
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

-1,000 -800 -600 -400 -200 0 200

Detuning (Hz)

E
n

e
rg

y
 C

o
n

te
n

t 
(N

o
rm

a
li

ze
d

)

CEBAF 6 GeV

CEBAF Upgrade

Klystron

Cavity

Loop
Phase

Limiter

Phase
Controller

Amplitude
Controller

Amplitude
Set Point

Phase
Set Point

Phase
Detector

Reference

Amplitude
Detector

2

2 2
( 1)

( / )
where   cos

opt

o

o o

f
b

f

I R Q Q
b

V

d
b

f

è ø
= + +é ù

Dê ú

=

SRF 2009                     Berlin/Dresden               September 2009



Å Why Control?

Å Cavity Equations

Å Control Systems

Cavity Models

Å Algorithms

Generator Driven Resonator (GDR)

Self Excited Loop (SEL)

Å Hardware 

Receiver

ADC/Jitter

Transmitter

Digital Signal Processing

Å Cavity Tuning & Resonance Control

Stepper Motor

Piezo



Å Cavity: what's the frequency and Qext

Å Pulsed, CW, both

Å Cavity Gradient

Å Lorentz detuning 

Å Field regulation

Å Residual microphonic background

Å Beam current

Å Klystron/IOT/amplifier effects

Å Other cavity pass bands

Å He pressure drifts

Å Fault Recovery

Donôt Over Build the Control System é.KISS

Phase Noise 

Spectrum

SNS Cavity 

Mechanical

Modes



Å Determines the feedback gain needed for operation

Å Determines the QL and the klystron power for lightly loaded 

cavities
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Microphonic Impact on  cavity 

power operating at 20 MV/m 

(100 mA of beam)

Å C100 = 5.3 kW

Å REN = 3.3 kW

Potential for cost reduction

Å Utility 

Å Power amplifier

Cryomodule design should 

incorporate features to 

reduce microphonics.

Microphonic

Detuning*

Renascence

(stiffened)

C100

RMS Amplitude (Hz) 1.98 3.65

6s(Hz) ~ Peak 11.9 21.9

*Data Taken in Same Environment
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Outward pressure 

at the equator
Inward pressure at 

the iris

ÅRF power produces radiation 

pressures :  P = (m0H
2ïe0E

2)/4

Å Pressure deformations 

produce a frequency shift : 

Df = KLE2
acc

The Quadratic relationship with 

Gradient becomes an issue at the high 

gradients (15+ MV/m) needed for new  

accelerators
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The simplest representation of a 

cavity is a parallel LRC circuit

Coupling to the cavity can be 

represented by a transformer and 

then reduced to the following circuit -11 1
Z=( + +jɤC)

R jɤL

CRLjɤt

c cV (t)=v e

CRLZGCRLZO

1:k

2

G OZ k Z=where

IG(t)

And the coupling bis defined
2

1

O

R

k Z
b¹

IG(t)

References: 1



Shunt Impedance ɋ
Loaded Shunt 

impedance
ɋ

Geometry Factor ɋ Intrinsic Quality Factor

Electric Field V/m Loaded Quality Factor

Electrical Length m Generator Power W

Cavity Frequency Hz Cavity Dissipated Power W

Stored Energy J Beam Phase

Coupling Coefficient Beam Current A

Tuning Angle Cavity Voltage V

Cavity Detuning Hz Cavity Bandwidth Hz

Static Detuning Hz Microphonic Detuning Hz
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Substitutions for L & C

2 2
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