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ACTIVE VIBRATION ISOLATION SYSTEM FOR CLIC FINAL FOCUS

G. Balik#, N. Allemandou, J. Allibe, L. Brunetti, J.-P. Baud, Beleglise A. Jeremie, S. Vilalte
LAPP, Annecy-Le-Vieux, France
B. Caron, C. HernandezZSYMME, Annecy-Le-Vieux, France

Abstract

With pinpoint accuracy, the next generation of Linear
Collider such as CLIC will collide electron and positron
beams at a centre of mass energy of 3 TeV with a desired
peak luminosity of 2*10** cm™s’. One of the many
challenging features of CLIC is its ability to collide
beams at the sub-nanometer scale at the Interaction Point
(IP). Such a high level of accuracy could only be achieved
by integrating Active Vibration Isolation systems (AVI)
upstream of the collision to prevent the main source of
vibration: Ground Motion (GM). Complementary control
systems downstream of the collision (Interaction Point
FeedBack (IPFB), Orbit FeedBack (OFB)) allow low
frequency vibration rejection. This paper focuses on a
dedicated AVI table designed for the last focusing
quadrupole (QDO0) where the specifications are the most
stringent. Combining FeedForward (FF) and FeedBack
(FB) techniques, the prototype is able to reduce GM down
to 0.6 nm RMS(4Hz) experimentally without any load.
These performances couldn’t be achieved without cutting
edge-technology such as sub-nanometer piezo actuators,
ultra-low noise accelerometers and seismometers and an
accurate guidance system. The whole AVI system is
described in details. Further developments concern the
integration of the final focusing magnet above the AVI
table, first as part of the simulation with its dynamical
model, and finally, as a realistic prototype.

INTRODUCTION

Linac (ML) which maintain the beam inside the vatuu
chamber to reach the required luminosity at the
Interaction Point (IP) (se&rreur ! Source du renvoi
introuvable.). The objective is to collide the electron and
positron beams at the IP with center of mass enef@y
TeV with a nominal luminosity of 2 x #bcm?s™. The
luminosity and the rate of physics events are tated to

the beam emittances (linked to the beam size) had t
relative beam-beam offset at the Interaction P@RX [3].

As the shape of the beam is elliptic (whose sizg #s0.7

nm ands, = 60 nm), requirements on the vertical position
of the beam are tighter (see Table 1). The desired
performances are expressed in terms of displacement
Root Mean Square (RMS), which is the integral & th
Power Spectral Density (PSD) of the signal x within
given frequency rang@), as detailed in equatiqa):

BMS, (i) = [[77, PSDDAf )

Table 1: Specifications of CLIC beam stabilization

Location Number of Vertical beam Lateral
magnets offset beam offset
. 1,.5nmRMS 5 nm RMS
Linac [4] 4000 @ 1 Hz @ 1 Hz
Interaction 0,2nmRMS 5nmRMS
Point [3] @ 0,1 Hz @ 1Hz

Note that the specification at the IP of the AVE®m is

Two linear colliders are currently under study by?-2 M RMS(4) as the IPFB should take over beldtz4

international scientific collaborations to explorew

energy region beyond the capabilities of the curren

particle accelerators: ILC (International Linearllcer)
[1] and CLIC (Compact Linear Collider) [2]. This per
is dedicated to CLIC which will accelerate electamd
positrons in two linear accelerators over a togalgth of

ACTIVE VIBRATION ISOLATION
SYSTEM
The future CLIC tunnel is obviously not yet opevatl,

so the reference Ground Motion (GM) is the one
measured at LAPP. However, the future acceleratthr w

about 48 km. The beam is accelerated and guidetksha probably benefit from better conditions, like tharge

to several thousands of accelerating structurestwaie

Hadron Collider (LHC) at CERN [5], safely shieldbg

dedicated to the acceleration of the particles @ t 50— 100 meters of rock below ground
required energy and heavy quadrupoles along then Mai
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Figure 1: Simplified layout of CLIC.
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Figure 2 shows the PSD and the RMS of the GMmodels of the different devices, the dynamic betraof
displacement at LAPP and at the Compact Muothe structures, the seismic disturbances, all kdetrenic
Solenoid (CMS) [6] experimental hall, one of theltihu noises and the numerical constraints due to the dat
purpose detectors on the LHC, representative of thwocessing, the analog-digital converters and ¢laé time
detectors of the future CLIC. Note that the gronmation  processing. For the AVI system, four controls ial téme

is the main disturbance of these focusing magnetis. are performed simultaneously, two FF using an
due to natural seismic motion (mainly observabléoat accelerometer and a geophone on the ground ané&Bwvo
frequencies) and disturbances due to human aesviin using an accelerometer and a geophone on the active
a large bandwidth starting from one Hz to a fewdreds support §ee Figure 4 and Figure 5).
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Figure 2: PSD and RMS of GM measured at LAPP and at
CMS detector.

