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TRAPPED MODESANALYSISFOR THE ELETTRA BOOSTER DCCT
INSTALLATION
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Abstract

In the new Elettra full energy injector, bunch charge
measurements will be performed by different types of cur-
rent transformers (CT), depending on their position (sin-
gle pass or multi pass sections). In the single pass sec-
tions (Linac and Transfer lines) a new type of current trans-
former (in-flange CT by Bergoz) will be used. Main advan-
tage of this device is a compact and reliable design; they
are also specially suited in space critical application. For
the booster ring a standard DC current transformer will be
used to measure the DC component of the circulating beam
current. The housing has been developed in house, includ-
ing the magnetic shield and the ceramic gap in the vacuum
chamber. Furthermore, calculations of the trapped modes
in the current monitor housing are described. Longitudi-
nal coupling impedance and loss factors for these resonant
modes are estimated and we showed that dissipated power
is not critical with ELETTRA booster parameters.

INTRODUCTION

The Elettra new full energy injector is based on a 100
MeV linac pre-injector, a 2.5 GeV booster synchrotron and
two new beam transfer lines [1]. Table 1 lists some param-
eters of the booster ring that will be used in the next para-
graph [2]. The average beam current is commonly mea-
sured by passing bunches through the center of a toroidal
transformer. For the booster ring a standard DC current
transformer (DCCT) will be used to measure the DC com-
ponent of the circulating beam current. The DCCT is a
parametric current transformer (PCT) by Bergoz Instru-
mentation [3]. It consists of three units: a toroidal sensor
(made up of a number of toroidal cores, packed together
and shielded with layers of high permeability materials), a
front-end electronics box and a back-end power supply and
control chassis. The operation of the DCCT is based on the
different shape of the B — H curve of a magnetic material
with or without the presence of a DC current. The asym-
metry of the B — H curve allows the extraction of the DC
component of the beam passing through the core. A mod-
ulator circuit is the combination of an excitation generator
and the two cores, which have identical windings, but op-
posite orientation. The generator drives the two cores into
saturation, a sense winding picks up the second harmonic
of the resulting modulated signal and the demodulator pro-
cesses it. A compensation circuit processes the output of
the demodulator, and generates a current which forces the
output signal back to zero: the DC current is measured by
means of this compensation current.
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The housing has been developed in house, including the
magnetic shield and the ceramic gap in the vacuum cham-
ber. Figure 1 shows a schematic drawing of the vacuum
chamber for the housing of the DCCT that will be used in
Elettra booster. The DCCT reads the sum of all currents
passing through its toroidal core: that’s why the electrical
conductivity of the vacuum chamber must be interrupted
appropriately. The adoption of the ceramic break intro-
duces discontinuities in the vacuum chamber, as shown in
the figure. In this paper calculations of the trapped modes
in the current monitor housing are described. Longitudi-
nal coupling impedance and loss factors for these resonant
modes are estimated.

Table 1: Booster parameters list (SB: single bunch, MB:

multi bunch).
Parameter Sy. SB MB Unit
Pulse charge Qp 0.16 2 nC
Pulse length tp 2 100 | ms
Peak current Ipeak 80 20 mA
Average current Tao 0.4 5 mA
Injection rate 1.250 | 15.625 | mA/s
Number of bunches | N, 1 50
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Figure 1: Schematic drawing of the vacuum chamber for
the housing of DCCT with its main geometric dimensions.

DISSIPATED POWER IN THE DCCT

Two operational mode of the ELETTRA booster are
foreseen: single bunch (SB) and multi bunch (MB) as indi-
cated in the Table 1. The SB mode foresees an average cur-
rent of 0.4m A and a bunch charge of 0.16nC while the MB
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mode consists in an average current of 5m A and a bunch
charge of 0.04nC. A RMS single bunch length o; = 20ps
is assumed. The average dissipated power by an uncorre-
lated train of bunches is given by:

Pd - qbkLIav (1)

where g, is the single bunch charge, I,, is the average
beam current and k&, the loss factor. The term 1, is
6.4 - 1072nCmA and 20 - 1072nCmA for SB and MB
respectively. The MB operational mode is taken here in
consideration since it is the worse case.

