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Abstract 

(II is an important, lat,t,icr paramet,rr for trallsit,ion cross- 
ing. Thrrr exist, srvrral ways to measure (11, such as de- 
hnnchiug near transition. The e&action of CYI from tlr- 
hunching r&e depends on t,hr momrnt~um spread of hrnm, 
whirl1 is hard to IIIPBSIII’C arclwat,rly. Herr we report all- 
ot,hs way t,o bypass t,his difficulty. Instead of dehonching, 
t,hr twam 1s st.owd in a st,ationary hurkrt near t,ransition. 
Since t,he bricket, near transition is wry sm,zll. t.hr lwt~irlrs 
inside the bucket, will fill the bucket, and tllosr out,sirlr will 
br lost. if pararnrt,rrs are ch0w1 l~rolwrly. So thr mrnwrrd 
bunch lrngt,h is equal t,o bucket, length, which can lw uswl 
to tbxt,ract. CY~. The nirr thing al)ont this mothrd is t,hat 
t.hrL mmsurrmrnt dosr not, rlrpend on initial dist.ritlllt~ioii 
of bunch as long as its init,ial wnit,tancr is big enough to 
fill the st,ationary huckrt. IIPRI’ transition A t.rst has brru 
carried out, in the Fwmllab 1lain Ring (MIX) 

1 Intro~luction 

Iu a synchrot~ron or n storage ring, tlw inoment~~ml corn-- 
pact,iori effect, infhirncrs thr longitudinal inot,ioi1 through 
the phasr slip fact,or 

1 T-T;, 
7/ = -~ = 11,) + f)]h + O(P). 

TI 0 
(1) 

where ‘i,, = (1(, - + = + - $, and 

:3/P ‘111 
111 = IY,,IIl + 7 - 7, 

27” 71 (2) 

Hrrr ‘f is t,he period of rrvohltion for n part.iclr wit,li mo- 
rrlellt~llm offset, 6 = e=&! and 7;, for ;t syuchronolis particle. 
$ and y follow IW,~ Y wlativistic kiwmat.ir not,at.ion, all11 
7~ is t,hr transit.ion gamma fol a synchronous pa-ticlr, w0 
and IY, aw dcfinrd in tllr expansion of orbit. lwgtll 

c - c,, = C:~rwi (1 + Wlh + O(P)] ) (:{I 

where C’,, is the orbit, length fix rrfrwnrr~ lwt,irlr 
Near t,ransition whew l,,, vanishes, t,he nonlinrar t,rrm 

711 = Tl(lYl + ;) (4) 

becornrs wry important.. For a cl~~~~i-iso~hror~o~is electron 
st,orqy rillg, 7,~ c IY,,O~ sillcr y >> I. The lirst. order J7;;; 

*Op~ratfxl lp 11~ I Inivwhitim Firsrnn II Amciaticul h., U~NIW 
c<,,,ti.<,i‘+ wit], the- I1.S. D*p”‘.tm-nt <>f Enrrgy. 

nonlinear compaction factor ~rl can br ralculat,r(l analyt,i- 
tally [l] for a FODO lst,bicr or nllmrrirallg from a Iattire 
rodr such a.5 MAD. But, in a rr;ll machine, sllch a? thr Mniu 
Ring, there WP a lot, of utlk11owu nollliurar coml)owuts. So 
it. is wry important to Iw able t.0 m~asurc 0 L. 

Thaw exist srvrral ways t,o mens~~rr rr,, huch as now 
linear d~lwndwc~= variation of rrvollltion frrqwnry on the 
momrnt,un off& 121 or drl~unch~ng war transitCon [:3]. FOI 
a ring with IJig radius and small apertl~rr, it,‘+ wry diff- 
w1t, to apply t,11r formrr m&od The extraction of (I, 

from drlwlclllrlg rate drpmls 011 t1w Ill~llll?lltllrn s]“‘;“l 
of beam, which 1s hard to IIIP~SI~C accuratrly To bypass 
this diffiirult,y, a nrw way t.0 nwwlw 0 1 has Ilwn l~roposfvl 
[4], wllirli nsrs H l)ropwt,y of a statii>u;lry hrlrkrat ~ltvr trnw 
&ion. 

