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RF DEFLECTOR-CHOPPER FOR SSC INJECTOR*

F,W. GUY and T.S. BHAITA
Los Alamos National Laboratory, MS 11817, Los Alamos, NM 87545
USA

Abstract In a proposed SSC linac injector, the Low-Energy Booster
lattice paintin scheme requires a 50-MHz microbunch structure with

c?transverse an longitudinal normalized rms emittances of less than
0.45 n-rnm-mrad and 1.7x 10-s rr”eV”s, respectively, at600 MeV.
A 50-MHz RFQ design does not meet the longitudinal emittance
requirements; a 150-MHz RFQ can do so, but requires a chopping
scheme that produces a clean 50-MHz beam structure without
degrading emittance. We present an RF deflector-cho er conceptual
design that converts a 150-MHz RFQ beam into a 50- Jf! z microbunch
beam structure while matching transversely and lon~itudinally to a
followin 450-MHz DTL. Multiparticle simulation with 3-D space

fcharge s ows negligible emittance growth. Output beam emittances
are factors of3 below requirements; further acceleration to 600 MeV
should produce only small additional growth. The chopper is 54 cm
long, comprising an RF deflector, two rebunchers, five small
Dermanent mamet auadru Doles. and a beam dum D. Similar schemes
~ouldusea 200:or 2k0-MH~ RFQ for even smalle~ longitudinal
emittance.

INTK01)LCT13N

A propwed lattile painting scheme “2 for the Superconducting Super
Collider (SSC) Low-Energy Booster (1.I?I-1)uses n 3-mA H - beam (3.8 x
10H11- per bunch) with a 50- M1{z microbunch structure, Transverse and
longitudinal emittance requirements are, respectively, 0.45n-mm- mr~rl

nnd 1.7 ?( 1(1“ n“e Vs (rms nr-rrm~lized), A 50-MHz, 2.5- Me\r radio-
freqllency q(lndi.upole (RFQI benrn dynnmics dt’sign t,as been completed:’,
but simulations of this RFQ predict trunsvvrsv nnd longitlldinnl emittnnce:,
~lfo.1~ [1-mm-rnr[ld :~nd 2.6 x 10 “ II PVS, r(’spcct. ively; Iongi; udinnl
~’milt[]nce is L(M)lnrgr, [1’)wrvor. n 15(1-MI{z RF’(J r-ivsign ensily sntisfivs
~rrlitt[tncr r[:quirrments with tr:lnsvrrsc nnd li)n~iti]dinnl cmittnnces of
(),)4 11.mln tl~r[ld nnd 0,44 x 10A 11.cV. S, lli~hrr fr(jq{lvncy l{FQscnn
hrlvr c’vvn srnn!lvr ~rnittnncvs.

WC pr(’s(’nt N ronc~’ptulll ri[’sign ofnr] I{F’dvfl~v’tl)r ch(jpprr in whit,h n
high fr(’q~lt’n(’y hrIIIII is i.onv(’rtc’d 1( I II lowt’r frv({ll(’n[.y htImII strli(”tl]ro with
—..—...—. _—
*WIIIA .Iflpl)(ll’td l)\ I 11,. /\llllll, ,~. \,lllllllill 1,,111,,1:111)1} I’l,l}!l:llll [)1, \l,l,ll)llll,lll, Ilrl{l,,l 111(.
0111.1)111,. I)f ‘}11 1 ‘11110(1 Slilll”i 1)11) 111111)!,1111)1’I: IIPIH)
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little emittance growth, This system selects every third bunch from the
150-MHz, 9-mA, 2 5-MeV RFQ output beam for transmission, converting
the beam b a 50-MHz, 3-rnA structure. The system also matches the beam
from the RFQ into the following 450-MHz DTL.

