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hlEASVRE>lESTS OF LONC;ITlWINAL PHASE SPll\C’E Ii’,’ TIlli SLC’ LINAC” 

Ii. BARK. C’ At>(>I,I’ttsl:~. T.L. LAVINE, hl. ROSS, .J. SKF:\IAY, Ii. ‘Tttc)>it’s()> 

Stnrlfortl I,lnmr flcctlcrutor C’rntri 

INTRODUCTION 

In t11r StallfoIKl Lincnr (‘ollih tlw l~~~i1111 lWV~‘S a damping 
ring and tllm cwttw the llilgto Lillac (l~‘1’1.) tra~~sfcr lific,. 111 
tlir RTl, it is ron~pr~ssd in irnglh l)y a factor of 10 I)!, nical~ 
of an rf se< t ion, wit.1, wl~icl~ a longit ~lcli~~irll~~ cor~c~latwl vwrg> 
variation is intiuc-ccl 111 thus Iwalrr. alid il fotlowirig bc~alri lirlcx 
which has now7,‘7x1 nlonlr~ntlllll c~~~~ilm~lion. ‘l’h(~ cYmIj”“s”“1 

t)~arrl tt1cw rntc7% tile IillX ,“‘op<“. III this ~mjwr t:‘c’ dcwrit w 
tin-w rr~~as~~r-(~r~~(~rlt~ of loi~ptlldi~ial l)ro;lcrtic+ of thf* tx*mrl ill 
t II<- SI,t ’ tiilac-. \1’e ])[wwrlt lIl(‘~1sl11.(,IIi(~l11 ‘i 111’ (i) single I,IITI(.~I 
twarr: t,m!ing. of (ii) 1 !IC v~c’rp sped Illlii at tIllI t91tl CJf tllr, 
iiliac.. ilrili of iliil tllc% lirlac, l~llr~cll tt7igltl. Sinw thy> rc%ili:t:i of a: 
thaw rrlt’asirr(‘r11(‘11t? tl~y~rnd on the lx’aIr~‘s tongitlldirlal ctiargc 
di<t lil~lltioll ill Illr, lillac I litsj, iu t 111’11, ~I:II ~l<,juw~t 011 tllrs I)lll:~.l: 
lcngt t~i~~~ilg t tlat oc~11-5 ill t 11~ d;li:lpi~~g I-ili,e,s. it‘i w(‘!I ai on t II<, 
l)c~hitvior of t tits iv~~~~~~w~sor ‘I-llt~ rPsrltt5 i,f ill? iirh: tn<1 I,,<‘H 
survrnr~rlti. ii1 wlriiticul. tlcl)~‘~~cl i’r it ic..lll!, oil t ]I(* itrc~gt11 01’ t]ic* 
Iorigitlrdiiral \rilb~flc~lils iii t IIV tillac.. 

‘I tlCs WSlllti I)f thi%P t lll.(‘C Ill~~il-ill~~~illClI:? ill‘t’ <‘~i~ll*>ill(~~l witii 

sirlllllat im1s. For t IIPS(~ calclllx!iofl~, at any gi\‘vIl sxrrvrlt t !I(% 
putc~rltial will distc>l,tic,li in the tldnlpiilg ring i< first ~x~lllj~litrvt 
(,sw Hcf. 1). ‘l‘tle compwssion procws is tticvl birrlll!;tt.wl to obtain 
1 IIV I~,~lgii ;iiiii a1 (.lla;.s(* th<t ril) It ior! i.1 tilt, liiliic. For t lie fi / ,t 
two Ii~(‘iislli’t’!tl(‘lItS t llis tlibtril)~lt.ik~ll i5 t 1~~1 wn\-ot\~v(l wit.11 tllc~ 
l~ntclrl;~tc~tl hj$t llcllllal \vahr~ filril~tic~li <If 1 hc, Sl,i\i liiiac(2~ II, 
oriirr to clhtain tll(, inclilwd vnltagc. l~ii~nll~~, t11c ~II~I~IC~PII volt age’ 
is cnlnl)intvl v it 11 the c,tTcct of I tie linilc. rf 1vave t,o gi\.ca tlirz firl;lt 
t’rlt’ri;J’ >jwc’t rtrrfl. (Jlc,rf~ iif,! .iil, of t Iii\ 4.2. Ir.ill;it i,lri ~)I~~W~Y~III.V 31~s 
givt*n ill fief. :i.) 

