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Gravitational wave

Gravitational wave (GW) 1s the wave of “space-time ripple”
4 4 4

Heavy objects make Distortion propagates Distortion is detected as
space-time distortion as “Gravitational Wave” strain of interferometer

-

Source-of GW:
Compact object coalescence

\ o
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Importance of interferometer control

Basically configuration of KAGRA mirrors are suspended

Interferometer consists of

B | ETMY
many mirrors 3 km

magnet
. €

T -
ITMY o @ coil
ITMX ETMX we

MCE

PRM PR2

IMMT2

MCF BS

IMMT1 PR3

Laser room SR> 3 km (

SR3 *All mirrors need to be adjusted to
. SRM proper position and angle
" main mirrors omvr2@g K*Control IS essential to maintain state )

M .
OMC s<control refers to feedback control
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|_ock-loss of interferometer

*LOCK:
A state in which all mirrors
are properly controlled

*LOCK-LOSS:
A state in which control 1s lost
Even if GW arrives with lock-loss state,

KAGRA can not detect GW

MCE

IMMT?2 PRM

MCF
Laser room

IMMTI1 PR3
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|_ock-loss of interferometer

/ *_OCK:
ETMY A state in which all mirrors
are properly controlled
3 km
*LOCK-LOSS:
MR Ty _~| Astate in which control is lost
IMMT2 ~ PRM  PR2 ITMX ETMX Even if GW arrives with lock-loss state,
N B A e —00 KAGRA can not detect GW

Laser room

\_

ﬁ"want to avoid lock-loss during observatiom
*however, lock-loss process has not
been systematically studied

/ *want to investigate lock-loss reason
*Lock-loss study is meaningful
\_ y

SR3
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Position and purpose of this study

Lock-loss study is meaningful

Step of lock-loss study

Analysis lock-loss

|dentify : : Think of solutions Lock-loss
Iock-losls Sh?\é\ggi;wft; ::ZL s Pecity calises g8 countermeasurey Is reduced
my study
Purpose of my study
4 _ _ )
Build an analysis method
- using lock-loss of latest observation (O3GK) )




PURPOSE CONCLUSION APPENDIX

KAGRA O3GK

KAGRA 1s ...

*Large-scale cryogenic gravitational waves telescope PR g

*Located 200 m underground
at the Mt. Ikenoyama, Gifu

*Based on Michelson interferometer
(baseline length is 3 km)

*In cryogenic temperature (20 K)

First international observation with GEO |
was performed from 7t to 215t Apr, 2020 (O3GK)

Design : PRFPMI, Room temperature : about 270 K . .
>> For the details, check O3 plenary session



PURPOSE CONCLUSION APPENDIX

LLock-loss in O3GK

Number is identified lock-loss in O3GK is 75 (duration=10 minutes)
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Lock State of O3GK
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ock-loss analysis methods

There are two main methods

1. Approach from the causation

For known causes, find out if the phenomenon is occurring at lock-loss
There iIs abnormal ground vibration in this study

2. Approach from the result side

Usually cause is unknown, but various behavior is seen at lock-loss
Show hints to lock-loss process from the behavior




PURPOSE CONCLUSION APPENDIX

ock-loss analysis methods

There are two main methods

1. Approach from the causation

For known causes, find out if the phenomenon is occurring at lock-loss
There Is abnormal ground vibration in this study
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PURPOSE STUDY(D

STUDY®

CONCLUSION

Approach from cause side

Verocity [um/s]

Whether abnormal ground vibration occurred
Check It using 5 seismometers

Seismometer at center area of KAGRA

APPENDIX

=

-50

Time [seconds] from 2020-04-17 23:27:51.90 JST (1271233689.9)

4.0----43-0----_2|0----_1|0----

ock-los
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Threshold of seismometer

"hreshold is determined from histogram _,, Histogram of seismometer’s ptp -
2 woan 1371
| | Seismometerlal center of KAGRA | 8 RMS  2.801
£ oo | | | | 5
SN | | | | @
B | | | '
§ O-WT 1 1 [ 1 1
g 20 - E :” 128s ,:, E E
00 ! f Tiﬁe [minuteés] from 20250-04-1 8 (;38:24:00 S?C (1271 2433458‘0)4.‘5 ; .
_ _ / abnormal
(1) Divide 15 days of O3GK every 128 seconds 10~
(i) Make histogram from peak to peak in the section H‘H MH ‘ ‘ ‘

(111) Fit normal distribution (next page) 1 ; -
(iv) Determine threshold (next page) - 'n otp [ums]

Threshold
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Threshold of seismometer

Distribution at normal time (black)
= Remove the large microseismic period

Next page

*Fit normal distribution
with power function (solid blue line)

*natural phenomenon such as ground vibration
follows power distribution

*Determine threshold:
value that occurs only 0.1 times
at 15 days (solid red line)

Histogram of seismometer’s ptp

h13
Entries 10122
Mean 2.08

—
o

event / day / bin

RMS 2.896
—+
= I
) . ALL
! =
o - except for microseis
o
- Lock Loss

107"

1072

1072

no?mal{ 10» abnorm1a_0|Z ptp [um/s]

Yellow zone (1 time /15days)
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Microseismic

wave height at Wajima

Microseismic iIs ground vibration due to rough sea — mean wave helgnt

—— max wave height

Histogram of seismometer
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Analysis result from cause side

