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Abstract 

To avoid loss of luminosity, most linear collider schemes 
require a very low mechanical jitter tolerance for the 
quadrupole magnets in the main linac. Typical values 
are an rms vertical vibration level below 40 nanometers 
for frequencies beyond 2 Hz (S-band linear colliders) or 5 
nanometers for frequencies beyond 9 Hz (X-band), respec- 
tively. As these values are unlikely to be achieved in an 
active linac environment, some means of vibration damp- 
ing will be necessary. The associated issues are being ad- 
dressed as part of the DESY S-band Test Linac activities. 
Methods of measuring the motion of magnets, compensa- 
tion techniques, and feedback algorithms are being inves- 
tigated. The first results are presented here. 

1 INTRODUCTION 

To achieve high luminosity of some 1033cm-2s-’ in a fu- 
ture linear collider which will be operated at a repetition 
rate of 50Hz (e, g. DESY S-band [l]) to 150 Hz (JLC X- 
band), beam dimensions will have to be reduced to some 10 
nanometers vertically and some 100 nanometers horizon- 
tally at the interaction point (IP). These beam dimensions 
require very low mechanical tolerances for the uncorrelated 
quadrupole jitt,er cr9’ which can be writt,en as 121: 

- 

uq = 0.25 % Bend c1 

rvg’cos-l 2 

where 6 ?? Y’ end’ N, are the actual emittance at the end 
of the linac, the average P-function of the last FODO 
cell, and the total number of quadrupoles in the linac. 
respectively. p is the (constant) phase advance per cell. 
Since amplitudes of fast ground motion are 5 to 10 times 
larger than the vertical tolerances, it would be unlikely to 
collide the beams without using any correction method. 
This paper describes different compensation schemes to 
overcome the problem of vertical ground motion acting on 
quadrupoles in linear colliders. 

2 SUPPORT PHILOSOPHY 

For compensation purposes, the spectrum of ground mo- 
tion can be splitted into various frequency domains, each 
of them requiring different compensation schemes. 
While for compensation of slow ground motion (f _< 
0.05.frep) beam based orbit stabilization can be employed. 
a different method has to be considered for higher fre- 
quency components. 

Figure 1: Concrete quadrupole support prototype. The 
ruler indicates 1 m. 

One considerable attempt to compensate fast ground mo- 
tion consists of a passive damping system with a resonance 
frequency wg well below 2 Hz (DESY S-band) which leads 
to an attenuation of vibration amplitudes proportional to 
U* for frequencies w >> we. This would result in vibration 
isolators with a quite small spring constant. Consequently, 
the compliance (i.e. the response to direct excitation of the 
support top) of such a system would be very large, and the 
absolute position would not be defined with sufficient ac- 
curacy. Therefore passive damping is applicable only in 
the high frequency range (f > 100 Hz). 
To avoid excitation of inherent support resonances, it must 
be sure that no internal resonances below this limit are 
present. To achieve this, a very stiff support structure 
with high internal damping has to be designed. Together 
with the premise of low cost, an iron enforced concrete 
structure has been built. 
To avoid amplification of ground motion in the horizontal 
direction, a high horizontal resonance frequency is neces- 
sary, which can be achieved by a triangular cross section 
of the support. 
These considerations lead to the support design shown in 
figure 1. 
For the compensation of fast ground motion in the 2 Hz to 
100 Hz range, an active feedback system is under study. It 
consists of a highly sensitive motion sensor measuring me- 
chanical vibration of each quadrupole and a piezoelectric 
actuator tilting the magnet around its transverse axis in 
order to keep its centre at rest. This is shown schemati- 
cally in figure 2. Geophone type sensors applicable in such 
a feedback system have been successfully tested. 

It is obvious that, once this scheme has been demon- 
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Figure 2: Scliematic view of feedback system to compen- 
sate fast ground motion. 
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Figure 3: Two instruments with transfer functions If i and 
H:, responding to the same signal u(t). V(s) is the Laplace 
transform of the input signal. 

strated to work, one can alternatively consider correctloll 
dipole kicks instead of mechanical feedback. 
To summarize this, the considerations inentioned at)ove 
result in three frequency domains requiring different con- 
pensation techniques: 

l f<2Hz- beam based orbit stabilization, 

. 2 Hz < f < 100 Hz -+ active mechanical stabilization, 

l f > 1OOIIz - passive vibration absorption. 

