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FIELD STABILITY IN lWioSTE!d DRIFT T(’13E I.l SACS*

James H. Billen, George Spelek. and Alan H. Shapiru
[.,,s Alamos National I.abrJrMtory, MS H817, LIJS Aiam(Js, ?i.M 13754,5

A bsLract

Drift tubes supported by two .tems have been
considered for crvoaenlc drift cube Iinacs IDTLs) m redllce
vibrations and ~;m~nimize drift-tube deflections upon cool
down. We investigawd rf properties of two-s~m DTL
s~uctures at ro~m temper~ture and low pwer. Even
without reson~nt stabilizers, a DTL with two stems lW”
apart is inherently more s~ble against tunin errors than
a ~imiiar structure wiLh single stems. ‘1’~e increased
stability IS higher for DTLs with shorter drift tubes.
(lrdinar~ quar~r-wavelen

P
-long poet couplem actually

destabill= the two-stem D L fields: t-he extra stem raises
the post coupier frequency compared LOthe fre uency nf t.h~
same post courier in a single-stmn structure. ?wbilization
OCCURwiti post couplem extended beyond the bank wall
into coamal stub tu~era. Adjustment of the stub length
tunes the pabcoupler fre uenciee, but poekmu ler

If 1lengths in the b.nk have no e ecL which suggeate a ●ld
pattern different from traditional pout coupkm. The
stabili~ DTL re-mbles multi ple-etam DTLa In which the
angle between stems is varied to achieve ~tabili=t.ion.
A@ating the atnxial stub Ien

9$
is mechanically ximpler

than changing * ~stem azimu angle.

Experimental Appsra’.us and Tilt Sensitivity

For these measurement. we used a 425-MHz
aluminum model conli ured with either 40 identical 2-

?MeV ce!ls or I(5 idenhca 50-MeV cells. Energies of 2 MeV
nnd 50 MeV refer h brown energies and correspond b cell
lengths of 4,60cm and 22.15 cm, respectively. We meas-
ured the axial electrlc field distribution WILII the head-
perturbation technique.’ l’ilt sensitivity (’~) measure-
ments consist of twu such field distributions for di~erent
detunings ofthe end cells, For the fimt measurement, we
lowrr lhr ‘1’.~olIJ frequency – 100 kHz by decreasing the
rell 1 Knp, Increasing the ap in the last cell am the
rorrect murk frequency, ‘r~i~ type (Jf detuning of the end
rells @rids b “UIt” the field toward cell 1, remtltin in
hiKher field in cell I and l(Jw.?r field in the last CS]]. %
wctlnd measurement corresponds h opponiu
:;;:;’ $uti(Jns to tie end cells, which tend tu tJlt the fiel%%

poww direction. ‘I’S is the rell hycell percentage
diffcrenre between these LWO field meaallrementa divided
hy the net end cell frrqucnc ~,perturbati on. A stahilimd
Iirld distribution is one for w wh the T?3 slope is mro over
thr rntlrc leIII@ t)fd]c Ire..

Tilt Sensitivity Without I)oel Couplers
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Fig 1 ‘r Ill~nultlvlty wllhoul pnYl roliplrrs (or lhe 1 M m lon~,

40 cell IYT1. The upper phJl curreqxmds UI mnglc swms and hu:l J

slept of - 80%/M14dm The Inwer ploI corriw~nde lo douhlo

stcme IS(Y aprt, with u SlIJpE J – lM%/Mlitim

‘l%fO1I mcdes, the harder it is ta achieve ~n i~p rwiuhlc
FAnixture, and tierefore, the more s~ble the leld dis-

tribution. Table I shows the measured frequency rliffrr
ence between Lhese modes f(Jr sing] e- und .hJuhle-stem r(]n-
flguraticms. The frequency diiTerence is more th~n thrrc
times greater with double sums than with single swms.

