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TUNING EXPERIENCE WiTh Thk FMIT SCALE MUTLL DRIFT-TUBE LINAC®

Larry K. Earley, James M. Potter, ana Arlc J. Thumes AT-5 (MS-B27)
{os Alaros Naticral Latoratory, Los A'ates, New Mewico E?245

Sumrary

A scale mcael of tne Fusicr Materials lrracia-
tior Te<t Facrviaty (FMIT) BU-Ynz ceraft-tube lirac
(Li.) was constructes to rvistigate the turing
prucedure, Frgure 1 snows this structure: a
post-couplec' Alvarez with couplers located or
alternate arift tubes, The moest [TL hae 16 cells
anC mas conttructec lc have the accelerating roce
at 3t7 F~z. Tne rmcae Spectrun was measurec for
varivus post peretraticrs, arg fielc grctites of
1Nk Tyt were reccrced.  The fielC protrles were
measLrel By oSING @ bracpull apparatus, teqother
witn 2 aull s"i0 Celg-aQusitien fyetem. Tl
S 1LIvIty FeaSulefyurt. were perturtes te farc
trhe oPt1muT LSt periiraticr . Ter stathihvzang Une
actrierating mode,

Fag, 1o bkoctogran of the F¥IT seale-moael 074,

lntru(,'u_(h(m

(s Limyn statrbrzation ot the faele arstribu-
Ty agatrst tuning errers tor a resunantly coupled
auteieralur strutture s obtaines when all  the
rosprant cour ers are tuned 1o the same freguenty
as that ut tw acceleratyng mede.  Thas tuming i
athieveo in Laperipadic structures by acdjusting al’
the couplery 1n 3 systenatic way S¢ thal the styp
bang 18 closed. Tor a quasi-periodic structurc
Tike a post-coupled DIL. closing the stop bani
results in the post-coupler frequenties being ton
high at one end of whe structure, toe low at the
other enu of the structure, and correct only at
some intermecdiate locations, The result is that

Fwur™ supporTed Dy the US Department of fneryy,

the structury 15 optimally statilized in orly the
certral region. Becdause the purpose of the pust
Couplers is to stattlize the frgla cistritutior
against tne effects ot tuning errors, a prectical
turing techriQue 16 te aajust the post Cruf tor:
urt. 1 the fielo distributicn is sufficiently 1rncir -
sitive tu deliberately iRtrucuced Lurirg errers.

For @ structure with post coaplery every rit
arift tubie, the pzst ccgjlers ryust De piace? “tari-
1y oat the rth craitt tube arc encini on e Tl
Srft tute frer the CtRer €ng o YRSure (irre T
D ungasy coraaticne for tne ccarltng nics, T
17 lres thal tmere shoule be A rultipie o0
€ratir Qups N lhe Struflure,

Fagio Fotr, Mmoo top 0 tf pher T e

v a traiy fanerangc s owlrg tune, :
reaat Sororal LAty b Tt ot e
O R I L T D LS L R A .
I S I L B R N -:_'1, the rosr s gy o,
LI I L LR AU AL S L B YR A N (SR S

trie v ity

Tinear oy wiTh o w05 vy
Loty o 2tepe where 2l 16 Ty St tare e,

Rove o, the fIGH CF Te parlart Gl rewirse s e
caL ¢ tae talt, Furtner calculatione stow Tt
celloto-cell ar;ivtucr erver Lo o pro; vt vt
a1y v et . where af s the tuning error o of Le

Cowp i 10 rer o alor Letmie Iy e [T L
CorsYera o, This Fanes WU possibidle Lo tare
structuret suth as the post-crug bol [T, whovs e,
Sty Larg 18 ol @ usetul meanure ot L (w1 c-
rescoaler treQuehcy.

There are twe comperer te to e Pyl vt
buticor err.r; a georetrical part res L0 ot
rily frcnm errors an the posatior of  cratlog
sters ang 20sU Couprlers with respact te the gratt
tube, wnc a3 tuming-rolatec part that degperce or
acccleratairg  cell  ftreguencies  and  post-cou Ler
freguencies.  The qechaetricel part ot the 1y -
crstrab taen errer may be carcelled L, measorae
the frele arstributiens from twe ¢rtforint <ete (0
eng-cell porturbatiens.  Une fale dvutabuto
correspences to o the  perturtator ebtaite o,
derreasing  he araft-tube Qar on one erd ¢ the
Structure are ancreadsing the oy o the other ere
to restore the operating friquency, The cther faglc
arsteabalron correwpends tooa perturbelon 6 e,
Tar magmitud - but opposite directien. Forming @
celloby-ve 11 ratio of these two tacla cintribat 1oy
cancu)s the qeonetrical part, leaving only  th
tuning-related part.  When the pest couplers ar
adjnsted wo U at this ratio is equal for all celly,
the ficle ¢antributy nos stabilized. bl mae
urements with nu end-cell perturbations will om
reveal the gecwetracal part of the faeld distrta.
tion errors. These errors are removed Ly rotating
the post-coupl 'r tabs until the desired tield die-
tribution s achieved.