3 METHOD 

The noise of various types of seismometers and the dynnm 
ical properties of the support structure have been mea- 
sured. Due to the relatively large signals from ambient 
ground motion, two seismometers have been used, and MI 
analysis of the coherence of their signals has been made. 
The method is described below, followed by the results 
Consider a general system shown in figure 3 consisting of 
two instruments, transfer functions ff i and H2 1 responding 
to the same input u(1). The two outputs r(l) and y(L) con 
sist of the input signal u(t), transferred through the one 01 
the other instrument, and a certain amount ofnoise (ni(t), 
n*(i)) which is added to each of these ideal signals. 
By using the Laplace-transformation, one can write these 
relations as 

X(s) = Ml(S) U(s) t Nl(S) (2) 

Figure 4: Equivalent model for coherence study. 

Y(s) = H*(S) U(s) + Nl(S), (3) 

where X(s) is the Laplace-transform of z(t), etc. HI(S) 
and Hi are the transfer functions of the one or the other 
instrument, respectively. 
This can be rewritten as 

Y(s) = H(s) X(s) + A’(s), 

with H(s) = H2(s)/H,(s) and N(s) = No 
N,(s). This is shown schematically in figure 4. 
The coherence function r2 is defined as [4] 

I%/* 
-r2 = cp,,~y, 1 

with 

az3. = X(w) Y(w), 

ayv = Y(w) Y’(w), 

a& = X(w) ‘Y’(W), 

where X(W) is the Fourier-transform of z(l). etc 

(6) 
(7) 

(8) 
,, 

Since 1’ = 1 for a single measurement, one has to take 
into account the average spectra of many measurements. 
For this reason each time series has to be divided into 
overlapping segments, the optimum overlap being 62.5% 
[5]. Then these segments are Fourier-transformed using a 
Hanning window and averaged over all spectra obtained 
from the various time signal segments. 
Utilizing the averaged power spectra ;i;,,, q,,,, and m,,, 
one gets the following relations: 

(4) 

M(s) 

(5) 

II = p; (9) 

5”, = m;;- jH12;i;,,, (10) 
5>;,, = myv .-y*, (11) 

p = ;i;rrIN/2 
&” (12) 

-r* 
- jq?- 

where a,,,,, aas, /T are the noise power spectrum, signal 
power spectrum, and the signal-to-noise ratio, respectively. 

4 RESIJLTS 

Geophone type motion sensors manufactured by KEBE 
Scientific Instruments have been used in the tests. A Bode 
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Figure 5: Bode plot of the transfer function of the KEBE 
geophone plus preamplifier. 

plot of the transfer function of the geophone plus prearn 
plifier is given in figure 5. 
Each coherence function was obtained by averaging over 
20 spectra sampled at 1 kHz, each segment consisting of 
2048 data 
The noise of the KEBE seismometers has been obtained 
from the measurement of the coherence of two seismome- 
ters placed side-by-side. The relative transfer function, N, 
is expected to be 1, and the rms noise is given by the func- 
tion 8,“. 
Figure G shows the coherence function y2 of two geophones 
placed side-by-side. As seen in the picture, the outputs 
of the two geophones are nearly perfectly correlated in 
the 1 Hz to 300Hz range, which corresponds to a large 
signal-to-noise ratio p (eq. 13). The rms noise in this fre- 
quency range, given by the integral of a”,,, is approxi- 
mately 1.1 nm, which is well below the quadrupole jitter 
tolerance. Therefore these sensors might be applicable for 
feedback purposes. 
The transfer function of the prototype support has been 

determined from the coherence function of two seismome- 
ters, one placed on top of the support and the second on 
the ground. This support (weight 260 kg) was placed on 
four rubber feet of a total area of 60cm’. The resonance 
frequency of the whole system (support plus rubber feet) 
was determined by measuring the complex transfer func- 
tion II (Eq.9) with one sensor placed on the ground, the 
other on top of the support. Figure 7 shows the measured 
resonance frequencies for different rubber feet thicknesses, 
the rubber area being 60 cm’, 
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Figure G: Coherence function 7’ of two KEBE geophones 
placed side-by-side. 
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Figure 7: Measured mechanical resonance frequency wa 
versus rubber thickness d. 
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