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Abstract time At is typically set t00.001 s. The power spectral den-
Vibration measurements have been carried out at tqsgy of th? dlsp_la(inenf_?(fk), Is defined for the discrete
Swiss Light Source (SLS) site as part of a coIIaborationrequenC'e#’“ = war 3%
between the Paul Sherrer Institute (PSI) and the European

Organization for Nuclear Research (CERN). The vibration P(fy) = NA#?
level of the SLS floor and of some lattice elements of the 2m2k2
SLS ring have been monitored under various experimen-

tal conditions. In particular, vibration spectra of lagtic This is obtained by integrating in frequency-domain the
guadrupoles have been measured with a circulating bedfourier transform of vibration velocity. The integrated
and compared with the spectra of transverse beam poBIMS displacement induced by vibrations abgVg,, =
tions, as measured with beam position monitors. This papéﬁ’—"t is given by:

summarizes the results.
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The Swiss Light Source (SLS) [1] is the third-generation
synchrotron radiation source at the Paul Scherrer InstituVhere kmq. corresponds to the largest measurable fre-
(PSI), Villigen (CH). Vibration measurements at the SLSIUeNcy. In order to reduce.the statistical uncertainty en th
site have been performed during a machine shut-down fRéasurement result&(f) is calculated as the average of
early Decembe2002 as a collaboration between the gLsseveral consecutive data sets before integration.
accelerators team and the CLIC Stability Study team. The
aim of this measurement campaign was to characterize the MEASUREMENT RESULTS
vibration properties of SLS machine concrete floor and lat- A le of tral densiti f vertical and
tice elements and possibly to correlate the measurement%e- N example of power spectral densities ot vertical an

sults with the observed beam stability. In this paper, th anrsviersil gr:o“l:nFo: mlo t'%n’t as rmfasurrded doi: :;'e \/S|L|§| site
measurement results are summarized. oor, IS give g.1. Dala are recorde e vicinity

of the SLS machine. The corresponding RMS motion is
shown in Fig. 2 (longitudinal motion is also given). The
MEASUREMENT DEVICES AND BASIC transverse and longitudinal labels refer to the orientetio
NOTATION the geophone axes with respect to the beam path at the mea-
._surement location. Measurements are carried out during a
. : o dnachine shut-down, atam, with several people working
tion measurements can be found in [2, 3]. This is Stal€y the sLs building. The vertical motion above a few Hertz

of-the-art equipment used in the framework of the stabi!itys of the order o25 nm to35 nm and its main contribution

studies of the Compact Linear Collider (CLIC) [4]. Vi- is induced by a vibration at2.4Hz. This vibration, also

brgnon mia'suremhents arﬁ' pr:arformed W't.g h[[gh'reslom.t'%easured at the PSI site before the construction of the SLS
Selsmometrigeophones, which measure vibration velocl- building [5], is induced by several compressors located at
ties versus time along three axes. It has been verified thz%outSOOm from the SLS building. The amplitude of the

these sensors have a sub-nanometre resolution ulize 12.4 Hz oscillation depends considerably on the measure-

to 3.15 Hz fr_equency range. On t_he base (_)f a C_ieta'led COMaent time, probably because the compressors do not al-
parisons with several other devices for vibration measurg\iayS work at the same rate. For the case of Fig. 2, the

ments [3], an error of 10% is assigned on the geoPhor?ﬁeasured RMS motion abovéz is 35.3 nm

ca||_||bratlorr1] prgwaed by the r?anléllfactureri is is briefl The SLS site features a significant vibration level also at

_mere, the asic potaﬂon or ata analysis IS brietfly r%lrger frequencies, typical of sites with running accelera

v[ewed. The vibration velpcwu(tn), is measured atl the tors such as the CTF2 [6] or the ESRF. An RMS motion

Q|screte times,, . nAt, withn = 1,2, ".'N (Af = x& . of the order ofl nm is found even up t@00 Hz and more,

is the corresponding frequency resolution). The samphr\ghere normally the ground noise is smaller. A very strong
*Work done in the framework of a PhD program at the Universfty o pea}k ae4sHz, whose source COUId_ notbe i_dentiﬁEda is the

Lausanne, CH, High Energy Physics Institute (UNIL-IPHE). main responsible for the large noise at high frequencies.
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Figure 1: Vertical (solid line) and horizontal (dotted ljne
power spectral densities of ground motidP(f), versus
frequency,f, as measured on the SLS concrete floor.
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Table 1. Vertical RMS motion abovéHz and10Hz as
measured on the SLS site and in the quiet CERN site [3]

Place I,(4Hz) [nm] | I,(20Hz) [nm]
SLS, noisy 28.21 £2.82 8.01 £0.80
SLS, quiet 18.31 +1.83 7.91+0.79
CERN, night 4.23£0.42 2.51+£0.25
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Figure 3: Vertical RMS motionas measured after working
hours on the floor of the SLS building (solid line) and on
the concrete slab where the SLS machine sits (dashed line).
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Its amplitude is typically larger in the horizontal planeds
Fig. 1).

