
Si; '' " **' 
SLAC-PEP-NOIB—26 9 

FEB 0 J 'IsSua 
DE89 006238 

Damping Coherent Phase Oscillations by Means 
of Path-Length Modulation 

John R. Rees 

Introduction 
riulti-bunch storage rings and synchrotrons are typically plagued by 

a tendency for the bunches to indulge in unstable coherent phase oscil
lations engendered by their electromagnetic interactions with the vacuum 
chamber. In many machines feedback systems have been used successfully 
to damp these oscillations using a signal proportional to the coherent 
phase motion or the concomittant energy motion to control an auxiliary 
longitudinal electric field. The purpose of this note is to describe 
an alternative feedback system which, using the same kind of a signal, 
modulates the path length of the orbit of the reference particle (the 
synchronous particle in the absence of coherent phase oscillations) in 
such a way as to damp coherent oscillations. 
The Method 

For the purpose of Illustrating the method, we may direct our at
tention to a storage nng containing only a single bunch and stipulate 
that the path-length modulation is achieved by a controlled beam bump 
produced by two fast magnets, or kickers, located exactly one-half radial 
betatron wavelength apart. These kickers are powered so as to produce 
a radial orbit distortion in the half-wavelength region between them and 
none whatever outside that region. See Fig. 1. The amplitude of this 
bump may be varied from one passage of the bunch to the next in response 
to the feedback signal. We further stipulate that some of the ring bend
ing magnets l ie within the beam bump so that the net path length for the 

•>ference particle through the bump varies with the amplitude of the bump 
in f i rs t order. Let us call the Increase of net path length due solely 
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to the controlled bump 6% remembering that it is a variable dependent on 
a feedback signal. 

In the development to follow we shall use the notation of Sands.*1' 
Equation (3,32) states that for any particle in an ordinary electron 
storage ring 

di I 
d t E o 

Summing over all particles in the bunch and prohibiting "internal" co
herent phase motion (with which this kind of feedback system is not de
signed to cope) we find that the same equation applies if T and e are In
terpreted as the mean time and energy displacement, respectively, of the 
bunch due to coherent motion. Henceforward, we shall so interpret these 
symbols. With the introduction of the controlled beam bump the equation 
is modified to read 

d* = _a_i fis. CD 
dt E 0 L 

Confining ourselves to small-amplitude oscillations since we expect to 
damp them anyway, we adopt Eq.(3.4Q) from Sands neglecting the radiation 
term which would only lead to enhanced damping 

A. = _eV_i 
dt T Q 

Combining this equation with Eq.(l) above we get 
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Nfrich tells us ininediately that 6s must be made proportional to £ by the 
feedback signal if it is to effect damping. If it were made proportional 
to £ It would shift the frequency of coherent oscillation but not enhance 
the damping. The coherent damping rate ap due to the feedback system is 

- - 6 S (3) 
2L T 

It may also be useful to introduce a dimension!ess gain of the system as 
the quotient of the time displacement in one turn due solely to the bump 
and the instantaneous net time displacement of the reference particle 

2CT h ° 

Another important quantity is the maximum value of 6s required of the 
bump to deal with a coherent oscillation of amplitude •£„.«„. 

* smax = 2 L a F I ^ K . ^ 

In PEP we may typically be dealing with instabilities having anti-
damping coefficients of the order of 1000 sec - 1 according to Reference 
2, and T = 7.3 x 10" 6 sec. To control such a growth rate in a PEP-Uke 
model ring, ap % 1000 sec"* and 

G % 1.4 x 10-2 . 

