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MAL-CONDUCTING RF CAVITY OF HIGH CURRENT
PHOTOINJECTOR FOR HIGH POWER CW FEL L

S.S. Kurennoy, D.L. Schrage , R.L. Wood, LANL, Los Alamos, NM, T. Schultheiss,
J. Rathke , V. Christina, AES, Medford, NY, L.M. Young, TechSource, Santa Fe, NM

An RF photdnjeclor capable of producing nigh continuous average current with low

eminence and energy spread is a key enabling technology for high power CW FEL .

The design of a 2 .5-cell x- mode 700-MHz no mal-conductng RF pnoloinjector Cavity

with megre is emttanCe COmpenauon a Completed With the elect ric Bald grad ients

of 7, 7, and 5 MVIm in the three cells . the pnotdnjector will produce a 25-MeV
electron boom with 3fnC charge per bunch and 7 mn•h eld transverse rime
emttana Elecuonegnebc mods" was used enanaively to opllnkze ridge-loaded
tapered wavaguidas and RF Couplers . wiuth led to a new unproved couple-ms
design The resuts, Combined with a thermVStess analysis . show that live
challenging problem d cavity cooling can be successfully solved A demo 100-m4 (at
35-MHz bunch-repetition rote) pnotonjector is being manufactured . The design is
sca lable to higher power levels by increasing the bunch repetition rate, and provides
a path Joe MWClosa amplifier FEL The cavity design and details of RF coupler
modeling are pr eaante d

Tie design of a demo 700-Mt CW RF phaarnjector (Pt) Olaf accelerates a 100•
rM electron boom (3 nC per bunch at 35-MHz repetition rate) was discussed in Rat .
(1) In that design, a nomnal .c nductng 2 .5-cell RF cavity with gradient E, .7 MV/m in
all three cells brings the boom to 2 .7 MeV . The adenoidal focusing keeps the
transverse cots emitance below 7 mrn•mad at the wiggler The challenging problem
of tit cavity Ihemel management can be resolved with water Cooling (1) However,
the power density rear the RF coupler insa was very high, above 220 Wfcm'

To reduce one maximal poor density, and therefore to skrpllly its cooling and
radium stres ses , the RF cavity wait modeled . In as now. more C alvabve, design .
tit 2 Sall RF avity has the electric field gadwnts of 7 . 7 . and 5 MV/m in the three
subsequent cats We all it the '775' design, Due to lo wer RF fields in cane third all .
as well as boaiae of a new RF coupler (21. the hsgheel power density near the
coupler Mae was reduced almost two bores, down to 120 Wlcmi . At tit Name time.
the 775 design of the RF cavity satisfies all the boom dynarrila requirements . The
only noticeable change a the boom exit energy of 2 .54 MeV : Once can be easily
conpensated in the Injector booster cavity, it needed . see [I )

I I

Smear to the previous (7771 design , the new RF Cavi ty cvests CO 2 .5 alb plus a
v,CUm plenum The cols ae ornaxb electrically coupled through la rge beam
apenures The layout ( Fig . 1) Inckides eiNt tance-co pensatap magnets ' a solencid
and a bucking c oi l. After the first has- length cell, wriee a ph otoca thode will be
housed , there are two rul ength calls, Id)owed by a vacuum plenum w ith eight
vacuum-pump ports Figu re 1 shows cooling water pi pes . as well as two edge-boded
tapered weveguides for RF input , which are connected to tit third doll .

The basic 2-0 design of the pnolanject or RF Cavit y was performed wing PoissaV
Suparfah ( SF) codes (3) and Pamnele 1 41 for bea m dynamics . Fig . 2 shows the
electric held lines found by SF . One an in tuning ri ngs on the separat ors. i .e on
the avrty walls sopwratng colts I & 2 . as was as 2 & 3 .
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Figure 1 . Photdnjeclor RF cavity with vacuum plenum and magnets
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Figure 2 : Electric Odd lines in 2.5-cell RF cavity (dimensions are in cm )

The final cavity design is a result of Iterat ions made with SF and MiooWave Sludo
(MWS) [5) eiperlsolver. fol lowed by thermal analysis . MWS elganhgde computations
Included frequency shins due to 3-0 details of the cavity ( vac uu m pump pons .
coup ler I rises) [8), which have been taken Into acco unt in the SF desig n . Compared
to tit 777 des ign . the Fields in tit third all are reduced This does not have an
adverse effect on the beam enatannce, bemuse the beam energy is already high
enough minor the rust two cells, but a ll ows redu cing the power de ns ity on IM Coupler
nsas in tit third cab This surtax -current dist ri bution Mulde tit copper PI cavity for
IM 7 75 If es lgn is p lobed I n F ill 3 . T he r educed g radlent in t he third c all heads t o
lover values Of the wall power bas de city . compared to the rest two cells It is about
43 W/an/ at the location where the RF coupler Ina ii-Al be attached The Name densit y
for the 777 design was 75 W/cmr Th e high es t power density in the cavity w ithout RF
coupl ers is slightly abo ve 100 W/Cmi

