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TIIE GUN/CHOi’PRI SY-STEM RH ‘ll11~ YAIhY Ml CWIRoh’* 

II. R~AIUI, II. Hcrminghaus, A. Strettn 
Insti tut. fuer Kernphysik, Universitaet Mainz 

Wcherwrg 45, D-65 Mainz, ERG 

The design and setup of the gun/chopper system for the 
3.5 MrV injector-ljnac [l] of the 850 Mr%V CW electron 
ac-cwlorator MAMI [ 2 i is 1m2sented. 
The gun dei i vers a 100 keV DC electron beam with a 
maximum current of 1.5 mA. ti‘hopping is done wi t,h a 
frequency of 2.15 GHz by a system working with R novel 
rf-ca\,ity t yIx$, whi& yields a circular dt~f‘lectlon with 
only onr rf-input ij compensat ion scheme al lows bunch- 
lengths down to ilO0 without increasing the transvrrsc% 
rsmittancp delivered by the gun. 

Setup 

The arrangement, of the components on the 100 keV 
beamline is shown in figure 1. The design of the 
prebuncher is presented elsewhere on this conference 
(II, a det.ailed description of the wire scanners is 
given in [31. It. is planned to replace the first wire 
scanner with an inflection magnet for a polarized 
electron beam 14 I. All eLements on the beamline are 
magnetically shielded by a sheet of 1.5 mm Hypenn. 

100 keV electron gun 

The gun-setup 151 is shown in Fig. 2. A special feature 
is, that it, consists of a compact 12.5 keV emittance- 
forming unit. (in similar fotm already used in the Van 
de Graaf injector [6]) and a 87.5 keV booster unit. The 
connection flange is easily accessible, e.g. for 
mount i ng another emittance-defining aperture or a 
cathode for Polarized electrons. The final anode is 
inserted as a reentrant nosecone equipped with a 
solenoid (H=0.03 T max.) to focus the beam out of the 
87.5 keV-insulator. The cathode is of the twriwn- 
dispenser t,ype (Siemens MK20), at nominal heating of 
1080’ and a vacuum better lo-” Pa a lifetime >lO’ h is 
prospected. The maximum operating voltage of the gun is 
120 keV, however, from demands of 1 inac beam dynamics 
[ll and a high safety against, break down 100 kV were 
taken. The high voltage st,abil i ty of the power supply 
is better 10“. At the maximum beam-current of 1.5 mA 

C 

the transverse emittance is 0.94 n~mm~mrad; at lower 
currcnt,s the emit tanc‘c goes down by changt~ j n the op- 
tics of the 12. 5 keV-unit. with 11-s pmittanv filter at 

t.lw erld ( roughly’ ar.<x~r,ding t 0 0. Z+O. ii ii .mm.mriG .JiT;;l;‘il . 
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Fig. 2 The 100 keV gun 

Chopper system 

‘The 3.5 ?leV injector linac demands a chopper system, 
which yields a bunchlength of i.20’ or less (11. To 
obtain this value without increasing the transverscb 
emittance deLivered by the 100 k?V electron-gun, a 
system consisting of two circular deflecting rf- 
cavities, a sli t-collimtor with adjustable slit-width 
and a solenoid-pair (fig. 3) was built up 171. 
The bunchlength can be tuned both by variation of t h(a 
rf-amplitude and the slit-width. 
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I.‘lg. :i S<~hcYw of‘ th rhnpper syst cm 

‘1%~ focal Icn~ttr of the solenoirl pair 2 (fig. 1 ) is 
tl;ilf the, distar~rrc ktwc~m the cavities and thrx slot.. 
lirrlct~ the part of the bran, which passes through t hc% 
slit IS i’rrusc~ci to the axis at. the second cavit.y. If 
t.llp SCTO:N~ c:~\,i t y Ins the samr a.m[~li t udc and phase ( in 
t hr i-oordina.Lc syst.cm of the bunch) ns I ho f i rst mc, 
i t c ar~r~~l <I t.h<-b t ransversr momentum im~~elrt c~f t.o the be;;mr 
thcrr [Xl. 
‘l’trr heur 1 zor~tal an<1 \x%rt i cal emi t.tanc-e of the c,hopw?d 
txwa c’an txs rva 1 ua t.4 by measurement. of the hori zontal 
and vertical hem size at. wire scanner 2 for different 
foc,;A lmgt hs of the solenoid-pair 3 131. 