2 R.F Buckr!t uew Transition 

Thr longlblldinal IIamilt.oniatr for station;q bllckrt (d,,\ = 
0) Incll~di~~g the 110nlitw;tr rjl tern] cau Iw writ.t.rn as 

H(d> h) = $T cosg + .I+b’ + &h:‘] (;) i 

whrrr V IS HF voltage, 11 harmonic n~~n~lwr, E Iwnm ew 
ergy. 

The srpnratrix is a Haniltoniau contow throlq$ t.hr 
unstal)lr f&d pint, ii1 t,lw phnsr sl>ac? Thaw aw tw<> 

srts of fixrd points, onr at (I = 0 arid ariothrr at, 

%I ,CZ----%- 
2A1 

711 %(‘Yl + :3/q 
C(i) 

iutrodnrrd by t,lw notllineuity illld ;~l~l~~~)~illlnti~~tl in EC1 
(i is valid war trausit,ion Tlw rlolllillfvlr htlwl~i II rail Iw 

l~nramrtrrizrtl Iry a cpwt~ity 

(7) 

Whtw far away from t,ransitiou (.r >> I). t.he I)llrkrt dmI111~1 
h = (1 IS way out,sidr t,lir monliwtnm nlwrtlw Near t,ransi- 
tiou, 0 lwcolnrs smallrr and the nolilinrar tontril~ut~ion Ix- 
gins to make t.hr bnckrt, nnsymnwtric it1 thr D axis and tlw 
RPCOII~ set of bucket, around ri = II moving close to t,lw alwr- 
t,lllr as srw ill t.lw Fig. 1. Thrn rorncls ;L piont when t.lw 
lllickrt, Ilright. h+ = 0 ~mtlrr t,llr critical rou<litioll .I’ = 1 
Ewn rlosr to transition the I)nrkrt llright (1~s not. drlwn~l 
011 RF voltage anal the hllckrt wi~lt II Iwgn to shrink Thr 
prolwt.lrs of I,uckrt call lw HIIIIIIII:I~~WC~ iIt tllr foll<~wln~ 
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F~gurt~ 1: The st,abmnary l~~~clivt nrar trausit,ion Thr wr- 
tical axis is momentum offwt uormalizrtl t,o rr = - ‘fi 
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Figllrr 2 + il.’ il function of .r 

regiuie bucket height width type 
3.>1 h+ = h- 0: Jv 2a A 

t.at,h?: s>l h, > h- o( Jv 2r B 
n 

2.=1 1 h+ = a- = a Ix d/v 1 2r c 

z<l b+ = 26- = a ] 4 arcsin(z) 1 D 

In t,he t,able above, 6+ and 6- are rrspect~ively t,hr buckrt 
height in t,he upper and lower phase space as shown m 
Fig. 1. Anot,her imporl.ant, paramder is t,he maximum 
momentum devidion in th? separatrix Since it’s always 
at. ph,zsr r, lrt.‘s call t,his mxximnm momrdum deviation 
6, The die of 6, over CL drpcndx only on x, a3 shown in 
Fig. 2. Herr WF assume o > 0. 

For t.yp D buckrt, the hucket width tleprrds on 71. So if 
bncket~ width call br mewnrrd, x ran 1~~ r,zlrulat,rd. Thaw 
if know rj,, wry arcllrat,t~ly, 71~ (thus el) can he rxt,ract~d 

3 Measureme~~t Method and Paranker Clmicr 

Onr way t.0 nwas~w thr bucket, Ifwgt,h is t.0 let, hram fill 
the bnckrt.. TIWU the tnrasnrd I~ut~rh lrngt,h will he the 
same ils 1.11~ huckrt. width So if WC can ramp t,hr beam t,o 
a energy nciir t.r;insltion, probal~ly Idow t,rant.ion to avoid 
of compllcat,iou of tamsition crossiug. How far away from 
t,ransition’? The gro~~nd rule for choosing paramrt~rrs is 

