
LA-UR-S8-2500

LosAlama National Laboratory ISoperated by the UnlverSlty OfcallfOrnm fOrthe Umted states DewRment of Energy under contract W.741)5.ENG.]6

TITLE:

AU THOR(S):

SUBMITTED TO:

A HIGH-INTENSITY DRIFT-TUBE LINAC
WITH RAMPED ACCELERATING GRADIENT

D. J. Liska
f+. Mignardot
J. H. Billen
L. B. Dauelsberg
G. W. Zimmerman

LA-iJR--88-25OO

13E89 005434

1988 Linear Accelerator Conference, Williamsburg, VA, October 3-7, 1988

I)Is(”I.AIMER

——_ _ .—. - -

.Cm lAlkaliiriK)s
cmAhrnos Nahor@ L#mrator
0s Nlmos New Maxlco 8754 t

UNO 8J6 M
- . ..- .-. MAsTm

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



A HIGH-INTENSITY DRIFT. TUBE I.INAC WITH RAMPED ACCEI. KRATING GRAI)IEN’I’*

IIJ, Liska, H. Mignarclot, J. H, Billen, L. B. Dauelsb:rg, and G. W, Zirnrnennan
MS-H821, Los Alarnos National Laboramry, Los A!~los, NM 87545

Abstract

R.ampd accelemting gradien~ in drift-tube linacs
are made poamble by post couplem with extreme
differentini coupling between adjacent accelerating gaps.
By bringing the energy of the beam up through ramping,
betta overall control of longitudinal emittince can he
accomplished snd a more compact accelera~r achieved.
Such a machine has been de~igned at Las Alamos’ and
built through industrial participation with the Hanford
Engineering Development Lahomtmy (HEDL), the
Bmbck Corp., and Grumman Aerospace Corp. The design
of the Ramped-Gradient Drift-Tube Linae (RGDTL)
involved development of high-powered drive 100pa,
specially instrumen~~d drift tubes, and a new mta~-type
dynamic tuner. The aaaetnbly of the rnacbine from the
Industrial compouenta has been completed, and It IS now
installed and in opemtion at the Acceleramr Test Stand
(A’IS) in Los Ala.mos.

Ddgn Featurw

The completd RGDTL is shown in Fig. 1. The
system, which operabm at 425 MHz, contains 29 free-
standing tift tuba suspndad from an overhead girder.
Each second accalomting call contins ● pat coupla: with
no tab but an acuta angle to ita otam (~ Fig. 2), The bant
stim pann.itz a high dogma of gaptGgap differential
coup~,iag In order b eatabliab the field ramp shown in
Fig, 3. This ix a cubic polynomial that micas Lhe average
accelemung gmdien~ fmm 2.0 to 4,4 MV/m over ● length
1A’150 cm.

FIM I The 425 M}{z rnmpcd ~adientdnft tub+ lInnc

Fig, 2, High-differential coupling post coupler
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Fig, 3 Accelemttng gradient established in tie RGETI.

Othar faatumo of the RGIYl”L that am of interest are
Lhe aluminum tink barrel ~nd girder nnd tie mul~plc
drive prta ●quipped with two 500kW drive Irmps, Copper
baa pwer for the RGDTI. IS 391 kW The Ilnac rsiseu Lhe
beam energy from 2.07 to 6,67 MeV and is ramd at 100 mA
H , m the to~l pak power 10851 kW, The uw I}f high
thonnal mmductivity matamals t-hrou~hout pennILs a rntzd
duty factor of 5%, The drift tubas utIIIze permanent
magnet quadrupnlea [PMQt) mnde of neodymium Iron
heron that develcp t focusing adient of’20 k(;{cm

r‘1’hr KGl)’rl, In :he resu L ~ji’Induutrinl pnrll(lpirLl,,ll
hetw~~n I,IMIAlnm, w NaLII)IIal 1,.lk~rHtiJrv nnd (;rumm:lll
Acr[mpnrc who h(ll~L Lhc tank, ~]r{l r, pfIsl tx~tlpll,rw, :Iml

SIUK Iunrrs IJI LtJn Alnm(js $pm” IfiI’n[. III!I l’hv {Irlll (111>1,+
Wvrv tlulll I)v 1[~1)[., Hmi ltle ,~lliitir(ll)!!lrs lj} 1)11111,,(h
(’,rl] ,l~ru.mhly (llnln~ III~d IIIIKIIIIIVII(~,.rr Ii,IIII, I, II IIr Id\
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Assembly uf the RGD’TL by Los Alarms was a very
challen~ng and collaborative effort tsee Fig. 1I. This effort
involved paruclpatlon from several d]t~erent technical
disciplines, including engineering, precision allgnment.
and low-power rftuning.

The RGDTL is a 3@-cell structure equipped with 29
full drift tubes, 2 half drift tubes on the ends. 14 post
couplem, 2 drive loops, 2 slug tunem, 2 tuning bars. an
elaborate cooling system, a hard and ad? vacuum system,
and I number of required peripherals. The tank barrel was
copper-plated aluminum. although, aa a result of a design
error, it was necessary to bore the inside diame~r in order
to lower the frequency. This boring exposed tie aluminum
substrate and resulted in a 30%-lower Q.

