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FIELD STABILITY IN TWO-STEM DRIFT TUBE LINACS®

James H. Billen, George Spelek. and Alan H. Shapiro
l.us Alamos National Laboratory, MS H817, Los Alamos, NM 87545

Abstract

Drift tubes supported by two .tems have been
considered for cryogenic drift tube linacs (DTLs) to reduce
vibrations and to minimize Jrift-tube deflections upon cool
down. We investigated rf properties of two-stem DTL
structures at room temperature and low power. Even
without resonent stabilizers, a DTL with two stems 180"
apart is inherently more stable against tuning errors than
a similar structure with single stems. The increased
stability 1s higher for DTLs with shorter drift tubes.
Ordinary quarter-wavelength-long post couplers actually
destabilize the two-stem DTL fields: the extra stem raises
the post couj.er frequency compared to the frequency of the
same post coupler in a single-stem structure. gmbilizau'on
occurs with post couplers extended beyond the tank wall
into coaxial stub tuaers. Adjustment of the stub lengths
tunes the post-coupler frequencies, but post-coudler
lengths in the tank have no elfect, which suggests a field
pattern different from traditional post couplers. The
stabilized DTL resembles muitiple-stem DTLs 1n which the
angle between stems is varied to achieve stabilization.
Adjustiag the coaxial stub length is mechanically simpler
than changing tl : stem azimuth angle.

Experimental Appara‘us and Tilt Sensitivity

For these measurements, we used a 425-MH:z
aluminum model configured with either 40 identical 2-
MeV cells or 16 identical 50-MeV cells. Energies of 2 MeV
and 50 MeV refer to oroton energies and correspond to cell
lengths of 4.60 cm and 22.i5 cm, respectively. We meas-
ured the axial electric field distribution with the bead-
perturbation technique.' 71ilt sensitivity (TS) measure-
ments consist of two such field distributions for different
detunings of the ¢nd cells, For the first measurement, we
lower the TMy1y frequency —100kHz by decreasing the
cell 1 gap. Increasing the ﬁap in the lagt cell restores the
correct mode frequency. This type of detuning of the end
cells tends w "ult” the field toward cell 1, resalting in
higher field in cell 1 and lowar feld in the last cell. e
second measurement corresponds to opposite  si
pers bations to the end cells, which tend w ult the field in
the  posite direction. ‘IS is the cell-by-cell percentage
difference between these Lwo field measiirements divided
by the net end cell frequency perturbation. A stabilized
field distribution is one for which the TS slope is zero over
the entire length of the I)TL.

Tilt Sensitivity Without Post Couplers

Figure | shows two 'I'S measurements, one with
single nnd one with double stems on each drift tube for the
40 cell structure. No post couplers were installed for either
of these mensurements. The exura stem on each drift tube
increased the eavity T'Mgjg operating mode resonant
frequency by anly 1.444 MHz, but resulted in an almost
fou: old reduction in the TS slope. This higher stability
with double stemy 13 consistent with the observed large
incrense of 15,99 MHz 0 the T™g 1 imode frequency. A ult
in the field at the opernting mode frequency ean be
understod 1o Werms of nn admixture u} higﬁlvr order
longitudinnl TMy x modes with the TMy)y mode.  The
TMypy tode with ane zero loagitudinally is nearest in
frequency W the constant amphtude TMg1g mods nna,
henee, rontrihutes most strongly w the field ult,  The
lnrger the frequency difference between the 'Mg1g nnd
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Fig 1 Tilt sensitivity without post couplers tor the 1 84 m long,
40 cell DYTL. The upper ploL corresponds w single stems and hay o
slope of -B0%/MHzm The lower plot corresponds W double
stems 180° apart, with a slope of - 18%/Ml{zm

TMo11 modes, the harder it is o achieve an appreciable
audmixture, and therefore, the more stable the Fleld dis-
tribution. Table I shows the measured frequency differ
ence between Lhese modes for single- and .louble-stem con-
figurations. The frequency difference is more than three
times greater with double stems than with single stems.