SINGLE BUNCH BEAhl LOADING 

LVtlerl art c~lcvtruri (or ]xsitrolr I llllrlt-h ]xtswh Lli~ougli t,hv 
acdrratioll st.rllcturc~ of t lit SI,IZ(’ lillii~. it clrc.itrs cxli,c-trornag- 
ricztic ficltl~ n-llic II :\I-(’ callc~t w;~lirlicltl5. Ili~w~ ~~;al;cficl~ls rc’iii‘t 
back on thr lwan~ and. among otlk~r tliirlgs. rc3tilt iI1 111~ lwaril 
lr,>ing cn~vg?‘. ‘]‘I ifi Lost cI~~*rgy IS n~fcr1~~~1 1~) ah “sirigtc, iiiln(.tl 
tcwarn loatling .’ 1’1;~ wall tc ~r~~‘as~rrt’ 1 hii cnr~gy loss in only: 
tu tz;tilrlatcs ttlry csstrn gTac!icut tll;lt iq ~lw(lt~l 10 ;tc.lli(~vc~ ii gi\,c>ri 
fillal Ix:alrl t’*lvrF;y. Anvt hcsr miitiwtkrl f<,I, twrforillirlg :tlis 1nca 
auwrrrr~rlt is tt1ai it is i3 tc,it of t,llrx i~;4titlily of t tic’ (at~alat ml 
I4,rlgit Ilclillill wi~lits fulir-1 ic)il oi tllc Sl,AC’ .I [ii< tllrt’. a firllc: ior1 
whlrtr has l)w II uvd c~xtcviiiz-c?ly foi- j1rvdir.t irig t 11~ iligli mn(‘~lt 
twliax~ior of tht, tirlac twarn ;\9 rlicwt icrrlcd alms. if xvv(’ (.ollvotve* 
thr wakr function with t 11~7 ITCHY c-tlnrgr ctistrittlrtion WC ol)t,aill 
tlic, I)c~;iln irld~lcc,tl rxllt;t:i~ l‘li<~ n\‘i’l’;lgl’ ‘iXllP i,f tl1t, l1~‘<1lll ill 
cl ic <?I \olt;lgr~ hh<Wlil~ t t1w1, iYjlli i il(. loswl, t i1at \Vf% Ilil’ililll’f’. 

III wrl<,r tci rr1t’as’tu lh(> iillgtv tblirlc tl I~c~ar31 toa(lirlg fuv tlith 
lii:;ic t t1c t~~i~.ri ~v;is sW~T~YI 011i ci ii 1)l~cspt~or wren posit ioiiul 
at H pin: of high horizo~ltal (r) tl%;~c~rsiolt nt thr cild of tilcx 
lirint ‘I’hhli the, .r lm.itic,n of tllg. Ied:ii ‘i tvrit roi<l on t lacy wrc~t*:~, 

whim tlivict~~l t)y ttica tt~sl~~~r~io!~ tt1c.u. (I!). giirc5 1 IIV twiln.“i firiirl 
c~rlc~rqy with tcsjwct to a I f~i;~r~~lcc~ ~‘lit’rF;y. ‘l’h(~ lrl~‘asI1r~‘lll(‘rlt’ 

ww t,t~gnl~ it‘ cl wl;iti\v]y tliqli v,\lr:ch 4)f c’tlrrckrlt, .V - X5 X IO” 
c~!c~ctruns 1wr lillrrch. Tlic, c II~WII~ \vds th(vi dvx~kw~i, iri htq)s ot 
A?lh,’ L r, x [(I!‘, with t.hr t)vdill’h wlit.wid Irlc~a.srircd iit ~a( II stc.1). 
For thrsr measurements tile rf phase of thr iwam in thr linac- 
was rlllt ch.iIl~c~d. nr voll,agc of t tir (‘i1nl]‘t-~‘sx~r rf 1,; xvai al‘+1 
krpt fixvd, at’ ?!I hi\‘. l’ti4, ilolllili.ll fillal t-ricrgy (.:(I - 47 (+*%V 

aritl ‘1 = 72 11rril. In F’ig. 1 nxs tlispldy t 1 I(’ ~li(‘iih,ll(,lll(‘rlI rc5lilt> 
._ ..-______- 

