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Abstract

RF Breakdown experiments on short 11.424 GHz accel-
erating structures at SLAC have shown that properties of
rf breakdown probability are reproducible for structures of
the same geometry. At a given 1f power and pulse shape,
the 1f breakdown triggers continuously and independently
at a constant average rate. Hypotheses describing the prop-
erties of the rf breakdown probabilities involve defects of
the metal crystal lattice that move under forces caused by
rf electric and magnetic fields. This crystal defect dy-
namics depends on the temperature of the structure. To
study the dependence we designed and built an experimen-
tal setup that includes a cryogenically cooled single-cell,
standing-wave accelerating structure. This structure will be
high-power tested at the SLAC Accelerator Structure Test
Area (ASTA).

INTRODUCTION

We continue experiments directed toward the under-
standing of the physics of rf breakdown in systems that
can be used to accelerate electron beams at ~ 11.4 GHz
[1, 2]. The accelerating structure geometries have aper-
tures, stored energy per cell, and rf pulse duration close
to that of the NLC [3, 4] or CLIC [5]. The breakdown
rate (breakdown probability) is the main parameter that we
use to compare rf breakdown behavior between different
structures [6] at a given set of rf pulse parameters (pulse
shape and peak power). To date we have tested 39 struc-
tures. Most of structures in our tests were fed axially with
rf power, through a removable mode launcher [1]. These
tests produced a wealth of experimental data which we now
use as a reference for new experiments. Experiments with
the copper structure described in this paper will study the
behavior of rf breakdown while the material properties of
copper, such as thermal and electrical conductivity, yield
stress, efcetera, change at cryogenic temperatures.

MOTIVATION

In our experiments with single-cell standing wave (SW)
structures we consistently found that after initial condition-
ing, breakdown rate is reproducible for structures of the
same geometry and material, and the breakdown rate de-
pends more on the peak magnetic fields than on peak sur-
face electric fields [7]. Recent studies show that the break-
down rate correlates with peak pulse surface heating and
peak Poynting vector, although the exact mechanism deter-
mining the breakdown rate is unclear [8]. One of the cur-
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rent hypotheses explains the statistical behavior of rf break-
down in X-band accelerating structures by generation and
movement of dislocations under stresses created by rf mag-
netic and electric fields [9, 10]. This dislocation movement
should dramatically change under cryogenic temperatures
and this should be reflected in the statistical behaviour of
the breakdown rate. To study this change we designed and
built an experimental setup that includes a cryogenically
cooled copper single-cell-SW accelerating structure. The
solid model of the cryostat, SW structure and the feeding rf
waveguides is shown on Fig. 1. The mode launcher is con-
nected to 0.9 inch diameter circular waveguide (2) at the
bottom of the cryostat. The TM(; waveguide mode created
by the mode launcher flows through two choke joints (3) to-
ward the SW structure (1). The structure is separated from
the rest of the cryostat by heat shield (5) and cooled by cold
head (4).

Figure 1: Solid model of the cryostat with SW structure: 1 -
SW structure; 2 - input waveguide; 3 - rf chokes; 4 - cold
plate; 5 - heat shield.

DESIGN CONSIDERATIONS

We plan to test the single-cell SW structure at tempera-
tures from ~30 K to 300 K. The structure will be placed
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Figure 2: Geometry and fields cryo single-cells standing wave structure: (a) rf electric and (b) magnetic field. The fields

are normalised to 10 MW of lost power at 96 K.

into the cryostat and powered by a SLAC X-band 50 MW
XL-4 klystron. The operating temperature will depend on
cooling capacity of the cryo-cooler and the average power
lost in the structure. For the same gradient and pulse shape,
the average power is proportional to pulse-repetition rate.
We plan to adjust the repetition rate to keep the structure at
the desired temperature.

