EFFECT OF VERY LOW FREQUENCY GROUND MOTION ON THE
LHC

L. Vos, CERN, Geneva, Switzerland

Abstract considerably. Non-correlated, owmpartially correlated
movements, are observed at short distances
The power spectrum of ground motion noise is know#,9,10,16,17,18] in spite of wavelengths tlzae much
to increaseextremely fast withdecreasing frequency. Thelonger. Orbit changes related tiois can be measured in a
wavelength of groundwaves will eventuabigcomelarger large machine as LEP but teensequences at@armless
than the machine dimensionkleally the effect should since LEP is a two-beam single bore machitere the
disappearor these long waves since all the elements ofbit effect cancels betweethe two beams. Thesame
the machinare supposed tanove in the same way. Inimpunity doesnot exist in the LHOwvherethe orbits of
fact this is not thecasesince these long powerfulaves the two constituent rings mawander apart and hence
loosecoherence and thereforelatively slow orbitdrifts partially separate the beams, causing loss of luminosity if
are to be expected. A model is presented based rmm correcting action is taken. The observation of low
geophysical argumentsand it is confronted with frequency non-correlatedmotion has lead to the
observations concerning slow orbidhanges inlarge formulation of theATL scaling law[4]. This law is not

existing accelerators. valid for frequencies above ~riHz This is unfortunate
for the LHC since it misses thfast’ orbit changes that
1 INTRODUCTION may be more difficult to handléor thatreason amodel

is proposedbased ongeo-physical arguments valigbth
The power ofgroundvibrationsincreasesteeply with for ‘low’ and ‘high’ frequencies.
decreasing frequency. This can leachtm-negligible orbit
deformations ifthe motion ofaccelerator quadrupoles is 2 BASIC GROUND MOTION MODEL
uncorrelated for very low frequencies. It tumst thatthis
effect is much larger than the plawave excitationwhere The oceanwell spectrum that standsut in Fig.1 and
the ground motion wavelength matches the betatrorextendsfrom less than 0.1 to Hz is known to be
wavelength[2,3] and which has a similar optical coherent[6,13,20]. That is not surprisinigdeed, the
amplification factor.Indeed,only frequencies inthe order high-passcut-off frequency of~0.2 Hz together with the
of 1 Hz areinvolved in the lattercaseand the spectral speed inwater (1.5 kms') suggest a limitingvavelength
power is extremely small such that the beam separationirirthe oceans of around k¥, not verydifferent from the
the LHC due to this is less than 1/1000 of thes beam depth ofthe abyssal plaifbetween 3and 55 kni5]).
size. The spectrum of ground motion (Fig.fjeasured in Clearly, thesewaves are surfacewaves and it is very
several placearoundthe world, looksvery similar after difficult to imagine geological fault structures thabuld
elimination of local cultural noise. cause these waves to loasgherence over a fraction of a
wavelength. Thus it isafe to remove the powerfatean
P"Werl‘gf(’”}’i“ : | | well spectral peak from the model since only the
e/ Hz N uncorrelated movements are a concern.
10° [~ Ty n The remaining spectrum tends to fall witaquency as
" f ° at frequenciesabove theocean hum while the
" frequency slope reduces fo? well below this [9].Notice
10 [ - that the wavelengths involved in the lattaseexceed 25
P km. However clear evidencexists on lack ofcorrelation
N (randomness) of verjow frequency noises atdistances
10% |- - much less than the wavelength. TAGL scaling law
. : : N matches the lowfrequency f 2 slope. It states that the
1% ] L random (integrated) relative motion betweeim points is
10° 10* 10° 10?2 10 1 10 102 10° . .y . . .
FrequencyHz proportional to theidistancel while the proportionality
Figure 1 : Typical ground-motion power spectrum. factor A depends orthe local propertieselated to the
randomness of differential ground deformation. However,
The aim of thispaper is to examinghe possible this scalingllaw yields non physicgl resylts abp\znelaain
effects on the closed orbit of the LHC covering a frequency in the sense that itpredicts differential
frequency range of a fewz down tovery low frequencies Movements thaare largetthan the absolute ones [15]. A