TABLE I. MOI)E FKE UENCIIH FORT1{It 40 (’KI.I.,
%1,H4-m- ION 1)’1.1.

+

w)lo ‘l.MOII F’rrqucnry
Frc uency Frc ucrwy

Jfi
l)i!Trrcnrc

( 1{2) ( 112) (Mllz)
..- —— — —.—. .. —-..-----

Single stcm 426, !287 4:12.!)40 I;.li!j:)

1)0: ble stcm I 427,7:11 44 H,!):I0 2 I 1!)!)

(’hur~rl(.rlstics 01 l’(jst-( ”(Jupl(”r-Slul] ili/(’(1 1)’11,s

k’i~urr Z Illllstrntr> s(’vrriil filulllrf, s III ~lll~lt, +1.11111
!) ’1’1,s slnl,llimd hy pi)sl rollplrrs.: 1.1)1’ sl. I Ilt’turv Iisrfi 1~11

Lllcsr n)rnsurrmrnk I’IIIIS13L4YI III’ slxl.4’rII 50 MrV ,l,ii’.

v{[llllJ[)vd With rllhrr ‘i or l:) IIIISI (.1)111)11’r~ ‘1’llr Illl:ll)lllv

lrn~d) SI:II)IIIIIIIII,II IMr,lt-i II,, ,111, ,l~)l)i,r I)r:,,,rh III l},,
IIIJIW(I is I.hti llv4’rnKv ‘I’S sIIII14,vvrslls IIlf, lJIV;ltu)lll)it,r

~.lfrvr whrru It rnlssrs n,r(! ‘I% ,TII)I]V “I111,(I IM’IIIIIIIIIIIIY i !
Ilvnr lhr p{llnl whilro ltl II hl~tlr:,l II(ISI ,.!llllllt,r II II MII. (or,,,,,,,,,,

11111 I“MIIIII fmdr Irrllllrlllv I w!) ,111111111111,s l,llnll~l, ,,1111111

IIjlnt.t)il,,ly IIS II [NI:+I 1,111111 t,r II,: IHI II vIlr: I,:. 1111. lv~wlll,llll

lrIIIi II II III, y II thr lJIISl (v)ul]lrr :IIId 1111’I.:111111.11 .I. 111111111111:Ill
III(* 1)11!;1Illlll)lt,l I.l, sllflll till I(, Iwll :III); IWIII II .,,, !11 1111, II I I
/? Illllgl,l’ 1)11s1I.llllpl,,r Il:l!i .1 I!lwr,l ,,,,,1,1,,,11 1,,,,,1,,.1,, ,, .,,,, !

Ill), I l’1)11111111~ 1.1)1111,1)”1’1.I’l,ll! 111,1:111,.1, 1111, 11(1,.11!,111 .1 I

I , ,1 II II; II II, I’ wllv I, 18,, UIIII:II III WI II I.. II 1“11.,I!II,I),.V I , il,ml,r, II ,,.

1111. ! :11)! 11.11,111,,1, 111.lwt.1,11 !111, !Ill :11111 ‘Ill, 111’111 11111,. “ ,

11:11111~:I)l,lwl,l,l) 1111’411111 111111,,$1111$11 111111 ..tll,l 1.1111( 11,1,8 I
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I. ICNGTH ,cm.

Fi 2 Till senmlivit slop, versu~
R“’ ‘“p’” ‘Cn%%pk;I ,f4. m-lonU, llkell 1)/’1. ~quip~ wIt 91nUle 5Lem9

k~bill,~uon ,,mo “I’S MIOPI occurrtd )or M pom muplw lcn~h uf
IIIIL rurrqxmdn ur wven fwml cuupkr one curry ulher drlfl IU

I‘1 4 cm The lower lot currespmdn bu 15 pxiL euupl~rrn, une evury
fdrdl tube SLubllizxwn uecurrcd U1150 cm