* \V’:1rk S,,,‘, c-rrtrvl t:!’ tt,r, trs Ii~~~‘:‘riIll~~nt IIF f.:wr)y ~olltr?~-t I)[,: AC ‘(13 
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Fig. 1, ‘l’lltd cl:dli;;c~ ,:I IlIla I)r~:iili “,,“,g!. !ll~~Ailll.<Yl ilr 
flkilcti(on of Iwrim ci~rr~~~lt ii II<, 1’1ii lt3) ‘I’hv c’orl,]~r~‘s~c~r 
:wIt age 1;. = ‘0 All’, !hV 1.<‘E<%‘l,C<~ 1’11~~1’#y I:‘,) ~ 47 (:I*\.. 
‘1‘tlc~ solid c’urve give:. t !I(’ ~.alc.lllnt ibrl ws:1lls. t ll(’ dotted 
1illC ttlrh ~~~ll~~iili-1t~~~l ~C5lilt 5 ab*liiilil:g tti(‘l#’ I> II0 llllll(‘ll 
:cbrls<t hcwiug in tl:? fli~lllyiile I ills+ 

(t Ike) <.ir~~lci‘i ‘1’1 1c * (oorriillitic’ glic9 tilt, I~llrlcli lx~ptllnt ioll .\‘: _= 
Z ilv ~-Cl)C>l’CljllittP tll? wlatiw Cllarrgc~ ill iiuat <‘I1<‘I‘gy ( i:~ I:‘,JI/I”,j. 

j\lso tlispla\t~il irl I’ig. 1 (I,!- ItIc ..c,ticl li1ie.j ;IIc- I(3lllth 111 
calcillatiorls. \tx c~lrnrt~~ XY’ qowt ;IqrcTlllcYrt t,i‘t\\.t~~‘ll t III, Ili<‘il 
hiii.mirmt. iiiitl tilt. c~;itc~il:tli~in r,lh~lll<. 1*1nr!1 t II(, ~~nt~~~~l~tti~~ti~ 53 
liliti that ill? l~:lllctl stld]W: a:‘(’ Il,‘i!l-i\. r’ilil~biilI1 <Ii 1 ( ~ ?I hl\‘. If D 
v,v talw ttrtvw stralws anti fit. tllcnk tu ~qd\lssiall+ iv,’ tllld tllat tl,cB 
lllii I<‘ll~tll Of th<’ fit5 !ilry fl’<>lll IJ.~;O IO 1 .I.5 IIlCil ii\ tile’ ( III Z<‘iIt 
is incrrawd from zmw to ,Y 7 4 x IU”‘. A~ltlltional c.atcillat ,011; 
aisuruing no t)u~~c~li lellgtll(‘nill g in tilt, ring arc given t)y ttic tlot- 
tfd lint, in f‘ig. 1. \\‘F sw ttlat tllv two c,,lvcs tliffcr signific:arlltj 
011ly at thv liigllvr c11rrmI s 

The good a~rcTrrlc~Ilt Iwt \\i’<‘I, mt~aillrc~nlc~llt Mel t ~w.>r-y ill- 
tlic-atcs that t,hc> c;il~-rllatc~cl ]orlg:itli(iili2!1 Yl’aiiP flll>i~tiorl for tlla> 
1;1.4(: strnctrlrc is xi-urate,, iii It’ibt wlLf*~k a]‘;)ticd to i)llrlc tic=. 
with r*m lrrlgi II 2 0.6 mm. \\:c should 11wni ion, hoivcv(T. that 
llic +iilgli> I)illicti Iwan loadilig ill 1t1c Sl,,\(’ iil!ac. lia’: I,(~%11 n\t’.l 
surc~l Iwfoir~, tsllt loi. B \-<‘r>’ sliort, /~IIII(~]I. 011v wit II ail rni’i I~wplll 