Deflector c:avit,les 

Tht: circular def lect.ion by the chopper cavit,ies is 
realized hy R spa!. ially screw-shaped transverse nx?fs- 
netic field along t.hc heam axis (Fig. 4). The direc- 
tion of the rc~sul t,ing magnetic force on an electron 
then depends on its ent,ry phase: into t-he resonator. 
For an ideal lzed consideration this field can be 
descrl bed by: 

u x 
: ;\.sin wt .sin q.Z 

1 for 2, E [-a , ; ] 

I$ = A’s;ln wt. ‘COS % z 
A’ 

i 

for % E -; 4 [ ’ 1 
( A-distance csOveretl by the electrons during one rf- 
p9rloti, A-am])1 i tude of the rf-f ield) 

1.’ i r! . ,l I,~cv\I iyr~l s~hc~~~ of’ thfl d~l’lr~ct in< f‘icxlrl 

Int.egrati on of t hr resul t.ing ecluat ion of force: yicltis 
t.hr required ci rr11 lar dt,f lci-t.1or1 : 

.s s 1. 1 \’ ’ = g..g. ,($. j:;,: ;I 
where 9 ’ , y ’ is the result ing deflect iOn In mr:Ld ((,/~II- 
charge mass ratio of the part.ic:los, (P-phHSe of the 
particles relat,iuc tu the r.f.-field). 
Several different. geometries to achieve the requ i rc\cI 
field dist.ortion in both rectangular and c,ylindrical 
cavities have hecr~ i nvrst.i gated by Lead p1111 measure- 
ments [7,81. The ~,avi t.y final 1~ chosen, opt. imi zed for 
closely circular drflection, is shown in fig. 5. 

Fig. 5 ‘The chopwr cavi ties 

By evaluating the kad pull measurements , it was found, 
that the deflection angle a for 100 kV electrons is 

a/nrad = 1.24 .-/ P/Watt< for cavit.ies made of AlMg3 
(f’ = rf-input power]. The determination of a. with the 
electron beam results in a 7% higher value, presumably 
caused by the uncertainty in the measurement. of ravity- 
Q and the calibration of the bead. These results got a 
not very precise but vivid verification aftxr decom- 
posing the choppr: The beam had drawn visible traces 
in some brownish colour on the tungsten jaw of the slit 
collimator (Fig. 6). 
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Fig. 6 

hrt, of’ the decomposed chopper sl i t -c,ol 1 inuttor . 
‘J’he t hrcse thick beam-t races c.orrc+zl<xlil to tht% 
most 1 y iis rf-amp1 i t.udcs. 
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lmp?r fvc.1 I or1 0f l.hc c~om~x~nsat 1 on SctlrYllc. Transvc~rsv cmi I tan~~t~ of t iI<. ~‘ilclp~wl iY’1Uil 

Ari cxlvc.1 ro11 ,l;lsr Inq t trrl First caviiy ~11 ti ~driiw P and ii 
SIniLl 1 t ,‘iinS\<‘rSf~ rk\,ii>t.iurl (s,y) gctts c+ rhang<L irl 
1 orir: i t 11d I ri:t I momt~rit 1 m) 

4), = 7 n.e*A.7. (:r.sinP-x.c.osP) t 10Y3 

wht~rr~ x ard v iirs’ y~vc’l~ irk iill (7 I: m/mO). ‘19,~s f’ollows 
from [lO,lll’ 