with a general formulation of the motion of a single
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point, in principle valid everywhere, while tlsecond part response can be incoheremhile, as was pointed out
will describe the randomisation of the Idmquency earth before, shallow surface waves (oceampounding on
movements. continental shelf) are always coherent. In fact it is known
The maximum seismic length of thearth is ~1500 that the randomness othe differential movement at a
g1]. The seismic ‘depth’ of the earth &out 1/3 ofthis given locationdependsstrongly on thefracturedstate of
[5] and hence defines aut-off frequency off,,~2 mHz the site. Thesurface behaves asnamber ofindependent
This is confirmed bythe far awayamplitude response of blocks thatare excitedfrom below. That is borne out
earthquakesFig.2 is taken from [15]and is atypical clearly by the experimental observation on two points on
example. The response is compatible with a high-pasisher side of a construction joint[17].
filter behaviour with an amplitude cut-offo.,~1/400,
hence a powef,~0.8mHz This suggests an average high
pass cut-off., ~1.5 mHz.It is worthwhile to note athis
point that the seismigvave attenuation withdistance is
very small.
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Figure 2 : Typicalfaraway response tcearthquake. The 9 omp . ‘g . L
and observations. The linemarked ‘empirical law’ is

fast OSCI.||atI0n is the response of the oceans pounding Qihted to the model proposed in [7].
the continents. . .
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T,

[ step-ike SLAC Tunnel,
The model invokes a source withi & frequencyslope. ‘0 _| ™ behaviour 7 Vertieet 17 ¥ |
That source actually existearthquakesThe examination : ]
of a substantiabody of phenomenological material has
lead to the Gutenberg- Richter law[1,5]: Q UNK Site, Vert, T pep. vert,
|Og(n) - _M ’ (1) -i% 2 yr N 20 oths
wheren is the number oéarthquakes in ajiven area g 10 I3 § oy, w_ ]
with a magnitudeM or larger. It is easy to see thetis ES i ]
law formulated in that wagorrespondexactly with af 3 Lvere. 5 $Py; Vertieel
power density spectrum. The response of the earth to the Vs e Vo ]
seismic excitation in terms of a power densiynthen be 10 7p o 7 E
expressed byhe following function which combines the ﬁ"‘?’ul‘oe KE ey ?x"f’-’féo i ’
high-pass filterztransfer function and the source spectrum: L(m) 1000
OIL(f) = L[mz Hz]. (2) Figure 4 : Differential movement as a functiondigtance
df feyfo+f? in a number of machines for several observation periods.

The factork,,, is a non-local quantity that varié®m
~10" m¥s* to ~10' m?%s® depending onthe state of This thenleadsnaturally to the notion otoherence
global excitation. This power spectrum is showrFig.3 length L. That length has to beunderstood in a
together with a number of observations taken from [7]. statistical sense: two points adstancesmaller tharl,
are likely to move coherently, while two points which are

3 RANDOMNESS further awayarelikely to move incoherently. The notion
of coherentlength is well suited foracceleratorswhere
The question now arises how two pointelose local differences will averageut. Indications ofcoherence
together (much less than a wavelength), can molgngth can bdound in Fig.4 taken from [12]. Thepower
independently? From earthquake observations it is knowhthe differential motion seems to jump ttarger values
that thedepth ofthe sources is very often ~30m (the above a givernlistance in eachite. Thisdistance can be
Moho discontinuity[5,8]). Thisand the geographical taken as the manifestation of tlweherencelength. It
spreading ofthe sources may explain tHfact that the varies from 100...20n (UNK) to 600m (SPS).
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4 OBSERVATIONS WITH BEAM 2]

The coherencelength can be determinedfrom orbit
measurements. The only assumption tortaele concerns [3]
Kyme It was put atk,,= 10*® n?/s>. The integration of (2)
yields the power of displacement of a single element:  [4]

obe*(t) = % L+ () 15 &)

The orbit deformation can be foundsimply by
multiplying (3) with the optical amplificationfactor
0,= (BKI/2sin(rm)))>N, wherep is the optical function at a
quadrupole andl its integrated focalisation forcH.is the
number of uncorrelatedblocks around the accelerator
which is at the maximum the number &f or D 7]
quadrupolesFrom [11] for HERA-protonand HERA-
electron and from [19] for LEP (known effect of i8]
superconductingnsertion quadrupoles removed) it was
possible to estimate the local valuelgf: 250m, 280 m [9]
for the HERA machines and 130 in LEP. Fig.5 shows
the result of the measurement in LEP.
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Figure 5 : Orbitdeformation AxZ versus time inLEP,
where fit is compatible with =1.6 L= 130m. [14]
5 APPLICATION TO LHC
[15]

Equation (3) spans a large time/frequescgle. Long
term misalignmentscan be calculateéind are in good
agreementwith observations [14]. It also allows the
computation of thems half separation between theams [16]
as a function of time. Thisan be expressed iterms of
the rms beam sizeo. It is to be expectethat once in a
while the global system is highlgxcited k= 10*° [17]
m?s?). In thatcasethe half separatioman reach nearly
0.5 o in 500 s wherethe effect islinear intime. Clearly [18]
procedures must be ready in order to cofith such arate
of separation. In normal, quiet conditions tree is a
factor of 10 less and in that condition the saeparation [19]
is reached after nearlyt®urs
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