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[. INTRODUCTION

Superconducting cavities have been chosen to replace the
existing copper cavities for the future upgrade of CESR. The
use of superconducting cavity modules, specially designed for
a high current collider, allows us to lower the cavity
impedance and the loss factor of the accelerating system and
thereby increase the threshold for multi- and single-bunch
instabilities [1, 2]. The prototype superconducting cavity
assembly was developed at the Laboratory of Nuclear Studies,
Cornell University [3, 4] and successfully tested recently in a
beam test in the CESR storage ring [5].

Figure 1 shows a schematic of the entire module which
includes the cavity, the 24 cm round beam pipe, the fluted
beam pipe, the ferrite HOM loads, sliding joints, gate valves
and tapers to the CESR beam pipe.

The beam tubes were designed so that all of the higher
order modes (HOMSs) propagate out of the cavity and are
damped by ferrite HOM loads which are located outside the
cryostat and which are an integral part of the beam tube.

Systematic studies were done to estimate the interaction
of abunched beam with the cavity module including the HOM
load [6, 7]. ABCI, TBClI and AMOS were used for
calculating the loss factor as a function of the bunch length.
Also, an analytical approach was developed to estimate the
coupling impedance and loss factor of the HOM loads.

The loss factor has been measured in a beam test using
calorimetric method; we measure the water temperature rise
and the flow rate of the cooling water to the HOM load. To
measure the loss factor vs. bunch length (10 to 25 mm), we
used two different sets of CESR optics and different RF
voltages. The experimental data points are in a good
agreement with predicted values.

1. HOM LOADS

In the high power RF test of the first HOM load prototype
[8], several ferrite tiles cracked. Subsequent examination
revealed that the solder bond between the ferrite and the tin-
plated stainless steel shell was poor. The HOM load was
therefore redesigned. A new, so-called “porcuping” load was
developed (see Figures 2). It consists of a stainless steel shell
with 18 copper plates bolted along the inside. Each copper
plate carries two 2" long or four 1" long soldered TT-111R
ferritetilesl. Thewidth of thetilesis 1.5" and the thicknessis
0.125". Copper tubing is brazed to each plate for water
cooling. This modular design is more tolerant of soldering
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Figure 1. Schematic of the SRF cavity module.

problems than its predecessor.

Three loads have been fabricated. We used two of them in
the beam test. The third was subjected to a separate high
power test. An inner conductor was placed concentric to the
HOM load and the assembly was connected to 50 Ohm
coaxial line terminated by 30 kW water load (see Figure 3).
We used a 500 MHz Kklystron as a source of RF power. The
dissipated power was measured via RF (directional couplers)
and calorimetry (temperature rise and flow rate of the cooling
water). Tile surface temperature measurements were done
with “button” type temperature-indicating labels. The test
load reached an average power density of 20 W/cm? and
measured surface temperatures were excess of 150°C, at
which point the water AT was 55°C. The water flow rate was
equal to 0.9 gpm during thistest. Thetest was donein air, not
in vacuum. The agreement between the RF and calorimetric
measurements of the dissipated power was quite good.

Figure 2. Higher order mode load.
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Figure 3. Layout of the HOM load high power test.

1. CALCULATIONS OF THE LOSS FACTOR

One can calculate the loss factor of an axially symmetric
accelerating structure using TBCI [9] or ABCI [10, 11].
Unfortunately, these programs do not allow us to calculate
wake fields in the presence of absorbing materials such as
ferrite. On the other hand, AMOS [12] can handle such
materials but we have not yet successfully applied it to
complex geometries. In the mean time we are using a
palliative measure: we calculate the loss factor of the
simplified geometry (we did not take into account the RF
coupler and flutes) of the cavity module without ferrite and of
the ferrite load alone adding results to get the total loss factor
of the assembly. Asan aternativeto AMOS, we aso used an
analytical approach [7].

A. The Loss Factor of the Cavity Module

Initial calculations of the loss factor for the cavity module
were done using TBCI [6]. The RF coupler, the flutes on one
of the beam tubes, and ferrite were not taken into account.
Moreover, the cavity module had to taper to two different
beam pipe cross-sections, because of variation in the CESR
vacuum chamber dimentions. We averaged TBCI results for
bunches travelling in each direction to obtain the
“irreversible” contribution. We found that the cavity's loss
factor is larger than that of the tapers for long bunches (g >

1.4 cm), but smaller for short bunches.