TABLE . MODE FREQUENCIES FORTHE 40 CELL.
1.84-m-LONG DTL

TMo10 TMar1 Frequency
l"rcﬁuency Frequency Difference
(MHz) (MHz) {MIlz)
Single stem | 426,287 432940 6653

Do: ble stem 427.731 448.930 21.199

Characteristics of "ost-Coupler-Stabilized 11 Ls

Figure 2 illustrntes severnl features of single stem
UTLs stnlalized by post couplers.” The stiucture used tor
these mensurements consisted of sixteen 50 MeVo iy
cquupped with either 7 ar 15 post couplers The quantity
rlulwd is the avernge TS slope versus the post eoupier
ength. Stabilization oceue an the npper branch of the
curve where it crosses zero TS slope The discontinunty
near the point where the highest post coupler mode erosee,
the I'Mug mode frequency  Twao quantities change simual
tnncously ny nopost enupler dength vinen the resonant
frequeney Sf the post coupler and the eapnerr e conpling o
the post voupler resonntor to two adpacent eooval the DY
A longer post eoupler has o lower reconnnt frequenes and
By eouplimg to the IYFL eelly Because the post congg e
o quirter wnve tesonator Whose fregquency ryiowenet oy
the capacitanee hetween the tpond the dee tabee e,
pancing betvween the dot rahe cuver eadio camd tanic oo
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ensures adequate —wupung when the post coupier iength s
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I-'i¥ 2 Til senlllivi)l# slope versus wul coupler lung}‘h for the
)} H4-m-long, 16-cell DTi. equipped with single stems The upper
plut corresponds w xeven post couplers, one every uther drifl tu

kubllluuon tzero TS slopel accurred for u post coupler length uf
13 4em The lower l)lul corresponds to 15 pust couplers, une every

driftwube Stabilizalion occurred 4t 15 0cm

For data in the upper plot of Fig.2, the DTL was
equipped with seven post couplers, vne adjacent to every
..ﬂm drift tube. The fields stabilized for a post-coupler
length of 13.4cm corresponding to a 3.7-am spacing
hetween the drift tube and the post-coupler tip. For the
lower plot, the I)TL had 15 post couplers, ovne adjacent
every drift tube. This time, the lields stabilized for a post-
coupler length of 15.0:m, corresponding tw unly 2.1cm
between the drift tube and the pust-coupler tip. In both
cases, the T8 slcpe approaches -200%/MHz/m if the t
couplers are either o lunr or Wwo short. This is the -m
ohserved with no post couplery in the tank.

Figure 2 nlso shows that if the post couplers are Lluned
high in frequency tshorter than optimum length), they
destabilize the field. That ig, the ?S slope can be made
'ven more negative than it is without post couplers at all.
li: this case, the highest-frequency mode of the post coupler
passhand is above the 'I'My)) mode frequency. Similarly,
the post couplers can ulso vverstabilize the field, resulting
in a pousitive T'S slope. The steepness of the T'S slope where
it crogses zero is an indicator of the coupling. lLower
coupling corresponds Lo n steeper zern crogsing and
requires more critical tuning. e lower plot in Fig 2
shows higher coupling because of the smaller spacing
between post coupler tips and drift tubes.

Figure 3 shows data stimilar o Fig. 2 hut for a 40 cell
structure made up of 20 MeV eelly. This single stem DTLL
wis stabithzed by 19 pogt couplers, all 15 em long, which
corresponds W 1Y em between the drifl tube and post
coupler tip - Phus configuration has even more stability
than the H50 MeV, 15 post eoupler configurntion beenuse
there are more post eouplers per unit length, one every
92 em compnred to one every 22 1hen #ur such short
cells, there ono need o ase post coupier: adjneent W every
drft tube Compared to Frygod, Fig 2 e ws g pronouneed
diTerence n the asymptotic hehavior tthat iy, in the ‘TS
without pont enuplerst The curves tor the 16 eell strueture
approach 2007 Mllam,  wherens b the 40 eell
Aructure, the IS JJape appronches 807 MHam h
diftference v related e the cruetare length and the
-u-ll---.‘u.mhnu proximiy of the PNy and Mo, modes,
Avenrding o dable 10 thes teequeney diference 1,

