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Importance of this study
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Important Channels

Channel name

MICH K1:GRD-LSC_MICH_STATE_N

IMC K1:GRD-IMC_LOCK_STATE_N

VIS_BS K1:GRD-VIS_BS_STATE_N

VIS_EX K1:GRD-VIS_ETMX_STATE_N

VIS_EY K1:GRD-VIS_ETMY_STATE_N

SEIS K1:PEM-IY0_SEIS_{NS/WE/Z}_SENSINF_OUT
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Gardian channels
MICH IMC

VIS_BS VIS_EYVIS_EX
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SEIS channel

bKAGRA phase1 bKAGRA phase1
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micro seismic
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M6.1 
Philippine M5.4 

JapanM5.9 
South Africa
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threshold 
1um/s
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threshold 
1um/s

big RMS

small RMS
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SEISstate
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Priority of identifying the cause

SEIS

IMC
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may affect

may affect
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Ratio of LockLoss

Most of the cause 
of LL is due to VIS-BS 
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Ratio of LockLoss

Most of the cause 
of LL is due to VIS-BS 

???
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Relation between "MICH" & "VIS_BS"

MICH_GARDIAN

is_MICH_alive

watch
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VIS_BS

Interferometer 
PD

Relation between "MICH" & "VIS_BS"

MICH_GARDIAN

BS Locked

BS tripped

fail to control

①BS trip --> Lock Loss 
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PD
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BS tripped
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Lock Loss

② Lock Loss --> BS trip 
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VIS_BS

Interferometer 
PD

Relation between "MICH" & "VIS_BS"

MICH_GARDIAN

BS Locked

BS tripped

fail to control

Something triggers 
Lock Loss

feedback

①BS trip --> Lock Loss 
② Lock Loss --> BS trip 

Lock Loss

We cannot distinguish  
completely these 2 types!

may cause trip
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Was the LL due to BS ?

-  In data, ALL "LL caused by BS"  
show MICH went down after BS  
went down. 

-  The delay time was (2~4)/16 sec.
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1 sec

2/16 sec
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Was the LL due to BS ?

What makes the delay? 
-  Each Guardian runs on independent MEDM.  
-  MICH Guardian used Samp=16Hz channel to  
watch other Guardians. 

-  The delay was due to calculators.   
We can't distinguish which actually went down first.

-  In data, ALL "LL caused by BS"  
show MICH went down after BS  
went down. 

-  The delay time was (2~4)/16 sec.
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Was the LL due to BS ?
-  What percentage of it was due to  
flow ① and flow ②?  

-  Flow ①: BS trip is surely  
accompanied by LL. 

-  Flow ②: LL is not always  
accompanied by BS trip. 
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VIS_BS

Interferometer 
PD

Relation between "MICH" & "VIS_BS"

MICH_GARDIAN

BS Locked

BS tripped
Something triggers 

Lock Loss

② Lock Loss --> BS trip 

feedback

may cause trip

Not always happens!
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SEISstate
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Was the LL due to BS ?

Discuss!
Please give me some advice...

about whether this 46% was due to BS trip.

-  What percentage of it was due to  
flow ① and flow ②?  

-  Flow ①: BS trip is surely  
accompanied by LL. 

-  Flow ②: LL is not always  
accompanied by BS trip. 
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Was the LL due to BS ?

Discuss!
Please give me some advice...

about whether this 46% was due to BS trip.

I think the most was due to BS. 
- MICH down was so delayed  
compared to BS down.  
- LL is not always accompanied 
by BS trip. 

