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Himemoto & Taruya, PRD (2017, 2019)

[fe/(2Q)]

Psr(f) = Ps(f) >

VAL + 1)2

27 a

fo =

(1l : Earth radius

: Q value (typically ~5)

(= 102+ L/ CQ)P

Pg(f) :al()élz) (typically o = [).88

fo =) fo

(typically s=0.78)

4 free
parameters

v —v VHIROERTE T )L TFit
> BestfitdD/XT X X -

A=03pT?/Hz Q=438
a=0.72 s =0.77

A& & consistent 75 F5 £

7/12

Outside2 (H,)
theory

s i F—=

Fitf =

0 5 10 15 20 25 30 35
frequency [Hz]



FERE T ILIC K AFit

Himemoto & Taruya, PRD (2017, 2019)
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Summary of the activities in KAGRA

S| bme | senor/bAd | pupose | oomem

Phoenix AMTC-30 (Rental)

TR Phoenix MTU-5A (Rental)

Metronix MFS-06 (Rental)
Metronix MFS-07e (Rental)
Metronix ADU-07e (Rental)

2 2016-07-21~ 22

Metronix MFS-06e

e L Metronix ADU-08 (Rental)

Metronix MFS-06e

4  future (04-) KAGRA DGS

¢ Washimi was not attend #1 & #2.

15t study (KAGRA solo)

LVK joint measurement
Test of Wiener filter

Test of the purchased sensors
Search for the best location

Ordinarily monitoring for GW
observation

JGW-G1503441
JGW-P1504229

J. Phys.: Conf. Ser. 716 012020
Atsuta’s bachelor thesis

JGW-G1605374
JGW-G1605417
JGW-T1605421
JGW-G1605420
JGW-G1605544
JGW-G1706129
Phys. Rev. D 97, 102007

JGW-G2112749
JGW-G2112764
JGW-G2112777



https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=3441
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=4229
https://doi.org/10.1088/1742-6596/716/1/012020
https://www.gravity.phys.titech.ac.jp/doc/thesis/Atsuta_Thesis.pdf
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=5374
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=5417
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=5421
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=5544
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=6129
https://doi.org/10.1103/PhysRevD.97.102007
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=12749
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=12764
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=12777

Magnet meter : MFS-06e

* 1-axis magnetometer (Metronix geophysics)
* Sensitive to the Schumann resonance
e Usedin Virgo
* We have purchased 4 ones.
* Tested with ADU-08 (rental)

Noise Level MFS-06
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Calibration @ Outside of the tunnel

Use the function of ADU-08

#0930

Magnitude [V/(nT * Hz)] - MFS06e/#930 - Chopper On

#0941

Magnitude [V/(nT * Hz)] - MFS06e/#841 — Chopper On

#0943

Magnitude [V/(nT * Hz)] - MFS06e/#843 -~ Chopper On

Magnitude [V/(nT * Hz)] - MFSO6e/#846 — Chopper On

== Computed Calibration == Computed Calibration == Computed Calibration == Computed Calibration
Function Function Function
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Metronix In-Situ Coil Calibration Tool - 0.1.100000.1.7
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Metronix In-Situ Coil Calibration Tool - 0.1.100000.1.7
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10 100
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10 100
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Transfer Function (nT -> V)

https://www.geo-metronix.de/metronix manuals

/en/mfs-06e/mfs-06e.html

a) CHOPPER ON
",(mtm.t V Pl 1 1
FSﬂzsur=TI=0'8ﬁillﬁ'llﬂ‘llﬂ

or normalized as we use it in our calibration files:

: o I'fuulpu!_ V 1 1
:Rm(f)— H H:z _O'Sﬁ' 1+R ' 1+ P ' 1+ Py ’f f:

b) CHOPPER OFF

I ;
adds a term Py = i gz

_Ivtml!pu! Pl 1 -rﬁ 1
FS{’nsnr— OSHT.1|H‘I]_|-B‘I.|'B.I.|'R1.

or normalized as we use it in our calibration files:

lm!pﬂt L .FI ) 1 . [ll . 1
"’ff(f) _OsnT 1+P  1+BA 1+PB  1+F
with
Pi=i- -t Ph—i- i P—i. Py=i-
1 4Hz " 12 8192Hz '~ 3 0. 723« 4

/ |

_f
28300H=

f =
P1
P2
P4

TF

plot
plot

np.arange(start=0.1, stop=500, step=0.1,

15 *f /4.
15 *f /8192,
13 *f /28300.

FrequencySeries(0.8*P1/(1+P1)/(14P2)/(14P4), frequencies=f)

= BodePlot(TF/f, dB=False)

.maxes.set_title('TF/f [V/nT/Hz]')
plot.