The assembly first involved the preliminary
alignment oi the drift tubes relative ta their magnetic
centers. A thorouglt map of their geometrical centers was
documented w be used later when an internal alignment
relative to the @nk is required. Once this documentation
was accomplished, the drift tubes were then assembled in
:he gtrder. The girder permits accurate, off-line alignment
and ease of maintenance because it can be easily removed
from the tank body. In the case of the RGDTL, the removal
feature was frustrated by warpage of the girder cauaed by a
nonflat mating surface on Lhe tank. Therefore, the final
precision ali~ment had ta be done inaide the tank with the
~rder Installed, The gtrder was then placed in a stmllow
slot and two tuning bars were attached. A metallic C-seal
was used between the girder and the tank body for a
sufflc]ent rf contact, A number of tooling fixtures were
then developed to align the drifl tubes inside the tank
body The next step was @ aaaembie and install the peat
couplers, which required shimming between two flanges
crutwde the tank to allow for a post-coupler penetration
adjustment that is required for tuning. Then the slug
tuners were installed along with the vacuum pumps
because both these components were located on the bottim
side of the tank and housed inside the support structure.
“rhe next step was to install the cooling channels
surrounding the aluminum mnk. The ti:ermal contact
between the tank and the coollng channels was made by
using a therrnocond,lcuve grease. The vacuum lines were
then Installed and an extensive leak check was made on
!he coollng Lines, vacuum Ilnc., ana the vessel Itself.

Alignment

The allgnment requirements for the RGDTL are
crucirnl to the DTL’s performance. An adaptauon of the
Lawrence Berkeley Laboratory (LBL) method ofdrifttube
all~ment using a current. carrying taut wire for
determining the magneuc centers of the new high. powered
permanent. magrtet drtft tubes was Implemented .-’ The
WIIe IS fed ver~caily through each single drift tube before
installation and IS pulsad todeterrnice the magnetic cen~r
rclatlve ta the drift-tuba o,d. (see Fig. 4) The resultin

!d~ta were then documented for later use In the Interns
alignment scheme of the machine w provide offsets for the
drift tubes. Once the magnetic centers of these drift tubes
were deterrnlneri, the drift Lubes were aaaemhled In the
~)verhead gtrder and a prec)s}on geometric allgnment was
made reiatlve to the ma~e(lc centers uwng a comblnatl~m
{if (,ptlcal transits [3 9 Mrr sec r~solutlt)rr), wght levels
1:)9 arc sec reru~lotl{lnl, tind several unique tillgnment
LxLures ‘rhcn thr duui were analyzed nnd used in the final
lt~ternal all~ment ,Jfthr tank body I’he finul nllgnment
Insidr the lank btdy was themost rrurlal nnd demnndtn K
,Ispr(,t(jf th~ ●ntire nll Knmcnt wheme This nilwnment had

Fig. 4. Determination ofdrift-tube magne~c centers

on the tank. This system allowed the carriage device,
which was equipped with two dlgrtal dial indicators
representing the X, Y axes (vertical, horizontal) and a
linear encouer representing the Z a~is (Iongitudinai), t,u
move freely along the ralla and ta mepsure the pomtlons Id’
the drlfl tubes. With the use of an IBM computer, the datn
were then compared with the original preclslun glrdcr
alignment and the displacement was computed. “rhls
process was done Iteratively, and the necess~ry correct l,~ns
wem made until the displacement were hclrl reluuve to
each of the drtft !ubes and the tank body tu wlthln
foo2rnm.

Tuning

once thedr]~-tube allg-nme,it, preliminary nssemhlv,
and all other mechan~cal checks were completed, :hr I,,w
power rf tuning commenced. For most of the low pt,wer
tuning, the two copper end walls were replaced with
alumlnum end walls, Thtwe ~lumlnum end wniis :Irv
equipped with movable half dr)ft tubes thlt xrve ;is tII)Ii
tunel~ ior Uit senslbvtty measurements. “l”he end [un~,r
ndjust.ment on each end t)f the I{G1)TI. Includes thr,w
mlcromet.ers u) read the i{)nri]tudinnl position” III’the h,I II’
drift [ube Ttieso hulf drift tubes wntiictthe ..III{will
through metalilc rf seals I)ost (,our]lt.rs both stnblllrv .II)(I
ramp the lorl~tudlnal field dlstrlb L, .on In the Ct]vltv

Axial electrlc field mcasur. menu (~htoined t)v thr
bead perturbation technique determlr ? how h) ndjost ()),,
post u)uplcrs for the rieslr~d Ileid rnmp Itnd 1(,r IpIIIIIIIIU
stahillty aK~lnst tunln K errl]rs 1 Slmllnr fl)viistlrt,rl)t,l,l~ I,!
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the frequency by se~eral megahertz by boring out the
Inside dlazneter of the Lank. ~easurements of che resonant
frequencies of the empty tank after each cut monitored the
machining proc~ss. The inside surface of the RGDTL is
now bare aluminum. For an ail copper DTL. the tank wall
dissipates less than half f the cavity power. Ikause the
resistivity of aluminum is 1.6 times that of copper, total
structure power In the RGDTL IS increased.

