOA4) i11 17 RF cavit.irs. The growth rate 
is tlrt~rriui1ic~tl I)y tlir colLrl.rut. frrqtimcy sliift. ii.iid iliit~iiral 
Ln~t1n11 dampi11g t111r t,o 11o11linearit.y of R.F wavefor111. Tl~r 
passivi~ (Iail1l)ilig ai1(1 act.iw ftdlmck arr iiorina.lly usrtl to 

rrducr colkrrrlit. frc~ctue11cy shift.. Hrrr we rrport~ tliat LWJ- 
da11 tlairi~~iiig ran IW rnl~ancr~l thro1igh ciirrfi11 I)rograrn- 
1ni11g of RF voltil.gt~ t,l1ro11gl1 t,l1r acrrlrrat,im cycle. It. is 
very rffrchve during rn111l)i1ig wlirrr syi~rl~roi~o~~s p11asr is 
big mid ll1icket~ art51 is very s;rlisit.ivr to t,llt* RF volt,agr. III 
t,llr ca.w of a St.at~iollilry I~llckrt,, t,l1r lat1~la.11 tlam~~iiig is Ilot. 
seusit.ivr t,o N F volat gt‘. 

1 Iutrc-)clllction 

Tl~r Frr1uilal) Booskr is a fast. cycliug syllcllrotmroll, accrl- 
erat,ing protoiis fro111 ‘LOO hlrv t.0 8 Grv iii 3Y 111s The 
S Grv l~n111 rxtmrarkd fro111 t.11r Booster will IW i~!jrct.rtl 
ht.0 t.hr Ma111 Ring (RIR), wliicli IIW n very liiiiit,rtl t.r;ins- 
verse ai)rl t.iilv 1 ‘0 tc I eve liigli t~albsuiissioii iii t.lir MN ( ; 1 i 
it. is tlr~irrnl~lr t.lliit. tllr Boostrr lwa~ii 11as sii~all 11lOllIPll- 

t.11111 q’reiicl. AISO tIlta l~;i111 ,tcrr~It~r;1t(~cI iii tl1r 34rj will 
t*it.lirr 1)~ 11scv1 t.0 I~rocllirr ii~iti~~rf~t.o1is, 01’ ~~c~i~les(~t~~I t.0 siii- 
glr 1)1111r11 Bcjt.11 t IIV a11t.il)rot,o1l st.;lckillg au(l t.lir l)rot.o~~ 
ccmlrsriiig l~ref’~~r I )(‘;L~IL L‘rolli tIi(, Roc,strr \vit.ll sii1;111 IOII- 

git,iii;il eillitt ;iilcti’ 
Iii blit, Uoo5t(~r t.116, ~~~II~~~II~~III~I~ rlitit,tiilicr g:rowt.li is ~IIIV 

to t.r;iikatioli cros.~ii1g ;lllcl l0ll~ltll~lillill rolil)lecl I~llllCll Ill- 

xt.;t.l)ilitv ;if’teY tr;iiisit,ioii Soi~ic~ \‘(L;ir‘s ago tlit, Y, ,jiiiiil) S~S- 
ttAlll pj \\‘;Is llll~~lt~lll~~litt~tI to ilicrrilc(~ rff’kt.ivr tr;tiisil.i01i 
crossilig s~)wtl, tIltis IW~IICIII;~; tllcb 1011~it~li~li11i11 riirit.t.iiikcr 
Illo\v Iilk tl1roligll tuatlbitioll Altllo11gli t.lIta T, ,jl111rll (li(l 
rrtlllre riiiittaiire gmwt~lr (IIIF to triiiisit ioil rrossilig, t.lir 
slnallrr 1~1111(.11 af’trr t,rilllSit 1011 rrs;l1lt(acI ii1 lliorv 1~rot101ll1(~(~(1 

