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Abstract
The design of a 1.3 GHz buncher cavity for the APEX
project, a MHz repetition rate high-brightness

photoinjector, is presented. The buncher cavity operates at
240 kV in CW mode, and it compresses the 750 keV
beam from APEX gun through ballistic compression.
Compared with a single cell design, a two-cell cavity
doubles the shunt impedance to 7.8 MQ, which greatly
relaxes the requirements for both RF amplifier and cavity
cooling. Coupler design, multipacting analysis, HOM
analysis and thermal analysis will be presented in this

paper.

INTRODUCTION

The Advanced Photo-injector Experiment (APEX) is
for demonstration of MHz repetition rate high brightness
electron beam (~300 pC/bunch, ~0.6 mm mrad) injection
for the next generation high repetition rate X-ray free
electron lasers [1, 2]. The electron beam out of the 186
MHz RF gun is 750 keV and ~60 ps, and it will be
compressed by the 1.3 GHz 240 kV buncher cavity to ~10
ps for injection into the 1.3 GHz linac booster. A previous
design of APEX buncher was a single cell cavity scaled
from ALS harmonic cavity [3], in order to relax RF power
and cavity cooling requirement, a two-cell design is
proposed [4]. In the following, detailed designs of the
new APEX buncher cavity are presented.

CAVITY PROFILE

Due to a lack of beam line space and stay clear
requirement of photocathode laser, the cavity flange to
flange distance is 21.9 cm, and the minimum beam
aperture radius is 2.5 cm. Within these limits, the 2D
cavity profile is designed by SUPERFISH code, as shown
in Fig. 1. Table 1 gives cavity and beam parameters.

Figure 1: 2D cavity profile in SUPERFISH.
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Table 1: Beam and Buncher Cavity Parameters™

Units Values
Beam energy keV 750
Beam current mA 0.3
Mode separation MHz 0.88
PI mode frequency MHz 1300
PI mode Q, 235 % 10*
Shunt impedance MQ 7.8
Nominal cavity voltage kV 240
Dissipating power kW 7.4
Peak surface electric field MV/m 4.7
Peak surface power density ~ W/em®> 5.8

* Parameters are calculated assuming 45 C wall temp.

Compared with a single cell design, the cavity power
dissipation decreased from 15 kW to 7.4 kW, so the
cavity can be powered by a 10 kW solid state amplifier,
and both the RF source cost and the thermal power
density are reduced.

COAXIAL INPUT COUPLER

The optimization of shunt impedance results in a weak
intra-cell coupling and small mode separation. To avoid
mode mixing, the two cells are excited independently by
coax loop couplers, and the coax loops are mirrored
between the two cells to create a 180 degree phase shift.
Besides, dual RF feed and dummy ports perpendicular to
the input couplers are employed to minimize dipole and
quadrupole kicks. RF pickup and vacuum pumping are at
the dummy ports.

50 ohms 38.8 mm outer diameter

4 mm long ceramic

16.87 mm dia 27.8 mm diameter 20 ohms

20 ohm loop

-
76.3 mm ‘ 15mm

Figure 2: Schematic drawing of 1.3 GHz input coupler.

A high vacuum coaxial RF window product at this
power and frequency range seems not available
commercially. A low impedance resonant type coax RF
window is proposed and one prototype is under
fabrication [5], shown in Fig. 2. A large diameter thin-
wall copper center conductor through the ceramic window
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would mitigate the problem of the differences of the
thermal expansion of copper and ceramic, which tends to
separate the braze joint upon cooling after braze. Proper
length selections of ceramic window and 20 Q coax line
will match impedance back to 50 Q. RF losses on the vacuum
coax line and ceramic window are evaluated to be ~0.2 W and
~1 mW, so no water cooling is required.

HIGH ORDER MODES

Beam induced longitudinal and transvers high order
modes (HOM) may degrade the beam quality, thus are
simulated by Eigen solvers of CST Microwave Studio.
Single bunch induced HOM cavity voltage is calculated
by Eq. (1) and (2), and periodic bunch train induced
steady state HOM cavity voltage is calculated by Eq. (3)
and (4) [6, 7],
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D are longitudinal
and transverse loss factors, ¢ is time constant of HOM, k
is wave number, X is beam transverse offset, T is bunch
train period.