<,1’ (I ‘3 _. IllIll.“’ t’or tllilt Ili~‘~tilllf’I11~‘11t tills lOhi \VilS f\J\lII~t to I)(’ 
X5\?, atxe~ thcz vi~luv i3tj~,ctc~cl fnjrll ~~irli~~ilati~~n4. lI~.~w~~v(~i. tllp% 
c,st ilnatui wror’i 0 f ti1at mPnillri?li~~ilt 1v<‘r<’ \;,‘I-> 1,1rjy. 011 tile, 
o:.r:(‘r (,I‘ ‘2O’X, 

THE PINAT, I3EA\T I:NI’R(;Y SI’ItEAI> 

In t.llv Sl,(‘. f01, gt,oil lil!lli~l~~iily \\(I wanI t11cs lwarli’s (‘11 
i-:c\’ .jw( II 11111 at 1 trch tw11 of’l!ifa linii~. 14) tu, i=,wlbti411>. c e,lrt;Glli~sl 
it it,ltili ali apcrlurc~ of -~0.3’%~ 1 r-‘/f:’ ‘1‘111~ filla! iwrrgy ip’c! 111111 
of 111~ I,c,arn is tt~~l~~~llli~l~~t lly iti l)o~itiilil 011 1 IJC- If \vdvt’ ;Irlii 
1)~ t,tit. sl~a]w of 111~ IM*~~II~ ill(lllc (Y mutt ap,c. l)llrilig ikc)rIliiJ Sl,(’ 
ojvrat iaIls 1 llc !initi sprrlrtiirl is oftc~rl atl,illstcYl I,y ttlra rrlachitlc* 
~,pvr ;itcws 1,~ mryillg tht- o~s~dlt 1 t j)tlilv rlf !hv liliil(,. ‘1’111~ havl~ 
:~dlf’ tlr;it r~~~~;~‘i~rr~5 t hts ~p~~~1nir:1 ii .I Iloliclihrlilit iv<’ vc~i-si~>ri of 

thr Ilardwiirv (tt5L.r il~wl irk t tit, ])rw.ioils wc-tilln: ‘:I Al a dispc I 
siv(l rc’gwn *~c’ilr ttlcd c‘rlct Of ttlcb IilIac, tllc lIv;LI:I c~!lll’rS if ivigglu 
:Iliqrlt~t.. ‘l‘lics r(+llltilq, i!‘rrc t1ro*roxl r.dtli.tli<,fl i. ililiij;(~cl 011 it 
ptlosptior hc~twrl, tIltis provirling R nicahul( of t II<’ lwdrli’s c’llrrgj 
spwt,rum. (lurrc~~tly tltv rtdut io11 of 1 tlr lkardwarf~ is linlitc~(l 
I.0 ail 1‘1:)s -allli, of al)ollt U.l5X il+,‘iI: tlowc~~c~r. wittl t11c IIv:\ 
\vjrca rrlorlitor tllnt will wmi tics illst;rllc~cl :w ti<q” to rvclt1cv lliis 
lllllIlt~t‘f. t’)’ a f:ic.tol of to 
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1,-o! ill? ]1rcx’I1’ II~~‘~ISII~(~IIK~II~ IVC~ varietal tlirb or~c~all linac, 

p11dz.c~ ;ti~~l rrlrnsurml thcs fllll-widtll-at-half-rilasilllrllrl of thc~ spot 

,111 1111, -;c I’(‘(‘,, .‘f ,,,. ‘I’hr spt~‘t run: width in then tlrfirlrd l-l>, 

bj<‘, = .“f(,. /I, with 71 thus dispexsiou at tlw wiggler. For this 

Illc’;l~ll:-r~Il~i~llt 11’ :y. I .‘I x lo”‘, r;. = 2s.s hlV. I:’ - .4-i c:c,v, a1rrl 
-. 11 =. i.! n113i. Fig. 2 clis])l;lys 1.1 I<’ I~cw1lt.s (tlw cirl~l<%) III 0111’ 

i.~~r~~~~utio~~ a IIIOI’~* positiw ~,itll~r of ]~tlaw is towal- t IIC front (#I 

t II(~ ri_ crc-st ‘I hc ah~l~i:c wro 01’ p!~av. hi)ivt*v(*~ 1 ii 1101 hiio\v~l. 