What do you think?
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3.  What kind of EQ causes Lock loss?  
    （Classifying EQs as to its safeness) 
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LL caused by EQ

- When LL happened 
- When seismic vibration  
 was noisy

KAGRA

Earthquake

EQ propagates

- Place 
- Magnitude 
- happened time

- distance (in a straight line) 
- arrival time range 
 (when EQ came)
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LL caused by EQ

- When LL happened 
- When seismic vibration  
 was noisy

KAGRA

Earthquake

EQ propagates

- Place 
- Magnitude 
- happened time

- distance (in a straight line) 
- arrival time range 
 (when EQ came)

By comparing, 
we can conclude  

which EQ was danger!
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Importance of this study
 We can know which EQ should be danger 
for KAGRA 

→ If EQ happens while operating, getting 
information of EQ, we can cope with it 
appropriately 
- keep operating if the EQ is weak  
- control interferometer strongly 
- stop control intentionally to save 
interferometer 
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Velocity of Earthquake
EQ happens 

distant from 8000 km

after 600~700 sec

after 1000~1300 sec
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Velocity of Earthquake
EQ happens 

distant from 8000 km

after 600~700 sec

after 1000~1300 sec

- Was there Lock Loss? 
- Was seismic vibration big?
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Notice
-  From many EQs, we want to separate them 
into safe EQ and danger EQ. 

-  However, by seeing signal of seismometer,  
we cannot conclude which EQ made this 
seismic vibration because the expected  
time of arrival has some range  
and many of them was overlapped. 

- It is usual some EQs come simultaneously,  
so we cannot distinguish completely.
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Notice
-  So I separated EQs into 3 types. While each 
arrival time range, I checked whether LL 
happened and whether RMS of seismic 
vibration was big.

RMS big RMS small

LL happened May cause LL 
with big RMS

May cause LL 
with small RMS

LL DIDNOT 
happen

Must not 
cause LL

Must not  
cause LL



Ando Lab. Seminar (June 22th, 2018)



Ando Lab. Seminar (June 22th, 2018)

Japan

Hawaii

Philippine

South Africa
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threshold (?)
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Summary of this study
-  We can separate EQs into safe one and 
danger one roughly. 

-  This study will teach us how we cope with  
EQs according to their distance and 
magnitude. 
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End.
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supplemental slide
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The value of threshold
- This value have some arbitrariness. 
- It should have been decided on the RMS  
when LL happens. 

- But ...
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The value of threshold
- This value have some arbitrariness. 
- It should have been decided on the RMS  
when LL happens. 

- It is difficult to decide precisely the  
threshold of RMS which cause LL. 

- I set the value with some reason. 
① The big EQ exceeds the threshold. 
② All EQs whose RMS was bigger make LL. 

→ The value does not too small 
③ This is as same as the threshold of ...  
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PEM Site Map
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i



Ando Lab. Seminar (June 22th, 2018)

Future plan of this topic

The most cause of LL seems VIS_BS, 
but it cannot be concluded. 
I have to check other channels. 
- VIS-ETM{X/Y}_TM_OPLEV_TILT_  
 {PIT/YAW}_OUT 

- GRD-VIS_{PR2/PR3}_STATE_N
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bKAGRA
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Ratio of LockLoss
iKAGRA bKAGRA

Most: IMC 61% Most: VIS-BS 46%
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RMS of EX-SEIS EY-SEIS
mistook selecting channel!
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Boolean of feedback (iK)
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RMS of SEIS (iKAGRA)
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EQ leading to LL (iKAGRA)
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どの地震を表しているのか図示してわかりやすく

縦軸が違う
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EQJi_1435
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micro seismic

M6.9 
Hawaii

M6.1 
Philippine M5.4 

JapanM5.9 
South Africa

M5.8 
Vanuatu
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threshold 
1um/s
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threshold 
1um/s

big RMS

small RMS



Ando Lab. Seminar (June 22th, 2018)



Ando Lab. Seminar (June 22th, 2018)

Ratio of LockLoss
iKAGRA bKAGRA

Most: IMC 61% Most: VIS-BS 72%
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Ratio of LockLoss
investigation conducted on 94 LLs 

unknown: 16%

IMCfollowing: 2%          

VIS-BS: 72%

SEIS: 5%
IMC: 4%

Most of the cause 
of LL is due to VIS-BS 

A few second later  
MICH was down, 

IMC also went down 
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For KIW4 poster
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threshold 
1um/s

micro seismic

M6.9 
Hawaii

M6.1 
Philippine

M5.4 
Japan

time [days]
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Hawaii

M6.1 
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M5.4 
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Lock Loss  
happened!
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