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CU SIDE-COUPJED LINAC FOR THE LOS ALAMOS/NBS RACETRACK MICROTRON*

1. M. Young and J. P. Potter, AT-1. MS H81;
Los Ali!mos National Laboratory, I.QS .41amos, NM 97545

A 2.7-m side-coupled llnac has been ,’;ilt as part
of the 5-MeV injector for the cw rOOtSS-~@mPeratIIre
racetrack microtron (RTM) being constructed in Lc~lab-
oration with the National Bureau of Standards (NBSJ.l
The linac is designed to ~ccelerate the electron beam
from 1 to 5 MeV with an accelerating gradient of
1.5 HeV/m. Fabrication of ttse structure started
October 4, 1982 and was casspleted February 28, 1983,
when it was tested with a cw power level of 82 kU. The

structure has an effective shunt impedance (ZT2) of
.92 5 Kllm. No change in field distribution was
detected at any power level. The operating frequency
is 2380 MHz.

~ntroduction

Four different types of standing-wave, coupled-
cavity rf linear accelerator structures have been
investigated in a search for the best candidates for
the RTM: disk-and-washer (DAtl), annular-ring coupled
structure (ACS), on-axis coupled structure (OCS), and
sias-coupled structur? (SCS).Z OUF goal has been
to develop a structure with five prope?tie!,: (1) a

high efficiency (ZT7 ~ f10Kz/m) to reduce thl! rf po~er
consumption; (?) an ability to support hiqh acceler-
ating f!eltis (>1.5 MeV/m); (3) sufficient water cool-
ing to permit loo% duty factor operation; (4) freedom
from Interfering modes that could cause beam break~p
or could ccunpromise structure effic~ency; (5) enough
coupllng (~lo%) to ensure good stability with long
assemblies of many cells to optimize match to rf
amplifier size.

From our studies, we conclude that an advanced
SCS structure with 5% coupllnq ~o~ld meet objectives
in Items 1-4 but would not he optimum for the objec-
tive in Item 5. However, 51 couplinq is ad?quate for
u-m-lonq structures at 2380 MHz, There’’oFe, the RTM
reqU\remeflt$ can he ~t tly US\nq tWO d-m strL4ctI.4i-esto
provide the f!m of accelerat!nq structure ne@ded

The recently completed 7.7-nl section meets our
d~sign objectives. The shunt Impedancl! is R2.S M//m,
which satisfies Goal 1. After we conditioned the
structure for 3 h, it accepted 8? kV of CW rf power,
corresponding to a l.r.H-MeV/m accelerating qradient.
This power lev~l was dch!ev~d with only 70% of the
de%iqn water flow; th’]s. Goats ? and J are satisfied.
Gotl 4 is satlsfif% hecausp no interferlnq modes are
found near the Opcratfnq frequency f(,. lhe lowest

hedm-hlouup MOdPS Occur fn a hand hetwmn 3/7 f,,

and ? fo, which nvnicis ratios of small Inteqers.

Th?rs?fore, no s~rlou~ problem Is ●xpected with these
modes, Goal S Is <atisfierl to the ●xtent that the
?.7-m structure hfi% a ().0411COUPI’,W factor and !S
stahlp at least up to 30 kU/m, No powpr-lnducrd field
t.{)t wd; nh<erved. rleld dlstrlbutlon has an rms
amplltudr fluctuation ahollt the nwan of 7.1% and a
.(),5% flcld tilt. TIIF stop hand, hhich was preset
!n +40(l kHl tn AVCIId th~)-mal runaway that IS posslhle
with a neqatlv? stop hand, Increased with Power at ~
rdte of 17 kllz/kH/m tn a value nf 4)70 kH~ at Ml kH/m.
Thu\, thpr~ Is no possihtllty of the stop hand qolllq
neqnttve at hlqh~r powr lpvels. lh~ frequenrv of the

●Work +tlp\)o-r*d hy 11S Oq)drtnwnt of In?rcv.

accelerating mode drops at a rate of 21 l.tiz/kW/mwith
increasing p~wer levels when water temp’.rature remains
constant. To maintain constant freo.ency, the water
temperature must be reduced as POWP: is increased.

The 2380-Mttz Side-Cn.pled Structure

‘-- tk~ frae.electrOn- lser/LAMPF cell geometry
scale~-to the RTM 2390-MHz frequency, the predicted

ZT~, including losses frm surface finish, IS 70 F1l/m.
This is unacceptably low, both because of length con-
straints imposed ty availab”’e space at NbS and because
of klystron po~er limitations. A study of shu~t
impedance versus parameters made for LAMPF suggests
that slight improvements to the shunt impedance could
be made Ly decreasing the beam aperture and by sharp-
ening the. nose angle of the cavity (see Fig, l).’
The desired beam aperture size is 1 cm, which is 78%
of the s~aled LAMPF beam hole. The nose angle was
decreased from 30 !e 10”. This decrease, together
with the reduction in beam aperture, increased the
theoretical shunt impedance by 18%, to 99 ~/m. The
peak surface field is still we-n below the Kilpatrick
limit. The actual measured shunt impedance in the
?,7.m structure for the RTM program is 82.5 t 1 ~/m.
The reduction frc+n theoretical is due entirely to
decreased ~ because of surf~ce-finish effects and
redistribution of current by the CouPliflCJ Slots. The

measured value of ZT?/Q, which is independent of cavi-
tv 0, was within 1% of the SIJPERFISH value, 5397 2/tn.