‘I’h cf’frt.t of’ ti:r, cho}‘&x~r, cir, the> t 1‘1UIS\<‘i‘S!’ k~i,,, I I illlf‘i’ 
was inxvst igat.cti : a 1 for di f f’i,rrAfit rf-aJll),l i tllJc~‘G ill It i 
r~orrert ~ha.sf: ad,jus tmvnt Of 1 !w SfYWlli C’il\‘f t > a11ri 11: 
for di ffertxnt rf’-l~has~~-~ c>f cavity 2 Ix%lat i \ Ly t 0 : ;,- 
vit.y 1. The rfw1 I ts of t Ix> mrasurcmt~nt s wp?c c~omp~t~vtl 
to c:a ic~llat ions with ii ml.,! t iplrt i c 1~. sjmu l:it ioil cvxl(~, 
which computc,s thr r.m.s.-crnittilnc,t, of‘ the C~txq’$ et1 
beam. 

St = -Pc.Tt (.4~z) (P q pj 

[Iris cha.n<~2 irl longitudinal momwbtum rauses it shift mD 
of t hP i~l<v~t.ron cxnt.ry phase, into t,hc scrond cavi t,y, 
c-lt~pending on t ix, t rans~‘c’rsc p;irt ic 1 c pas it ion : 

~ = It,e,rn.A.i,,w 
2 I,z ,i5’.sin’P-,.cosP).10-3 

7 
(I,-distancc~ between t.hc ca1.i 1 ips in m) . In consequc~nce 
of this phase shift. thcl bunch is 1 <vgth?rlrd due to the 
flni t,e t,ransverse txam diamct.er in the cavities and the 
compensat.i on of the transvc~rsc momentum is i mperfec: t . 
71-1~ broadening of the longi t,udjnal momentum itself‘ is 
compensated however in t-he secor~d cavi t,y, apart from 
higher or&r effc,ct.s. 
Gn accollnt of this r2rfttct.s i t IS recommendable to 
rral ize a certain bunch-Icngth w1 th a rf-amp1 itudr as 
tow as po.ssiblt and a small collimator slit, width. This 
adjustment has the additional advantage, t.hat it. is 
lnsensi t ivc to swill deviations from the correct rf’- 
phase in the second cavity (see below). The described 
c,ffect. is cassent.ial for all deflector-cavity types and 
not a special at.t.rihrtc of the cavity used here. 
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a) It, turned out that. it is possible to oilt.airl n hunr.h- 
length lower than *IO” without. a signif’icxnt incre;rs<% 
in transverse rmi t~tance (Fig. 7 1. 
For shorter bunches reswct.ively highct~ rl‘-w11p1 i t.u(lvs 
th imperfect.ion 0 f compmsfit ion desc~ribd atmvc~ 
lxcomes prednminat,<a, The good agreement. be twpen t.l,c 
measurementas and the results of the simulation .showx, 
that there are no unknown rf‘f’pct,s, which I~I’E rclc,\~int 
t,o the beam quality of the chop& beam. 
b) The investigation of the phase dcpcrtdrncr showrti 
that t.hr sensit.ivjty tu misatljustmcnts grows wlih the 
width of the collimat.or-sl it.. If the widt.h of the sl It 
is equal to the diameter, of thr unrhopped beam at tho 
collimator, a phase error of 10’ causes ar emi 1. t.ancc 
growth of about, 13%, with a slit. width t,hrer times 
larger the cmittance growth is 43% ! In normal oyrra- 
t.ion the phase can be optimized and kept. constant. 
safe1 y wi t,hin *2’. 
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‘l’tw her i zon 1.a I annrl vcrticnl r.rf1.s. teecffli pmit- 
t.aL.Il’~~ vs . tot ii 1 t~rn~~+h 1 rnqt.h (qln ctu-rcbnt =80~.4) . 