1~~11~iti~~l1t1;1I cx)ii~)ic~l l)1111cli iil>t<iljilit\. So 1.111, ;, ,jliiiila he’s- 
tt~lrl f\‘ilh llot llW11 0~“‘l~<1’1(111<111~~. so It I> ,~1.,11]>11’~1 i~llll(~ll 

~~~~111~~1 1011 t 11~~1 Iiitiit.5 t 111s Ioil,qit IIJI;I~ ~~~~I~~~~III~~II~ ~3 III tli<) 
IIoo~tc~l 

Tlir Ili(livl(lliitl u111~~l~~l I)IIIIC~I cbcillat ioil iiio~lf~ Ii;15 IWI~II 
icltmt ihwl to I)(, stroilglll!. c.orrrl;lt.r~(l tr) tIllA I~;ii~witic 1110(1(3 
iii t.lir RF c-;l\.itic+ [‘L] Tl I<‘L’~’ ;II’~L itl:lilklv two rliistrrs of 

*opl;*l’.,I Ii\. ,I,? 1 ‘111v~~l~ll I(‘\ Iir~b<..Ll <.I1 ~Ihhc~<-i:~l i<~ll llhc- 1111~1~~1 

<-1>lItI:,<~I \Yll11 tl,v 1’ s Dvt,.,iI,,,w1, <I[ L’:IIVI~\ 

c.ollplrtl I~llllcll 1110&, 011~ a.rountl mode 16 and mother 
aro1111tl 1~1otlr Xfi. Followhg tallr i11stalMon of rrsist,ivr 
tlaniprs [S] [4] ii1 t,llcA thr R,F cavit.ies, JIJO~W arorlnd rnotlr 
16 aw 5ilrwsst’lllly ~liiiiipd hl0tlrs 134, 35 anti 36 dill 
I’ersist,. TIIP llitrrt)\\’ I);III(~ ac,t,ivr damper is able t.o damp 
airy OIIV of t.llrw II~o~I~s, 1,111 Ilot, all of t,lirni sin~ut,aiiously 
The witlr I~;IIICI systtA111 IS IIIICIW design [5]. The couplrtl 
Ia111icII 05~ ill;bt.ioii is dill t.lie limit.at~ioii of longit.iitlinnl per- 
for11iancr. O~~e~iit~iOllly t.lic, roril)lr I~iincli oscillat~ion is rr- 
(IIIWI I1y mistliliill;: t.rnrlsit.ioii t,imilig. If wt-’ t,ry to 0prat.r 
iit iio111ial(o~~t.iii~izrtl) 7, ~1iiiil) t.iiiiiiig iuid pliastt jump th- 
kg, vrry st,roug (:BR4 is rsrit.rd. 

We report. t.lir c011lblr I1111icli oscillat.io11 rail I1r redlicrd by 
rarrful l)rogriil~i1iii11g of R,F volt.ag;r aft.er hmsit.io11. Thr 
tIcat1;1iI RF v()ltil~C VIII~~‘ 11;~s I)l1rket RW~ lager t,l1a11 0.2 
r\‘-S, wl1ic.h ih rlr11c.11 1;1rgrl- t,liaii t.lir I~am eniit,ta11c.e (about 
0 06 ?\I-s). So (illr Wily to illC~ril.~r tllr syi1cht.ron t.Ulle 
s~)wad is to 14 IW~III fill t,lir I)11ckrt, I)y thr rduct~ion of 
RF vdhg:’ [G]. 

2 R.eview of Sacl~rer Theory 

T11r r111tb 01 tllllllll) fog co~~plrtl III~JIC~I i11st.a.l)ilit.y is [‘T) 

S’ 4 

As,,, > J;;; 
(1) 

~vIier(~ S lb t I!(, >).tlc.llvtrt roll I.lllir SI’l’PilCl iiiside t.llra l)niirli, 
;lll(l 1;,,, i:, t Irts ( C~~IC~I.C~II~ fl-~~(tli<~iiry sliift of Inodr 111 callsrtl 
II!, ;I W-;O~I;I~OI~ SIIIIJII iiii[mlaiirc R, aud qiialit,y fnct.or Q 

A;,,, = 
.J,R,,rnF;,,(nO,) 

2 7r I/‘,- ( n (2) 

I! llrrr 1 i,, II(~,IJIJ (~~irr~~iit_ d, syliclirotrm frrcliieiicy iIt, tlir 