1 5u < ~Rllrrtl‘l.? < 6, (8) 

to malie suw tllnt partlclrs insi& btickrt. are capt,llred and 
t,hose outsidr are lost t,o t,he momrnt,um apedore. To get, 
clean signal, thr rat,io of 6, owr (I should br mnximizrd. 
From Fig. 2. r shouhl br IPSS t,han 0 3 t,o grt 2 > 2.4. On 
tllr otlwr Ilnnd t.lw lowrr limit of I is set. by t.lw rrsolu- 
tiou of I)IIIIC~I Iwgth lllr’il.CIII.CIIl(‘rlt. For t,hr Frrmilab Mniu 
Ring, tltr nornlal statlounry bucket IS 20 IIS long. Bunch 
hgth SlLortw t.11;111 1 ,,s r;,,, not. Iw mraSnrrt1 accrlrat~ely. 
The lover lilnit IS :r > 0.1 For a mnchinr with lowrr RF 
frrctlw’rlcy. sltcll as the BKKI~~IIWIII AGS, t,hr lower limit. 
could II? eve,, slu;lll?r 

4 Tent in th Maiu R.iug 

4.1 setup 

TIIP Maill I<iug IS a ~ytlrlm~t.ro~~ with following paranwt.rr~ 

rlntll1l.s 1uuu I,1 

Jcf 
IS Hi 

5 :3 AI112 
II 1113 

Ill llll~ I~P~~~IIIII~II~, ‘LO 111111rhw 0I Iwntrr wit.11 I x IO’” 
prot.ow ,wl‘ I~IIUCII ;,w ;Iccrlrr;ltr~l slwn A c:cv t.0 a IwPrgy 
rr,y ch- tu tri~~~s~t~on v,,c~rgy at. 0.4ks Tluw t.he HF volt.- 
age is I~uwrt~l to lwh I hati IO I<\’ 11s I1sing thr trchuicllw 
of paral~l~as~~ig at 0 378. Tllr IIIIIICII Iwgth is mrasuwd ill 
t lw ~I~V~IWIIC~ (IollGilll II?; ~lrtvrt.llq the first. (i3 hlFIz) and 
tllirrl IIZII~~~~~~~C ri~n~j~otwl~l (li!l \IlIz)[S] 
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Figure 3: The beam acrrlrrntrd t,o 17.63 &v/c and day Flgnrr 4: The s:unr as 1.1~~ Fig. 4 wit.11 diffvrrnt, srxt.npolv 
at. this energy for 6 s. wit,h I,, = 1.5 A and I,> = 1.G A currmts I/A = 2.0 A ,zu(l I,, = 0 5 A. 

4.2 Observations [2] E. (:i;qda, A Hohnan~ S. Mytw, and T. Rissrlada. 

The experiment, in t,lle MR has just. st,arted. The prelimi- 
nary measurement l~wswtwl 11vrr was rarrird aIt, at, frout. 
porch moment,em 17.63 (:ev/r. 

There are t,wo s&s of sext~upolcs in t,lw Main Ring for COT- 
recting chromat,icit,ies Far nwny from t,ransibn, t,hr lon- 
gitudinal dynamics sho~~ltl not 1)~ affrct.etl by sextupoltx 
Near t,ransibion WP rxpwt. that thr longit.utlinal dynamics 
is very sensitive t,o t,he srtt ing of srst.upoles. Fig 3 and 4 
are t,hr observat~ions of llltnrh Irngth and hram irlt,tvsity at. 
front. porch wit,11 tllfferwrt wst.upoir se t,t.iugs. It is 011vi0iis 
tllat~ t,hr sPXtll]lol’ has wry SI 1’011 g drrct~ 011 thr lo~~gltu”“l 
mot,ion of hearn. 

5 Discussirm 

The prrdiminary dab froul tllv M;IIII Ring arr wrollragirlg. 
The variation of longltltdillnl I,llckrt widt.h with sexhlpole 
st~rmgths 1la.S lwrn m~il.~lirtYI For clr~anrst~ ~IP~~~I~.I’II~~III~ 
of (~1, fire tuning of Pxl~er~I~wutiiI paramders awl cawf111 
isolation of tranevcrsr rfl’wt. alp nw~ltvl. The fort,hcolllillg 
paramet~ric scan are eslwc t.vcl to confirm rxpexl.ed sralirlg 
lwtlavior. 

Thnnk C: J;r~ksot~ for t11v ;lrr;IIIgwlrllt, of Iwnm t,itw 111 tlw 
Maill Ring Tlw st~n~ul;~tlI~g (I1scw’iiotls wit,h K Mvihlil’r. 
x Lu, w. (:;llwlla illlll r Zllnil are dillowlrtlg~-d 
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