For date in the upper plot of Fig. 2, the DTL WM
e uipped with seven post couplem, one a~acent to every

ko er drift tube. The fields stabilized for a post-coupler
lrm@ of 13.4 cm corresponding to a 3.7-cm spacing
btween the drift tube and the post-coupler tip, For the
lower lot, the l)TL had 15 post couplers, one adjacent

f“every rift tube, This Lime, the tieldo smbilized for a poat-
clJupler len@.h of 15.0 ,:m, corresponding tu unly 2.1 cm
hclween t-k drill tube und Lhe pustarupler tip. In both
rnscs. Lhe TS sh;pe upprmwhes - 200%/MI[tim if the

r’rouplers w-e either taI km (Jr too short. This is tbe s ope
Pohrwrved with no pr~titruup rrw in Wu tnnk.

FiKure 2 uho shows Lbt if the ~mt couplem are Luned
hi~h in frw uerrcy (shurtcr thtin o timum length), they
first.uhilize AC fiehi. ‘l’hat is, the % dupe run be made
wen more negative than It is witJ;out post couplers nt nil.
Ii: Lhis cuse, Lhe hiKhestfrequency mode of the pusl cuupler
p.mshnnri i~ uhove the TMoII1 mode frequency. Similnrly,
L.hcpIJsL couplcm cun ulsrJ lJvemtabi]ize L.hefield, reBulLinK
in n puwtivc TS slope. The shepnesa of tie ‘1’Sslops where
il crf)rlw,s mro is :In indicublr of the C(]UpllnK,. I.owcr
lvjul)lln~ rlmrwi~mdrr ta n she

rmlu I rrs m~mv rri Lrcol Lunin K. R; lRr ~Z~KFi’~!
.,IIIIWS hlKhrr l’l)u~linti hCCll USI(l !Jf the SmJJlh’r ~plh’ln~

Iwlwvorr ptlsl r[tllplt,r Llpti Ilnd drill Iutws,
Fl~urr ~1shows dn~l wmljnr bJ k’iK, ~ hul for n 40 rrll

..(rlwturr rnodv up I If 2 0 MIIV IVIIIS. Thi~ sin~lr stcm IWI,
w: I:: slIIt)I llzrd hy I!) pwl rull~]km. 1111 15.:1 I’111 ]IIfl~, Whlrh
Iv)rrt.slnmtis bI 1.t’i rfn Iwlwtvgli Lhe drift LIJk IInd lJIISL

tv)uplvr IIp l“hIs rlmli{urntlil~l hm rvt!n morr stuhillly
1h:III Ihr !)11 %ft’~. i !I p %1 r,)!lplrr N)llfitillrll lli)rl tmnu.so
I hrrv nrv nu]rr 1111~1Itl)lillll,r:+ pvr unit IUII th, IIIIIJ rv., ry
‘1;! I.111,w)llll]nrt.tl I(I IImI t.vrry :!:! I !JrII P,,r :;l,,-ll illllrl
I I-I I., IIwrv 1:s1111IWMI 11111..r 1111:11r,lul)irn dJnronl L41I,vvry
{Irlll Illhr I’tlllll)llrl,ti III Fl~. :!, Fi~ 1! .III Ws :1 pri)fllmtlrvd
11111101”lllll. I. III 11111:15vlllp L4)lir Iwh:lvl,lr (1111111~, III 11111‘I’S
WI II II III I lIII!. I mlilplrr.il I’llt, rilrvr,, l~jr 1111, Iii ITll ;Irlll.lllru
.Illlllll:ldl ;’1111’? \lll/. Ill, Whl,lv,ll% 1111 I ht. 41) 1.1.11
.II 111.I Ilrt,. IIIP l“’+ I.l IIlw :111nvmi,ili,,,

lllllt, l~’111’1, I ! I,I:,:IV, Ill Ill,. ..rlll.fll:’’’;:;::::llllll ‘l’;:::

\

, ,111l,.. 1111111111~Illllxlllllly ,11 Ill,. I’M,,,, :Illli l“\l,, l,, 11111111,,.

