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Motivations

• This study was requested for two main reasons :

• HL-LHC : Estimate the vibration effects during civil 

engineering activities?

• Geneva Program “Géothermie 2020”, to be able 

to evaluate the sensitivity of CERN’s installation 

from potential drilling or jetting?
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Introduction

• How measurements can help ?

• To give a magnitude order of vibration effects;

• Sensibility study of the system – transfer functions:
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Introduction

• How measurements can help ?
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Introduction

• Equipment for vibration measurements

• Seismic geophones (Velocity) :

• CMG-T60-0004 from Guralp Systems

• Three directions measurements

• Sensitivity of 2000 [V/(m/s)], Bandwidth 30 [s] to 100 [Hz]

• Seismic accelerometers (Acceleration) :

• Mono axial measurements

• Sensitivity of 1 [V/(m/s2)], Bandwidth 0.1 to 200 [Hz]
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Introduction

• Equipment for vibration measurements

• Spectrum analyzer (DAQ) :

• Two MKII® analysers of 16 channels, 24-bit resolution, 204.8 

kSa/s sampling rate 

• Synchronous vibration measurements up to several kms

done by optical fibre connection

• Phase shift below 0.1° on the bandwidth between two 

spectrum analyser
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H0 (ω) Results



Instrumentation of Q1

• Q1 spare magnet installed in stand alone at SM18
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Results H0 (ω)
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8 Hz for 
Q1
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Comparison SSS vs Q1
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Extra Information from H0 (ω)

40m
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Extra Information from H0 (ω)

Input (ω) @ SM18

Input (ω) @ LHC Triplet

0,1μm stability in 
the tunnel !
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H0 (ω) Conclusion

o High vibration amplification between the floor and cold mass was 
measured mainly due to the dynamic behavior of the Q1 structure   (max 
gain of 100 on the 0-100 Hz bandwidth) ;

o Several natural frequencies were identified below 50 Hz, and 
comparable to LHC quadrupoles ; Triplet inteconnections should have a 
limited impact on the dymanic behaviour (Vertical and Lateral directions)

o At SM18 without civil engineering activities, the cold mass motion is 
close to the limit of 1 μm (0-peak). With activities, a level of several 
microns is achieved ;

o According to the transfert function measured at SM18 on Q1, the 
expected motion of the coldmass during LHC operation is around 0,1 μm
integrated from 100 Hz
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H1 (ω) Results



Introduction
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• No chance to reach the same conditions today than 

HiLumi Project !

• Use actual tunnels to do some preliminary tests

• Why TAG41/TT41 ?

- Molasse rock as Pt1 and Pt5

- Tunnel distance (up to 85 m)

- Around 50 m depth

- TAG41 : Access tunnel

- TT41 : under assembly

BA4

AWAKE

TT41

TAG41



Equipment
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• Electro shaker used like known excitation source



Setup for H1 (ω)
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• 40m configuration

Positions : 
-10 m, 0 m , + 10 m, +25 m

40 m



Setup for H1 (ω)
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• 80m configuration

Positions : 
-10 m, 0 m , + 10 m, +25 m

80 m



H1 (ω) Results
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8 Hz

Tunel with shaker TT41 (response)

Vertical

Lateral



H1 (ω) Results
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• Gain determination- example for 60Hz excitation

FFT

FFT

Time data Power Spectral Density

Fs 1024 Hz

Freq. Lines 25601

Resolution 0.015 Hz

Window Hanning

Overlap 50%

Nb Average 20



H1 (ω) Results
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• Vertical transfer function – TAG41/TT41 - Gain
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H1 (ω) Results
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• Vertical transfer function – TAG41/TT41 - Phase
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H1 (ω) Results
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• Phase shift vs distance in TT41 
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Equivalent to the phase shift 
between triplet magnets ! 
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Extra Information from H1 (ω)

• Wave velocity between tunnels

TAG41

TT41

Geophone
TT41

Geophone 
TAG41

V [m/s]

0 0R 981

10L 0R 995

10R 0R 942

25R 0R 983

λ – wavelength [m]
z – distance between geophones [m]
θ - phase shift between geophones [rad]

Consistency with literature (800 up to 1500 m/s in the molasses)
Shear waves 

V = λ·f = 2πz·f/θ
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Extra Information from H1 (ω)

• Attenuation with distance
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Extra Information from H1 (ω)

• Attenuation with distance
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8 1.1 0.9 2.0

24 2.0 2.2 2.1

60 2.2 2.2 2.2

Assumptions:
geom. damping coeff. n=1
loss factor η=0.01 (rock)
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H1 (ω) Conclusion

o An attenuation factor between 20 (@6 Hz) up to 50 (@100Hz) was 
measured between TAG41 and TT41 tunnels seperated by 40m of 
molasse rock ;

o An addition attenuation factor of 2 was measured when the distance 
from the exitator is multiply by 2 ;

o The velocity of waves generated during the measurements was around 
950 m/s, consistent with a shear wave ;

o Vibration results are consistent with the literature ;
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H1 (ω).H0 (ω) Results



H0(ω).H1(ω) Results
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• Vertical transfer function – TAG41/TT41 - Phase
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H0(ω).H1(ω) Results
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• Vertical transfer function – TAG41/TT41 - Phase
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Conclusion
o The study was done in order to give a magnitude order of vibration effects

and to evaluate the sensibility of the system (Triplet and distance) ;

o A high vibration amplification between the floor and cold mass was
measured on Q1, due to the dynamic behavior of the structure (max gain
of 100 on the 0-100 Hz bandwidth) ;

o Q1 in standalone position at SM18 do not achieved the target of 1um with 
general vibration excitation ;

o An attenuation factor between 20 (@6 Hz) up to 50 (@100Hz) was 
measured between TAG41 and TT41 tunnels seperated by 40m of molasse 
rock ;
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Next steps

o Disussion in progress to collect data from several types of rock-header.
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Thank you !

Questions