Ill IilC ]‘ld WC hilV(’ sluftcd ill? mc~asurcYl ]‘llaw villllf’S by al, 

ill:li~ll:II tlL.Lt “illlhF’ tliv positiou of tllrz n~inirllulll in tlii, <Iii: il 

to ;~pwc~ \vit!l 1 list ill lllf% sl1I11Ilatio:i rcslllts (clisclissrc! Ix~l~w). 

IYt,tt* tl1wt, 1’1 Ilwy, if wv n~c’ithllr~l t!iv ccwtroitl positions of 

tliia \*,<v tra dh frlnc?iorl of ]~lkasv alItI thtw fitted the rrsults to 

it civil t’ na1.c ~ \V(’ C~,>iIlll ;IwurdlPIy ~i<~.tPl.lllill( the %,‘*cl Of pi1;w. 

~Io~Y~~v~T, i11 t tics Sl,(’ it i< i:ll]“.itl‘tic al to pvrforni this cspc~rimc~nt 

TV11 II I Ill, “““rgy f,T,ll,irc~k iAT. ‘l-t I<’ f~~dl~;~cl; was orl durilig oul- 

1~i(~i~silr(~111(~111>; thus r Iif’ u.111 roitls 0f 011r ~nt~as~~rcd tlist ril,rltiorlb 

11;~~~~ 111) iigl:ific~;lrl~~c~. \I’<> slr~~ulrl ;iIx~ 4’“illt (!Ul lll;Lt tllc, ili‘<‘il$ 

1111clt~ ttits h111v tral cur-,‘m. \vlric-h are l)ro]w~~t ior:; t(l t)~rz IW;III: 

CliI rcr1t. $tlullitl all I,? t’!]lial Ill fat t. ‘*VP fculurd v:iri;~tiorls of ~11’ 

.// 1 i’/: fiolll tll<* nid~di \-;~lr~tx in tliv arvds of thr flati2. irlllicaliilg 

: I.;11 t 11c,r<% ih \~,rll<’ ~lc~rllil~+;ir iT!, in tl:<a r<Ls]x)11so i,f tit<* Ili~r~llv,il~*. 
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lllcnslllTd al tl1c cwcl of 
tllr? SI,(’ lill;tr iis flrnc.tioil of ovc~r;lll liilac pllas<B for :I’ = 
1.5 x 10” (tllcs CiKlC~i). AlSC~ sho:vn 01, ttic plut arc’ t1w 
c;~lculat~~~l rwult~ WIICII t.htl r~vwll~tiorl of ttlra hilr(l\viir~~ 
(0. IT”i$) is in< irlrlcd (t,llc soli c111-v~) anti wl11~1 it iii not 
(1 lit cIc,.<). ll~vt- I; is assu~~x~~l :o lw 27. i \I\~. 

‘I‘h~~ h~~tv t riil il1;tr~5 v\‘~*Ic’ i:lio ohtairlvd fwrl. sirlltllat i:)llb. 

a&ail1 assuillilig I liv w;llic-fic’lcl rxffivl is tlrsc-ribcd I>y thus (.i~lcll- 

liil~v] \v;thlb fr lit-i ioll for t11c Sl.,AC’ linac III orclrr to iil~lud~~ t!lv 

vlfc c t of t 1112 lirt~itc~il harwitrc~ nwlutioli. v.i(.lI talc tllitltvl spw 
~~‘IIII: was firkt 1.011vol\cd \\itll d gall&all wit11 !rllli of (I.I.?R, 

Ix~fi,rl~ cor~l~,;tril~g it with tlw I~~(‘i~lir~~r~i~~LI18. ‘I‘llc full wisltlis of 

llIG> s ill(~lllrlt <’ I ipwt I ii A, ,,, wc’~c’ t lie11 1)101 Id as fu~iction of linac. 
rtll;tw. \I;? f011nrl t Il;lt 111~ stla]w of tllis ciirvr i:, very stnsit ivr tcj 

i~rl~tli ctialige; iu c~~~~n]~r~~ss;“r \~oltagc~. \I’tlryn usii~g I; = ‘L8.S R4\’ 