Lock State of O3GK " lock
417 - . ) = l = Lock-loss
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2
412 - R Ly o _
4;13 m File Edit Yiew Options Tools Help
. . . 9

% 4/14 —— = Time series of seismometer’s ptp
2 44’15—41—I S B m 45- \ 3:_
416 1 I e N = C " *
417 {0 0 0 1 m X \’3{_— y R
4/18 - > - T, ] ..
4119 <X — g ’ﬁ\\— When micrpseismic Is large
’-”EULH i —— N e—— - e certainly it is difficult to lock
4215 1 I N I E E +
0 2 4 6 8 10 12 14 16 18 20 22 24 'i =
time (JST) 5 L
05—
E | L Ix10°

BOth deteCtEd a7 9 411 4;13 I4|,r1 I4,r|1? 4;51'9I 4,f|21I

date (JST)




PURPOSE CONCLUSION APPENDIX

ock-loss analysis methods

There are two main methods

2. Approach from the result side

Usually cause is unknown, but various behavior is seen at lock-1oss
Show hints to lock-loss process from the behavior
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Approach from result side (1/4)

P Sometimes DAC saturation Is detected before lock-loss
2 .. Coil control signal
Abnormal g = Saturation:
feedback signal 5 ‘o aturation.
£ count = 35000
Bad alignment 2
Mirror vibration — magnet
E H1
E H2 |
; Time [(;:cong:] from 2020.04-15 00:41.27 UTC (122;09463505.0333 c Oll/
& €3 $al=
Control signal Control siM/
9 SNALY bac
(digital) (analog)
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Approach from result side (2/4)

Find out which loop broke from error and feedback signal

Saturation
degree of freed I i |
Abnormal db k I ceree o c¢ LOI_?L 4 Y End Mll’I‘OI‘
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Approach from result side (3/4)

| Check Alignment of mirrors using QPDs (Oplev, TMS, OMC,...)
Saturation Laser spot potion on QPD of TMSY
2020-04-20 06:46:46~49 (UTC)
Abnormal b
feedback signal

Bad alignment

0.60 -

Mirror vibration

= i
ol 0.55

0.60 -

Quadrant Photo Diode(QPD)

PIT

05 000 0.05 0.10 0.15
YAW

2048 samples lock-loss

| | ]
D

| 3 secondsago 2 1 0 o wn e ax we w oo o | <—Othertime
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Approach from result side (4/4)

Sometimes 1 Hz oscillation of mirror iIs seen before lock-loss
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H .
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Analysis result from result side
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STUDY(®)
Lock-loss classifying system FujiLINCO

e - =B EUiiLINCO can classifying lock-loss automatically
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Summary and Conclusion

*Lock-loss study is meaningful to detect GW

*Lock-loss in O3GK was analyzed by two methods

*Ground vibration was checked with threshold of seismometer
*Abnormal behavior was checked using various signals

*Ground vibration could be judged accurately
*It 1s unknown to how much behaviors contribute to elucidation
*There are still many unclear point about lock-loss,

but this study could show analysis methods as the first step

Conclusion

/
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Weather during O3GK

Detection of microseismic  Jomrae===
1 1 —_— - - 20: ._._Lf-a-.-_._.//ﬁ\n_._/k\/k\
Amplitude is small and not sudden ==> detection is hard V.
But in fact, it has significant effect on lock i ”i‘”ﬁ;
= TN AT NN
%_ ) spectrum of seismometer f Za N
] 102 = Earthquake E 04:/7 Wﬂﬁﬁ%m 4:\f,1:\::1.
Time [seconds] fom 2020.04-18 04:14:26.50 JST (1271250884.5 10 - /”\/\ : :\Li:i:;;:useismic date (JST)
E 10° - 105—;
-“E : 104—5 0e° o %
= 10
> : = 102 .
We tried to detect by various methodsmﬁ_? —
But there is no good way yet e e e e e o e —— i

frequency [Hz] RMS [um/s]



KAGRA : almost no one Is systematically studying
LIGO : relies on machine learning (not possible with man power...?)

CSWG More systematic analysis needed
July 20, 2017

We record ~ 2.5k channels of “fast” data from the LIGO
detectors:

m sensor inputs and actuator outputs
m interferometer length and angular control and error signals
- i |/ ienal
Problem of lock loss m suspension /seismic/aux control /error signals
m physical and environment monitors (seismometers,
microphones, magnetometers, pressures/temperature sensors,
etc.).

The interferometer loses lock and we usually don't know why.
) Additionally record ~ 100k of “slow” monitors (intermediate

Leads to lost observation time, no BNS observations. signals and status bits).

Earthquakes are certainly a known primary culprit, but they only
account for a fraction of all loses. Usually we have very little idea Should be able to extract useful information from all this data...

what caused the lock loss.

m Cursory look for “lockloss” in logs: only ~
"earthquake".

Machine learning to the rescue?

No systematic studies have been undertaken to understand why
lock loses occur. Problem has hallmarks of machine learning problem:

m Lots of data, but unclear relationship between input and
output.
m Some labels available (“lockloss” or “not lockloss") but no a

priori knowledge of causes.
More svstematic analvsis needed T T T T
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W EE (NR)

Ground vibration

*earthgquake
*microseismic

-discharge of dam—

*pump of underground water
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Abnormal behavior of signal
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CONCLUSION

Oy2A RSB AT LFUjiLINCO

AyJOXZHETH LTINS

GPSEZIZIEE (FEESNI=RZINL#M-oTHRLGAELAYIORZERD)
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