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THE FREF-FLFCTRON LASER VARTABLE BRINGE COUPLER!

6. Spalek, J. H. Billen,

. A. Garria, P. M_ Giles,

L. D. Hansborough, D. E. McMurry, and S. B. Stevens,t AT-1, MS HR17

Los Alamoc iNational Laboratory, Los Alamos, NM

Summary

The Los Alamos free-electron laser (FFL) is heing
modi: ied to test a scheme for recovering most of the
power in the residual 20-MeV electron beam by decel-
erating the microbunches in a linear standing-wave
accelerator and using the recovered energy to acceler-
arte new beam. A variable-coupler low-power model that
resonantly counles the accelerator and decelerator
structures has been built and tested. By mixing the
Loy and TEyny modes, this device nermits continuous
variation of the decelerator fields relative to the
accelerator fields thrrough a range of 1:1 te 1:7.5.
Phase differences hetween the twn structures are kent
below 1° and are indenendent o' nower-flow directinn.
The rf power is also fed to the 'wo structures through
this coupling device. Measurpments were alw. made nn
A three-post-luaded variable counler that i+ a promis-
ing candidate for the same task.

Introduction

A schematic of *he (oo Alamos THL eneray recovery
experiment (FRY)' iq shown in Tia. 1. The beam will
be acvelerated by two side-coupled linear accelerators
and, after pasvage through the FEL, some of ihe heam
vnerqgy will be recovered by decelerating Lhe heam n
similar (INAC structures. Variavle counders wil ) e
Lhe following:

®  feod recovered bears enevgy Trom the deceloer.
atore to the acrelerators,

Lock the phaves of the accelerat ion

celerat ion tield. te each other

® (ouple the <trw Lures to the power
through o oupler-to-wavequide irin

® Yaury the ratio of accelerator-to-decelerator
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P. = beam power, and Pcav = cavity power.
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This pdper reports the results of tests made on
a low-power coupler model thai meets the requiremants
and on another coupler that is a good candidate for
the some task.

Nescription of Variable Coupler

A schematic giagram of the variable coupler cho-
sen and tested is shown in Figq. ?. The -oupler con-
sists of a center cell (coupled tn the waveguide
through an iris) and two resonant coupling cells, The
coupling cells are designed to bolt onto the standard
wavequide flanges at the midpoints of the accelerators
(existing} and deceleratars (now heing fabricated).
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Fig, . Variabkle coupler; (1) acc lerator, (?) de-
celerator, (3) coupling cells, (4) . upler conter
cell, (%) iris, (6) counling slots, (7Y expansion
Joint, (1) fixed pont tueers, (9) movable post tuners,
and (10} power wavequide .

Coupling i actors hetween Lhe structures and
coupler reonators are ky, ko, kg, and kg (Tig, ).
The fields ot the accelerator, decelerator, and
coupler center cell are qgiven hy Pase T and [eq,
respectively,  For the structuee o/ mode, Dhe
valios of thewe fields are given hy

'n (La)(y;,‘) ta b . T by
T ‘k{ ky/ " Fov by v Toe ka

v

Coupling facvors bpoand by oare equal in the
[RX but not in the low-power testa, an will he e
cordbed dater, The vetio 1,1 nobs ovarled by varying
the ratio ka/kp dn the couplerv. 1o da thin, the
conpler conter cell 1 Toaded with two off-center tan
Ing posty. When thewe poste e Inverted to [THL
deptha . only the THpap mode iy excated at the 1.1 6y
apevat ing feequency. Unequal post Innsrtion, whils
Feeping the yesonant trequency constant, mixes the
hyar and THpge modes of the cenler ool The rola
U hvee plianes, u} thesr modes e 07 o TR0 lepeiud Ing
o which tuning post 0 fnvevted deeper fito the
center cells The admictare of modes Teady Lo an
anymelvy of the cavity tietds ana, thevetore, e g
difterence An the effect fve coef e bont koyoand 'y,

lo keep the hiibgh power coupler's center 1ol
fhebds beldow T Filpatederk ) the coapling tenly were
alno dowded with ottt conter posds to mate by, hoy k.
Al kg appmodimate Iy cqual when maxchnum beam enevgy i
nern o ecoyered (that e owhen g -
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Measurements, Scaling, and Results

The FEL accelerator cavities were nnot availahle
for testing of the low-power coupler model. Instead,
the accelerator and decelerator were replaced by ex-
isting 8- and S5-cell accelerator structures, respec-
tively, which were of similar desiyn. Measurements
mace using these cavities were scaled to the final
cavities and results checked when the latter became
available.

The measurement sequence was as follows:

Coupler was isolated; center-cell tuners
inserted to equal depth (that is kp = k3);
ko and k3 were extracted from the coupler
mode -spectrum.

® PpPerturbation measurements were made with en-

tire system coupled to determine relative
field strengths in each structure as the
center-cell tuner positions were varied.
Coupling constants ky, kq, and relative stored
energies per cell (U; were extracted from
data.

® Relative phases of the fields in the R- and

5-cell structures were measurerd as the rf
drive was moved to different parts of the sys-
tem and the turer positions varied.

® The Q of the B-cell structure was aeqraded hy

a factor cof +?, and the relative phases re-
measurec.

® The waveguide coupling factor (R ) and

unloaded () of the coupled system (0() wers
measured.

