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Abstract

A fundamental power coupler (FPC) is designed to
provide fast tuning the 56MHz SRF cavity in RHIC. The
FPC will be inserted from one of the chemical cleaning
ports at the rear end of the cavity with magnetic coupling
to the RF field. The size and the location of the FPC are
decided based on the required operational external Q of
the cavity. The cavity is beam driven, and the FPC is
designed with variable coupling that would cover a range
of power levels. It is thermally isolated from the base
temperature of the cavity, which is 4.2K. A 1kW power
amplifier will be used to close an amplitude control
feedback loop. In this paper, we discuss the coupling
factor of the FPC with the chosen design.

INTRODUCTION

The 56MHz SRF cavity is a passive quarter-wave
resonator which is designed to increase the collision
luminosity of the RHIC accelerator [1]. The Fundamental
Power Coupler (FPC) for this beam-driven cavity is
designed as a fast tuner to stabilize the amplitude at an
optimized value when the cavity’s resonant frequency
changes. Together with the Pick-Up (PU), the feedback
loop also contains a 1kW power amplifier and electronic
controls. The FPC frequency tuning is a fast response
supplementary to the tuning plate, which the response
time is limited to the mechanical movement of the piezo
materials.

Both the FPC and the PU will be located at the end of
the cavity which is opposite of the accelerating gap, and
are inserted through the chemical cleaning ports to avoid
extra modification to the cavity itself. Figure 1 shows the
location of the FPC and the PU respective to the cavity.

IR

FPC

Figure 1: Location of each insertion components at the
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chemical cleaning ports.

Due to the fact that the chemical port is located at the
maximum magnetic field region with barely any electric
field, the FPC and the PU are loop-shaped for inductive
coupling.

THEORETICAL CALCULATION

The coupling factors for both the FPC and the PU are
critical for frequency tuning. With a given amplifier
power, the FPC location should be optimized for
maximizing the tuning ability. As of the PU, the power
coupling out of the cavity should be limited for the safety
of the following feedback circuit. The calculation based
on an equivalent circuit is shown below to obtain the
external Q of both components.

FPC

Figure 2 shows the equivalent circuit of the scenario of
the FPC drives the cavity along with the beam in
presence.
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Figure 2: Equivalent circuit of FPC in the cavity.

In Figure 2, 1, is the beam current, and I, is the
generator current. L, C and Ry, are the cavity’s RLC
equivalent parameters. B is the coupling factor of the
FPC.

The admittance of the system is
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where § = 2=—=. The voltage on the cavity is then

0
contributed from both the generator current and beam
current
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Since we operate well off resonance, with the cavity
below the beam frequency (for stability against the
Robinson instability), the phase difference between the
beam current I, and the cavity voltage is
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If we take the cavity voltage vector to be the real axis,
then the generator current can be expressed as
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where the subscripts (r) and (i) correspond ot the real and
imaginary components.
Therefore
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For a given generator power Py, the amplitude of the
generator current lg is
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To obtain the most efficient tuning of the cavity, we
need to maximize lg by optimizing the coupling factor B.
Substituting Eqgn. (4) to Eqgn. (1), the amplitude of the
imaginary part of the generator current is then
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For 56 MHz cavity, we have the parameters as shown in
the table below.

Table 1: Paramters for S6MHz cavity

Parameter Unit Value
Qo 2 x10°
R
—sh Ohm 40
Qo
Gap Voltage MV 2
Amplifier KW 1
Power

The optimum coupling factor f,,. is 79. The

corresponding external Q for the FPC is 2.5 x 107.
With g > 1, Iy is simplified to
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We can then obtain the maximum tuning range of the
FPC with 1kw amplifier.

The detuning of the cavity o consists of two
components, contributed from the beam and the generator
respectively. We assume the contribution from the
generator is a small perturbation of the frequency. This
compensation results in an amplitude change of gap
voltage, which is then used as the real time correction of
the gap voltage. From Eqn. (3) we have
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From Eqgn. (5) and (6), we can obtain the detuning due
to the generator current & as a function of the cavity
parameters
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It is important to notice that the under the optimum
detuning setup, the detuning ability of the FPC is solely
dependent on the cavity characteristics, i.e. the beam does
not affect the FPC detuning.

With the parameters in Table 1, the tuning ability of the
1kW amplifier & at optimum working point is 4 X 1078,
and the corresponding tuning range Afis 1.13Hz.

PU

The power from the PU will only be used to feed in the
feedback loop of the frequency tuning control, therefore
1W is sufficient for the purpose and should be safe for the
LLRF circuit.

The calculation for the PU follows the same method as
shown in the FPC section. With 1W of power, the
coupling factor should be 0.08, and the corresponding
external Q is 2.5 x 1010,

SIMULATION

With the result from the theoretical calculation, 3D
simulations are carried out via MicrowWave Studio [2] to
set the location of the FPC and PU loops with respect to
the cavity.

Figure 3: 3D model of the FPC setup with adjustment
elements.



The current design of the FPC is shown in Figure 3.
The adjustment of the loop location is made feasible by
mechanical step motor. The motion resolution can be as
small as micron range. For simplicity, the PU will use the
same design. The motion system will be used for initial
set up of the components. Once the cavity start operating,
real time tuning of the frequency is achieved by the
feedback circuit and driving amplifier. Table 2 lists the
design parameters of the FPC.

Table 2: Geometry of the FPC.

Parameter Value [cm]
loop length 3
loop height 1.6
loop width 1.1

Figure 4: Installed FPC with respect to the cavity.

Figure 4 shows the 3D view of the installed FPC.
Matching windows are carefully designed to prevent RF
reflection.

The simulation is done with MWS under 50Q port
matching scheme. Length D is defined as the distance
between the start point of the inner conductor of the FPC
and the end of the cavity, as shown in Figure 5.

Figure 5: Close up view of the FPC installation in the
cavity.

The external Q of the FPC port increases as the FPC
loop retracts out from the cavity, i.e. the D increases.
From the simulation result shown in Figure 6, to satisfy
the optimum tuning, the FPC is retracted 4cm from
position which the loop is fully inside the cavity, i.e.
D = 4cm.
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Figure 6: External Q of the FPC port versus the change in
FPC location.

The field in between the outer conductor of the FPC
and the chemical cleaning tube wall is less than 10 gauss,
and even less for the PU. Thus the flange area should not
be heat up and saved cooling efforts.

The PU shares the same design as of the FPC,
therefore, from Figure 6 we can also conclude the
location of the PU is D = 7.8cm.

CONCLUSION

The FPC and the PU of the 56MHz SRF cavity for
RHIC can share the same design with different locations
in the cavity. With 2MV gap voltage, the optimum tuning
range for the current FPC design is 1.13Hz.
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