dtype="'float')

show()
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Filter design

asd = TS.asd(64,32,method="median').crop(0.1,500)

plot = asd.plot(xscale='log', yscale='log', label='white noise') plot = asd.plot(xscale="log', yscale="log', label='white noise’)

ax = plot.gca() ax = plot.gca()

asd_filt = TS.zpk([],[4,8192],4%8192%5.5).asd(64,32,method="median").crop(0.1,500) asd_filt = T5.zpk([®],[4,8192],4*8192*5.5/4/1.6).asd(64,32,method="median').crop(0.1,500)
ax.plot(asd_filt , label="zpk') ax.plot(asd_filt , label='zpk')

ax.plot(TF_mod.abs()/f, label='TF/f (mod)', color='black"') ax.plot(TF_mod.abs(), label='TF (mod)', color="black')

ax.set_ylabel('Magnitude [V/nT/Hz]') ax.set_ylabel('Magnitude [V/nT]')

ax.legend() ax.legend()

plot.show() plot.show()
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Filter design

plot = asd.plot(xscale='log', yscale="log', label='white noise')
ax = plot.gca()

asd_filt = TS.zpk([4],[©],1.8).highpass(le-2).asd(64,32,method="median"').crop(@.1,560)
#asd filt = TS.zpk([4,8192],[0],1.8).asd(64,32, method="median"').crop(@.1,508)

ax.plot(asd_filt , label='zpk')

ax.plot(1/TF_mod.abs(), label='TF (mod)', color='black')
ax.set_ylabel('Magnitude [nT/V]")

ax.legend()

plot. show()

m white noise

= mk
B TF (mod)

=

E 10 -

oy

=

=
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plot = asd.plot(xscale="log', yscale='log', label='white noise')
ax = plot.gca()

#asd filt = TS.zpk([4],[@],1.8).highpass(1e-2).asd(64,32,method="median"').crop(@.1,588)
asd_filt = TS.zpk([4,8192],[@],1.8).asd(64,32,method="median').crop(@.1,500)

ax.plot(asd_filt , label='"zpk')

ax.plot(1/TF_mod.abs(), label='TF (mod)', color='black')
ax.set_ylabel('Magnitude [nT/V]')

ax.legend()

plot.show()

ValueError Traceback (most recent call last)
<ipython-input-141-b1ff1d6f2cab> in <module>()

3

4 #asd_filt = TS. Tpk([d.],[@]J
----»> 5 asd _filt = TS.zpk([4,8192],

[

7 ax.plot(asd filt , label="zpk')

,1.8).asd(6

»32,method="median"').crop(@.1,500)

1.8). highpass(le 2).asd(64,32,method="median"').crop(@.1,500)
[e]



Applied for the data (Outside of the mine, NS)

Outsidel, NS
02/31 14:24 - 04/01 09:31 |5T
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10 100
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J, ADC noise level ~1.6x107 V/VHz
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Absolute value check @ Outsidel

ASD [pT/rtHz]

Qutsidel, NS
02/31 14:24 - 04/01 09:31 |5T
2.00 7 - . ' 2 |
= Criginal = IEEJ Trans FM: Vol.126 ; No.1 2006
1.75 4 M Filted in time domain iy .
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1.50 - =
e
@
1.25 1 =
u
1.00 1 e
(@)
m
0.75 1 e
kS)
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B \""fw
0.25 4 &
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Fig. 1. An example of the spectrum of Schumann
resonance: The first resonant peak is observed at
about 8 Hz; The data were collected at Moshiri,
Hokkaido, Japan (44° 20'N 142° 15'E) at 18:00UT
on 15th August 2004. The discrete response at
50 Hz is the noise radiated from the commercial
power supply system


https://www.jstage.jst.go.jp/article/ieejfms/126/1/126_1_28/_pdf/-char/en

Outside?2, 6 days
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Outside2 (Hx), 24 hour
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® |[t’s noisy in daytime due to the human activity (cars?).

® Night time is good.
® The amplitude changes about factor 0.5 ~ 2.



Fitting for the “Outside2” data

2021/4/6 10:00:00 - 22:00:00 UTC
Quadratic-butterworth filtered data, 4 —

29 Hz
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Fitting for the “Outside2” data

2021/4/6 10:00:00 - 22:00:00 UTC
Quadratic-butterworth filtered data, 4 — 29 Hz

. 2unnormalized x? dist., x

outside (amplitude) Fixing the other parameters
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; — out_x 1.0 2
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Fitting for the “Outside2” data

Fitting for each nights data
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Slope, 11 days

Slope
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Measurements @ Slope




Measurements @ Slope

“Center2F”
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Measurements @ Slope

“Center2F”
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Measurements @ Sloj 4"
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Measurements @ Slope

“Center2F”
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Compared with “Outside2” data,
the direction is about consistent.
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Measurements @ Slope
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Measurements @ Slo
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Measurements @ Slope
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Fitting for the Slope data
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Blue : Data
: Scaled “Outside?2” Fitting result
Orange : X Skin effect

H(z,t) = Hope %/ cos(z/5 — wt)

2
0 =4/—— :skin depth
UOoW -
U permeability %A

O : conductivibility

From the data at position 2,

Jrpoz = 0.045 Hz /2



Electrical resistivity of the ground
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From \/Tuoz = 0.045 Hz /2

assuming z = 160, 200, 2756 m,  pu=4nx x 107" N A2
electrical resistivity is P = 1/0 = 50, 78, 150 ) m for lkenoyama mountain



Electrical resistivity of the ground

Hh IR b ] Hokuden website: https://hokuden-earth.co.jp/resistivity/

GSI Maps
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Why our measurements show the smaller value?

® Our measurement is not on the surface of the mountain, but inside the mountain, where water content would be larger.

® lkenoyama mountain may be a special place, guessed from its name.

® To derive the value of the resistivity, we use the measurement data at only one place (~ a day). Better to use data at
several different places.
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