/11,1’,,11 111~ l,, 1:11111, 1. 1111.i lrI, tll IIoIII.’; flllt’i.rl,lliv. I ,
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‘1 Till senwuvll Jlqe versus
!YJ rnlun )+

~t coupler Iunwth I,, r ‘t;,,$).
U.CVII [ 1. rqulp ~ WI h +ln~lr ,IvmN ,ind IV ;B,. I

uuup,rrs S!Li!,l,mlmrtm-urrm%t 15 !rm

Stabilization of the Two-!item I)TI.

The two DTL structures differed in sr.me ruspects
when two stems were installed. The 50-MeV, 16 CUII
structure stabilized witi post couple.a, but the pmt
mu lsrs were longer than they were in the sirqflc item
[)Tf. For 15 poet couplem, the Ien@h was 16.63 rm.
leaving a ti -~-drift-tu~e s ace of only 0.48 cm. The 2

! 1!.MeV, 40-cel stmcture cm] nut be stabilized at uII wllh

?
ordinar ~at couplemm For the hmgesl post cou ]ers Lhut

!would IL In the space between the drift tubes an the Lunk
wall, the ~ s]ope wan + 15 L3%/hfHz’m. A pusitive sdnpe
indica~a Lhat the post-coupler frequency is bu high rind. if
possible, the postcouplers should be lengthened for zero TS
slope. Figure 4 showB the ‘I’S shr
length for the 40-csII double-stem F1’;e:::p:::t:r’:{’:;
pusL Lwuplcm. The hi her stability withmJt post couplers

‘imentioned earlier is I] ustrated by the smaller rJsympLullc
value of the slope. The as,ymptnuc rdupe is th~ wurw ns thu
‘I’Sslope for no pusl LWUpleJIJ (see Fi , 1), -IW%,hlilwm thr
single stems And f- 1~%/MIfgm for ouble stem;.

The upper branch of the cume in Fig. 4 apparently
would cross zero if only the pout couplem could hc
[en

1?
●ned. We lengthened the pouLcouplers by ezU?ndinK

eat one beyond the tank wall intu a couxial Iinc. Such IJ

~eonletty hns ken used previlJusly4 h) sluhllizu u 1)’1”1.WILh
lhu 3iV4 postroupler mode. FIJr the presenl ~s~. Lb!’
C(JLJXIJJIline hud inn?r IIlld 1JUW% dlIIIINWrS Uf I ,~~ :Illd
2.54 rm. respectively. ‘1’hu Iwcrnll pnst .WU Irr Irngth

fcqun]s the ctJuxiui Iinc kn@.h plus the inrmr en@, 1}1;11
IS, the portion in~ide lhr tunk rnrllus, ‘1’hc rmzlnl 11111,
lcn@ cru]d be vnricd clJnllnuous]y fnmJ lrrt) h) 1H rm
~l~urc 5 shows the results of f(lllr serlvs itf :ll(.llsllrrrll[irll:;
wILh difTi*rf~nl [um[..rilllplor Ivllgths nwilsurud Inwur(l I“r,ml
Lhu tnrrk innrr r?~riius, ‘1’hr iuncr I,lntiths wrrr I ~1.:111.
I 457, I 5.H4. nrul 17. I 1 rm, l.i]rrq.sll[~rl(iill~ l,) spnrm IJ(il HI
i! !icl, 1,27, nnd ().() rm, rvspvrlivrly, Iwlwrvn 11111

/

,:,1;: ,
I-llllllbr II J 111111thr drill lljtw, SLnhilimLl(Jn Imrlj ‘I’S - ; .
(m.urrml {JrH rIIIIXlIIl Iinr li~n~ltl III I .! :1 rIII 111111w:Is 114.:lrl,..