CHOPPER DESIGN

Funneling, using an RF deflector, has been proposed as a method of
increasing brightness in high-current beams by interlacing the bunches of
two converging bunched beams to form a single beam of twice the frequency
an? current.4 Such a funnel is the subject of an experimental program at
Los Alamos.5 The RF deflector-chopper is a modification of the funnel
concept. The direction of travel is opposite to that of a funnel, and the beam
isspiit into separate beams of lower frequency. In this design, the frequency

is reduced by a factorof3 as shown in Figure 1.

FIGURE 1 Beam sti.ucture modification by a 260-,MHz deflector.

For beams with appreciable space charge in which emittance growth is
of concern, transport-line design should minimize charge -rec!iatribution

emittance growthti by keeping constatit (or changing only slowly) both

transverse and longitudinal focusing strength and by proper rnat.thing

between different accelerator structures. These considerations were kept in
mind in the present design (Figure 2). i-lowever, becal]se space-charge
effects are not of major importance here, the line can be shorter find the

change smore abrupt than ifa high-current benm were being transported.

The trrtnsport line nt 2,5 MeV consists of t+rec FODO focusing periods
ofdi Ncrent lengths. Permnncnt-rnngnct quntirupoles provide incrcnsing

transverse focusing strength, mutching transverse he~m pnrnmeters U) the

following DTI,. The first ~nd third periods contnin 15(1-.MIIz rehuncners

th[it mntch the tongitudinn! beam parameters into the l)TI,. Thp serond
f[}cusir~~ period contnins the RFdeflector. Tnblr I lists the bcnrn elcm~’nts
l~nti their diln[’nsi{]nsnnd flcld grndientsor vo]togcs. Ijenrn npcrturps nro

not ~“rit.icn] hut hnvr I-men set nt I. CCII) dinmeturs in th(~ qunrirupolt~s Qt ,
(/2, und (/4,3cm in Q3, and 1,2 LIrI~in thv drflrch)r.

I’hr h{’nri plnn[~ (x z pl~inv) cr~~ss w’rtit)n {)f thv RF’ d(’llvrtl)r is s})t)wtl in

Fi~\]r~’ 2, ‘1’hv tw!]t~v:ll rl(’i”tr{dvs [Ixt{’nd in thl: y dirt’~.tii~ll ~~)f*l”I)(’ll(lic\ll/lr t{)
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F[GL RE 2. The RF deflector-chopper for the SSC injector.

Table I Beamline elements.

Element TYpe I.ength Field -

D1 Drift 3cm .-

R1 150-MIIz rebuncher 4 cm 241 KV

QI Defocusing (in x) quad 3r. m 7658 T/M

D2 Drift 6cm .-

Q2 Focusing quad 3 cm 92.19 T/M

De t 200- MHz RFdeflector 8cm 12,5 .MVIM

($3 Defocusing and deflecting quiid 4cm 7000 ‘1’IM
1)3 l)rifL 8cm --

(.J4 Focusing qutid 4 cm 9937 TfJl

R2 ISO !dl{z rchunchcr 4 cm 314KF’

LJ5 Defocusing quad .$cm 131 tll ‘r/M

[)4 l)rlfL 3cm .-

thc plane of the bend) near the beamline wherens the noseson the end wnlls

are cylindrically symmetric around the bcamline. In a similar device being
constructed nt 1AMAlnmos, clectrm-ies are mounted on hnlf-wavelength rods,
nnd [)ne ,~osc cr)nt~ins n permanent- tntignrt qundrupole. The electrodes nre

slightly less th~n PL’2 in length filong the bcnmline. ff the deflector could
produce a uniform transverse field of l~ngth ~)A/2 with a sin(wt) time

depcndvncc, nnd ifthc synchronous pnrticle with envrgy K were [it the
ccntcr {)fthc d~’flccti)r nt the time of tnaximum field strength E, th(~n the

(Ivflrrtion of thr synrl~r{)l]l)us pnrticle from thr rlvct. ric field nlor~c w~lul(l t-w
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@= (~A/2n)(eE/K). It can be shown that the force from the RF magnetic field
goes roughly as ~2; this was neglected in our calculations.