c~e~lltc~r. F,,,( CJ) i< t II<, foriii fiic.tor wliicli sprifirs liolv t,f- 
fic~it~t1t.l~~ t IIV I~W)II;I~OI- C~III tlrivr il (.&ain 1~1otlr 111 Tl~ch 
tcartii I) tl~tb~~l~(l,\ oli t II<. ,it t~~iiiiat~ioii of tllr rrsollat~or Sigllill 
I~~~tw~~~~li 1~0 I)IIII(.~IW. 1~~~~1 IS ;kl)ollt I tol- liigli Q rtwimtol 

‘rIll, ~~11~1111 It>, \\I’ \\‘;ltit 10 tlI,ldYiiiiiztj is 

.i’ S’ . ~ 1 
-L,,, x II, ‘,I .’ 1j ,qr f,J 

‘I’ll? ll~1~‘Ol‘IIIO~IC (lillll~~lll~ dl1(1 t lip il(‘tiV? fee(ll is t,u rr- 
cl11c.r tlrc, t~tl;~t.~\,r~ sll\l11t ~II~IW<I;IIIW Tl1r R.F voltagr sl10111tl 
to IW ~IJY~~~;IIIIIIII~~~ t,o Iri;lsi11lizr tlbr fig11rtJ of 111rrit 

/‘().\l = &;.,H (4) II:, 
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n.ssun1iug t,lie far11 factor is ii COllSt illlt.. \\‘ltrlr c7,; is IJig, 
M~V retl11cp RF vdt;tge I,y litt.lr t.o r11tl III) 111crrasi11g tl1r 
f’razct,ional syncI1rot,rou t.11nr spr~id tlr;1ii1;1t~ic~;illy. Bllt for ;1 

st,:ltsioila.ry I,rlcket, t,I1r I>IIu~I~ Irl1gt,l1 C~I~LII~,W i\s VT’ TO 

t.hr first, order approximat~io~1, : is l~rol~ortioi1al t,cl t,l1r E 
s,t\1we of t~ullcll lrrlgt~ll. so 

wliicl1 lins it very weak tlrl~ta~lrr1rr 011 r/, ,f. 

3 Result in tlw FNAL Boostw 
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lllllC 111 ,liC D~“NU <yr,c. ,115 
Fig. I, t,l1r c011l)lrtl 1)1111~11 <~~~ill;1t.i011 1s sllcY~rssf’llll, l’r- 
~1~1cr(l. (:orlll)arillg t,l1e spt‘ct,r11l11 in Fig. 2( triggecl at. :(4111s. 

1 .r)uis I)rforcl rxt,ract*iou), colll)ltVl 1111licli tiio(l(~ I1;1s I)cJrll 

lowrrt~l by 8 Dlj 011 t.llr a.vrragr Of’ :32 l)11slrs. TJl~ou insllec- 
tioii, all t,hrer primary Irlotlrs (X4, IiT, illl(t I{(i) IlilV? I)??11 Figl1l.r 1, ‘1‘11~ I< I: volt ;~gc, CIIVVI ;~f’t.rr t,riiiisit.ioii ii1 t,hr 
tlaml~,l. Wit11 t,l1is 11~’ RF C’IIIW, tl1rrr IS corlt’tr 1~1111,~11 ~o(Jstt~r ‘Tllr oltl (‘II1’V(’ St,ilKth \rlitl1 ;I I~llCkVt ill‘?2 0 2 eVS 

oscillat,iol1 t,ill ro11gl1ly :321ns it1 t.llr cyc.l<s. Af’trr t.l1:1t. tl1r rlll~l i11(.re,1h,‘J t.0 l;rrg:(~r tl1;111 .4 favs at rxtract.iol1. ‘I’ll? Ilt’W 
syrlchotron t.1mr sl)rea(l is 11ot. I)i, 1’ rlloll~ll to Sll~‘~‘WS’ (‘Oil- st;irt,s \vitlk 1 t’\h illl(l illcu’;k<(5 t0 0.2 (‘VS. 

pletl I)1111cl1 inst,al)ilit,y ri1t,irrly. Tllr 1t1ol1t1t,i1il1 1’;111gr I)I(Jt 

ib sllc~wrl at rxt,rart,ion wlt,ll oltl HF CII~V~’ i1t, Fig. :( i1t1tI 
wit,11 tl1r ~IWV one at. Fig. 4. fycc gjZ& “j[;iyI:i?$y ;pg;g, g&&%3 

As ;1 rrs11lt,, t,l1e lol1git.1~~lin;d tbl1lit.t;111cc is f’llhrr wt111cwl &tie: y+s;‘$+.53 1 ip(c: i’,? 4% 59 
