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Abstract

The Compact Linear Collider (CLIC), presently under study at the European Organization for
Nuclear Research (CERN), aims at colliding high-energy “nanobeams” at aluminosity of 10* cm?s™.
Vibrations of the lattice elements, if not properly corrected, can result in aloss in performance by
creating both unacceptable emittance growth in the linear accelerator and relative beam-beam offsets
a the interaction point. Of particular concern are the vibrations induced by the accelerator
environment. For example, the circulating water used to cool the lattice

guadrupoles will increase magnet vibration levels. In the framework of the CLIC stability study,
in-situ measurements of quadrupole vibrations have been performed at the CLIC Test Facility 2
(CTF2) with all accelerator equipment switched on. Since the CTF2 quadrupoles and their alignment
support structures are realistic prototypes of those to be used in the CLIC linac, the measurements
provide a redigtic estimate of the CLIC magnet vibrations in a redlistic accelerator working
environment.
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In-Situ Vibration M easurements of the CTF2 Quadrupoles

W. Coosemans and S. RedaellCERN, Geneva, Switzerland

Abstract

The Compact Linear Collider (CLIC), presently under
study at the European Organization for Nuclear Research
(CERN), aims at colliding high-energy “nanobeams” at
a luminosity of 16°cm=2s~!. Vibrations of the lattice
elements, if not properly corrected, can result in a loss
in performance by creating both unacceptable emittance
growth in the linear accelerator and relative beam-beam
offsets at the interaction point. Of particular concern are
the vibrations induced by the accelerator environment. F
example, the circulating water used to cool the lattic
guadrupoles will increase magnet vibration levels. In th
framework of the CLIC stability study, in-situ measure-
ments of quadrupole vibrations have been performed at the|, this paper, the results of the CTF2 measurements are
CLIC Test Facility 2 (CTF2) with all accelerator equipmenty egented. In Section, the experimental set-up is destribe
switched on. Since the CTF2 quadrupoles and their alighi§ the basic notation for data analysis is given. In Sec-
ment support structures are realistic prototypes of those fio, | the measurement results performed in various condi-
be used in the CLIC linac, the measurements provide a rgang are discussed. In particular, the effect of coolingawa
alistic estimate of the CL.IC magnet vibrations in a reatisti 54 electronic equipment are quantified by comparing mea-
accelerator working environment. surements performed before and after the CTF2 shutdown.

Some conclusions are drawn in Section .

(Izrigure 1: CTF2 accelerator where measurements are per-
iormed. White circles show the geophone installation.

INTRODUCTION

The second CLIC Test Facility (CFT2) was built to EXPERIMENTAL SET-UP
demonstrate the feasibility of the two-beam acceleration 5 gector of the CTF2 accelerator is shown in Fig. 1.

scheme aB0 GHz with high current drive beams [1], \jpration measurements were performed without beam
which the Compact Linear Collider [2] relies on. Thep : with all the machine equipments powered. The

CTF2 accelerator was operational until Decembef quadrupoles, together with the transfer line of the drive

2002 and was located on the CERN Meyrin site, in a buildseam jinac and several other equipments, are located on top
ing at the ground'level close to gtregts, parklng lots, ddficeyt 5 concrete support (girder), which is glued on the con-
and normal working areas. In-situ vibration measuremenigee fioor of the CTF2 building. Two or three quadrupoles
of CTF2 girders and lattice quadrupoles were performeg.q fixed on a common steel plate which sit on the align-

during the accelerator operation and shortly after the fingh o support. This is a complex structure, not optimized
CTF2 shutdown. ) o against structural vibrations, with 5 stepping motors that
The CTF2 lattice quadrupoles are resistive magnefgign the position of the magnets with respect to a reference
cooled with circulating water and have the same Ccrosgyretched-wire system [4]. Only the longitudinal direatio
section as the ones foreseen for the CLIC linac [3] but afg |eft uncorrected since it does not require on-line align-

6 to 25 times shortergcm instead ofi6cm t0208cm).  ment during operation. A similar system is envisaged for
Therefore, in-situ measurements of the CTF2 magnets prgye cLiC linac quadrupoles.

