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Abstract

In low current applications superconducting cavities
have a high susceptibility to microphonics induced by
external vibrations and pressure fluctuations. Due to the
narrow bandwidth of the cavities, the amount of rf power
required to stabilize the phase and amplitude of the cavity
field is dictated by the amount of microphonics that need
to be compensated. Electronic damping of microphonics
is investigated as a method to reduce the level of
microphonics and of the amount of rf power required. The
current work presents a detailed analysis of electronic
damping and of the residual cavity field amplitude and
phase errors due to the fluctuations of cavity frequency
and beam current.

INTRODUCTION

In superconducting cavities microphonics and
ponderomotive effects are the major causes of the
fluctuations in the cavity fields [1]. Microphonics are the
changes in the cavity frequency caused by the connections
to the external world, such as external vibrations, pressure
fluctuations, etc., and the ponderomotive effects are
changes in the -cavity frequency caused by the
electromagnetic field (radiation pressure). The amount of
rf power required in controlling the cavity field—to
maintain the amplitude and phase stabilized—is dominated
in low-current superconducting cavities by the presence of
microphonics.

Electronic damping may be an effective way of
reducing microphonics; it requires an active modulation
of the cavity field to induce ponderomotive effects that
counteract the effects of external sources. The model
developed to control the cavity field is to operate the
superconducting cavity in a self excited loop with
amplitude and phase feedback. This paper analyses the
method of electronic damping of microphonics and
presents a generalized analytical solution for the residual
changes of the cavity field amplitude and phase with and
without the presence of beam.

MODEL AND EQUATIONS

The model, described in detail in [2-4], operates the
cavity in a self excited loop. The transfer function
diagram for the model described in [2-4] is given in
Figure 1.
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Figure 1: Transfer function representation of the system.

The corresponding transfer functions are as follows.
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7= : Loaded amplitude decay time,

b : Ratio of power absorbed by the beam to

0
power dissipated in the cavity,

m= b : Beam matching coefficient,
1+4
@, : Nominal phase between the beam and the rf field,
7, : Intrinsic amplitude decay time,
B : Coupling coefficient,

Q , : Frequency of the mechanical mode of the cavity,
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7, : Decay time of the mechanical mode of the cavity,
k, : Lorentz coefficient of the mechanical mode,

6, : Loop phase shift, &, : Feedback phase shift,

Vy: Cavity field amplitude.

G, represents the transfer function for ponderomotive

effects that couples the cavity field amplitude and the
cavity frequency. The transfer function G, represents the

coupling between the external sources and the cavity
frequency. Fluctuations in the cavity frequency (dw,) are
a direct result of the frequency fluctuations due to
ponderomotive effects (é‘a)ﬂ ), and the frequency
fluctuations due to external sources (0@, ). Fluctuations
éw, = déw, +éw,, with
é6w,=G,0v and dw,=Gn(t). Ovis the residual

amplitude error and n(¢)

in the cavity frequency are

is the external source of
vibration. The ponderomotive effects are used to
counteract the effects of microphonics. The residual
amplitude and phase errors due to the effects of
microphonics (dw,, ) with absence of the beam are
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ov= ow,, Oop=——"""00,,
D D
with
D=(+F,G,)s+F,G, —F,F,F,G,,)
+F,(F,F,G, -G )F,G,,—G,).

DAMPING BY FEEDBACK PHASE SHIFT

Electronic damping relies on the generation of
ponderomotive effects that counteract the effects of
externally-induced microphonics [4]. In this model, the
feedbacks applied are simple proportional amplitude and
phase feedback gains of F,=k, and F,~=k, The system is
analyzed on resonance () with a feedback phase shift (6)
[3-5] producing a coupling between phase and amplitude
feedback that acts as a damping mechanism for the
mechanical mode. It is assumed that the cavity is
operated with no frequency feedback, no beam loading
G, =6,,=6G,,+G,,=0), small feedback angle

(6, <1), large feedback gains (k,,k,>1,7Q,) and

7/7, < 1. The resultant residual amplitude and phase

a?’
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The above system is analyzed by performing a
frequency sweep of @ with s =iw, for several feedback
phase shifts. The maximum response is found at
27k, Vy

Q=0 1+——8@,.
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This result is shown in Fig. 2 and reproduces the
simulation of [5] where the same assumptions were used:

T=64x10%s,  k,=10*,  k,=3.69Hz(MV/m)’,
V, =20MV/m .
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Figure 2: Resonance frequency (€2, ) as a function of
feedback phase shift (6 ).

At maximum response,
amplitude errors are

the residual phase and
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As found analytically above and from simulations in [5]
damping by amplitude to phase feedback coupling
through the feedback phase shift is not very effective at
damping broadband microphonics. However, since it is
effective at shifting the resonant frequency, it might be
useful in situations where the microphonics are due to a
single frequency source close to a mechanical mode of the
cavity.

DAMPING BY FREQUENCY FEEDBACK

Another method is through frequency feedback where
the signal driving the resonator is intentionally modulated
to counteract the externally-induced microphonics [4].
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The amount of modulation supplied at the generator is,

is the

. k,Q

ov, = F,F,F,0p with F,=-—"-*
s

frequency feedback gain. The resultant amplitude and

phase errors are
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The above system is analyzed with the same frequency
sweep as in the previous section for several frequency
feedback gains (%, ). In this case the maximum response

b, = 2kkaQ3k.

a o™ u

always occurs at the frequency of the mechanical mode.

The maximum amplitude residual error and the
normalized maximum residual phase error are
Tk, 0w 0
V)= ek, PRy 55(1()1/21( '
+ u 0 U +TT;1 0 e

and are shown in Fig. 4 with the values mentioned above
and 7, =03 s.
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Figure 3: Maximum amplitude (green) and phase (blue)
residual errors as a function of &, . Simulation results are

in red.
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Frequency feedback with beam

The frequency feedback method is further analyzed
with light beam loading neglecting the fluctuations in the
beam current (0v, =0) and beam phase (dgp, =0). The
transfer function diagram is shown in Figure 1 with the
corresponding transfer functions. The resultant residual
amplitude and phase errors are

k, ok,
Sv(k, )= —,
—m+k TryQukuV k,
k(p —m
op(k,) = 5(/)(0)

m+k TT#Q#k#V k,

In the presence of beam and with well matched
coupling, the beam matching coefficient (m) varies in the
range of (0,1) and does not produce a significant effect on
residual errors. However, with the beam, the loaded
amplitude decay time (7 ) reduces leading the term 7k,

in a decisive fashion in residual amplitude and phase
errors. Subsequently 7k, needs to be optimized to reduce

the residual errors.

CONCLUSIONS

Electronic damping can be effectively used to damp the
effects of microphonics on the fluctuations of the cavity
frequency. The method is analyzed in detail and
analytical results are obtained for the residual amplitude
and phase errors that are in confirmation with the
simulations in [5]. In amplitude and phase feedback
coupling method the feedback phase shift needs to be
reduced in order to operate the system on resonance.
Frequency feedback method is introduced as an effective
way of damping the effects of microphonics. The
analytical results show that with the increase in the
frequency feedback gain, the residual amplitude error
increases while the residual phase error decreases; hence
feedback gain needs to be optimized to achieve optimal
residual errors. Further analysis with the beam confirms
that the frequency feedback gain requires controlling the
factor 7k, to reduce the residual errors.
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