;iiltt t,lir t,r;uis~llissio~l rfficiruc,y is iii(.rc~as(~cl. A 11t’\v MH 
int,rnsity rrco~~cl is crrat,r,l 2. 17 X 10” for 6 Roost.t~r tllI71S 

(2. 5 x lo”), wl1icl1 is: l1ellbf111 t.0 i111l)ro\:e t II<, ;Ilit,il)rot,o11 253m 
st,act;illg rnt,ca. For 7 Boostttr t.llrlls, tl,,. t,o~,st rl’ (‘;,I1 ;l(.W- 
car;1.t,r 2.(j x lo”, of’ which (2.5:{ x II)“) ii1,jrc.t,c~ct t,c) h,IH ;\lltl 
2.20 x 101’ accelrratrtl t.0 120 (:t’v. 

4 Discussion lOdi3 
idiv 

Tll~ rrstdt, ill t,llr I)oost,rr verifies t,llnt. t.llt> R.F volt.ilgr L’+ 
tlilctiolL is a very rffbct,ivr \YiI)’ t.0 iircwaw l;lIl(IIIil tl~1111~1- ! lxlti 
iI1g when +,, is Ijigger a.litl Ibrco1lit+ iiit~ffrct.ivr Wllrll s)‘Il- trig’d .i 
chrotroii ~)li;isr is small at, rxtr;hio1l. .i 

Th uaso11 for Ijig v;lriilt,ioll of c~olll~lrtl 1~1111(~11 oscill;1- Li 

t.ion a.nll)lit,tltle fro111 1)lllse t.0 l)llls(-~ is Ilot. Wc.11 IlIl~lrrst~~c~tl is 
(:oocl ilild~rst,iili,li~l~ of tliis V;liiilt~ioll 1I1;1y l)rovicb Ilh l)fat- 
t.rr way t.0 of co11t.rollirig. 

Wit,11 upcai1irJg 400 Mev iil~griiclr, tlits 111trt1Sit,y 111 t.llts ,;“:gg 
Booskr will I)r tloul~lt~l So tl1r c~olirrriit frrclii~11cy shift $.E2! 

ivill &I 1,~ tloul~lrtl if t.lir loiigitlldiuill t~lllit.t~i~Il~~e~ 15 tllcX 
h;ilnr as 11ow. IIop~fl1lly t.llr \vitl~l)illltl iI(‘t ice trrtll~ilc~k will FigllrcJ 2: Tllr l)t~;~lll s1,rrt.rlnl~ i11 tltc, Boostk’r iIt. %.Fims 

camp to t,l1e act,ion. Bllt, tl1cA f~cll~a.rk systca111 is 0111y scJ11si- avrriigrcl lvit.11 :{2 l)11stt,s Tl1r dl1ct,lo11 of 8 DI) in c~o11plrtl 

t,ivr t,o t,l1r coliertliit, diljolr oscillat,iou. 011rt~ tlil)olr osc111;1- I)l111cl1 111trtl(~ wit.11 11t’w RF rf cilrvv is visible. 

t,ion comes 11l1tlrr cout,rol, t.llr ])Ot.rlltiill liiglirr c)r(lfvr (Iilct’ly 
c~Ildr~l]~Ol~~) oscillitt,ic~ll will I)rc.c,lllr il (‘OllC~‘1’11 
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Figurr 3: The t,ypicd mollt,ain range tlispixy ;It, rxt.r;lc.tiorl 
(33.5-3.5.5 111s) wit,11 old RF CIIW~. Tl~r illt,rnsit,y is 2.2 x 
10’“. tllr swip is I m/tliv. T11r -,r .~IIIIII) t,rigs iIt Is.72 ;111cl 

tllr t,railsitioil p11iw j~unI)s at. lS.‘iCjirls. 

I\‘? ~Villll ((1 tll~lllk .I. (;Clf’l.<‘ty to t.C’ll [IS t.llP SllCC?SSf’lll St,Orv 

III t11v (‘E:I<N I’S AII~I OII+J of IIS Shnn want. t,o t~hanli thr 
Illc’llllw1. of’ tt1r Ho(lst.t~l~ &:l’OllI’ ic1r t,llcJ SlIpport,. 
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