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Abstract quadrupole magnets are defined between 420 mm and
To reach the design luminosity of CLIC, thel915 mm length. The main and drive LINAC are mounted

movements of the quadrupoles should be limited to tH¥ Separate supports. The main beam quadrupoles are
nanometre level in order to limit the beam size angupported independently from the ACS girders by micro-
emittance growth. Below 1 Hz, the movements of thBovers on a separate support. The mechanical connection
main beam quadrupoles will be corrected by a bearfif the beam vacuum chamber between ACS and MBQ
based feedback. But above 1 Hz, the quadrupoles shoiRnce requires flexibility.
be mechanically stabilized. Both ACS and MBQ need to be aligned to the micron
A collaboration effort is ongoing between severalevel to reduce emittance growth. After an initial pre-
institutes to study the feasibility of the “nano-alignment, ACS and MBQ will be aligned with respect to
stabilization” of the CLIC quadrupoles. The stud)lhe beam. This fine alignment to the micrometre of the
described in this paper covers the characterization MBQ is based on the reading from beam position
independent measuring techniques including optic&fonitors (BPM) that are fixed to the MBQ [2].
methods to detect nanometre sized displacements and\fter alignment, the mechanical jitter of the
analyze the vibrations. Actuators and feedback algorithrfgladrupoles should be stabilized to 1 nm vertical and
for sub-nanometre movements of magnets with a massfm lateral integrated root mean squared (R.M.S.)
more than 400 kg are being developed and tested. Inpuglisplacements above 1 Hz [2][3].
given to the design of the quadrupole magnets, theBelow 1 Hz, the jitter of the quadrupoles can be
supports and alignment system in order to limit th&easured by the BPM. The beam based feedback [2]
amplification of the vibration sources at resonangould be made with corrector dipole magnets. Another
frequencies. A full scale mock-up integrating all thesgolution currently under study is to move a subset of the
features is presently under design. Finally, a series MBQ with mechanical movers by steps of about 5 nm.
experiments in accelerator environments shoulfi€zo actuators are at the moment the most used

demonstrate the feasibility of the nanometre stabilizationfechnology that can make this possible. The limit of 1 Hz
for such beam based feedback depends on the precision

INTRODUCTION and band width of the components and could vary.
To study the stabilization, an integrated approach of the

study, electrons and positrons will be accelerated in my&hole control system needs_ to be made: The structure, its
tuators and sensors will be submitted to external

linear accelerators to collide at the interaction point at . ;
P Isturbances that are studied. The behavior of the

energy of 0.5-3TeV. The total length of 13 km of th i
0.5 TeV linear collider can be extended to 48.3 km for th%uadrupole magnets on the support and alignment system

3 TeV collider. The RF power to accelerate the mail? characterized. The combined understanding of the

beam will be extracted from a low energy, high intensit bove components will influence the choice of the control
drive beam, running parallel to the main beam. Most edback law. Finally, the performance of such a control

the length of the two parallel LINAC is composed ofystem should be measured by an independent method. To

repeated 2 metre long “modules” with Acceleratinfgamonsnate the control system, a mock-up of a CLIC
Structures (ACS) in the main beam that are connect n bea_m quad_rupolt_a on its support and alignment
through waveguides to the Power Extraction and Transfay>em will be built. This chk-up includes a prototype
Structures (PETS) in the drive beam IE_I!;QAE El]' To reachagnet of 1915 mm length with a water cooled coil.

the required luminosity of 2.3-5.9.T6m“s™ at the

interaction point, the transverse beam dimensions at the AN INTEGRATED APPROACH

interaction point should be 1 nm in vertical and 40 nm iDjsturbances

the horizontal direction. For this, the main beam should
be kept small and to this effect about 4000 modules will
contain a quadrupole magnet. Four different types

In the Compact Linear Collider (CLIC) currently under

Dynamic mechanical disturbances acting on the
adrupole magnets are composed of ground motion and
orces acting directly on the quadrupole. Recent ground
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motion measurements are described in [3] and thweould be very sensitive to small forcegdirectly acting
integrated R.M.S. ground motion at 1 Hz is of the order @ the MBQ and is hardly compatible with the stringent
some nanometres. The so called micro-seismic peak at @ligpnment requirements. The chosen rigidity is not
to 0.2 Hz had an amplitude of 0.1 to 1 micrometre andirectly compatible with the stiffness of piezo actuators.
this ground motion is coherent over a length of severe — ,»__ ; ; ;
kilometres. The ground motion is transmitted through th \ - A 3 — Ground
support, the alignment system and the stabilization syste ke TN : | e
to the quadrupole. Forces acting directly on the @i Fbk
quadrupole will be transmitted through the beam pipe ~~~Fblk+Ffd
power leads with cooling water pipes and by acousti

pressure [4], not negligible for this level of required
stability.

