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Gravitational wave 1

Gravitational wave (GW) is the wave of  “space-time ripple”

Heavy objects make

space-time distortion

Distortion propagates

as “Gravitational Wave”

Distortion is detected as

strain of interferometer

A detector of GW is KAGRA

Source of GW:

Compact object coalescence

※However, the strain is very small
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Importance of interferometer control 2

：laser beam

：main mirrors

Interferometer consists of

many mirrors

*All mirrors need to be adjusted to

proper position and angle

*Control is essential to maintain state

mirrors are suspended

coil

magnet

※control refers to feedback control
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Basically configuration of KAGRA

～～～



Lock-loss of interferometer 3

*LOCK:

*LOCK-LOSS:

A state in which all mirrors

are properly controlled

A state in which control is lost

Even if GW arrives with lock-loss state,

KAGRA can not detect GW
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Lock-loss of interferometer 3

*want to avoid lock-loss during observation

*however, lock-loss process has not

been systematically studied

*want to investigate lock-loss reason

*Lock-loss study is meaningful
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*LOCK:

*LOCK-LOSS:

A state in which all mirrors

are properly controlled

A state in which control is lost

Even if GW arrives with lock-loss state,

KAGRA can not detect GW



Position and purpose of this study 4

Build an analysis method

using lock-loss of latest observation (O3GK)

Specify causes

Analysis lock-loss

Show hints for

identify cause

Step of lock-loss study

Identify

lock-loss

my study

Purpose of my study

Lock-loss

is reduced

Lock-loss study is meaningful

Think of solutions

Take countermeasures
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KAGRA O3GK 5

3 km 3 km

KAGRA is …

*Large-scale cryogenic gravitational waves telescope

*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 7th to 21st Apr, 2020 (O3GK)

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

INTRO STUDY① STUDY② CONCLUSION APPENDIXPURPOSE



Lock-loss in O3GK 6
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Lock-loss

O3GK START

O3GK END Photo detectorLock rate:42.5 %

Number is identified lock-loss in O3GK is 75 (duration≧10 minutes)
4th lock-loss
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Lock-loss analysis methods 7

There are two main methods

1. Approach from the causation

2. Approach from the result side

For known causes, find out if the phenomenon is occurring at lock-loss

There is abnormal ground vibration in this study

Usually cause is unknown, but various behavior is seen at lock-loss

Show hints to lock-loss process from the behavior
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Approach from cause side

EYV

Whether abnormal ground vibration occurred

Check it using 5 seismometers
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Seismometer at center area of KAGRA

INTRO PURPOSE STUDY② CONCLUSION APPENDIXSTUDY①



Threshold of seismometer

Threshold is determined from histogram

128s
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Seismometer at center of KAGRA

normal
abnormal

Threshold

Histogram of seismometer’s ptp

Divide 15 days of O3GK every 128 seconds

Make histogram from peak to peak in the section

Fit normal distribution (next page)

Determine threshold (next page)

(i)

(ii)

(iii)

(iv)
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Threshold of seismometer

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

※natural phenomenon such as ground vibration

follows power distribution

Distribution at normal time (black)

= Remove the large microseismic period
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*Determine threshold:

value that occurs only 0.1 times

at 15 days (solid red line) abnormalnormal

Yellow zone（1 time /15days）

Histogram of seismometer’s ptp

th
resh

o
ld
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Next page



Microseismic 11

KAGRA

Microseismic is ground vibration due to rough sea

～～

Time series

～～

earthquake

similar in shape

Histogram of seismometer

Time series of ptp
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Analysis result from cause side 12

When microseismic is large

certainly it is difficult to lock

Both detected

Time series of seismometer’s ptp
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Lock-loss

Lock-loss by abnormal ground vibration（6 times）

Lock-loss by large microseismic（9 times）



Lock-loss analysis methods

There are two main methods

1. Approach from the causation

2. Approach from the result side

For known causes, find out if the phenomenon is occurring at lock-loss

There is abnormal ground vibration in this study

Usually cause is unknown, but various behavior is seen at lock-loss

Show hints to lock-loss process from the behavior
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Approach from result side (1/4)

Control signal

（digital）
Control signal

（analog）
DAC

Sometimes DAC saturation is detected before lock-loss

Saturation:

count ≥ 35000
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coil

magnet

Saturation

Abnormal

feedback signal

Bad alignment

Mirror vibration
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Coil control signal
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Approach from result side (2/4)
Find out which loop broke from error and feedback signal
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Feedback signal
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Saturation

Abnormal

feedback signal

Bad alignment

Mirror vibration



Approach from result side (3/4)
Check Alignment of mirrors using QPDs (Oplev, TMS, OMC,…)
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PIT

YAW

3 seconds ago 2 1 0

lock-loss2048 samples

Laser spot potion on QPD of TMSY

2020-04-20 06:46:46~49 (UTC)

(QPD)
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Saturation

Abnormal

feedback signal

Bad alignment

Mirror vibration

←other time



Approach from result side (4/4) 16

Sometimes 1 Hz oscillation of mirror is seen before lock-loss

Feedback signal

T
ra

n
sm

it
ta

n
ce

Transmittance

2020-04-20 20:50:41 (UTC)
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→by optical spring
Saturation

Abnormal

feedback signal

Bad alignment

Mirror vibration
2020-04-20 20:50:38~41 (UTC)



Analysis result from result side 17
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Lock

Lock-loss

Lock-loss by abnormal ground vibration

Lock-loss by large microseismic

Saturation (10 times)

Abnormal feedback signal (48times)

Bad alignment (53 times)

1 Hz oscillation (13 times)



Lock-loss classifying system FujiLINCO
FujiLINCO can classifying lock-loss automatically

We can get result as HTML

yyyy-mm-dd hh:mm:ss or GPS time
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Summary and Conclusion 19

*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 signalsS
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*Ground vibration could be judged accurately

*It is 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
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Backup



Detection of microseismic
Amplitude is small and not sudden ==> detection is hard

But in fact, it has significant effect on lock

We tried to detect by various methods

But there is no good way yet
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Lock-loss study
KAGRA : almost no one is systematically studying

LIGO : relies on machine learning  (not possible with man power…?)
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Ground vibration
*earthquake

・microseismic

・discharge of dam

・pump of underground water

-at time of discharge

-the day before
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Abnormal behavior of signal

(Maximum rms for 100 s of 150 s before lock-loss ) – (mean)

(Maximum rms for 4 seconds just before lock-loss) – (mean)
≧ 2 ==> abnormal

One way to detection abnormal behavior
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ロックロス分類システムFujiLINCO
ロックロスを自動で分析してくれる

または日時を指定（UTC）

GPS時刻を指定

または「now」で最新のロックロス

（指定された時刻から遡って最も近いロックロスを扱う）

今回はO3GKのロックロスを扱うため
O3GK期間のロックロスを指定する

オプションで期間を指定することもできる

>FujiLINCO.py  t1 -from t2

>FujiLINCO.py  t1 -to t2

>FujiLINCO.py  t1 -before t2

>FujiLINCO.py  t1 -after t2

：t2からt1まで
：t1からt2まで
：t1までt2秒間
：t1からt2秒間
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