Post-Coupler Tuning Procedure

1. Set each post coupler to the same length, and
orient it so that it is symmetric about a vertical
plane through its axis.

2. Keeping all post couplers the same length and,
without rotating them, set their penetration either
to close the stop band or to noticeably reduce the
tilt sensitivity in some portion of the structure.
3. Agjust the penetration of each post coupler,
in proportion to the measured tilt sensitivity at
ity location, until it has been stabilized.

4. Adjust the rotation of the post coupler until
the stabilized field gistribution fits the desired
theoretical pattern.

5. Recheck the tilt sensitivity to verify that
rotating the post couplers did not appreciably
atfect tne structure stability.

Tilt-Sensitivity Measurement Procedure

1. Ditune one end cell by some predetlertinec
aruunl, aT meesured by ctserving the change 1n the
accelerating-moce frequency, or Ly sore mechanical
Means, SuCh as ouhling turns con a8 Screm acustnent
of the enc drift-tube's longitudinael pesition,

‘. [etune the cther end cell, su as te restore
the accelerating-mocc  frequency Lo 1ts originel
value,

3,  Measure the field crstributiorn by the beacpull
techrique. Erther the peak arplitude or the aver-
age anj lituce may be used, as desirec. For con-
sistency, the fielc amplitudes shuulc be normalizec
for unmity average value.

4, keverse the perturbation of Step 1. 11 the
s12¢ of the perturbation 1s determined by observing
th- accelerating-nuce frequeray, restore Litr eng
cells te the unperturbed curiation before selting
up the new perturbation.

5. Resture the accelerating-mode frequency as n
Step 2.

6. Measure and noriralize the fielce ¢rstributaion
ly the sar¢ technique as that usce n Step 3.

7. Fern the ratio of the amphitudes medsured n
Steps 3 and 6 on a cell-by-cell basis,

8. It the same enu-cell perturbation 15 used Con-
sistently, the tilt sensitivity at ecach pest cou-
pler is propurtional to the difference 1 amplitude
rat1o of the two cells on eirther sidv of the post
coupler This aefimition applies, wnether Lhe post
coupluers are located at every draft tube or at
every nth arift tube.

Mode Spectrum

The mode spectrum for both the pest-cuupler
mudes ang the Th'.(,l medes were recorded  as a fung

tion of the spacing G--the gap between the draft.
tubes end the post-couplers. In each case, all
the post couplers vere set for the same spacing G,
Mode identification was done using beadpulls. The
plot of the mode spectrum s shown in Fig, 2. The
curves show k~w the post-coupler passband is very
sensitive to the value of G. The curve for
G« 1/2 in. seemey to close the stop band ang this
value of G then was used as a starting place for
the next step in the tuning procedure—-the tilt-
sensitivity mrasurements.
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T11t-Sensitivity Measurererts

The tilt-sensitivily measurererls wers e
ternes, GLSing the previcusly oests tued proce s oo,
Tt c.r case, lhe detuning was Cone uwSIrG auioetial b
the Gritt tubes that wery Aeveble by @ sirew
Justmeny,  Peak fielcs werg measurec noedih (el
usIing a beadpull apparatus, and ther were nerrii-
12eq for umity average value. A ratio ther wa
maic on 3 cell-by-cell basis for the cases ©f for.
turbation in c¢ach direction,  Figure 3 sh.owe
Corpeater prantout for the measurec rorralizec poae
freig in each cell. The farst Tist s for o 1010
moone direction, the sccorg for o 111U ar th
oppuesite direction, and the last s the ratic of
the farst two.  This 18 the case for 6 « /8 v,
All pouvt couplers hac this sare valuc, he plet
of the ratho 38 shoen 0 Fag. 4. Thay nmegcuress !
was done for values of G ranging fre G.1 te 1.t
ir, he sagrifacant  amproveroent i tha (R
seny1tiyity could be found in this rarac cf G.

(ond Juson

The arffarculty in obtawming a sativfaclor,
aqjuetment of the post couplers 1. bohievee to 1o
caused Ly the structure's shortness anc ite low
beta. with only 16 accelerating caps, the stroc.
turc's trclo arstribution 2% already fawrly anser.
sitive to perturbations or tuning errors.  in luw
beta structures, the tell-to.celr variations arg
such that cerrect agjustment for eath post could
require a different value for G, (oupled-crrcunt
analysis shows that the tuning of the coufling
resondtor is more critycal when the accelerat.my
cell to accelerating-veil coupling is much stronger
than the coupling-cell to acceleratyng-cell cou-
phing. FHigure 5 shows a simple coupled-resonator
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