Typical values of vertical RMS motion as measured agigyre 4: Vertical power spectral density as measured si-
ble 1. The motion abovéHz is strongly affected by the
compressor induced peak B.4Hz whereas the motion  ¢omparison between the vertical RMS motion as mea-
at larger frequencies shows less dependence on the eny(izeq on the SLS building floor and on the SLS machine
ronment cqndltlons. As a comparison, V|brat|on_ Ieyel 3fioor is given in Fig. 3. The vibration level on the thicker
measured in a known quiet area like the CERN site is alsg - rete slab where the machine sits is indeed smaller at all
given [3]. The motion of the CERN ground is 4 t0 7 timesgaqencies. For instance, in the shown example the RMS

Frequency,f [Hz]

smaller than at the SLS site.

motion abovel Hz is29.5 nm instead ofl0.0 nm, i.e.25 %

The SLS floor features a peculiar design: the concrelgngjier. A similar improvement is also obtained for the

ring where the machine components sit is twice as thick
the rest of the SLS buildingl() cm instead 020 cm). Some
insulator is put between the two concrete slabs to decou

their horizontal motions. This design was meant to provide
a more solid and stable base to install the lattice elements.
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Figure 2: Vertical (solid line), longitudinal (dashed) an
transverse (dotted) integrated RMS motiofy(,f), see
Eq. (2), as measured on the SLS concrete floor.

Forizontal motion.

ple
COMPARISON WITH BEAM

MEASUREMENTS

Vibration measurements of the SLS quadrupoles have
been performed simultaneously with the measured beam
jitter. In Figure 4 the vertical vibration spectrum of one
quadrupole is shown (crossed line), together with the
ground motion (solid line). The magnet support (girder)
and show a number of resonances in téHz to 50Hz
frequency range, i.e. peaks which are not measured on
the ground. Broad resonances are found at approximately
28 Hz-29 Hz and in the35Hz to 45 Hz range. They am-
plify the ground motion up to approximately times. The
measured resonant frequencies are in qualitative agreéemen
with what was estimated for the SLS girders during the
agirder design phase [7]. Structural resonances depend on
the girder pay-load and therefore change from one support
to the other.
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Figure 5: Spectra of the vertical beam positions as mea- A eV ”@i&
sured with two BPMs placed on the girder where the 0.00 7 % 30 40 50 60
guadrupole vibrations where measured (see Fig. 4). Frequency,f [Hz ]

Beam jitter measurements are performed with beam pgjgure 6: Power spectral density pf vertical beam positions
sition monitors (BPMs) placed all along the SLS ring. InoPtained as average 8BPM readings.

parugular, .tWO.BPMS mounteq on the girder .where Mt frequencies as large 68 Hz. Structural resonances of
chamgal vibrations were monitored, are considered. Tt}ﬁe dipole and quadrupole girders, with typical frequesicie
V|'brat|on spectra of vertical beam positions are shown IBetweers0 Hz and40 Hz, were measured. The measured
Flg. 5. The average spect'rum as calculated from the reaT?équency range is in agreement with simulations and mea-
ings of 8 BF.)MS. Ioca_lted_ in the sector .Of the measur.e%urements carried out during the girder design phase.
quadrupole is given in Fig. 6. The reading from one sin- Quadrupole vibrations have been measured simultane-
gle BPM pccasmnallyshows a ”“”.‘be.r of peaks at dlffererEBtust to beam measurements. Occasionally some beam po-
frequencies. The peaks mostly arise in .ImHZ to 30 Hz sition monitors measured beam jitters at the same frequen-
frequency range and are cons@erably d'ﬁefe”t for the vay ies of the measured mechanical vibrations of quadrupoles.
lous BPMs. A5O Hz component IS systematically presentHowever, local girder/quadrupole resonances are not sys-
whose.amphtude depends considerably on the BPM. qumatically measured as overall variations of the closed-
analygl_s of.the average spectrum shows that actually tl&?bit position. As discussed in a companion paper [8], the
beamjlttgr is dominated by a peak5@tH;. Other relevant SLS beam without feedback is stable to the micrometre
contributions atl6 Hz and19 Hz are noticed. The overall level and does not present significant jitters befawHz.
RMS motion of the SLS closed-qrbit without feedback 'tThe12.4 Hz component, which dominates the ground mo-
typically of the order of a few micrometres (see [9] anc{ion above a few Hertz, is suppressed due to the small lat-

also [9, 10]). . e .

tice amplification factor at this frequency [11].

A peak at28 Hz-29 Hz is clearly visible when consider- P q y[11]
ing the spectra from readings of BPMs close to the mea- REEERENCES
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