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Ridged tapered waveguides
for RF power input

I Figure 1. Photoinjector RF cavity with vacuum plenum and magnets
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Figure 3: Surface current distribution in the 2.5-cell RF cavity for 775 design
Table 1: Parameters of demo 100-mA CW RF photoinjector cavity.

electron beam (3 nC per bunch at 35-MHz repelition rate) was discussed in Re. Paramaeter Value
[1). In that design, a normal-conducting 2.5-cell RF cavily with gradient E;=7 MV/m in Exil beam energy. MeV 254
all three cells brings the beam to 2.7 MeV. Tha solenoidal focusing keeps the Total beam power, KW 254
transverse rms emiltance below 7 mm-mrad al the The Wl ot v 5
of the cavity thermal management can be resolved wilh water cooling [1). However power ioas from Superfish,
the power density near the RF coupler irises was very high, above 220 Wicm? Wall power loss from tharmal analysis, kW 728
To reduce the maximal powsr densily, and therefore lo simpiify iris cooling and Max wall loss power density (Superfish), Wicm” 103
recuce siresses, the RF cavity was modified. In its new, more Max wall loss power density (thermal analysis), Wien? 114
the 2.5-cell RF cavily has the sleciric field gradients of 7, 7, and 5 MV/m in the three

Figure 2: Electric field lines in 2.5-cell RF cavity (dimensions are in cm).

]

The final cavity design is a result of iterations made with SF and MicroWave Studio
{MWS) (5] eigensolver, followed by thermal analysis. MWS eigenmode computations For 100-mA operation of the normal-conducting CW pholoinjector, more than 800
included frequency shifts due to 3-D detalls of the cavily (vacuum pump pors, kW of RF power is required. This power will be fed into the cavity through two ridge-

3 |loaded lapered waveguides (RLWG). Figure 1 shows only the lapered
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section of the RF input WG its larger cross section is equal lo a hall-height WR1500.
This section is connected 1o another transition, from the half-height to a standard full-
haeight WR1500. The RLWG design is based on experience from the LEDA RFQ and

parameter computations with the MWS have confimed thal the input signal
reflections in RLWG are indeed small at 700 MHz.

The RLWGs are connected to the third cell of the cavity via “dog-bone” shaped RF

lapered waveguides for RF inpul, which are connected ta the third cell. N

The basic 2-D design of the cavity performed using Poisson/ C, or found by thermal analysis, where the resistivity was considered al the surface iris consists of a 2-long narrow siol with two cyfindrical holes near ils ends.
Superfish (SF) codes [3) and Parmela [4) for beam dynamics. Fig. 2 shows the temperalure wilh cooling taken into account. Compared Lo the eariier version [7, 1), the coupler design |s significantly modified.
electnc field lines found by SF. One can see tuning rings on the separators, ie. on The iris holes are now larger (radius 4.75 mm instead of 2.5 mm) and have a smooth,
the cavity walls separating cells 14 2 aswellas 28 3. large-radius blending inlo the cavity. The wall thickness Is increased from 0.5% 10 1.2°

*Supported by the DoD High Energy Laser JTO through a contract from NAVSEA

in the place where ihe RLWG is connacted 1o the cavily.




Figure 4' Coupler iris. cut-out view through the middle of the Iris gap (left),
view from inside the cavity (right)

For MWS time-domain calculalions we use a modei of Fig, 5 a pill-box cavity with
wo altached lapered ndge-loaded waveguides. The cawvity is essentaily a slice cul
out of the (hird cell of the Pl cavily, it has the same radius as the third cell 16924
mm. The fraquency of the TM, .-ike mode in the pill-box withoul couplers s adjusied
10 be 700 MHZ by choosing the axial lengih of the on-axis cylindrical extension

Dog-bone nses
of RF couplers

Ridge-icaded taperea
vwaveguides 1or RF input

Half-heght
WG 150C

Figure 5 MWS model of RF couplers: a cut-out view through the ins mig-
plane, cf blow-up in Fig 4 (left)

The requred waveguide-cavity couping lor the 2 Scell Pl cavity with 100-mA
current & [L=(F_+FP VP et 38 ¢of Tab 1 When (he same coupiers are conneclec 1o
the pull-box cavdy in our model the couphng will be offerent It can be relatec 1o ne |
extemadl Juaily facior of ihe pllpox cavity We use owect MWS ime-domain
caculavons 1o calcume the extemal qualty facior in the model and 1o Bgus! 1he
coupling |2] Firsl e struciure 1= feg with @ short RF puise through the waveguide
port (ted) The fisigs axcied in the pill-box  then gecay due 1o radiahon through the
coupler inses nic WG The helo decay constant /& arectly 1eated 1o the cawily
exiema) quaity lacir For e ms 0 Figs 4.5 wilh the siot wath 1 788 mwm ang the
Diand rathus NS08 the cavly 18 mm INd COMect Couphing & achieved 'or the hole
aameter § 5 mm