The rms bunch length will be of the order of 2 cm which corresponds to 
an rms time width 0( = 67 x 10* 1 2 sec. On the basis of SPEAR experience 
I choose as the maximum coherent amplitude with which the feedback 
system has to deal 
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~max = 3 °t = °" 2 x 1 0" 9 s e c-
According to Eq.(l5) then the path-length increment required of the bump 
will be 

6 smax s °' 8 S x 1 0" 3 ^ , 

L heing taken to be 2200m. 
To summarize our results thus far, we have found that in a PEP-$1ze 

model storage ring with a single PEP-size bunch, we can introduce damping 
of coherent longitudinal bunch motion through path-length modulation by 
means of an Ideal beam bump. To achieve a damping time of 1 millisecond 
we need a gain parameter as defined in Eq.(4) of 1.4 x 10~2» and to 
handle oscillations of time amplitude as large as 0.2 x 10~9 sec, which 
correspond to phase oscillations of amplitude 25 degrees at the PEP 
radiofrequency of 353 MHz, the bump must produce a path-length variation 
of the reference orbit of 0.88 millimeter. 

The Beam-Bump 

What sort of a beam bump do we need to accomplish this? The form 
of the radial excursion within the bump is 

x b (s) = 6 &Q

h &\s) s i n * ( s ) , (6) 

where 6 is the angular deflection produced by the initial kicker where 
the betatron function is $0. This excursion creates a variation to the 
first order in x D in the circumference of the reference orbit given by 

— 5 <js. (7) 
Dump ^ s ) 



A beam bump in a straight section where the bending radius p is infinite 
does us no good, so we must contrive to produce the bump in a curved 
section packed with bending magnets. Assuming we can do that, 

e &0

H / B*W sin *(.s) ds. (8) fis 
• u 

bump 

For estimating purposes we shall take the betatron function as constant 
at a typical value ~& in the bump and noting that ds = 0d$ write our 
estimate 

_ 2 - * 
6s = J L J t _ I s in <t> d4> (9) 

where E" is a sort of mean local bending radius to take account of the 
fact that the spaces between bending magnets do not contribute to the 
in tegra l . Our estimate then is 

_ 2 
«s = 2 8 g , {10} 

so 

R 6 S m,» 

2 & 

specifies the maximum deflection angle the kicker needs to produce. 
Note also that in these approximations the amplitude of the beam bump 
is 

SSS_ . (i 2) 
2 J 
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For our PEP-like ring I shall use 

J = 15 m, 

tf = 240 m. 

for which 

e B 0.47 x 1Q"3 

"max 
—3 aKn»- a 7 x 10 m . o max 

Looking at the last figure f i r s t , the amplitude of the bump is small 
compared to the horizontal aperture, so the feedback system does not 
require much extra aperture. Of course, i f the damping is successful 
such large amplitudes, should they be created, would last for only a 
fraction of a millisecond. The maximum angular kick required e m = „ . 
while not t r i v i a l , does not seem formidable, especially 1n view of the 
fact that the most pernicious instability growth rates are expected at 
the lowest beam energies where the beam is easiest to bend. For ex
ample, at 5 GeV an angular kick of 0.47 milliradian is produced by a 
magnetic field-length product of 80 gauss-meters. 

Remarks 

I conclude that the feedback system described here is probably 
feasible in an idealized PEP-like storage ring; however, it would be 
remiss not to acknowledge several difficulties in realizing a system 
based on the idea presented here in an actual storage ring. For one 
thing, it will be hard to find space along the orbit for the kickers 
in the arcs which tend to be crowded with equipment already and even 
harder to find two spaces near enough one half a betatron wavelength 
apart. Moreover, if the horizontal phase-&h1ft-per-cell is varied, 
a fixed pair of kickers does not remain at the proper separation. 
These difficulties might be ameliorated though by the use of a single 
controlled kicker which excites damped betatron oscillations the sum 
of which produce, on any turn, the desired path-length variation. 
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Another difficulty - or more precisely a complication - 1 S the applica
tion of the method to a multi-bunch beam with I ts several normal modes 
of coherent rigid-bunch oscillations. And I am sure there are other 
diff icult ies. Nevertheless, 1 believe the method of path-length modu
lation has promise and deserves further investigation. 
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