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Status Report | - Site Work @ KAGRA

Grad. Student
Piljong Jung (GIST)

Long-term visit KAGRA during 2017.12. 14 - 2018. 1. 31
as a temporary member of KAGRA (under special permission)

4 ANALYSIS TOOL DEVELOPMENT

* Coupling function

* Realtime Cache generator in k1det1

4 BUILDING ENVIRONMENT

¢ Build the Python environment

at seikai and k1det1
* LALSuite install in seikai and k1det1
e gwpy install in seikai and k1det1

+

DETECTOR CHARACTERIZATION

* Check for the impact of an

earthquake from Jakarta on KAGRA

. K1:PEM-EX1_SEIS_WE_BLRMS_HI_OUT_DQ

« glitch signal analysis

v [Hz)

K1:LSC-MICH_CTRL_CAL_OUT_DQ
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Status Report | - Site Work @ KAGRA

Long-term visit KAGRA during 2017.12. 14 - 2018. 1. 31
as a temporary member of KAGRA (under special permission)

RACTERIZATION

impact of an

om Jakarta on KAGRA

SEIS_WE_BLRMS_HI_OUT_DQ

Grad. Student | would like to thank Kajita-san, Kanda-san, Hayama-san
Pilong Jung (GIST] | and other peoples at KAGRA for the hospitality and the ‘”m
temporary membership during his visit to KAGRA.
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m 2018-01-23 09:30:00 UTC (1200735018)

nalysis

K1:LSC-MICH_CTRL_CAL _OUT_DQ
* Build the Python environment _ l
at seikai and k1det1 : '
« LALSuite install in seikai and k1det1 j] —
* gwpy install in seikai and k1det1 i ! L] '
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Purpose of Channel Safety Study

Detector characterization:

- from environmental disturbances and instrumental
anomalies that is very harmful to gravitational-wave detection (e.g. wind, earthquake, light-
scattering, thermal vibration etc)

- by using various veto methods and detchar tools (enhancing DQ)

If there are some subsystem channels that behave identically with the gravitational wave channel
(we said ‘the channel is unsafe’), then all gravitational-wave signals will be removed by glitch veto
algorithm. So we must remove those channels from the glitch vetoing channel list (so called
‘Detchar Channel List or Safe Channel List’).

Channel Safety Study should be done before the signal search and glitch veto analysis. The study is
about ‘making a decision which channels behave like gravitational-wave channel and generating a
safe channel list for detchar purpose’.

For example: GW150914 (at the very early stage of detection)

- Veto algorithm (Hveto used in LSC]) rejected the signal since some unsafe channels are not
properly removed from the Detchar Channel List. This fault has been modified soon, then the
detection has been made correctly.
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Status Report Il - Channel Safety Study (1/2)

4+ DATA PROPERTIES + HVETO RESULT

K1 Hyeto all rounds K1 Hyeto all rounds # Families
‘ B % . l K1:LSC-MICH_OUT_DQ
_: e =§ z ; i | K1:LSC-REFL_PDAI1_RF17_1_OUT_DQ
i : " £> H ¢ K1:LSC-REFL_PDAI1_RF17_Q_OUT_DQ
; _ E :;N . | i H K1:LSC-MICH_ERR_CAL_OUT_DQ
. B NS B 0 701 :I I l ! K1:LSC-MICH_BLND_CAL_OUT_DQ
% - ' Fractional deadtime Time [minutes] from 2016-04-26 00:47:23 UTC (1145666560 L X
» K1:PEM-EX_SEIS_NS_BLRMS_HI_OUT_DQ
g . K1 Hveto round 1 K1:PEM-EX_SEIS_NS_BLRMS_MID_OUT_DQ
;,‘ "".z . s K1:PEM-EX_SEIS_NS_SENSINF_OUT_DQ
i o £ ? K1:PEM-EX_SEIS_WE_BLRMS_HI_OUT_DQ
; oo B - . K1:PEM-EX_SEIS_WE_BLRMS_MID_OUT_DQ
Fu ’5 ; K1:PEM-EX_SEIS_WE_SENSINF_OUT_DQ
i 2 KI1:PEM-EX_SEIS_Z BLRMS_HI_OUT_DQ

it e b NI BB UTO QL) T 2990 e K1:PEM-EX_SEIS_Z BLRMS_MID_OUT_DQ
K1:PEM-EX_SEIS_Z SENSINF_OUT_DQ

]