Single Cell Standing Wave Structure

In order to reduce heat load on the cryo-cooler, we based
geometry of the structure on highest-shunt-impedance and
smallest aperture structure out of those tested at room tem-
perature [7]. The structure is made of three cells with the
highest fields in the middle cell (same as the room tem-
perature structures [11]). The parameters of the periodic
cell with the same iris dimensions as this high-field cell are
listed in Table 1.

Table 1: Parameters of periodic structure at 96 K and
100 MV/m accelerating gradient.

Stored energy [J] 0.153
Q-value [10°] 19.1
Shunt impedance [MOhm/m]  228.62
H,,00 [MA/m] 0.290
FErae [MV/m] 203.1
Losses in a cell [ MW] 0.5737
a [mm)] 2.75
a/\ 0.105
HpozxZ0/Eace 1.093
t [mm] 2
Iris ellipticity 1.385

For the 1f design of the standing wave structure we used
copper conductivity and expansion coefficient determined
in our previous cryo experiments done at 11.4 GHz [12].
Q-value data from [12] could be fited to a simple function
Qo(T) = 20834 + 8.5 - 105/T, where T is temperature
in Kelvin. Using this function we defined a temperature
range for the experiment. We designed the structure to be
critically coupled at 96 K. At temperatures below 43 K
and same input power the structure will have fields up to
22% higher than at 96 K (assuming that the field profile
do not change at these temperatures). The structure will be
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over-coupled with ~ 8 = 2 at temperature below 40 K. At
room temperature the structure will be under-coupled with
B = 0.45 and with 60% fields of the 96 K case. Since the
structure needs only 3.7 MW at 96 K to reach 200 MV/m
gradient, the available klystron power is sufficient to study
the whole temperature range.

The structure was designed with the 2D finite element
code SLANS [13] and verified with HFSS [14]. The main
structure parameters are listed in Table 2. Surface electric
and magnetic fields are shown on Fig. 2. At room temper-
ature the structure will have m mode resonant frequency at
11.394 GHz. The structure was mechanically designed and
then fabricated by the SLAC RF Accelerator Research and
Engineering Division. The SW structure for this experi-
ment is made using the same procedure as previous room
temperature structures.

Table 2: Parameters of cryo single cell standing wave struc-
ture normalised to 10 MW of lost power at 96 K as calcu-
lated by SLANS.

Stored energy [J]  2.78
Q-value [10°] 19.89
H oz [IMA/m] 0.990
FErnaz [MV/m] 679.2

Waveguide

One issue in the design of the cryostat was thermal iso-
lation of the cold structure from the room temperature in-
put waveguide. In our previous cryo high power rf tests
of different materials the thermal isolation was achieved by
using TEq; mode in the input waveguide [12]. Since TEq;
mode has no axial currents, the waveguide system can have
gaps (width of which change during cool-down) while rf
integrity is preserved. For the cryo test of this accelerat-
ing SW structure we used a solution employing rf chokes
in the waveguide carrying TMy; mode. These chokes were
developed as a replacement for a flange whose 1f current
continuity depended on a metal-to-metal contact [15, 16].
The chokes (3) are shown on Fig. 1 and Fig. 3. The chokes
interrupt the thermal path from SW structure to room tem-
perature mode launcher while retaining rf integrity of the
waveguide system. To preserve rf properties of the choke
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Figure 4: Cryo single-cell-SW structure prepared for bead-pull measurements. From left to right: TMy; mode launcher,
spring assembly to maintain gap in rf chokes, rf choke, SW structure. To simplify the measurements, second choke is not

installed.

during cool-down, the axial gap of the choke is set by
stainless steel balls and maintained by applying mechan-
ical spring force from the bottom of the cryostat (see the
springs on Fig. 1 and Fig. 4).

Figure 3: Solid model of SW structure (1) with input circu-
lar waveguide (2) and rf chokes (3).

SUMMARY

We designed and manufactured a system for study of
the basic physics of rf breakdown in cryo-cooled normal
conducting accelerating structures. We plan to start the
high power test of the first structure in summer 2012. The
tests will be conducted at SLAC Accelerator Structure Test
Area.
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