vide a measure of the quadrupole vibrations in a real- \;pration measurements were taken simultaneously on
istic accelerator environment. Nevertheless, it must bme floor, on the concrete girder and on top of two

noted that the designs of the CTF2 quadrupole and @f,5qrupole doublets by means of high-resolution seismo-

its alignment support were not optimized against struGyetric geophones The equipment for vibration measure-

tural resonances nor were particular precautions taken (0. ts \was setup in the framework of the CLIC Stabil-

isolate/reduce sources of motion such as vibrating watﬁg/ Study, as reported in detail in [5, 6]. Here, the basic

pumps, powering systems and installations for the drivgsotation for data analysis is briefly reviewed. The geo-
beam line. The underground environment of CLIC Mustones measure the vibration velocityz,,), at the dis-

and_W|II _be designed to optimize all these potential sourcggete times',, = nAt, with n = 1,2,...N. The sampling

of vibrations. time At is typically set t00.001s. The geophones have a
*Work done in the framework of a PhD program at the University o SUD-nanometre resolution in tHé+z tq 315_HZ frequency _

Lausanne, CH, High Energy Physics Institute (UNIL-IPHE). range. The error on the sensor calibration has been esti-
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Figure 2: Vertical power spectral densit#,(f), versus Figure 3: Vertical RMS motion]( f), versus frequency,
frequency,f, as measured on the ground and on a CTFas measured on ground, girder and quadrupole doublet.
guadrupole with accelerator equipment switched on.
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mated independently of the manufacturer’s calibration to
be below the 10 % level [6]. The power spectral density of
the displacemen®( f;,) is defined for the discrete frequen-

ciesfr = y%; as:
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Figure 4: Transverse RMS motion as measured on the
CTF2 ground, girder and quadrupole doublet when all the

abovef,,, = &=z is then given by:

kma:
1 max . .
I(Fin) = | —— P(Fo 2) accelerator equipments are switched on.
(Fmin) Nmké:_ (fr); )

Fig.4). Outside working hours, the RMS motion of the
where k,q, corresponds to the largest measurable freffoor and quadrupoles is2 nm smaller than in Figs. 3 and
guency. In order to reduce the statistical uncertainty en thy,
measurement resultg,( f) is calculated as the average of The vertical ground-to-girder transfer function is given
several consecutive data sets before integration. Aaegrdiin Fig.5. This is calculated as the squared ratio of the
to the standard notationy, and = denote the vertical and power spectral densities simultaneously measured on the

horizontal direction with respect to the beam path. ground and the quadrupole. The resonance at the low-
est frequency is found at approximatelp Hz and in-
MEASUREMENT RESULTS creases the motion by times with respect to the sup-
porting ground. At larger frequencies, a number of other
Vibrations of floor, girder and quadrupoles resonances arise, which amplify the motion up to a factor

The vertical power spectral density as measured on tpﬂgo. It is noted that the latter resonances are of less con-

floor and on a quadrupole doublet is given in Fig. 2. All

accelerator equipment is switched on (included the mag- 100 : —
net cooling water system). The quadrupole features some !
resonances in the: 30Hz to ~ 50 Hz range, which are
induced by the alignment support structure. The vertical
and horizontal RMS motions as measured on the floor, the
girder and the magnet are given in Figs.3 and 4. The
RMS ground motion abovéHz is of the order 020 nm.

At this frequency, there is no significant amplification of
vertical motion from the girder nor from the quadrupole
support. Some amplification arises above approximately o1 ‘ ‘ ‘ ‘ ‘ ‘
20 Hz, where the aforementioned structure resonances be- 0 50 100 150 200 250 300

come relevant. On the other hand, the horizontal motion Frequency [Hz]

above4 Hz as measured on the magnet and the girder afdgure 5: Vertical transmission from ground to girder (doli
2 and 1.3 times larger than on the floor, respectively (sedin€) and to quadrupole (dotted).
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Figure 7: Vertical RMS motion as measured on the ground