The unloaded I_) (Ql,) measurement for thL almost

completely bra~w! structl’re (only the drive cell was
not brdzed) yielded a 15 300 Q cwspared to the ]8 34(I
SIJPERFISH value. The loaded Q ($) was measured after

the iris was cut with a match Of B ■ 1.04, Qq, is
related to (J, hy the relation

The ~) measurements, made before and after the iris
slot was cut, aqreed within 1% usinq this relat~on.

The measured ,,alu?s of ()and /T7/Q yield H2,5 Ml/m for

the shunt Impedance, 717.
Ilsinq a least squhres fit of the measured mode

spectrum to the predicted mode spectrum, we calculated
the derived parameters of the SCS, qlven in Table I,
fr.~m the coupled-c~vuit model.h The me~sured mod~
spectrum was obtairw!d frm the 2.7-m section consist-
ing of 43 accrlcratlnq cells and 47 couplfnq cells.

I’iq. ]. Thr~@ View% 6[ the SCs Fi.lf-cell.



to a~bortion water flow to minimize temperature gradi-
ents. These designs are depicted in Fig. 1. These
water passages are based on 2.56 gpm/cell and a veloc-
ity lot in excess of 12 ft/s.

The machining-finish roughness for all inner con-
tours has been set at 63-rms-microinch roughness, max-
imum. ?his finish is attainable with “off-the-shelf”
carbide i.lsert-type tools that normally are used for
tracer lathe machining, Some surfaces were checked
bv profilometer and found to be in the 51- to 58-rms-
m-icroinch range. This seems to be the range of sur-
face fieish that :an be expected of cormnercially
ground tool inserts, Measurements on a single, brazed
cell with no ccupling slots, machined with this meth-
od, yielded a Q value of 17 800 at 2380 MHz, which if
95% of theoretical.

Accelerating and coupling half-cells are tuned in
place on a lathe tc within 300 kHz and 1 MHz, respec-
tively, by machininq to an acc,lracy of approximately
:0.0003 in, The freq~ency to which the cells are
tllnerlhas teen estimated to correct for the effects of
vacuum anri temperature oft the assembled structure an-l
the desired st~p band. Final tuning of the acceler-
ating cells after brazinq is accomplished by defnrminq
the cell walls slightly at access points provided by
drillinq the structure to reduce the wall thickness At
four locations on each cell. The accel<ratinq cell
frerllmncies can be only raised: khereas, the couplinq
(ells can he !owererl by si!ueezing the qap or raised hy
spreading the qap with iJ wedqe. For this reason, in
the ‘iathe the accelerating cells are tuned %300 kHz
lower than required. To oht?in the desired oppratinq
frequency, the final :Ilninq of the accelerating CP1lS
requirpt the rells oniy to I)@ rfiiseriin frequr?nry.

fnllyling Iris— ..

A short I)ra}efl~Prlinn wa, USOI-!tn rlo:ermine the
,~l]pro~imalp si7r nf tho rouplinq iri!, rt=quiretl for d
flill-lonqth ,Irrrler,ltnr ;eclion. The rolllllinq fact(~r
1{
?’ ohtainrd when A sfrurtllrr has N- flrc~lcrat.iflq

(I,ll$nfl) = (]7 whpn tlw,rnuplinq fwtnr i~ !~l for a

qrnmlltrl( al Iv irtrnticlll <trurtur~~ nf N] accrl~ra!inq
(P

H.,

,1’,’ uminq tbr fivld’. ,Jr!IIIl:iftlrmly[li~,l, illutpd In On(-h
rasr.

1)1(1l]r~lllu(l f!., . N., tl~r l)., - I’I (lo!) i< plottpfl in
,,

Iiq. 1, Thp iolltl l~no r-oprt~,,wlf~{Iat.a from Ihr I,lx-
IWll l.r\l (.llvlly. Thr ~ rt=pr~%rnt,. thr fiat? otlt,linod
from rlltlinq tnr, irl,.tln tllr lrr,+c(Plor,ltor. lhp lrl\
wa~ I 1 mm wtdr 1111 IIw* \iI-rI.11 tr~t rflvltv, nn,l thr
pr+qrf worr Irl I I.qII,lrr; wlw~-~s, on lh~ prr,wrrlrr -
,lt{tr, thr Iri$ w,I\ ~1.’) m wldi. with ,111 r,lIlo\ rmlnd[t~l
off . 11111 Iollqtll of the ~lrxt h(I< thr prrdnmlnrnt
Pf fP(”I nn tho rniil)llnq. Iho slot W1.l!!! V1l’l,lally Ilil\

Ill) Pff(*l’1. 111P ffl~.1lha~ tht* rlhjo~ Plirlirn!llded on
tlw’ llrl)ll(lolr~rlll(llroiil]llnq Irii I)rohrlhlyarcounl~ for
tllr iliqht 1} (11.e,llrr(n,ll)llnq lhlln lhnl oh<i, rvrd wllll
tllr lo\i l,lvlly.

Q

Fiq. 3,

Slot Length (cm)
Coupling factor versus iris slot length.
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