cerrespendang Dference soanort 4 Mz T e 5 T
iurg, 16 cell structure, and Lhus the end cuil pertarnat. o
more vastlv mix the pure TV, lTelds with higher rier
TM. 1\ mudes ichietly the TMy ) mode). The lunger 16,
strurture 1s less stable than the shurver 40-cell structurs
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I"-.g 1 Tilt sensiivily slope versus rmu. coupler length tor "he
1 44 m-long, $U-cell DTL equipped with single stems and 14 (sl
couplers Slabihization occurred at 15 §em

Stabilization of the Two-Stem TI.

The two DTL structures differed in scme respects
when two stems were installed. The 50-MeV, 16 cell
structure stabilized with post coupless, but the post
couplers were longer than they were in the single =tem
l)’I‘E. For 15 post couplers, the length was 15.63 ¢m,
leaving a tip-to-drift-tuve space of only 0.48cm. The 2
MeV, 40-cell structure cuulrr not be stabilized at all with
ordinary post couplers. For the longest post couplers that
would fit in the space between the drift tubes and the tank
wall, the TS slope was + 158%/MHz'm. A positive slupe
indicates Lhat the post-coupler freyuency is o high and, if
posaible, the post couplers should be lengthened for zero TS
slope. Figure 4 shows the TS slope versus post-coupler
length for the 40-cell double-stem le‘l. equipped with 14
post couplers. ‘The higher stability without post couplers
mentioned earlier is illustrated by the smaller asymplotic
value of the slope. The asymplotc slope is the same as the
TS slope for no poust couplers (see Fig. 1), —80% Ml{izm for
single stems und — 18%/MHym for double stem.:.

The upper branch of the curve in Fig.4 apparently
wnuld cross zero if only the post couplers could he
lengv.hened. We lengthened the post couplers by extendiny
each one beyond the tank wall inw a couxial line. Such a
¥eometry has heen used previously! t stahilize n DTL with
the 3N/4 post-coupler mode.  For the present Lests, the
conxial line had innsr and outer diameters of 1.27 and
2.54 rm. respecuively. T'he overnll post coupler length
equals the conxial line length plus the inner length, that
15, the portion ingide the tank radius. ‘The conxinl hine
length ceuld be varied conlinuously {rom 2ero o [Hem
[igure 5 shows the results of four series of mensurements
with different post-coupler lengths measured inward from
the tank inner radius.  The iuner lengths were 13300,
14 57, 1584, and 17. 11 em, corresponding o spaces of 4 R
204, 127, and 0.0em, respectively, between the ,)u.-l
coupler tip and the drift tibe, Stabilizavon tzera TS Slone
aceurred for a conxanl line length of 14 o emoand was nearly
independent of the inner post coupler length, a surprising
result beenuse we cxpected the c'u:um‘f hne length n
merely compensate for changes in the overall length ot the
potit roupler Instend, the mensurements seemed o
imdieate that the system does not behave at all Yke the
tradiional post caupler sy acangle stem DI

