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Abstract

We discuss the impedance and related beam-induced heat-
ing issues of the titanium coated ceramic vacuum chambers
of the NSLS-II storage ring. The impedance of the two-layer
electromagnetic system is calculated assuming a parallel
plate model using the well known Field Matching Theory
(FMT) and compared with the IW2D code. It is demon-
strated that for the chamber coating thickness of interest, all
power is dissipated on the titanium coating, with the longitu-
dinal averaged two-dimensional power density independent
on the vertical direction and Gaussian-distributed along the
horizontal direction with a standard deviation equal to the
thickness of the ceramic layer. These properties allow for a
simplified model of the power density as input of ANSYS
simulations for thermal analysis and comparison with mea-
surements.

INTRODUCTION

To estimate the effects of shielding and impedances on
power loss, it is important to find a reasonable thickness of
Ti coating on a ceramic chamber [1]. Several accelerators in-
cluding BESSY-II [2], ESRF [3], HLS [4], MAX-IV [5] and
NSLS-II [6] stated overheating of their Ti coated ceramic
chambers, which has been reported due to lack of coating
uniformity with appropriate thickness or/and poor coating
adhesion. Therefore, to avoid failure of ceramic chambers
due to thermal stress cracking for a given ceramic shape
and loss tangent, a sequence of simulations are usually per-
formed to calculate the EM fields, impedance, heat source
distribution, temperature map, and stress field.

At NSLS-II, one of the crucial milestone to achieve the
500 mA design current was the ceramic chambers, because
of their overheating. The effect was mitigated by installing
additional cooling fans [6, 7].

In this work, we discuss the field matching theory to com-
pute the impedance of multi-layered chambers and compared
it with the IW2D code. Further, we discuss the power den-
sity distribution for such chambers which is used for thermal
analysis in ANSYS.

FIELD MATCHING THEORY

We assume the model shown in Fig. 1. Following the
analytical approach adopted in [8], we extended the theory
to consider the most general electromagnetic properties of
the two-layer (metal-ceramics) system [9]. Assuming the
two layers characterized by the complex relative permittivity
&1, €2,, and complex relative permeability f,1, 1,2, where
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Figure 1: Geometry of the vacuum chamber in planar ap-
proximation. All the parameters correspond to the NSLS-IT
ceramic chamber with the Ti coating thickness value shown
for illustration purpose.

the index 1 and 2 refers to the metal and ceramic layer re-
spectively, it can be shown that the longitudinal impedance
per unit length can be calculated using the following formula

ZYk)  Zy, e+ Flk

olX) .2y . q)
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where F is independent on b and G can be written in the form

G(k,q) = wy + wy cosh2bq + w, sinh 2bg, 2)

where wg, w; and w, are also independent on b. The
functions F, wy, w; and w, are not shown here and are
given in [9].

Table 1: Material properties of Ti coated ceramic chambers.
The value of the Ti coating thickness is shown for just of the
ceramic chambers.

Layers p [Qm] tan(8) € 7 [mm)]

Ti 43x1077 0 1 1.21x1073
Ce 0 I1x1073 10 6.4

Air 2x10'% 0 1 Infinity

Benchmarking Field Matching Theory against
IW2D simulations

We compare the FM theory with IW2D, a code developed
at CERN to compute longitudinal and transverse impedance
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Figure 2: Comparison of the Ti coated ceramic chamber impedance for coating thickness of T = 0.55, 0.74, and 1.21 um
with IW2D and FMT.
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Figure 3: 2D-power density (longitudinal averaged) as a function of the transverse coordinates for several values of the Ti
coating thickness. Below 2 pm, the power density is uniform in y with a Gaussian horizontal profile with ¢, = d, where d is

the thickness of the ceramic chamber.

in a two-dimensional multi-layered flat structure. The num-
ber of layers can be arbitrary depending on the user applica-
tion requirement, and each of them can be made of any linear
homogeneous isotropic stationary material. The last layer
(which can also be vacuum) should always be modeled with
infinite thickness and with low conductivity. The code relies
on the analytic computation of the electromagnetic fields
created by a point-charge beam traveling at any speed in the
whole structure. The details of the flat structure impedance
formalism are discussed in [15, 16].

We simulate the NSLS-II chambers of radius b = 12.1 mm
as a 3-layer flat structure composed of a 6.4 mm thickness
ceramic chamber with three different values of Ti coating
7 = 0.55,0.74,1.21 pm, plus the last infinite layer. The
material properties for the IW2D calculations are given in
Table 1. Figure 2 shows the comparison of the longitudinal
impedance obtained from IW2D and FMT of the NSLS-II
chambers with different Ti coating thickness. A good agree-
ment is found between the theory and IW2D calculations.
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2D-POWER DENSITY AND
THERMAL ANALYSIS

The FMT discussed in the previous Section allows for
the determination of the electromagnetic fields anywhere,
thus allows for the calculation of the average longitudinal
two-dimensional power density as a function of the trans-
verse coordinates (x, y). The derivation of the analytical
formula is not discussed here at can be found in Ref. [9].
Figure 3 shows the average longitudinal two-dimensional
power density on the metal coating as a function of the coat-
ing thickness. Below ~2um, the two-dimensional power
density is independent on the vertical direction and has an
horizontal Gaussian profile with ¢, = d, where d is the thick-
ness of the ceramic chamber. Figure 4 (left frame) shows the
total power dissipated on the titanium coating as a function
of the coating thickness. For the coating thickness in the
range shown in the figure, all the power is dissipated on the
metal coating and is roughly equal to the total power lost
by the beam. Figure 4 (center frame) shows the thermal
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Figure 4: Total power dissipated on the titanium coating vs. coating thickness (left). Thermal simulations with ANSYS for
the kicker 2 chamber with coating thickness of 428 nm (center). Temperature increase vs. beam current for the different
ceramic chambers (right). The point in dark green color corresponds to the ANSYS simulated temperature, to be compared
with the measured value of kicker 2 (light green color). The lines shown in the right frame correspond to a nonlinear fit of

the measured values.

analysis for the kicker 2 chamber with coating thickness of
428 nm and Figure 4 (right frame) shows the temperature
increase vs. beam current of the NSLS-II ceramic chambers
measured during operations with M = 1080 bunches and
1,, = 375 mA, and bunch length ¢, = 18 ps. The ANSYS
simulated temperature of the kicker 2 ceramic chamber close
to the location of the temperature sensors is 50° C, as shown
in Figure 4 (right frame) by the dot in dark green color, to be
compared with the measured value of 95° C shown by the
dot in light green color.

CONCLUSION

We discussed an analytical model that allows for the cal-
culation of the power density on the ceramic chamber metal
coating. The power density is then used by ANSYS for
thermal analysis, which allows for a comparison with mea-
surements. We observed a discrepancy between the sim-
ulated and measured temperatures. The origin of such a
discrepancy is under investigation and might be related to
the uncertainty of the measured thickness and uniformity
of the Ti coating. Also, the choice of the parameters used
in the thermal simulations with ANSYS might explain the
disagreement between measurements and simulations.
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