Irldr ylndrnL Id’ Lhr Innrr pxil rIIIIIIlrr [1,11 Lh. II +llrprl..ln~

I Yrv~u I hmmusr wv II XprrLIId lhII I’II:IXIII Ilr,v lrrl~t II Ii
lllltriily 1’l)IIIII(IIIWILC!fllr I.hillltilts III l.11~.Ilvl,r:l[l lrfl~tlh III I jII,
plml r(julll,,r lIIWrlld, Ihll rlli’ll:illrl,lll,,fll:i ,.i,,,rll,.[1 1,,
II Id IrIILr lhIIL l}}!- !+V\llIlll IhIIIS 11111 t)I.h:Ivr :11 :111 lIkr 1111,

l~:llllllllllill 1)11S1r,luplrr l;! :1 ,.lllj:ll, %11,111I) [’1..
I’ll,, kl;lt)lll,.,11~ 1111111{.{II Ill,, Ir,llllll,jlllll Iill,lfll.r *:1,.,.

1)1,1.I ,“,,liplvr hus :1 vi,ll;i~~l Ill:lxlllllilll :11 Illr 1111 .IIII1 I
[,llrri.11[ II II IX II II II III :11 1111, Iiillk w: III I ‘,1111:11.I WI It I 11110ilI:I:

IIIIW WI III III dIIIrl ,1111 till,. II II IIIIS ,,1 I. XI, II II III III III III II, II III! II I,.
1)11.!1IVlllpll,r 11!.,,11,,.!, Ill J,llllll/111~: Itll, 111.ill! 1’”1!1 I ; I 1 ill,
111,..I ,.,)lil)ll.r.. I .I.1, FI): .Il, ltII. 1111 ,11 1111, 1111,.1II!ll]. ir,l \\ I

.I, II I: III’; III KIIIIII rl I.11111.11’I will I 11111 ,11111 II IIU, ,1:,1 ,, ‘
.l; 11111l/1,11 Ihl. Ilvll l,. 1!1’ !111, ,,1111,, .81;IX I:II !1111. ,1. , I ,!,



n.. . .
m.

.

.

.

. . . . .

other inner post-coupler lengths. Thus in the new
confi

Y
ration, the end of the

r
st near the drill tube is not

a vo kge maximum for t e stsbilizin
crmfi

IY
k~?;iordlt~ration resembles the three-stem D

and annwacker.q They investigated several multiple-

~fi~l~?$~s. Stabilization depended urn tie angle
rations and demonstrated stabilization uf the

between stems as conr.rolled by the instsl abon of flared
vanes un the stems. A~ustmenl of the angle changed the
inductance of transveme smm resonances and, hence,
tuned tie modes for shbilization. These stam-mrtde
frequencies also depend upon tie cell length; thus, the

DA,
sn Ie changes cuntinuousiy along the length of a graded- j.!
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The present desi~ witi, two stems 180” apafi and the
mtixial pmt muplers nt right angles UJ the stemn is
vquivulenl M the muitis~m arrangement. l{erc, instead of

lhnn~n~ (.hc unKles between s~ma for tunin one varie~
ithe len@h of (he coaxial line. This system as several

pt]~nlinl udvant.qes over t-be earlier multistem
u,,nli~llrn!..ii)n First. t.h~ !lJning mlju~tment. ie Yirn I? Pnd

&e(wndmrnn lN done (]utsirlu Lhe lank without dias=mhly, .
ill (“fmLrMst b) flured vanes, little cxt-rn ma&rinl newi be
IJIImrmeIl in W TMOIO° magnetic fields, t.herehy rcducin

7l)ow~r lI)useH fn)m eddy currcn~. ‘1’hlrd, the mcchnnirH
di,wKrr I*HII lnmr~mn~ ●lt.her n solid c(mnecuon tAJlhe thlrri
swm (I]r peal) or ntl runnectifm nt till, .Slabiliza U~m rMn he
111.hlcvrd for eit.hcr case, w) t.hrt choice rnn hr I]nacd ~Jn
ll]!~rtltinirl~l ronwdcrnul]nti.