Another MWS lime-domain simulation is performed 10 find the field disinbutions.
The RF inpul signal at the model cavily resonance frequency (with RLWGs), /=
698.727 MHz, gradually increases and then remains conslanl. Fig. 8 shows the input
and outpul signais al the waveguide pod. With the conslant waveguide input, the
oulpul decreases reaching & point (=685 ns) where it vanishes, and increases again

amplitude as the cavity field increases,
These two waves are always in opposite phases, and al certain momenl they cancel
each other, 5o thal the reflected power vanishes This comesponds o an exact
malch, snapshols al thal moment give us field distributions for the malched (to 100
mA) case. Another inleresting point in Fig. 6 is where (he oulput amplitude is 16% of
the input (=850 ns). Il comesponds lo the thermal-lest situation, when the cavily will
be tested running with the nominal figld gradients bul without beam. The power
reflected back into the WG is 2.5% of Ihe input RF power, see (2],

Tirre
1 jo 584 5

L] 200 a [ 00 I
Teva [ 78

Figure 8 Waveguide input (red) and outpul (green) signais

A snapshol of the surface cutrents in Ihe MWS model laken a1 the maich (=685 ns)
18 shown in Fig. 7 The maxima’ lield values are near Ihe enas of Ihe coupier nses
The max power density near | he irg £nds 18 about 120 Wiem?, 3 ssuming 1 nat | he
cawity surlace s copper The regons of high power oensily are smaii and well
localzed. which makes thew cogling easwer with cooling channels

| Manmal power densty is 120 Wiem? 8t
| 451 Wy R mput power per waveguids

R npit peast 3nd sn
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Figure 7 Surface-current distnbution near the coupler s for the malched case

For the Ihermal-lest point (=850 ns) the fieid piclure is similar 10 Fig. 7. With lotal
RF power (without beam, but with 2.5% reflection) 1.025P, = 684.7 kW (342 KW per
WG), the max power density on (he iris, 120 Wicm?, s the sama as for the 100-mA
malched case. This resull confirms (hat the cavity thermal managemen! can be
validated without beam. Il shows also that the hotlest spols are defined by (he flelds
inside the cavily, not by the amount of the RF power fed Ihrough waveguides. One
can see from Fig. 7 thal (he power loss density in the lapered RLWG is relatively low.

Because the fieid siruclure inside the cavily is similar 1o thal of the cavily

we Ccan use eigensolvars 10 cross-check the maximal fleld values near
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eigenmode, we can
the inses [2]. Such calculations do nol give comect felds in waveguides
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while the maximal power densily near Ihe iris ends was around 150 Wiem®. In our
design, the coupler irises creale much smaller disionions of the cavity magnetic field,
50 the maximal power density is below that in the LEDA RFQ couplers, even (hough
the average smooth-wall power density 1s aimos! ihree limes higher.

Another useful comparison is with the 777 design The maximal power densily on
the inses was above 220 Wemy [1), mainly due 1o Ihe higher smoolh-wall power
density. 75 Wicm¥ The ratio was slill below 3. but the maximal densily was higher
than whal has already been demonstraled in ihe LEDA CW operation. This fact was
Ihe main reason for changing 1o the 775 Pl cavily design

The presenied design surpasses Ine required beam parameiers while
the key issue for 8 high-current normat-conductng CW RF pholomnjector (PI), an
effective structure coaling Il provides a palh forward 1o @ very high power amplifier
FEL. Upgraging the RF cavily lor currents up 10 1 A 1 straightforward. see in (2]

A 100-mA CW opemtion of ine normai-conducting RF PI cawity requires almos! |
MW of 700-MHz RF power. The RF couplers are oplmized (o reduce the maximal
power densily on the inses. As (he resull. ihe magnelic fieid enhancemenl due 10 Ihe
coupier rises s only 7% above ihe field on Ihe smoolh cavily wall in Ihe same cavily
cross sechon For the 775 gesign of the Pl cawty the maximal power densily near ihe
wnses & 120 Wicny only 15% higher (han the maumal giobal power densidy in the
Smooth cawly without couplers. 103 Wiem? These values are well Delow Ihe maximal
power gansdy 0n ihe coupler mses in the LEDA RFQ which was successiully
operated in CW wath 100 mA of Ine proion beam current

The full-power prototype RF cawily & being manufaciured see (8] Our plan s 10

nstall the prolotype n the existing facives al LANL and o periorm RF ang thermal
lasting withou! beam in 2005
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