The loss factor for a resonator with o, < 1/wg is:

_wrR
kr, = 50

where wg, is the resonant frequency and R/Q is the geo-
metric parameter of the trapped modes in the DCCT hous-
ing. In addition the loss factor &k can be calculated by
means of the longitudinal coupling impedance Z(w), as in
the following formula:

@)

%/000 RZ(w)dw = ki, (3)

The coupling impedance of an accelerator component
can be calculated by coaxial wire methods applying the fol-
lowing relation [4, 5]:

st (W) — sdut(yw
Z(CU) :2RO 21 (83Ut(w§1 ( )
21

(4)

where s34 is the transmission parameter of the resonant
cavity under test, sgif is the transmission parameter of
the unperturbed coaxial line of the same length and Ry is
the characteristic impedance of the coaxial line. Consider-
ing an inner conductor of radius 0.1mm the characteristic
impedance is equivalent to 344€2. In this paper the trans-
mission parameters in the formula (4) are calculated by
means of HFSS code [6] and applying the formula (3) the
loss factor is calculated. Next section reports the compari-
son between the results obtained using formulas (2) and (3).
The electromagnetic simulations have pointed out the pres-
ence of two resonant modes: the T'My19 — like mode in
the DCCT housing and the TEM — like mode between
the outer surface and the support of the ceramic gap.
Figure 2 shows the plots of the real and imaginary parts of
the longitudinal coupling impedances while in the table 2
the resonant frequencies, Q-factors, loss factors and dissi-
pated power for the two trapped modes are listed. One can
observe that the dissipated power is negligible considering
the worse case for the booster ring parameters. Stainless
steel is used as material of the DCCT housing and here the
conductivity is equivalent to 1.1 - 106S/m. Alumina is the
material of the ceramic gap with relative dielectric constant
€ = 9.8.

Figures 3 and 4 show the electric and magnetic field dis-
tributions for the T'My1g — like and T EM — like resonant
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Table 2: Parameters of the trapped modes in the DCCT.

Mode fr Q Koss Py
[GHz| [V/nC] | [W]
T Moo — like | 2.6175 | 1007 78.4 0.02
TEM —like | 1.0150 | 199 26.5 0.01
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Figure 2: Longitudinal coupling impedances for the

T My1o — like mode (upper) and T'EM — like mode (bot-
tom).

modes, respectively. From figure 4 we can note that mag-
netic field of the TEM — like mode enter into the small
gap but nevertheless the dissipated power is negligible.

Figure 3: Electric (left) and magnetic (right) field distri-
bution of the T'My10 — like resonant mode in the vacuum
chamber.

Figure 4: Electric (left) and magnetic (right) field distribution of
the TEM — like resonant mode in the vacuum chamber.

LOSSFACTOR CALCULATIONS

As seen in the previous section the loss factor for a res-
onant mode can be directly calculated with the formula (2)
or indirectly calculated with the formula (3). In this section
the loss factors obtained by two different approaches are
compared. For this scope the geometry of the DCCT hous-
ing was simplified using a pill box with radius 41.24mm,
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gap filled with ceramic material of length 37mm and beam
pipe with radius 31mm. The R/Q), the resonant frequency
and the Q-factor were calculated by HFSS eigensolver and
the results obtained with the two methods are reported in
table 3. Q-factor can be calculated as the ratio between res-
onant frequency and bandwidth at -3dB of the real part of
the impedance. The relative error between the two methods
is approximately 9% and 16% for loss factor and Q-factor,
respectively.

Table 3: Comparison between eigensolver and coaxial wire
method results for the T'Mg1¢ — like mode.

Eigensolver
fT R/Q Q kloss
[GHz] | [ [V/nC]
2175 | 18.4 992 126
Wire method
fr Q kloss
[GH?Z] [V/nC] | [V/nC]
2.239 829 137
CONCLUSION

This note addresses the analysis of the trapped modes in
the current monitor housing that will be used in the Elet-
tra booster ring. The analysis has picked out two trapped
resonant modes: the T'Mgig — like and TEM — like,
respectively. The longitudinal coupling impedances was
calculated using the wire methods and the loss factor was
obtained integrating the real part of the impedance. Re-
sults showed that the dissipated power from both trapped
modes is negligible applying the nominal average current
and bunch charge for the circulating multi bunch beam in
the ELETTRA booster ring.
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