Figure 6: Vertical RMS motion of a CTF2 quadrupole a A
measured with (solid line) and without (dashed) coo|in32°'|'§|."”e) a”g' o atﬁ.T'T.z q“?ﬁr“po'eh.(dasﬂefg before
water. The RMS difference is also given (dotted line). old lines) and after (thin lines) the machine shutdown.
Table 1: Vertical RMS motion aboveHz, 20 Hz and60 Hz
cern because at larger frequencies the vibration amp8tudgefore and after the CTF2 shutdown.
are smaller and the overall induced RMS motion above
~ 100Hz is in the nm range (see Fig. 3). Horizontally the I,(4Hz) I,(20Hz) | I,(60Hz)
magnet support resonancesatl0 Hz amplifies the motion| Ground-on | 20.44 +2.04 | 5.844+0.58 | 0.57 £ 0.06
by approximatelys0 times. This explains the larger ampli- Quadr.-on | 21.75+2.18 | 9.144+0.91 | 2.25+0.23
fication of the total RMS motion above a few Hertz with Ground-off | 15.86 +1.59 | 4.02+0.40 | 0.25+0.03
respect to the vertical direction (see Fig.4). NevertreldsQuadr.-off | 16.004+1.60 | 5.22+0.52 | 1.02+0.10
this should not be a serious issue for CLIC since the beam

Is ~ 100 “”.‘es wider than high and horizontal tOIerance?)rototype magnets in a realistic accelerator environment.
are less stringent. It seems that with a careful design of the girder and the
Effect of cooling water magnet support structures the amplification of ground mo-
etid)n above a few Hertz can be kept under control. How-

witl\r?Ziscju\/rv?{EsSﬁhoef 3:3?;;I\D/\?elltee\:ltzltﬁtelorzz:\l/tirzrzesi?r:rr: aever, the accelerator environment is found to increase the
. S . e magnet vibrations by approximatelynm with respect to
rized in Fig. 6, where the vertical RMS motion is plotted 9 y app n b

) S the unperturbed case with all equipment off. The largest
against frequency. The contribution of the turbulent wa- ST .
— . . ._contribution is induced by the magnet cooling water sys-
ter to the magnet vibrations is an uncorrelated contriloutio S : : .
. . . tem. Vibrations induced in the accelarator environment are

that adds in quadrature to the zero-flow vibrations [7]. Th

dotted line of Fia. 6 aives the squared difference of the serious concern for future linear colliders. The accelera
9-59 d Yor equipment must be optimized against vibrations or ac-

thg lines W'th. water on (solid line) and off (dashed IIne)’uve stabilization devices have to be envisaged to reliably
With the nominal water flow (pressure of ab8u bar), the . . .
. : L achieve the required sub-nanometre magnet stability even
qguadrupole vibration level is increased by betwéamto . . : ; .
H a quiet geological environment is chosen.

6ngj?uepoﬁgmg;r}écgs?ezﬁgge?ﬁgtrg?g'ff dr;z';ildngr':rfa he authors would like to sincerely acknowledge R. AR-
9 P 9 ) ann and . Wilson and also E. Bravin and T. Lefevre, who

the quadrupole motion is affected by vibrations generatesra]ared with us the very last hours of CTF2 run.

upstream of the magnet cooling circuit, transmitted to the
magnet via the water.

Effect of accelerator environment

REFERENCES

. . o [1] H.H. Braun,CLIC-NOTE-473(2001).
Vibration measurements in the CTF2 building were '€ . Guignard (Ed.pt al, CERN-2000-008 (2000).

pegted shortly after the CTF? shut down (all equmert{EJ M. Aleksaet al, CERN-SL -2001-045-AP (2001).

switched off) and compared with the measurements befo

shut down. This is shown in Fig. 7. The effect of the nois&*] F- Beckeratal,, CLIC-NOTE-553 (2003).

from the accelerator equipment is summarized in Table 2] R- ABmannet al, “The CLIC Stability Study on the
The overall reduction of the vertical RMS motion above ~Feasibility of Coliiding High Energy Nanobeams,” Proc.

4 Hz after the shut down is abosihm. Nanobeam20022002).
[6] S. Redaelli, “Stabilization of nanometre size partibleams

in the final focus system of the Compact Llnear Collider
CONCLUSIONS (CLIC),” PhD Thesis of the University of Lausanne (2003).
' ' ' [7] S. Redaelliet al, “Status of the CLIC Studies on Wa-
In-situ vibration measurements of CTF2 quadrupoles ter Induced Quadrupole Vibrations”, Prdéanobeam20Q2
have provided useful information on the motion of CLIC  (2002).