Some parameters of tit phddnjector one simrenz ed in Tab . 1 . The values of the
will power "a are ether calcula ted by Superfiah or MWS for copper surf ace at 20'
C, or found by thermal ana lysis, where the resistivity was considered at the surface
temperature with coding ta k en into account.

•SupWmed by the DoD High Fogy User JTO through a contract from NAVSEA
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Figure 3 : Surface current distribution In the 2 .5-call RF cavity for 775 design

Tablet Parameter of demo 100-mA CW RF phololnjedor cavity

Paramet er Valu e
Exit beam energy, May 2 .5 4
Total boom power, kW 251

Well power loss from Superflsh, kW 888

Wag power lees from thermal a na lysis, kW 728

Max wall loss power deMlly (Suparlsh) . W/crW 103

Max well loss power densely (thermal analysts). W/vii' 11 4

I
For I00-nnA operation of the normal-Co/ducting CW pnotdnjedld, more than 900

kW of RF power is required This power will be fed Into Its Cavity through two ridge-

loaded tapered waveguldes (RLWO) Figure 1 shows only the tapered ndge-loaded
se ction of the RF nput W0: its larger cros s section is equal toe half-height WRI500.
Th is section is Connected to another transit ion, from the half-height to a standard fug .
haighl WR1500 . Th e RLWG asps is based on axparnannce from the LEDA RFQ and
SNS T he matching ridge was ma de narrow to minimize a possibil it y of mu ltlpading .
The ridge reduc es redctxrns of Input RF power due to wavegude tapering The ridge
profil e was If esigned u sing 2 .0 S F c alai alive for ro ultiple c roes s salons . 3-OS
peramel sir Com putation w ith tit MWS have confirmed "t the Input signal
refiecuorts in RLWG are indeed orrall at 700 MHZ-

The RLWGs a re connected to the Itird c el l 01 tit cavity via ' dOg•bone shaped RF
coupler uses in the thick ca vity wall Tide-doman MWS simulat ions have been us ed
to d esign and optimize the RF couple rs 121 . The Procedure was described in )7) The
ins consists of a 7-long narr ow std with two cylindrical hole nea r its ands .
Compared t o the a arti er version ( 7, 1 ).the coupler d esign I s significantly modifted
Th e ins h oles are now la rger ( radxa 4 . 75 mm instead of 2 .5 mm) and have a smooth .
largeAdi s blending into the cavity The will thickness is vnveesed from 0 5' 10 1 7in

the piece where tna RL W G is connected to tit cavity



Details of the new coupler are in Figs 43 Orgy the vacuum (inner) pons of the
cavity and COUP* are shown . they are Surrounded by metal wells weal embedded
coding dennels. The en slot (gap ) a very narrow. so the Coupler I raes introduce
only small perturbations to the away RF fields . The Coupling IS adjusted by changing

the radius of the ins hol e

Figure 4 Coupler ins cut-out view through the middle of the ids gap (left) .
view fro m inside the cavity (right )

For MWS time-doman calculations we use a model of Fig 5 a pill-box cavity with

two attached tapered ndpe• iaded wlveguides The cavity is essentially a slice cut

out of the third cell of the PI awry, it has the some radius as the third Cat 169 24

mm The lrequency of the TM ;, ;-tike moos in the pi11-box without couplers s adjusted

I to be 700 MHz by cnoo5ng I n d axial iengtn of the o n•ax a cylirdncal extensio n
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Fig ure 5 MWS model of RF cou pl ers a cut-out view through the iris mrd-
pane, cf dow - up :n Fig 4 (lef1 )
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Another, MWS Inge-domem simublion is Warred to red the fi eld ditnbutlons
The RF input signal at the model cavity resonance frequency (with RLWGs) . ,, .
658 727 MHz, gradually increases and then remain constant Fog 6 shows the input
and output signals at the wevegurde poll With the constant waveguide input . the
output decreases reaching a pant (1'665 re) where II vanish es, and increases spin
after [hot . The output decrease is due toe des tructive Intefarlnce of two waves . one
is reflected from the Coupler iris, and the otter is radiated into the waveguces from
Inside the cavity The reMcled- wave amplitude remains constant when the input is
constant . whole the radiated-wave arrlplitude increases as the cavity field nceasde
These two waves are always in opposite phas es , and at certain moment trey cancel
each other so that the reflected Dower vanrsn es The corresponds to an exact
match, snapshot s at met moment give us fold dslnbulions for the matched (to 100
mA) case Another inlresting Pont in Fig_ 6 is where the output anlpl,ude is 16% of
the input (1850 its) 11 Corresponds to the Ihrrfial-teal Muation, when the Cavity wilt
be t ested running with the nominal field gradients but without beam The power
reflected back into the WG is 25% of the input RF power . see 12)

