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two horizontal geophone/actuator pairs provide the load stabilization in three dimensions 32.

The piezoelectric crystals used to counteract the load vibrations need to be loaded to work prop-

erly. The load on the vertical actuators is provided by the weight of the object to stabilize, whereas for

the horizontal actuators the load is provided by stiff springs that push the foot leg against the crystal

on the opposite side, as shown in Fig. 62. The need for a load on the piezoelectric crystal fixes a min-

imum load weight to be put onto each foot for the active damping to work efficiently and a maximum

load weight for the crystals not to break (see Table 14).

Table 14: Technical specifications of the stiff isolation system Stacis2000 by TMC.

Parameter Specification

Number of isolators 3 or 4
Active degrees of freedom 6
Active bandwidth 0.3Hz to 250Hz
Resonant frequency (active system) ≈ 0.2Hz
Resonant transmissibility 1.1
Dynamics range > 60 dB
Static load capacity per isolator 182 kg to 1590 kg
Maximum displacement 12 µm below 10Hz (peak-to-peak)

As shown in Table 14, the active system with three or four isolators has a resonant frequency of

0.1Hz to 0.3Hz depending on the load, with a moderately small transmissibility of 1.1. This should
not be a problem for the use of the system in linear accelerators because the resonant frequency is low

enough to be efficiently corrected with beam-based techniques, which for CLIC will be effective to

correct the motion up to about 4Hz. On the other hand, the system bandwidth is limited at 250Hz.
For higher frequencies the motion is amplified by the electrical noise in the feedback loop, as also

noticed in the studies related to the gravitational wave detectors [162], which have investigated the

Stacis2000 system as a possible device to damp ground vibrations. However, the amplitude of the

ground motion at these high frequencies is generally so small that the observed amplification up to a

factor of 5 from the isolation system is not relevant for linear collider purposes 33.
Note, that the stiff isolation system uses a stabilization method different from the standard active

and passive isolator systems, as discussed in Section 3.3.1. The active compensation of the measured

load vibrations makes use of a so-called “intermediate mass”, where the damping rubber is installed.

In the diagram of Fig. 62 the intermediate mass corresponds to the structure that includes the damp-

ing rubber and the foot leg. The piezoelectric actuators are directly fixed on the floor and act on the

intermediate mass, which is itself fixed to the load. This method proves [137] to provide a very good

damping of the vibrations in the 0.2Hz to 20Hz frequency range, where the active system is very ef-
fective. Load frequencies above 20Hz are instead damped passively by the rubber of the intermediate
mass. The performance of this method is discussed later in this section and is compared with what

is achieved with the PEPS-VX system, which instead uses the standard stabilization techniques (see

Section 3.3.1). A drawback of the Stacis2000 design is the limitation of its operating range by

the maximum elongation of the piezoelectric crystal, i.e. 20-25 µm. This prevents a large scale of the
32Unlike in the scheme of Fig. 62, three piezoelectric crystals are actually used for the vertical stabilization in order to

support the weight of the load
33This is not the case for the studies of the gravitational waves, where a stabilization to the femtometre level (10−15m)

is aimed for [163].
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1. Introduction

  Advantage/Disadvantage of the use of 3 isolators instead of 4:   

 Better ground-to-table transverse and longitudinal transmission

               Slightly worse vertical stability

Adopt the four feet system because vertical tolerances tighter than the 
horizontal ones

  Resonant frequency (active system): 0.4Hz but depends on the load

Presentation of the system

  Active degrees of Freedom: X, Y, Z directions, roll, pitch and yaw
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3. Vibrations of the active table

 Above 0.8Hz: Damping on the table 

       Factor 7 of damping above 1.5Hz

Vertical direction: integrated RMS

 Below 0.8Hz: Amplification on the table 
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3. Vibrations of the active table

 From 0.1Hz to ~0.8Hz: Amplification on the table in the 3 directions

         Vertical direction:  up to a factor 1.5 of amplification (at 0.6Hz)

