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Why to measurer

”’Fundamental” noise sources (initial Ligo)

Planned GW detector, Einstein Telescope

INITIAL LIGO

Seismic noise

f—

f (Hz)

R. Weiss, D. Shoemaker,. NSF Regimbau, Tania et al.
L4szlé Somlai Review, Caltech, 30 April 2001 Phys. Rev. D86 (2012) 122001



Raw data
+ Linear detrend

What can we measure? . pignoass fite:
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Measurement 1.

Raw velocity data (vy)

FFT + window function l

fs: sampling rate
|Vi.|? N:number of data point

: ) —
PSD (velocity) P =W

W' average of window f.
ASD (velocity) /\ RMS (displao&ment)

MM:/&M
N/2+1

ASD (displacement) rms,® = |2 z P, -2 m-fi)?
\1 k=l

Ak(X) — \/pk(v)(z ‘T )72
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L.imits on the measurements

* Peterson’s New Noise Model: curves of high and low
seismic background displacement based on a
worldwide survey of station noise

(J. Peterson, ”Observations and Modelling of Seismic Background Noise”, U.
S. Department of Interior Geological Survey, Open-File Report 93-322, 1993)

* Beker’s limit: RMS displacement (2 Hz) 0.1 nm

(M. G. Beker, J. F. J. van der Brand and D. S. Rabeling, = ”Subterranean
ground motion studies for the Einstein Telescope™, Class. Quantum Grav. 32
(2015) 025002)

* Low frequency noise budget for the Einstein Telescope

(Hild S. et al.” Sensitivity studies for third-generation gravitational wave
observatories” 2011 Class. Quantum Grav. 28 094013)
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Measurement 11.

* Red line: average PSD :The transparent color region 1s bounded by the

90 and 10 percentiles
* Green line: ET requirement
* Black line: Peterson’s NN
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Noises 1. (Detector ’noises”)

mV differences <2000mV
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Noises 1. (Detector ’noises”)
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Noises 11.

More details:

Noise filtering method:

Z.. Zimboras and P. Kicsiny

Test runs

M. Dobroka, H. Szegedi, J. Somogyi Molnar, P. Szlics, ” On the Reduced

Noise Sensitivity of a New Fourier

Transformation Algorithm”, Math Geosci (2015) 47:679-697, DOI

10.1007/s11004-014-9570-x
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Beker’s limit: 0.1 nm

Data from ~490 day \ ET1H PSZ

Data collecting from March of 2016 HHE 0.196 nm 0.568 nm

E?sg Is 2)88 m HHN 0.213 nm 0.521 nm
P2 HHZ 0.259 nm 0.417 nm

HHE

- Human activity -
in the mine

- Water pump

- Train

etc.
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PSD [(m2/s2)MHz]
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10

ET1H

Day/night ratios ™" & 027
night  0.141 nm
Cultural noise 1s present 2 —20 Hz  HHN day  0.230nm
Average values ~ 3.8 (HHE) night  0.142 nm
3.7 (HHN) HHZ day  0.301nm
3.0 (HHZ) night  0.177 nm
ET1H
HHE
HHN

PSD - Day/Night

0.1

Frequency [Hz]

10

PSZ
0.653 nm
0.459 nm
0.616 nm
0.379 nm
0.473 nm
0.328 nm
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PSD [(m**2/s**2)/Hz]

20170507 - HHN

Quite day
(not planned)

07.05.2017 HHE O0.117 nm
Beker’s HHN 0.118 nm

limit: 0.1 nm HHZ 0.147nm N

20170507 - HHE

20170507 - HHZ

Frequency [Hz] Frequency [Hz]



Internal noise sources

RMS values (nm) at 2 Hz

50Hz

2 P, w2

2Hz

15.12.2016, | - k

train pump off silence Work average
MGGL controlled HHZ 0316 0278 Q240 0.418) 0.344
mine operation HHN 0.232 0229 0212 0362 0.249

HHE 0.218 0.222 0.213 0.371 0.252

ET1H-HHZ

pump off =

rmsy (nm)
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Effect of wind

= No significant effect

- Location of weather station

- No effect below 100 m for 8 m/s
and lower wind (Young et al. 1996)

Meteorological data analysis:
T. Novak, Zs. Bernat, A. Molnar

{ME 061716, Drms2Hz:, 0.195401}
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MGGL Collaboration
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Abstract
Matra Gravititional and Geophysical Laboratory (MGGL) wax established
near Gyangytsorasz, Heagary in 2015, in the cavern system of an unused

ore mine. The haiborstory is Jocaled 88 m bekow the surface, with the aim

of measunng and analysing the ahuntages of the underground installaton’s
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> First report of long term measurements /7
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of the MGGL laboratory in the Matra

mountain range”, Class. Quantum Grav. 34 (2017) 114001 18



Summary

* More than a year of data
collected

 No effect of rain and wind

* Averaged RMS - E: 0.196
nm at 88 m below surface
(night 0.141 nm)
1n mine cultural noise:

~30 %
external cultural noise:
~30 %
these can be reduced!

I.aszl6 Somlai

Location Depth | RMS
LSC, Canfranc | Spain [ 900 m | 0.07 nm
Italy,

Lula Sardinia | 185 m [0.077 nm
Gyongyosoroszi| Hungary| 70m | 0.12 nm
Gyongyosoroszi| Hungary | 400 m [{0.082 nm

LSM, Frejus France (1750 m|{ 0.1 nm

Kamioka Japan |[1000 m| 0.11 nm
Sumiainen Finland | Om | 0.11 nm
Gran Sasso ltaly 1400 m| 0.13 nm
Black Forest |Germany| 95m | 0.2 nm

Beker et al. Class. Quantum Grav. (2015 ) 32 025002
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Beker et al. Class. Quantum Grav. (2015 ) 32 025002
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Future plans

* Low frequency regime (0.1-
1 Hz) with infrasound

detector data

* Noise filtering

* Depth dependence

— Janossy mine: 0, -10, -20, -
m ( at Budapest, Wigner In

— MGGL -88, -400 m ( at

Matra)
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Our result

Acceleration ASC [(m/s2)/+z)

Surface

70 m

400 m
NHNM/NLNM -------

Acceleration ASD [(m/sa)NHz]

equency [Hz]

0.1 1
3-6 April 2010 %

HHE

1-15 June 2017
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Thank you tor your attention!

L. Somlai: somlai.laszlo@wigner.mta.hu
P. Van: van.peter@wigner.mta.hu
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