Figure 6 Wavegurde nput (red) and Output (green) signal s

A snapshot of t he outf ac e Cur ren ts in Ine MWS model taken at the match ( 1 .685 0s)

Shown in Fig 7 The miasma rem values are nea r Ire ends of the coupler irises

The maxp0werdensevnea '! he ,sends ~ s ab ou t 120W Cm a"umng : nall he

cavity surface is copper The regions of high power 0115111 are small ii -.n well

localized . wnM makes that' cooing easier wish oediatao cooling Channels

Figure 7 Sumace- cutrent dislirbutlOn near the Coupler iris to the matched C5SP

For the tnemsi -teet pant (1. 850 ns ) the field picture a simtar to Fig 7 With Icial
RF power ( without beam but w ish 2 .5% refection) 1025P_ - 661 .7 kW (342 kW per
WG). the max power density on the ire . 120 Wlcm1, is the same as for the 100•rrA
matched case This res ult cOnfnrs that the cavi ty thermal management can be
validated wit hout b eam It shows also that the ho tte st spas are defined by the holds
inside the cavit y, not by the amatwnl of the RF power led through wevegud es One
can see from Fig. 7 that the power loss density in t he tapered RLW G is relatively low

Because the fold sttuctiee inside the avity is sarsw to fliat of t he Cavit y
eigenmode . we can use egenwwrs to noes-check the maximal hold values near
the irises ( 2) Such alcWixos do not gi ve correct 11elds in wevegurde (due to
boun dary COnditrors), but they are much fester than on time doran, e ven with rat her
era meshes This approach giv es the max power density near the its ends 118
Wlcrn) . close to the line -domain res u lt s.

Based On IT above results, the maximal power density on the Coupler ins" for the

775 design is 120 Wicrrr It should be Compared to the power density on the smooth

walls at the as loca ti on, 43 Wlcmii, d Fig 3 The ratio is 2 .79 , which mare that the

magnetic held enhancement due to the we pres ence is only by a factor of v12 79 •

1 .67 For corrpanson . n the LEDA RFQ couplers such a power ratio was abo ut 10.

white t he maximal power densit y near the ins ends was around 150 WlcW In our

desi gn , the Coupler arses create much smaller distolhons of the cavit y magnet ic field.

so the maximal power density is below that n Ine LEDA RFO couplers . wen though
t he average ~h-wall power density is almost three times hig her

Another useful comoanSOn is wen the 777 design The main-al power demsily on

the ins" was above 220 Ai 111, nenly due to the signer st OOlh-wait power

density 75 Wan, The relic was still below 3 but the maximal densely was higher

than what h" already been demonstrated in the I .EDA CW operation This fact was

the main r eason lot Changing to the 775 PI cavity desig n

The presented design surpass" Ine recurred team parameters while addressing

the key issue for a non-current nirmei-conducing CA RF "Collector Fill an

Citedlwe structure cooling It pror,des a pant lcrwelrd to a ver y high power snlptrfie'

FEL Ucgraong the RF cavity la i.w'ents up to A is stn$ighuoward seen 12 1

A 10C1•nn CW operation of the normal-conducting RF PI Cavity requires almost 1

MW Of 700-MHz RF power The RF couplers are odimzed to reduce me maxims'

power density on the irises As the result the r ag .etic field enhancement due to the

coupler rises is only 67l above the field on the Smpdh avit y well in the same avity

Cross section F or the 7'5 design of rise PI cavity the mexrmat power ansrly note irw

irises is 120 Wicm toy t5+4 higher Inin the maxima ' global power density in the

smooth cavity without Couplers 103 W. crn These Glues are well below the marina '

power density on IM coupler rise in tin LEDA RFO which Ym Successfully
Operated ,n CW won 100 rem d Ine d otal beam curren t

The lulr-power prototype RF cavity is being manufactured we 181 Our plan is to
instal' he Prototype in the existing laolees Cl LANL and to perform RF aria thermal

I testing without Dear ho 200 5
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