[m®/Hz]

Transmittance

For a first approach, a single degree of freedom (d.o.f e : : : : L
oscillator (Fig.1) representing one sixth of the quadrupol — w*p it et 1
mass (m=393/6 kg) mounted on a single vertical suppo Hi ' ' :
is modeled. The alignment is treated as very rigic

compared to the stabilization stage. T BT BT ‘ e
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Figure 1: Model of a stabilized system with a single d.o.f

Figures 2 and 3 show respectively the Power Spectr
Density of the ground excitation considered for the stud
and the integrated R.M.S. displacement. The level of tF
seismometer noise is also shown in the same figures. Tt
noise level was however not yet taken into account in tr
results below. o L e SN

The vertical displacement x of the mass resulting fror .. TR T R

the ground motion w can be written as: ' Frequency [Hz]
2
cI)X(f) = ’va( f )‘ q)W( f) @ Figure 3: Integrated R.M. vertical displacement
Tw(f) is the transmittance of ground motion (o the the first control strategy considered for active
mass m. stabilization is asky-hook feedback control [6] [7].

_ The objective of the stabilization is to have arkegyits shown (Fbk) in figure 2 and figure 3 have been
integrated R.M.S. displacement at 1 Hz smaller thafyqined using a gain g=5*c. While capable of removing

1nm: the overshoot at the resonance, it does not provide a
2 sufficient reduction of the integrated R.M.S. at low

o, = ICI)X(f)df <1nm (2) frequencies. To improve these performances, a second
1 strategy offeedforward, has been implemented. Taking

For the results below, the rigidity of the support irdvantage of the ground excitation measurement, it
vertical direction was chosen as®1B/m to have a consists in applying a force counteracting the ground
support resonant frequency around 6 Hz [5]. Five perceexcitation. Results (Fbk + Ffd) are shown using a
damping was chosen (c=256 Ns/m). Above the resonagampensation of 80% and sensors with a cut-off
frequency, ground motions will be attenuated. Below thdtequency of 0.1 Hz. The results indicate that the
frequency, the passive suspension cannot provide aggmbination of both feedback and feedforward could
isolation and the integrated R.M.S. at 1 Hz is higher thegiabilize theoretically the quadrupole at the desired level.
the ground motion. A support with a lower stiffness could In parallel, a prototype was built to test the combination
seem more advantageous but a low stiffness suppoftactive and passive isolation. It is composed of four
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passive feet supporting a mass. In addition, a triangulgfgependent way to demonstrate the performance of the

plate is controlled by three piezo electric actuatorgiQ stabilization.

(CE_D_RATTM)' . _ ~ The actuators and transducers and any components near
Finite Element (FE) simulations were performed ifhe quadrupole to be stabilized should finally be evaluated

order to verify the Eigen frequencies of the magnet yokg 5 real accelerator environment to estimate the influence

The first resonant frequency corresponding to the firgf radiation, magnetic fields and other possible factors on

bending mode is situated at 249 Hz. Furthermorgne performance and life time of the components.
different support positions were simulated in order to

minimize the sag due to deformation on self weight. The CONCLUSIONS

simulations showed e.g. for a set-up with four actuators o

that a minimum sag of 1 um can be reached by supporting! h€ stabilization to the nanometre level of a 2 m long
the magnet at two places at a distance of L/4.7. In &-!C main beam quadrupole should be demonstrated on
improved model, this 3D FE model of the quadrupol@ full scale quadrupole mockup, currently under design.

mounted on active supports will be included. Correlatefh€ characterization of the disturbances and the

capabilities will also be taken into account. FinallyReference benches are built to calibrate broadband

combinations of the above mentioned strategies wiffismometers and seismic accelerometers for low level

are also under study to reduce the control budget. low level signals. Different cordl strategies are tested in
a model that is gradually improved upon availability of
Actuators and Transducers characterization results. The combination of passive

gamping, feedback and feedforward allow in the model to
a?%ach an integrated R.M.S. vertical displacement of 1 nm

a well established technology and are commerciallynvert'cal direction. This model should however still be

available but for loads at least 10 times smaller than proved ‘and should e.g. include the effect of

required for the MBQ stabilization. The actuators are buiwstrumental noise. The physical implementation of the

with flexural guides to ensure precise movements. Sugﬁosen parameters S.hOUId be venfu_ed. The c_h0|ces that
flexural guides need to be designed for the CLI ield the best results in the model will be applied on the

quadrupole actuators in order to obtain the requir H” scale quadrupole mockup. Independent measuring

support rigidity. To avoid depolarization or damage to th echnigues should then measure the obtained performance

piezo the guides should also support part of th%fthe stabilization system.
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Actuators based on PZT piezo ceramics, with
precision of 0.1 nm for a range of several micrometres
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