Test Results

The RGDTL was put on-line in June 1988. Two
technical (actom differenuated this system from the flat-
gradient tank previously operated on the Al%: the range
of field gradlenta produced by ramping and the dual rf
drive loops. The first factor produces a wide spectrum of
hard x rays, which complicates the use of x rays as a
dlagnoshc tool for determining gap vol~ges. The second
requires balancing the coupllng and the power tranarm:ted
down the two drive lines so that the undertiriven loop does
not couple power out of the tank, Out-coupled power will
appear on the directional coupler as a reflected signal and
will erroneously Ind; cate an Improper match for the
underdn~en loop.

During the rf conditioning phase, the RGDTL
displayed some mar~nal multipactoring at low power
levels but has operated cleanly at all higher power levels.
Evidently, the 3° angles on the drlktube faces are very
effecuve In Inhibiting mulhpactoring in the gaps. Even
though the rated wall-current losses were ●stimatad ta be
450 kW, rf conditzcmng was pushed to over 600 kW, which
resulted In very clean rf surfacas. A total of 88 hours of
operntittg time was devoted ta rf conditioning and to the x-
ray measurements In order ta detarmine gap voltages.

Beazn.a were undertaken ●t is low rfduty factor (0. 1%),
The beam pulses were 60 ~a at 5 Hz (0.03%). A maximum
current of 80 MA has been accelerated, with tatal current
limited by upstream cotnponenta in the beazzdine. Beam
trensrmsmon efficiency exceeds 95% at s wall power
dlerupatlon of ahout 450 kW, very nearly the predicted
level, This shows that the beam is being efficiently
accelerated and, ii. fact. cloacly matches theoretical
predlcuons. Furthermore, preliminary transverse and
longitudinal emittance measurements dr not indicate
slgni!ican. ●mltmnce growth caused by field ramping.
Therefore, the concept of the RGDTI. appeam w be
vaildat.ed.

TIJ dste. a tatal of 333 hours of operating ume on the
ttGDi’L has been accumulated, wItb 23 hours of beam
t~me Except for the high xray fluencea developed, which
require a lot of shielding, operation has betn relatively
trouble free. Thlri is the fimt rampad-gradient DTL put on-
Ilne, and its successful comnusaionlng la one key @ the
stau of the art high -brlghtneae accelerators being
rleslg~ed b day

RGI)TL-Reia@d I)evsdopmenta

The RGDTI, was th~ first tenk of a seven-~nk
iircei~rritnr syswm roncept that was to he driven hy ’24 to
51N)kw ~~lld st.nte amplifiers only the RGDTL was bul it.
but lt s:ill required the development of apprnprlate drive
it M)prJ ,,f the type shown In ~Ig ~ ‘rhese Unlu Connet, t to
standard (i i H In roaxlsl tranamlealorr Ilne and nre c’~t for
a nominal 425 MHz o~ratlng frequency ‘rhev WIII
operate with either ●lumina or rcxrrlite wtnrh)wla, T{)
reduce multi pacti)rln~, the vacuum aide nf the wlnrh)ws
Wna tltanlum sputwred nnd the metalllc furfac~s wrr?
titnnlum nitrlded using the pnrcesa descrlhed It[ Rcf 5

Fig 5. The 1-MW 425-MHz rfdrive loop

A complete description of t,he drive-luop development
program IS given in Ref. 6.

Instrumented Drift Tubes

Beyond 5 Me V’. 425-.!Hz drift tubes are pkysI,al!Y
large enough tu allow spl~tting the quadrup]ie lnu) [w,,
equal segments and placing a fast rf diagnostic probe
between the segments as shown ]n Fig. 6. By using ju~h
~nstrumented drlfl tubes along the heamline, diagnostic
information such as beam current. beam p(mlll~,n
micropulee profile, and energy can be deterrmned In
add]tion, splitting the quada increases the granularity If
the magnetzc center mjaalignments. This Increase in
granularity has been shown to reduce tramverse.
emlttance growth. originally, over 20 Instrumented drift
tubes were Intended for the geven. tank Ilnac system. Only
two insuumentgd drift tubes were actually fabricated,
each using two 1.27-cm.long Nd-Fe-B PMQs aa part of the
RGDTL development program,

CPam
—..

Fig 6 [)rlft tube wIt.h spl, ( quad i~nd strip llnr i~r,!,,,

Rotary Tuner



Fi~ 7 Rotary tuner.

Conclusions

The RGDTL IS a machine that achieves several
Imporurtt goals. It matches the low-acceleraUng gradient
of the RFQ to a high-gradient Ilnnc In which it M earner to
control longicudinal beam emlttance. To me, L Lheae

“., ,.. y. f, ~. . . . . . . . . . . .’.. s’, .,, >.s , L, .,(4. ,,,, > ,),,.,3
demonstrated. Finally, the RGDTL hus ,hi, wn L}ILIL

compact accelerators can be desi~ed by using fast r:in~p>

of the type described,
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