A real deflector cannot produce a uniform transverse field, of course;
the electric field components from the deflector are shown in Figure 3. The

Ex E,

FIGURE 3 The RF deflector electric fl~lds.

nonuniformity of the transverse (EX) field, the presence of the longitudinal
(EJ field coupled with the changing transverse coordinates of the particles,
and the phase spread of the bunch coupled with the time dependence of the
field, all contribute to emittance growth in the RF deflectir. This emittance
growth can be reduced by shaping the deflector plates and noses for the best
field uniformity, making the bunch envelope small in the plane of the bend
to avoid regions of field nonuniformity. shortening the bunch h lessen the
effect of the time-dependent field, and keeping the angle ofdeflecticm small.
In the present design, all these techniques were used to some extent. There
are other emittance-growth -reducing techniques such as introducing a third
harmonic ta flatten the field time-dependent wave-shape, using a second
deflector to bend the beam in the opposite direction thereby canceling some
of the aberrations, c.nd using a lower-frequency deflector; these were not
necessary in this design. The first qundrupole downstream from the
deflectar is defocusing in x and gives further deflection to the benm because
the beam enters it off-axis. In this design, the RF deflcctur bends the beam
thrcugh 4.4”and the dcf(~using quadruple provides 3,6° for a tital bend
llf8°.

A modified version of the I,os Alnmos PARMI1.A particle-following
code wns used for these beam dynnmics ctilculations, Appr )xirnntely 4000
nlncrnparticlcs generntrd by the PA RM’I’HQ calcul~tion ofthu 150-MIIz
RFQ were followed through the ~;hopper line, Spnce-rhnrge effcrts were
c~lculnted usin~ 3-D chnrge-c]oud interact. ions. Particles were integrated
through tht clcflw!nr in srnnll steps using the electric field mnps shown in
Figure 3,

KESUI,’I’S AN I) I) IS(:USSION
Ih’:irn rmsrndius cnvv](jpcs nru shown II]i)ng thr hrnm]ino in FiKurc 4,‘[’h{’
!NVThr:ltnrliriius is rvvrywhcrr h[’l~]w H111111.In IIIICsimlllnti[)n, thr
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apertures were set at a 5-rnxn radius throughout the line and the resulting

transmission was 99,97%.
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Table II Ernittances, rrns normalized

-—-. .-.—-- -—

( ll-mmc%rad) ( n-mmcvmrHdl (n.e$19)
——
RFQ IMJLPU1 lJ14 015 0.44 x I:! ’f’

Chopper output O 16 015 044 x lo”~
—. -

A transverse particle plot (Figure 5) at the position of the beam dump,
i cm upstrenm from th~ fourth quad. shows a pattern at about x = + 1.7 cm
(the initial axis is at x= O). This is the bunch that enters the deflector nt :he
proper phase (0°) for maximum positive x-cleflecLion. The other two bunches,
tit phnses of + i20°and -120°, nre deflected in the negative x-dir~ction and
are smeared in the x.direction because of the time-dep~ndence o: the
deflectnr field. If the henm dump can ncccpt a smtiller sepnraticm of the
drsired and undesired henms than that shown in Figure 5, the beam
deflection nrgle and thus the rmittnncr growth ofthc desired henm cnn be
redwed.

‘I%is RF dcflccti)r-rhoppvr design, cmnbincd with the 150-MIIz 1{11’Q
und thu 450. MI{z I) ’l’I.rksigns, r:In prmluw n I-mntn t.hnt sntisfirs
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FIGURE 5 Particle plots at beam dump.

requirements for the Iattice-painting scheme proposed in Ref. 1.Similar
designs could provide beam-structure modifications for other frequency
ratios. If desired, bending magnets could be incorporated in drifts D2 and
D4 ~ align the input and output beams to the same beamline.

Chopper designs such as the present example will allow- Iow-emittance
beams of high-frequency RFQs to be used when lower-frequency beam
structures are desired. Ongoing funneling tests will provide experience for
optimum design of such choppers.
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