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Newtonian Noise frequency range in different detectors

Frequency range

aLIGO, AdVirgo, KAGRA
=~ 10Hz — 20Hz

Einstein Telescope (ET)
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Cosmic Explorer (CE) 9 yrang

= |Hz — 20Hz
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Newtonian Noise (NN)
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Infrasound vs seismic NN
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- Next stage
.. ----MANGO
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Seismic NN does
not limit the target
sensitivity of the
next-generation
gradiometers
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Atmospheric NN
> Infrasound NN

- Model

- Measurement of pressure fluctuations at the Advanced Virgo (AdV) site
- AdV infrasound NN

- ET infrasound NN

- Torsion bar antenna infrasound NN

> NN due to temperature fluctuations

- Mode|
- Laser interferometers (ET case)

- Torsion bar antenna
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Infrasound NN modeling

Equation 1 Relation between pressure and density perturbations

5p(7,t)  Sp(F, 1)

! Po Po

Equation 2 Gravity potential perturbation *

Gpo (i .m (eik=> _e-ikzz)e-iiég-a
8(7o, t) = ———el(Fer@—wt) 5i(y, / dv
#(7o.?) YPo P(w) (02 + (2 — 2)?)1/2

= 4 PO iR —a) . (¢~ (26 20) — 1) — Zoos (k. 20)0(20)) T
YPo

Measurement of pressure fluctuations at infrasound frequencies

Eqg. 2 is used to derive the infrasound NN both for laser interferometers and for TOBA.

Harms, Living Rev. Relativ. (2015) EGRAAL Meeting 10/01/2018



Infrasound NN modeling

Laser interferometer

0

~ g 370, 8) = as (7, 1) h(t) = a.(t)/L

FT[h(t)] = —w?h(w)  7Sh(w)d(w — ') = (h(w)h* ("))

Test mass building modeling for laser interferometers on Earth

5¢ (7?07 t) — 5¢ext (7?07 t) + 5¢int (F()a t)

Test mass cavity modeling for underground laser interferometers

(SQb( ) — 5¢z>0( ) =+ 5¢C&Vlty (TOa t)

The exterior and interior pressure fluctuations are assumed to be incoherent.
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Infrasound NN modeling

TOBA
h(f)a t) = -V VC;gb(F? t) hX (777 t) — gl | h(F7 t) ) é;r

TOBA on Earth, z,= 0

G po
Ypow?

i (o) = (47020 ) (s (6)sin(6) cos(9))?) S

TOBA underground, z,< 0

Gpo
Ypow?

S () = (47T ) (e25im00 (5in? (0) sin(6) co3(6))*) Sy ()

Building effect neglected: the cavity or building hosting the detector is
much smaller than the length of infrasound waves.
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Measurements of pressure specira at the AdV site

10° —Sound outside CEB
——Sound outside NEB
——Sound inside CEB
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Solid lines: sound spectra measured at the AdV site.
Dashed vyellow line: pressure fluctuation median
noise model presented in Geophys. Res. Lett.32,
LO9803.
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AdV infrasound NN
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Infrasound NN for an ET-like detector

Strain [1/v Hz]
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Infrasound NN for an ET
like laser interferometer
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TOBA infrasound NN
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TOBA infrasound NN for
different detector depth
using the pressure
fluctuation median noise
model presented in
Geophys. Res. Lett.32,
LO9803.
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TOBA infrasound NN - Cavity/building effect

1072 — Contribution from the space above earth surface
. | =—=Undergound cavity contribution

Confributions to the
infrasound NN of a TOBA
detector located 300 m
beneath the earth
surface. Blue line:
confribution due to the
space inside the
underground cavity
housing the detector.
Green line: contribution
of the space above the
earth surface.

—
o
-
P
'

Infrasound NN strain[1/Pa]
S S
3 =

ﬁ

N
on
- 3
e
N

10”' 10°
Frequency[Hz]

EGRAAL Meeting 10/01/2018 13




Atmospheric NN
> Infrasound NN

- Model

- Measurement of pressure fluctuations at the Advanced Virgo (AdV) site
- AdV infrasound NN

- ET infrasound NN

- Torsion bar antenna infrasound NN

> NN due to temperature fluctuations

- Model

- Laser interferometer (ET case)

- Torsion bar antennas
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Temperature fluctuation NN-ET
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Temperature fluctuation NN-TOBA

Strain[1/sqrt(Hz)]
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Turbulent mixing theory
breaks down at f < few
tens of mHz '

Gravimeter data show
that this noise is
overestimated by few
orders of magnitude at
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Validity of the model for
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Conclusion and Perspectives

Infrasound NN

» Pressure fluctuations variate significantly with location, time and season. It is
important to characterize the detector sites in tferms of pressure fluctuations.

» Characterization of the AdV site in terms of pressure fluctuations and infrasound NN
level.

» For an ET-like detector the Infrasound NN is strongly suppressed, when going
underground. However the attenuation can be significantly spoiled by the internal
contribution of the test mass cavity.

» TOBA infrasound NN is below the next stage sensitivity and a few orders of magnitude
above the sensitivity required for gravitational-wave detection. This allows the
exploitation for geophysical applications.

TOBA NN from Temperature fluctuations

» Check and improve the model.

» Strongly attenuated when going underground.
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