(11,. r~rr\‘~ rnilrl~~t l>r rllildt’ to llrattli ills, d;:ld vt’ry ivc~ll; in tllis 

case lliew~ is a clrscrnding portion of the c‘llrve. with a mirlirnux 

rht’i:r 5’. !I Ill< 11 ih tlidbrk followcvl l,y ii vvr!’ ilat rey$or;. I+‘or a. gucxl 

Irlatch to the, ~nt~~snrfwif=nts we II(T~P~ t,o rwll~cr 1); in tlic cal- 

c~lil~~~ioll> I,y. S%. ‘0 ‘27.l <. .I 4 RI\‘. ‘I‘llii conclllhi(ul i.c. tlk;rt tllcw, i> 

d ,5i4, tlise~rcy)auq twlwi3v t hr actlial alit plit of t,lir compr~‘ssc~r 

<LTld it i r~~i\~llll:i !Xlll<’ is ‘;\1p]jcx1cd I)\ iilu,t llvr lillw uic’i~xlirs’ 

rllihrlt tt1al ~V.LS lwrfor~~ietl uc’ar iu tilrll, lo this one. (“1 

‘l’!w c~;tl(Illatcvl r.c.eu1ts, Wllf’li r; = 2’7.4 \I\‘. arr giw11 tq 

I IIP scilitl cl1r\‘c in 1“ig. 2. ‘l’hc~ pl~nw 0 is ~ivrn wit11 rt~pwt to 

I li(b rf cltd, ‘l’h;lt llic. Illili:nlilni \xlk~~~ cd tlic ruri’fl apw~ witlt 

t tlc~ llliliinlilln of t 116’. diltcl wrrfirn1s t !li\L t hc, wsoilll ion is about 
0.15%8. ‘l’hr specl ral widt tls twfow thr wsol~ition corivolrition 
~a.7 pcrformc~d iq gi\~n hy t hr dottctl c IITVC. ‘I’tLc Illinimunl va111e 
of t.his curw. hi?,, = O.@l%, is jllst .qvc~i by ttica coniponcnt 0f 
tllc Learn energy spread tliat is ullcorrrlatcd wit II loiq$tuclir!al 
position. (\Yr sholllti po]nt out that t.tlis small valllc. of bf,,, 
tiers not nleiui tllat tilca spwt rum is alII1ost rrloli~,c.!lrolllatic-. In 
tllis CilSC’ 111c’ caI(-ulntcd s~)~‘~‘tl~llIIl c’i>llsists <>f ;L S~idI~] c~c~lttral 

spihc* alid lo!lfi cslic*rgy t,rilb, riy)rv.wil il~g ii ~goocl fr;tc t ion of rhv 
twan-i.) In Fig. 3 u\v show ttir, mc~as~il-rd sprct rdl shays whrn the 
lillitc plkiec WiIdirl~ icvlrich wc clcilotc~ l)y 4)‘) w;is :‘,S.P, 6d.!P, i % 
antl 67.Y (1 t1c kft cdu1rlrL). ‘l’hcs ahcissas givts t hc psi t 1011 
on tlie .screv~i. wit11 l~iglwr wkc’~~> ]):\rt i(.lt’s dis]llny<~cl lI1orv to 
tllc left ill the ])lots. ‘I’lrv orclinatw give t tlr intciwity in unit:, 
tlial art’ a.rbit,raIy, cxccq>t insofar its onca ilnit signifies tht, silmc 
iutwbit.y iri c~wli plot ‘I‘hrs c alruldt (‘11 spw-trd t t1dt c orI-c*s]wncl 
to t!1cw Llli~rlslil.(‘ill~~Ilt’i. \\.ith * = -2.3”. -4.Y, m1d f.V, arc’ 

given ill tlicl rigtlt colurllli f:cbr 111~~5~~ plots 111~~ tiuriunt;il i~;~l~~ is 
.h = -7/s. \\‘P sm that 1!1? ~~illi~uliit(vl silape apw \vvII \ritll 
t I)(% Ill(‘itsilr(~lil(~lits 
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I’ig. :1. ‘I‘t1,* sliap~~ of 1 lir sj1lv.t ra for tlbrc,t, of t ll(, iI;! a 

p0int.s ;ivcII ill l:ig. 2 (t hr. lcsft ~~oliiixi~~). ‘I’hr, c.dc~~latcd 
spectra tliat c.orrwpon6 1,~) f tlrw nlr.wIirwnrnts arch givcrl 
ill 1 hc riglrl coll~n~n. 