 Above ~0.8Hz: Damping on the table in the 3 directions

      Vertical direction: factor 0.15 of damping at 1.5Hz

Summary: Transfer function of the table integrated RMS



0.1 1 10
0.01

0.1

1

10
 I
T
a
b
l
e
(f

) 
/
 
 I
G
r
o
u
n
d
(f

)

Frequency, f [ Hz ]

Vertical

Longitudinal

Transverse

Figure 73: Table-to-ground ratio of the RMS motion, ITab(f)/IGrd(f), versus frequency, f , when the
honeycomb table is mounted on the stiff isolation system. Vertical (solid line), longitudinal (dashed)

and transverse (dotted) directions are shown. Measurements are performed with one low-frequency

geophone and not simultaneous. The ground spectrum is assumed to be the same for the two data

sets, which should be a good approximation at low frequencies. On the other hand, differences above

approximately 1Hz are more likely because the ground motion in this range is strongly affected by
the cultural noise. This might explain the differences with respect to the results in Fig. 70.
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Figure 72: Square root of table-to-ground ratio of vertical power spectral density,
√

PTab(f)/PGrd(f),
versus frequency, f , when the honeycomb table is mounted on the stiff isolation system. Measurement
are performed after the working hours with one low-frequency geophone with a delay of 15 minutes
(the total measurement time is 10 minutes). The ground spectrum is assumed to be the same for the
two data sets, which should be a good approximation at low frequencies.

The square root of the table-to-ground ratio of vertical power spectral densities is shown in Fig. 72.

The ratios of the RMS motion in the three dimensions are given in Fig. 73. The vertical transmissi-

bility is good below 1Hz: no significant amplification of the ground motion is observed. On the
other hand, longitudinally the motion below approximately 0.1Hz is amplified. Transversally, a large
amplification is observed below 1Hz.

It is noted that the stiff stabilization system Stacis2000 was found to be very sensitive to

electromagnetic waves. For instance, mobile phones working close to the table induced instabilities

on the active system and spoilt the stabilization performance. Thus, some kind of screening of the

isolators must be foreseen for applications in the particle accelerator domain.
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Figure 73: Table-to-ground ratio of the RMS motion, ITab(f)/IGrd(f), versus frequency, f , when the
honeycomb table is mounted on the stiff isolation system. Vertical (solid line), longitudinal (dashed)

and transverse (dotted) directions are shown. Measurements are performed with one low-frequency

geophone and not simultaneous. The ground spectrum is assumed to be the same for the two data

sets, which should be a good approximation at low frequencies. On the other hand, differences above

approximately 1Hz are more likely because the ground motion in this range is strongly affected by
the cultural noise. This might explain the differences with respect to the results in Fig. 70.
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MONALISA Oxford university



Attaching CSM: Shintake Monitor

• What do we want to monitor:
• Monitor motion (angular 

vibrations) of “intersection 
mirrors”
– Its already a mirror
– Has to be done in air (Requires 

close distance monitor)
– Needs to correlate the motion 

measurements of the two  mirrors.

• Monitor off-axis camera
– Easier setup
– Mor indirect measurement



Attaching CSM: Focusing Magnet

• Unsolved Problem on how to 
monitor magnetic centre of 
focusing magnet.
– Attach CSM to one point of 

magnet
– Use several distance metres to 

monitor breathing of magnet
– Correlate with temperature 

measurements

Retro Reflectors

CSM



installation schedule
• Oct. 2008 ~ Mar. 2009

• beam line comissioning

• Shintake monitor comissioning

• continue IP-BPM development at the device 

test section

• Apr. 2009 ~

• move to IP area

• a new alignment mover is needed because 

the FFTB mover will be used for a magnet

• IP-BPM mode

• shift the IP at the center of IPBPM quartet

• Shintake mode

• calibrate (check resolution) BPM inside the 

collision chamber using the IPBPM 