Wt. UIW)wurllml t.hc shbllity {If lhe !io MrV. 16 crll
11”1’14 I,I~ullJpml wILh I !) rIIHxlnl punt rlmplrr~, FiKurr ii

+hI)WN L)lt’ I_tmHlllh (or LhrCC PJNL mu ]Cr Inner lrn~lh~ (Ii’

r “

1~(]:~, I .1 h“l, III?(1 I!j H4 MN r{]rrr~ mf lfl~ b) !ipncwb of I IJH.

2 h4, 111111 I 27 (’111, I’lwpcwtlvvly, ]olwcen Lhv lip iind lilt.
Ilrl 1“1l,lihc, SLnlnlimlli~ll ,m.llrrr(i fi]r n dilrrrvlit II,IIKLI1III
V)IIXIIII Iln(. for t,nch pIIHl {v)upl~r lIsn KLh l,4111Krr p)Hl
I,I,IIIJII.I-Srr(llllrrfl .qll(Jrl.4,r(.(Jllxllll !IIII.H
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Fi~ 6 I’IIL +Onsit,vlty *IOF fcrsus p)+, r,,u~icr COUXIU1 lIrIu
hoh fur lh~ 15J III h 1 cell I)TI. With 11011Ile sI.cIn~ ant-l 1.5
CUIIMIU] P*L C,,Uplcrs k !hrcc MM, cuuplur lcn~th+ rvl’cr ‘,
inm. r Icn@hs htil is. ,n~ldc Ltm Itir:~ r~dius

Itam.ped-k’ield I)istribulions

The accelerabr design for which the two-swm DTI.
was originally considered alsa lnmr orateci il

tudinnlly ramped dis~ihutiun uf the iicce er~tin
y tfrui::;”Afler the 40-cell, 2-s@m st.rurlure had been sta I Izeri, WI!

tried bJ ramp the axial field In the manner used for ii

cunventiunal single -sWm structure,’ In the sin Ie s~m
fI)TL, a bend in the ost cl]upler mw~.rrl Lhe low-tie d end of

tie tank rovides or such a ramped field. Atbempts u,
Fframp the ]cld using this method in the two-stem 1)1’L were

nol successful. The Iar est obsemed end-to-end differencti
!in the axial electric fiel was -2% iorabout 0.05% per cell).

Rumped (smbillzed) fields wib slopes ~11%/cell are easily
uchieved in single stem DTLs with comparable ccli
Ien s.

P
This marked difference pruvides ~tiditiontll

cvi encc that, in Lhe low-~! 40-ceil I)’r I.. Lhe tip ofth~ post IS
actually a voit,sge minimum unlike the traditiunai
quarter-wave post coupler. [n the high 1! 16-cell DTI., wc
achi~ved ramped field distributions as lu: ~e as 4.7’%/cell,

Conclusion

The lwwstern l)TL fur low 1!ceils is r,ot stilbllizml hy
t.ri~ditional quar~r wnve post couplers. Pi s~hilizu-i !iul(i
distribution is pussible usin~ u Lhird skrn [jr P(JSL$;:IL
cxulnds beyond lhe tunk wuIl inb~ iI c(]uxiui lint!, ,

slructure is siml]ar UJoirier Lhrer s~nl ronfigurall(jns, hul
(Iflers udv Hntm Kes in tuning, powvr ronsumptifm, il[lt 1
mtich~n]rhl desi Kn. In IM present ~orm, the LWIJ SLI,I,I

structure is lnhpprllprlll~ for i)’1’~s with a rumpwi Iirld
krmlient, I[(]wever, lt IS un ;Itlrucuvr :Ilulrnntlve UI ttll.
sin K[e st.@m 1)’~r. for upplirHli[]ns wllh II cl]nslunl fii,ld
~rurilcnl,
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