UUNCII LENGI’II ICIEASIJREMENTS 

The SL(: linac l,ulicl~ lcngttt is hutfick~~tly short so as to 
I>(, difficult to ~n~~asui~~ with it h( I-cdk rarncra. Instwd, WC’ ~II- 

])loyed anotticr rn~~t.hod to niritsure 1 tlv l>unrli Irngtll:“’ l“iI\t,. 
over a port.ivrl uf t llti lirlnc tlw rf wits ])tiascd at 90” to the Iwdr~l. 
so tllat. it roughly lirrvar c-orrelatiorl lwtwt~w longitudird pusi- 
11on arld c’nc’rgy w’iis iutluwd witliili t 1111 !11111rl1. ‘The I,i~alll i:‘il’ 

then lent. into a brani lirlr witti a known dispersion and was 
ol,srrwd on a scrwn. I~roin 1 tlr width of ttlc digitizctl spot t11e 
bunch lwgt h was obtaild. This rnet,hoc! is similar to one 1 hat 
wiis 11sw1 for rnrasuring ttir longitudinal chargr disl rihlit ion in 

1 tw SIA dxmpir!g rings. (‘I At high curwnts, floavv~r, it is Ii1,,rc* 
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difficult to ob:ain a good measurement of the bunch length for 
the linac in this way than it was for the damping rings for two 
reasons: (i) In the linac the bu11c11 is 5-10 times shorter than it 
is in the damping ring. The longitudinal wakefield is thrrvforP 
much strongeI. .4ntl its contribution to thr beam’s rnugy sptzc 

trum will no longer be insignificant, as it wu for the damping 
ring bunch I<-Ilgth mcasurcments. (ii) In the linac slight urbil 
errors will lcatl to -iingle bunch bran? break-up and th~r&)rc~ 
emittance growth --which will tend to complirat,r thr nIeas~Irt~- 
111cmts. 

For the prewnt measurrmerlt only Linac Sectors 2-9 (out 
of 30) wert’ c~rnployed. At the beginning of t.lIc mcsasuremcnt, it 
dipole magnet w&s activated at the end of Sector 9, in order to 
kick thv hram to an off-axis screen Each bunch length mca- 
surement, thcIl consistrd of two part.s. First, with the Sc~ct or 9 
rf turned ofl, thr phase of the remaining sectors was adjllst,rtl to 
Ininimiz(~ tIlta :,Jx)t. six on t.hr srrren; the &stributioII was fit. t.o a 
gaussian and 1.h~ 1x1s width of the fit a,~ was recorded. For the 
second part tlirs Src,t,or 9 rf was turncvl on. biIl. phased al. 00° lo 
lhc beam. ‘I’hcL Ixv dist,ribution was thvn measured, anal again 
was fit to a qacssian. Finally. thr two width I~~~~sII~cIII(‘~~~.s w(‘r~~ 
subtractc~ti in quadrat,urc Lo give, CT~. For a good ~~teitsu~‘t~I~I~~n: 
we nclrd or to be significantly larger than 0~0, The correspontl- 
ing bunch lrngth is thrn given 11s Pi = [~‘/(7~cF~k,f)]o,, with I; 
the bcxm rnrrgy. ?J the clispc%oIt al ! hi screen, 1;~ the peak rf 
voltagr~ of Swl or 9. and k,f the rf \viiv(y ~~urrilwr. l>or the pr~vrli 
Ineasurement: b.’ = 12:1 (:cV, ‘1 = tii cm, ITi - 1.fi.i CiV; for t,ht~ 
SLAC linar k, f = fO III-‘. 