Phe stabn'vsong mode ot the traditionad quarter wase
post coupler has o voltage maximum at the tp and
varrent maximum at the tunk wall  Contaet with the et
tube would short out tins mode ol cxeitation rendeninge the-
post coupler useless i dalnhizimg the tield s For 17011 0m
posd conplers e Fiypgooos the tip ol the post coupier wa
atadly an ,,;mu| rl contaect with the dett mbe guf o0
dabilezed the helds tor the some sl e o 0
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l-‘ig 4 Tilt scnmtnvw slope versus post-coupler length {or the
1 84-m lung, 40 cell DTL equipped with double stems and 19 post

couplers ere 15 no yiahiization point below 17 cm

other inner post-coupler lengths. Thus in the new
configuration, the end of the post near the drift tube is not
a voltage maximum f{or the stabilizing mode. The
configuration resembles the three-stem D of Giordano
and Hannwacker.® They investigaled several multiple-
stemn configurations and demonstrated stabilization of the
TMpop fields. Stabilization depended upon the angle
between stems as controlled by the installation of flared
vanes on the stems. Adjustment of the angle changed the
inductance of transverse stem resonances and, hence,
tuned the modes for stabilization. These stem-mode
frequencies also depend upon the cell length; thus, the
ar)ﬁl‘e changes continuously along the length of a graded-|§
DTL.
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length for the 184 moiong, 40 cell YT with double stem and 19
conxtal post coupiers  The four post coupler lengths refer 1o inner
lengths, that 1y, inside the tank radius

The present design with two stems 180° apart and the
coaxial post couplers aL right angles to the stems is
vquivalent w the multistern arrangement. Here, instead of
changing the angles between stems for tuning one varies
the length of the coaxial line. This uyswmﬁms several
potentinl advantages over the earlier multistem
canfiguration  First the tyning adjustment i simple and
enn be done outside Lthe tank withoul disassembly. Second,
in contrast w flured vanes, little extra material need be
immersed in the TMg)g magnetic fields, thereby reducin
power losses from eddy currents. Third, the mechnnirn.i
design can incorporate either a solid connection w the third
stem (or post) or no connection at all. Stabilization can be
nchieved for either case, so the choice can he based on
mechanieal considerations.

We also studied the stability of the 50 MeV, 16 cell
DL equipped with 1H conminl post couplers. Figure 6
shows the results tor three post coupler inner lengthsy of
t2.03. 1407, nnd 1584 em correy )n(s)ing W spaces of 1 DR,
254, and | 27 cm, respectively, hetween the tip and the
drift Lube. Stabnlization vecurred for a ditferent length or
ennxinl hine for each post coupler length Longer post
couplers required shorter conxinl liney
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'ength for the 1 54 m long 1h cell YTL with double stems and 15
couxial post couplers  The three L)usl coupler lengths refer
inner lengths. "hatas, inside the wank radius

Ramped-Field Distributions

The accelerator design for which the two-stem DTIL.
was originally considered also incorporatea a longi-
tudinally ramped distribution of the acce?eralin radient.
After the 40-cell, 2-stem structure had been stagﬁized. we
tried to ramp the axial field in the manner used for a
conventional single-stem structure.'! In the single stem
DTL, a bend in the post coupler oward the low-field end of
the tank provides Far such a ramped field. Attempts o
ramp the held using this method in the two-stem )TL were
nol successful. The largest observed end-to-end difference
in the axial electric field was ~2% (or about 0.05% per cell).
Ramped (stabilized) fields with slopes -B8%/cell are easily
achieved in single-stem DTLs with comparable cell
lens‘t.hs This marked difference provides additional
evidence that, in the low-} 40-cell DTL, the tip of the postis
actually a voltage minimum unlike the traditional
quarter-wave post coupler. [n the high § 16-cell DTL, we
achicved ramped. field distributions as lu: Je as 4.7%/cell.

Conclusion

The two-stem DTL fur low-|§ ceils is ot stabilized by
traditional quarter wave post couplers. A suabilized ficld
distribution iy possible using a third stem or post that
extends beyond the tank wail inlw a coaxini line, The
structure is similar w older three stem configurations, but
offers advanlages in tuniny, power consumption, and
mechanical design.  In its present form, the two stera
structure is inappropiinte for XTls with a ramped field
gkradient. However, 1t 1s an attractive alternative W the
single stem DTL for applications with a eonstant field
gradient.
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