® The wavequide coupling factor () of the

5-cell structure was measured

® The () of the coupler center cell () was

measured with the coupling cell <loty taped

over with aluminum Lape qiving an under-

est imate of ()¢
Figure 3 snows the fiv\d ratios (Ig/ly) obtained
versus the position of one of the center-cell tunery
the olher tuner being set to keep the resonant fre-
queacy of the n/? mode at 1.1 GHro o The range of faeld
ratios Lg/ly was 101 Lo 20000 Figuee 4 chows the
corresponding relat ive phases of the Fields as the
systemm was driven from dittorent points. Alwo shown
are the phases when the oy tem o was draven from the
HetelU structure and when Lhe P cell structure was
detuned by 150 kHyo Thin agives an idee ol the senui
Civily to tuning ot the coupled ystem,
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Fig. 4. Accelerator to decelerator phase variation

versus field ratio: 4 - drive in b-cr|l structure;
dp - drive in R-cell strurture; ¢, - drive in center
cell; ¢y - drive in h-cell structure, B-cell otruc -
ture detuned by 150 kHz,

A1l phases remained unchanged when the 0 of the
Yorn ]l strecture was lowered by a factor of 0.

Yalues of porameters measured for equal center-
cell tuner lenqthe werve

Ay o 0,010 f b 0, ain
ko by - 0.0P00 3, Q.07 Uy n.nera
kg - 0.0107 ‘) Le00 I, 0,067
g D.0R7A
e quantities o, U, and lle are the respect e

stored encrqres {per ce11) of the S—cell, coapler con
ter cell, and cell structures, velative to the oty
stored onergy.

These parameter values were used to scale the Lys
tem to one having the accelerator and decelerator ve.
placed by the sxicting THD 16 and TUeel )l v tires,,

Forresponding wavequide coupling fectaors are ). vt
and SR and O ovalues are equal to the Soeld
stracture's O, vhich aq AT 000, I the primed

quant it ies repreosent the scaled velnes, then
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coupler model was coupled to them and t:e parameters
were remeasured. Remeasured values ara compared with
scaled values in Table I.

TABLL 1
SCALED AND MEASURED PARAMETERS
Scaled Heasured

k' 0.027 0.0273
k's 0.023 0.0223
U'ce 0,004 0.023
U3 0.04i 0.041
Uy 0.0298 1.0272
Q' ", 660 11,100
$'c 3.63 3.86
Range of Eyg5/t |3 7.5 2.7

The () of the center cell (Q-c) was calculated from

tlie above measurements to be Q.. = 543. This higher
value confirms that the measurement of the center-cell
() gave an underestimate because of the taped slots and
would account for the discrepancies between the scaled
and measured values of R'c and Q'c in Table 1.

Mechanical lescription

The low-power test model of the coupler was made
of aluminum with hand-operated tuners. Movable walls
and metal inserts were uced to chanqge the aspect ra-
tins of the rectangular cells, A1l coupling slots
were Cue in removahle plates for ease in making
chanqger,.

The high-poser coupler is now being fabricated.
It will operate under high vacogum, and slots far vac-
uum pumping are providied in the center cell.  Cell
tuners will he remotely operated with a position reso-
Jution of O. 1w, lxpansicn joints mudo ot one-
convolut yon we lded el lows are provided in the cou-
pling tells,  These jaints should handle any dimen-
vional channes caused by temperature variat ions wil h-
out pulting unihie <tress on the ether stroctures that
Yave Light albignment tolecances.  The coupler 1o made
of ORI copper and will be hvdrogen heazed.  The
taupler ) iy expoctmd Lo be in Lhe range of 000 (o
annn .

Three Past Heddge Coup Ter

At Uhe sugiestion ol Jdim Polter, a Dw-power
mde b of a threee post loaded coupler similar Lo the
FAMPE by idge coaplers? wan bailt o The nodel wan not
coupled Lo other s trea tares, .

Figure 5 shows a schematic of this model,  The
taupleor convaady ol cvliindrical cavity Taaded by
three variable Tength votatable poste with ecoentric
Lahy on theyr enden.  The posds serve to couple the
cavity Mg mode ot 101 GHz wilth the Mg and
Ty Vike modes s whone vesonant frequend fes weee Tow -
ered hy the insertion of the posta,  Tigqure 6 Shaws
the equivalent Uhree vesonat e model of the device,
tunn Ting tactor by is Targe and ixed: whereas, the
aboTute and velat ive magqnitwdes of o and ko can be
v e by antalion of the eccentele tabs away Treom
divecUion pevpendicula ta the cavity axia,  The yar
falion of bpoand k) vesulte Inoditterent adsixoores
of the thee modes . giving an end Lo oend asyonelry in
the ravity tieldy, an in the rectampalar cavity
togplert s center coll, baeld peyturbat fon measore
ment s showed o Cield acymetyy Oatio of Lields an
ane el ol the cavity ta the Tields ot the othey pnd)
vange of T o 1N

The relalive phases af the tields ot the ends aof
e cavity varaed less Than 0017t the full vamge
of eaymme by e

@ T

Fig. 5. TVhree-post bridge coupler: (1) cyiindrical
cavity, (?) loading posts, and (3) eccentric tabs.
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fig. 6. Three-post bridge coupler equivalent
resuaator.

Conc lusions

The measerements on the rectangular cell coupler
vhow the following:

®  The desired rangy of ratios of accelerator-to-
decelerator fields can be achieved while keep-
ing these fieldy phate-lorked to A1°,
The accelerator and decelevator fields remain
locked in phase reqardless of power-f low di-
rection and cavity ) (that iy, they are beam-
loading independent ).
foupling fastors, coupled cavity O and {ield
aup Yitudew can be quite well predictied far
strouctures, even when these straclures are nol
avallable for parly tecty,
ihe waveauide conmling factor (_H"..) ic larqe
oncugh to operalte the tinal system under the
oxpected beam-loading facvor (0./74) while ep.
covering only WY of the beam eneryy.

We alao cond Tude that | with sottabile madifljca-
tiony, the three-post hebdoe couplev could be used n
the THE enevgy-vecovery esper bment
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