‘1‘hc rr1easuITtl t~urlrll 1cmgt11 0, is shown as a fu1ic.t ion of 
compressor anlplitude in Pig. 4 (the circles), for currents of n! = 
1.0 (the top frame) and 2.1 x 10” (the bottom frame)? The 
curves in the two plots are the simulation results. To obtain 
these? t.he loII,$tudinal charge dist ribut.ioII b1va.s first, computrtl. 
and thc%n fit to a gaussian. The curve gives the rIns width of thca 
fit. Below \.l, := 35 i%IV the mea.sureItients and simulations agree 
reasonably well. The discrrpanc~ at higher valuc*s of Vy may 1,~ 
due to the compressor not reaching thr peak volt,agrs that thr 
r?adolIt sllggcstcvl. ‘I’1 lr crosses in Fig ‘1 gi\rc- thr results wh~ri 
thr Sector 9 rf \vas elf. 

The bunch length was also m~:as:~rc~l as funr.t,ion of c‘urrcxllt. 
at 1; --: 32.5 \f\. (SW f’ig. 5). This c-oIrIJ~rvssor set tiug shuultl 
yield &lost maximum coniprcssion. t hrrc~forv t.hc* behavior (if 
the tjlInch li~lIgt.lI in the iiriac, shoultl rc#cv-t t lie behavior of tiIr> 
energy spread in the damping ring. In I{&. 8 the energy sprrad 
in the ring way rc~porletl to hc flat up to the t urbulrnt thrcsholtl 
current (sorIIewherc~ nrar i Y = 1.5 x IO’“) and then to inrreasta 
approxilniLtflll\. as .V’!‘, ‘I‘IIC~ drit a of the ],rcWWt IIlrasllrc’lrli~Ilt 

has quitr a l)lt of scatter iI it, (WC Fig. 5). Hut the data dock 
show an increase in hunch lrngtlr IICRI‘ b’ = 1.5 x lo”, which 
w1Ilt1 lw t,hr sIgnat 1Ire of tllcx oII:c*t of t,urbulrncr~ iI the II~I~JIIII~ 
ring. This increase. however. is n~uch morv rapid t,han is 1)~ 
dieted by the calci~lntiori (the’ curve). M<~rc~ n*ri~surm~rnts will 
be needrtl to :it~cidr this isstrr. Note that thr rric~asuwd wid! hs 
with Sector 9 off (again the +‘s) increase with current. M!e ex- 
pfd this t,o 1,~ the casv 1 since t 11~3 minimum enrrgy 5prcati t(~db 
to increase with cllrrent if thcx bunch length is largely unchangr~l. 

LVe hopr t,o rrprat this m~itsur(~IIt01It. W’P also plm tu at 
teIIIpt this nxvtsurametlt in a different way. Hy prrforming thv 
bunch 1rngt.h measurement at two different, properly chosc%Il, rf 
phases WC sho~.:lcl be alble to scxparat.r t,hr contribution to tlIt> MI 
ergy spectrun~ at the screen of the longitudinal wakefield from 
t.h& of the longitudinal charge distrilbution. 111 this way VVP 
will not only obtain a more accurate measurement of the bunch 
shape, hltt alsn a direct. mrasuremcnt of the ind~~crd voltage (SW 
Ref. 3). 

* ‘I‘hrse bunch lrrigth nleasuren1eirt.s werr: p+xformed at a d,ffmw~, 

tune chart c.hr energy q)rexl measurc~mrnts dexrlbcd earl~w, and thr, 
controller for the compressor voltage was also differrnt. Therefore, 
the concluCnn. stated ear!irr, of a 5%) shnrtfall in romprwmr output 
should not 1,~ appli*d hew 

t N=21x10’C -’ 

0 L--.&ALL... -!-~~ 
35 10 

8x2 Vc IMV tKlA4 

Fig. 21. ‘l‘tit, ljunc33 ItangtlI Fr Int’asurcd ii+ func-lion of 
( oI,i*““““” lY)l*ag” 1’; for bilnl~tl ]wplllat iOIL:, A’ 1.0 :i 

10”’ (top) and 2.1 x 10 lo ( bottoln). (‘l’llc data ii givrr, 
l>y t.hc rirclrs.) Aiso shown is tilt> rtssults wiLh Srclor II 
t,urncd <off (+i. TlIr c;~lr~Il;rir~d l)~Inr,h l<,ngtb is gi\,-ctI] tb! 
thr curve. 
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of current (tllo circles). ‘I’hr coIllprc’ssor vo1t.q’. I’, = 
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