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The civil engineering activities in the framework of the High Luminosity LHC project, the Geneva Geothermie 2020 and the continuous monitoring of the LHC civil infrastructures triggered the need for the installation of a
seismic network at CERN. A data acquisition system has been deployed in 3 places at CERN: ATLAS, CMS and the Prévessin site. The system is sending all the raw data to the Swiss Seismological Service (SED) and performs FFT
on the fly to be stored in the LHC database.
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According to the geothermal exploitation
project, and the consequent densification of
the local seismic network around Geneva
and the CERN needs, it was decided to
connect the CERN seismic network to the
Swiss and Worldwide seismic network.

Installation monitoring to anticipate risks
on the beam stability generated by civil
engineering activities.

An earthquake in New Zealand (M 7.8) at 11:02 UTC on Studies are ongo.ing to determine the best
November 13th 2016 excavation technique.

CERN installations integrated into international seismic network

UTC time

CERN . . Protection |
i f Racks in the tunnels, Building 1173 at the surface ocation || magrates || Evect || eqents |
infrastructure box or vault _ | . |
Chamonix F Time: 2017-03-20 00:30:55 Distance Azimuth I TravelTime MoveOut | Polar FirstMotion i
Z - Filter is not active
. - 09 @>F Depth: 3.7km +/-1km 326/82/-18 NP2: 59/72/-171
Strong motion . ® ' Lat: 46.040 ° N +/-0 km Moo <
J : .Biel}éi; Lon: 6.907 °E +/-0km e
230Vdc 12Vdc sl o Phases: 93 / 156
(a8 e ®  RMSRes.: 0.234s
: = Az. Gap: 51.°
- @ FCi Min. Dist.:  3.8km
g . 'I'l:'iﬁs;g-_;n'e o EventlD: smi:ch.ethz.sed/sc3a/2017"
Ps A% Py Agency: SED
LLl o 7 .‘__ Author: tdiehl@sc3ag
o ) - Evaluation: confirmed (M)
m G PN ; _—s e . _ g o4 O e Method: NonLinLoc(L2)
< ﬁl T =] - — : : o ] Earth model: swiss 3D (Husen 2003)
; Bl . S . : CAnnecy Updated: 2017-03-20 13:34:35
Q 230Vd -m : f @ = _ g.nll: A(L2)
C : -3 3 e s evsc: -0.721043 fvser s :
% — Used l Status Phase Weight Net Sta Loc/Cha Res| Dis (km)/ |Az | Time [ +/- [~
M Sg 0.36 CH LKBD EHT -0.38 68.355 00:31:14.97 | 0.4s
- G PN or TN 1" - M Pg 1.22 CH | LKBD EHZ -0.29 68.3/55 |00:31:06.63 | 0.05s
= M Pg 1.25 CH LKBD2 HHZ -0.27 68.5 57 |00:31:06.75 | 0.025s |
q‘ ‘ | _ M Pg 1.22 c4 CERNS HHZ 0.15 68.7|291 100:31:06.97 | 0.05s
ol | M Pg 1.22 | ca | CERNS|  HHZ| 019  69.7/295  [00:31:07.18
Remote 6 &~ =2 M Sg 0.77 GU | CIRO HHT -0.14 69.0|134 00:31:15.34 | 0.2s
reboot DAQ power Squly e Broadband M Pg | 1.22 GU CIRO | HHZ, 0.00 69.9/134 00:31:07.01 | 0.05s
DAQ modules Seismometer M Pg 1.22 CH SMOE HGZ| 0.35 70.5/354 |00:31:07.52 0.05s
M Pg 0.77 CH | SGAK | HGZ| 0.21| 71.7|64 00:31:07.28 0.2s
M Pg 1.09 CH GIMEL HHZ 0.08 72.6/319 |00:31:07.85 |0.1s ~|
INonLinLoc *I ~ Profile: [swiss_3d_Husen2003_ L2 ~| I Fix depth | 3.7 km I Distance cutoff 1000 km [ Ignore initial location —
Relocatel Seismicity‘flewerl F'ickerl Import picks | Compute magnitudesl Conﬁrm.l
Correlation on LHC beam
E------------------------"--"--"--"--"--"--"-"""""""""""-E - Geophone SlgnallPS and beam radial offset.
| | CERN Experts
: R.aw Data WebDAV . PR
: Saving Module N module : Measurement Geophone Velocity Signals IP5 & Radial Offset
LL] : : Laboratory 200 ' ' \
ﬂ:ﬁ ; ; g 9 - P = compressional wave
1 1 = G B
IL_) | PSD ! CERN Users S S = shear wave
LLl ! DAQ module . ! | A
I— : Q I, Calculation | CMW Server Atimber | 200 |
— \ 2B>E : — 100
I : L Module : “él 0 Geophone
& ’ ’ ¥ e Signal IP5
< : : ~200 |
: . ! SED and worldwide 200 |
g ! —{ MiniSEED ! seismic databases — 100}
< ; Converter |———{ HTTP Module : o Wik E 0
' ——> raw data Module | -N- Sevee SommomieSose > —100| 1
; E . E ’ G ~200 _/ LHC B1 Orblt
- . —» file path | _ =23
o i E D = measurement:
. ——> PSD results : q el bt AP AR b Mot A
b : System : 2 20 L1 ) o g ol
1 . . 1 m
1 1 =40 - =
.~ mSEED package Monitoring : $ | | | __J  +50um radial shift
: : 22:30:00 22:35:00 22:40:00 22:45:00 22:50:00 22:55:00 23:00:(

um/s Velocity: FIR 0.1 to 10Hz, coef 1025
Thanks to the valuable collaboration between CERN and SED, the data, made available at CERN and for worldwide seismic organisations, will be used for very diverse applications. =4~ Z":E:%:E? Ei@ﬁﬁﬁ%ﬁﬁiﬁ
The study of the impact of earthquakes on the LHC will be a guidance for the “Géothermie 2020” project, aiming at developing the use of geothermal energy in the Geneva canton i ... }i—~ s o o e (-1.2:3 - FRANCE - 2017-03-20 00:30:54 UTC
without impacting CERN. The data is planned to be used in the HL-LHC framework, a project to upgrade the LHC. The vibration levels will be of particular interest during the | | } AT ——
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excavation of the new LHC shafts. Finally, the network will be used as a valuable reference to monitor vibration levels in the LHC on a long-term basis. The systems have been
running 24/7 for several months and show to fulfil all requirements. Future development aim at transferring data to SED within 2 seconds instead of the actual 10 seconds and maybe
adding more stations to increase the spatial accuracy.
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