In order to reduce mesh cells in CST, the longitudinal
symmetry plane is set to either E or B plane, and HOM
results are summarized in Table 2 to 3. CST frequency
has a limited resolution, and APEX bunch harmonics are
only separated by 1 MHz, so expiw,T in Eq. (3) and (4)
approx. 1 for conservative purpose.

Based on 300 pC bunch charge at 1 MHz, integrated
HOM longitudinal voltage is 680 V, which is 5 x 10 of
beam energy, and 3 x 107 of buncher voltage, thus is
negligible. HOM horizontal voltage is 63.4 V/mm, and
vertical voltage is 37.3 V/mm. Since the bunch head and
tail will receive different dipole kicks, projected
emittance will increase, a rough evaluation can be done
with Eq. (5),

V/\
0.511

De= ( ks s, . %)

where k is wavenumber, s, and s, are bunch sizes.
Assuming a 50 V/mm dipole kick, 1 mm bunch offset, 5

mm transverse rms size and 3 mm rms bunch length,
dipole frequency of 2856 MHz, then emittance growth is
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0.08 mm.mrad. Since actual beam offset is much smaller,
and HOMs are not coherently excited, emittance growth
should be negligible, and additional HOM damping is not
necessary.

Table 2: Longitudinal HOMs*

Mode y rQ ! Vi@
(MHz) (@) (ns) )
TMO11 (E) 228194 222 2.66 153
TMO11 (B) 228335 423 2.65 290
TMO020 (E) 3052.57 8.1 0.58 28
T™MO020 (B) 3057.71 0.3 0.58 1
TMO021 (E) 3792.15 205 1.27 135
T™MO021 (B) 3804.14 7.6 0.95 42
TMO12 (E) 383544 1.8 0.29 7
TMO012 (B) 3836.04 6.4 0.31 24

* Beam pipe TM cut off frequency is 4.5 GHz

Table 3: Transverse HOMs*

Mode f r/Q t Vil x
(MHz) () (ps) (V/mm)

TM110x (B) 208743 524 3.7 18.9
TM110y (B) 2087.57 533 1.1 7.7
TM110y (E) 2096.54  44.6 0.9 5.6
TM110x (E) 2096.61 445 3.9 17
TM111x (B) 277991  69.4 2.1 275
TMl11ly (B) 277991 69 1.7 24
TMl111ly (E) 282178 0.0 1.7 0.0
TMI111x (E) 2821.84 0.0 23 0.0

* Beam pipe TM cut off frequency is 4.5 GHz
MULTIPACTING

In terms of cavity voltage, buncher may work within a
wide range depending on specific applications, thus
multipacting is unavoidable and investigated by Track3p
code [8]. Simulation results in Fig. 3 show a lot of two-
point multipactings in between coupler and cavity walls,
so RF input coupler will be coated with thin layer
Titanium Nitride (TiN) to mitigate multipacting.

It’s almost multipacting free inside the cavity except
few high order multipactings, which can be avoided
during operation.

THERMAL ANALYSIS

A multistep ANSYS analysis is performed to determine
frequency sensitivity due to RF heating and other
operation parameters and to instruct design of the cavity’s
cooling system.
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Resonant electron energy Vs cavity voltage
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Figure 3: Multipacting near coupler region (a) Geometry of input coupler, (b) Resonant energy vs cavity voltage, (c)
Multipacting radial position, (d) Multipacting vertical position.
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Figure 4: (a) Temperature profile in cavity body. Values are relative to water temperature. (b) Water temperature rise
needed at reduced power levels, at 3 convection coefficient values.

Fig. 4 (a) shows an example temperature profile in the
copper cavity body under specified power and cooling
conditions. Repeated analysis yields Fig. 4 (b), which
describes the water temperature change necessary to
maintain a constant cavity frequency if shifting from full
to reduced operating power. This analysis, combined with
facility and equipment constraints, will guide final
cooling channel design and determination of parameters
like nominal operating temperature and cooling flow rate.

CONCLUSION

A 1.3 GHz two cell buncher cavity, which provides 240
kV in CW mode for velocity bunching, has been designed
for APEX. Both RF and thermal analysis are presented,
and the cavity is under mechanical design now.
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