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https://indico.phys.sinica.edu.tw/event/16/contributions/30/
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Physical Environmental Monitors (PEM) jinaseseries
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Details of KAGRA PEM was presented by T.Yokozawa [ID29]

< We held “LVK PEM meeting” in KAGRA.


https://www.icrr.u-tokyo.ac.jp/~washimi/KAGRA/PEM/PEMmap/archives/O3GK/
https://indico.phys.sinica.edu.tw/event/16/contributions/29/
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Two types of acoustic injection
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» Noise budget of the interferometer

» Investigation of the Newtonian noise
[Details are shown in arXiv:2012.09294]



https://arxiv.org/abs/2012.09294

Two types of acoustic injection
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» Noise budget of the interferometer
[Details are shown in arXiv:2012.09294]



https://arxiv.org/abs/2012.09294

Noise Projection by PEM Injection

A technic to evaluate the ambient environmental noise in the GW channel.
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Strain noise [1/VHz]

Strain noise [1/VHz]
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|.Fiori, TWashimi et.al., Galaxies 2020, 8, 82
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: Currently used in LIGO, Virgo, and also in KAGRA (before O3GK).

. _ Frequency conservation Linearity
SmMU)=CZU)xPU)=&mU) %“ijpq) injected
Pini(f) — Ppg(f) “» |~ o ”
This model is based on the following hypothesis : | | | it
* No frequency conversion o ,/'background
* Linearity of the power .
\ e Stability of interferometer frequency P /

B We verified it after the 03GK


https://www.mdpi.com/2075-4434/8/4/82
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Single Line Acoustic Injection
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At first, we checked the hypnosis by single line injection.
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also checked for other frequencies



New Model for the PEM Injection Analysis .

We developed a new model including frequency conversion.

Current SPEM(f) — Cz (f) X P(f) 600

. -

- 100

New  Sppm(F) = j [R(f, f) x P(FY1AS"

f' : frequency of the PEM signal
R(f,f') :Response function
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Response function is derived by swept sine injection.
R(F, ) = Sinj(f) = Spkg(f) 1
T P () = P (F) Af
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PEM Prolectlon for the Background Data

wiss Background data
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Acoustic noise propagated to the strain sensitivity was dominant about 200-400 Hz.

« KAGRA O3GK Noise budget -> K.Kokeyama [ID36]
e Offline noise subtraction ->J.Kume [ID41]


https://indico.phys.sinica.edu.tw/event/16/contributions/36/
https://indico.phys.sinica.edu.tw/event/16/contributions/41/
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PEM Projection for the “Pure Acoustic Noise”

Check the validity of this analysis by the broadband injected data.

Acoustic injection in PR booth
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“Pure acoustic noise” (excess in the interferometer signal) is almost consistent!



Two types of acoustic injection

@ Impulse wave

=
O
.
~
=
|
o]
p)

07 08 09 1 11 12
Time [seconds]

» Investigation of the Newtonian noise



https://arxiv.org/abs/2012.09294
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Reverberation time for an Impulse sound

“RT60” is a parameter to explain the acoustic character of a room,
widely used in the field of the Acoustic engineering

SPL = 1010g10(Psound/PO)2

SPL(t = RT60) — SPL(t = 0) = —60dB PGS
Eyring’s formula: v V : volume of the room
RT60 = 0.16s/m X — S : total area of room surface
S log.(1—a) a : absorptance on surface

~n-

Steady sound source e Sound turned off

\

A4
—— Natural decay of sound
-60 dB
v Noise floor

l‘\/' B
- -
RT60

https://www.dewesolutions.sg/reverberation-time-rt60.html|
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35



https://www.dewesolutions.sg/reverberation-time-rt60.html
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Schroeder frequency & Newtonian Noise

M. R. Schroeder, J. ACOust. :
Soc. Am 34, 1819 (1962) S. M. Luisa, GWADW?2019

Atmospheric Newtonian Noise (NN)

Schroeder frequency

RT60 Sources of atmospheric density perturbations!
fs = 20004/ ——— ae eI R
V Molelcules -',.'...‘:.-f:’.'{ -:E‘;': . ":-';‘.:? ::'

*s
-..\I.

. Pressure fields
f>fs : Diffuse case, }\sound < Lroom e.g. infrasound waves producing infrasound NN 2 3. 4
f<f,:Modal case, A4 = Lioom

» Induce the Infrasound NN

Air humidity field Temperature fields
wind-advected NN 3 wind-advected NN 2.3

Stull, Meteorology Saulson Phys. Rev. D 30, 732, J. Harms Terrestrial Gravity Fluctuations,

SOUND PRESSURE LEVEL

Pressure
Zone

Creighton CQG. 25 (2008) 125011, C.Cafaro, S. A. Ali arXiv:0906.4844 [gr-qc] z

|
|— Nermal _L_ pippusion
l

l Meodes

F, FREGUENCY

» We can estimate the cut-off frequency of the infrasound NN toward future observation or G3.


https://agenda.infn.it/event/15928/contributions/88921/
https://doi.org/10.1121/1.1909136
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Measurements in KAGRA site

pulse 34 (tp=94.52 seconds)
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Results of RT60 and Schroeder frequency in KAGRA

RT60 (second)
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Frequency dependence is coming from

the absorptance on surface
|4

S log,(1—a)™ 1!

RT60 = 0.16s/m X

By using the plateau,

BT TR ATT

Center ~1.0 25,000
X/Y end ~1.2 10,000 22
X/Y arm ~2.0 46,000 13

 We performed the same measurements in Virgo.
* The journal paper is in preparation.
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Other activities for the Newtonian Noise in KAGRA

KAGRA PEM is also working on the other types of Newtonian noise in underground environment.

Water fluid NN
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Summary of KAGRA Acoustic In'_ection

@ Continuous wave @ Impulse wave

v We investigated the response of KAGRA Bl v We evaluated the reverberation time in
interferometer to the acoustic field. ' KAGRA observatory.
» a part of 03GK Noise budget : » investigation of a Newtonian noise
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