The active vibration isolation system [7] is equédy
commercial products (seBigure 3). It is composed of
internal capacitive sensors for tuning, elastomstigs
for guidance and four coupled piezoelectric actusafor
action. The latter are produced by CEDRAT
Technologies (CTEC). This support is designed ithsal
manner that it is rigid to avoid spurious frequesdin the
interested bandwidth [1 — 300 Hz].

Capacitive ) Quadrupole
Sensors = Support

Figure 5: Prototype of the AVI system.

An absolute displacement of 0.6 nm integrated RMS a
4 Hz was obtained [9] (sdéigure 6). This great result,
even if it is not enough regarding the required CLI
specifications, is an important step for the ceiltid

Elastomeric strips Piezolectric -
for guidance Acmiafor research and development and more generally imtidor
) ) control field.
Figure 3: The developed active support. 1o
A specific active control was developed to mandge t
active support, excited by seismic disturbances atib 10°
nanometer scale. Such a system requires measugigg v § R N ;
small displacements on a large bandwidth. A selaabif g0 g
the best commercial sensors has been performean(s] g . | et e |
two types of sensors are used: the Guralp 6T gawsho §1° 3 >
and the Wilcoxon 731A accelerometers. The combnati . "] -~ Smuation - Ground Motion
of both sensors allows accurate measuring on thizedee | Dt - ool Mehon
Iarge bandwidth [1 - 300 HZ] ot —Experimental - Support Motion ( |
A very accurate and efficient simulation tool haei 10" 10° 10' 10°
Frequency [Hz]

designed to generate the control laws and canéx asa

powerful predictive tool. It takes into account afle Figure 6: Obtained results at a sub-nanometer scale.



FURTHER DEVELOPMENTS

Seismic sensors:

CONCLUSION

This study attempts to solve one of the most eiitic

) .. technical aspects of the future CLIC particle dgii In

All the developments have pointed out that thersi®is this prospect, a dedicated control strategy forugdo
sensors were the main limitation of the active SWPP motion mitigation is detailed. The control strategy
(See Figure 7a). This limitation is mainly due to the consists in the cumulative action of acceleration a

instrumental noise and to the model of the sensuctwis

velocity FF control combined with FB loops. The

generally not adapted for control. For these re®san performance of the control, defined by the ratio
seismic sensor is currently under development and FMScu/RMSsy (SM being the top Support Motion) is

patent under review. Different prototypes were pesed

about 5 at 4 Hz, leading to a RM®4) of 0.6 nm,

(SeeFigure 7b). The obtained performances are similar teomparable to the best stabilization strategiessiBee
the Guralp 6T at low frequencies while having aage \ays for improving performance in GM concerns the
measurement bandwidth, a more adapted model f@ensors’ limitations. Ongoing research efforts emate

control and a more compact size. It presents atsétys

on sensors with better performances for this deelica

of 0.66 Viim and' a noise of 0.5 nm integrated RMS a¢y,dy with the help of the validated simulation gram.
4Hz. The sensor's development will be pursued durinThe next step will be the conception and integratibthe

the next years.

dummy QDO on top of the support to address addition
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Figure 7: a) Performances limitation due to the sensors b)
Picture of a homemade seismic sensor prototype.
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ODO prototype

For budget reasons, the QDO magnet will not yet be
machined. Only a slice of it has already been prediby
CERN for various tests such as magnetic fields odah
analysis. However, a real scale structure (a “dumml
magnet”) will be designed and machined. The godbis
reduce the cost while maintaining the same main
characteristics (dynamic behavior, dimensions, load
Thus, an accurate knowledge of the dynamic behafior
QDO is required for machining and control purposes.
These two actions are in progress and the fingeneht
method (FEM) study of QDO magnet is already achdevel®]
(seeFigure 8). Furthermore, a state space representation
of QDO has been generated from FEM study and will b
used for control system design. [6

[7]

(8]

9]

Figure 8: Finite element study of QDO.

The dummy QDO magnet structure conception remains
to be done as well as integrating it in a complet
bench with the dedicated instrumentation and iate$.
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