We did futher calculations with ABCI, the latest version
of which has such advantages as a moving mesh, an improved
method for calculating the wake potentials, and variable radial
mesh size. ABCI results for the geometry used in [6] are
consistent with the TBCI results.
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Figure 4. Simplified geometry of the HOM load for AMOS:
L =101.6 mm, ry = 114.0968 mm, and r o = 117.2718 mm.

B. The Loss Factor of the HOM Load

As mentioned above, the new HOM loads have ferrite
tiles attached to copper plates which are placed at a slightly
smaller radius than that of the beam tube. At present AMOS
deals only with the axisymmetric case when alossy material
fills an outward protrusion in the beam pipe. Therefore we
used the modified geometry shown in Figure 4 for the
calculation.

The predicted loss factors for the cavity module (ABCI)
and the HOM load (AMOS and analytical) are shown in
Figure 5.

IV.LOSS FACTOR MEASUREMENTSIN A
BEAM TEST
We measured the temperature of the input and output
cooling water for each HOM load, along with the water flow
rate. The valuesyield the power transferred to the water from
the ferrite:

p= izzlv'f Cp (rlm-fin),

where P is the power transferred to the cooling water from the
ferrite of two HOM loads; ¢ is the water flow rate; C isthe
specific heat capacity of the water; p isthe water density; Tyt
and Tj, are the output and input temperatures of the cooling
water.

This power should be approximately equal to the power
lost by the beam due to its interaction with the cavity structure
below the cutoff frequencies of the beam pipes because (i) in
our HOM load design (Figure 2) other heat transfer
mechanisms (conduction through the copper plate to the
stainless steel shell, and heat radiation) should not give a
significant contribution in comparison with water cooling, and
(ii) the HOMs with resonance frequencies below cutoff
frequencies of the nearby beam pipes (2.2 GHz and 3.4 GHz)
are trapped inside the accelerating structure, so al their energy
should be dissipated in the lossy material of the HOM loads.

We used two different sets of CESR optics to obtain
bunch lengths between 10 and 25 mm. Some machine
parameters for these optics are given in Table 1. Uniformly-
filled bunches were used. Most measurements were done with
one bunch or 9 bunches. For uniformly-filled bunches, the
loss factor is given by
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Figure 5. The calculated loss factor of the cavity module
(ABCI), and HOM load (AMOS and analytical) as a function
of bunch length.
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Figure 6. The loss factor of the SRF cavity vs. current per
bunch.

_ NPfre
= >
IO
where | is the average beam current; fig, is the revolution
frequency; N isthe number of bunches.

We do not have a bunch length monitor for CESR, but
previous measurements [13, 14] indicate that there is no bunch
lengthening in the storage ring; so we can calculate bunch
length via
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where a isthe momentum compaction factor; c isthe speed of
light; Qs is the synchrotron frequency; og/Eo is the relative

energy spread; h is the RF harmonic number, Eg is the beam
energy; VRF isthe RF voltage; Ug is the energy loss per turn
due to synchrotron radiation; and U ¢oh is the coherent energy
loss per turn due to the total loss factor of the ring.

To verify that we do not have bunch lengthening, the loss
factor was plotted as function of bunch current for the same
machine optics (high energy lattice) and RF voltage (Fig. 6).
The theoretical bunch length o; is equal to 15.3 mm for this
case. One can see that the loss factor does not depend on
current, i.e. there is no evidence of the bunch lengthening.

The experimental results for the loss factor versus bunch
length are compared with the predictionsin Figure 7. One can
see that there is some disagreement for the shortest bunch
length. That disagreement may be due to propagation of some
portion of the HOM power into the beam pipes for frequencies

Table 1. Selected Parameters of the CESR Storage Ring

Parameter High Energy | Low Energy
Lattice Lattice

Revolution frequency 390.14788 kHz

Beam energy 5.265 GeV 4.400 GeV

SR energy 10ss per turn 1.0105 MeV 0.4928 MeV

Momentum compaction 0.01142 0.00926

Energy spread 6.122-10"4 5.116-10"4
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Figure 7. The loss factor of the SRF cavity assembly
(experimental data and prediction).

above cutoff. Also, there isabig disagreement for the 25 mm
bunch length. That data point was obtained with the low-
energy CESR lattice, using only the SRF voltage (the CESR
NRF system was switched off and the NRF cavities were
detuned). Unfortunately, the accelerating voltage was not
high enough to allow us make measurements with high beam
current: the total current was limited to 29 mA in 9 bunches
due to poor lifetime. Therefore the signal was small and this
data point may have abig systematic error.

V. CONCLUSIONS

The calorimetric method was successfully applied to
measure the loss factor of the superconducting cavity
assembly in the CESR beam test. The results are consistent
with predicted values.
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