4 COHERENCE «1:Lsc-micH_ouT pa

Coherence between PSL periscope motion and KAGRA strain data

4 UNSAFE CHANNEL LIST in iKkAGRA

K1:LSC-MICH_OUT_DQ
K1:LSC-REFL_PDA1_RF17_Q_OUT_DQ

-
Py i . K1:LSC-MICH_ERR_CAL_OUT_DQ
Coherence betwoen PSL periscope motion and KAGRA data
K1:LSC-MICH_BLND_CAL_OUT_DQ
g ) K1:LSC-REFL_PDA1_RF17_I_OUT_DQ
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10 12 1
Time [minutes] from 2016-04-26 00:47:23 UTC (1145666860
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Status Report Il - Channel Safety Study (2/2)

4+ STRANGE PHENOMENON 4+ IDENTIFY GLITCH SIGNAL
K1 Hveto round 1 K1 : Hardware Injection Time to Amplitude Plot
i ! JsEEERESR l.
i n [ ] opge =)
7 - « PEM Families S
:-""'.,, n g - - - - e - s = » . » -en ® o2 B B
L} : D
z 17 Z Z , E == o - - 5 o s a - -
2 . ) About 8.3 hour (=
K1:PEM-EX_SEIS_Z_SENSINF_OUT DQ N PN ( About 2 hour PN PN n!
Fasmmma_;, > (=) (= ) 4 b {( =) (*) 4
E "los il ml— Time from 2016-04-25 12:12:11 UTC (1145621548.0) [total 13h] Yo 411 18 115,

2 4+ PROPERTY OF GLITCH SIGNALS

Frequency [Hz)

100

s/ In the EX seismometer and EX TestMass-channel, main-channel, harmonics glitch signals

of 26Hz and s53Hz for 80 seconds occurs every 2 hours

10 0.0

0 2 i 6 10 12

Time [minutes] from 2016-04-25 12:56:23 U TC (1145624200) s/ Inthe BS seismometer and BS TestMass-channel, main-channel, harmonics glitch signals of

53Hz for 8o seconds occurs every 8.3 hours
K1:LSC-MICH_CTRL_CAL_OUT_DQ

e I +  HYPOTHESIS
- . T * the pump rotary is operated at the base line
: e ; . " b 1 * the vibration is transmitted to the seismograph and OpLev
£ : i i i i [ | ‘ P z * Vibration signal entering OpLev adjusts TM position

10 + ‘ J ’ ‘ ; : : : ; :1 :Il)l

0 b fpeeinEg
Time [minute \j from 2016 l)l 25 12:56:23 U I( (1145624200) 8
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Status Report lll - CAGMon

CAGMon Project: Analysis Results

- Correlation analysis based Detchar Tool using MIC, PearsonR, and Kendall's tau coefficients -
Developers & Contributors

John J Oh* (KGWG & NIMS, Korea), Young-Min Kim (KGWG & SNU, Korea), Edwin J. Son (KGWG & NIMS, Korea),
Sang Hoon Oh (KGWG & NIMS, Korea), Hwansun Kim (KGWG & NIMS, Korea), Kazuhiro Hayama (ICRR, Japan)

Contact Email: johnoh@nims.rekr
KAGRA Runs: 1142899217-1143446417 (1st) / 1144368017-1145606417 (20d)

1DQ.Channel Info. | KAGRA.DQ ChannelIMC PSL| KAGRA DQ Channel LSC | KAGRA.DQ.Channel PEM | KAGRA.DQ.ChanneL VIS |

Project Goal
st CAGMon Analysis Results

Theoretical B, ,,4y,es

Sampling

m page si o 1 you click the fgure, then you find the CMatrix and the
« mincpy relavent scatiered plots during the time seg
« pylal, lasuite, gloe
| HOME | KAGRA.DO Ch cn LPEM Vi
User's Guide
KAGRA.DQ.Channel IMC PSL
« Guide for only LVC
« User's guide for LV
yyyyy Correlation Coefficient
Analyzed Res
. Scattered Plots: IKAGRA.1145621879.30.1024.1.0
{KAGRA 114562184
KAGRA.DQ.Channel PEM
Created by MainWely
Copyright@John.Oh, |
— -
Pearson Correla oe

CMatrix: 1145621879430 - Ktau CMatrix: 1145621879430 - MIC

Scatter Plot: 1145621879430 - PEM- Scatter Plot: 1145621879+30 - PEM- Scatter Plot: 1145621879430
BS_SEIS_NS_BLRMS_HI_OUT_DQ BS_SEIS_NS_BLRMS_LOW_OUT_DQ BS_SEIS_NS_BLRMS_MID_OUT_DQ

CAGMon2.0

Summary Page
http:/ / seikai.icrr.u-tokyo.ac.jp/ "~ johnoh/

New Development So Far:

1. Data Sample vs MIC value validation
- Fixed data samples > 12000 [depends upon
computing cost)
- Code Development: Extract High Rank Channels
- Write results as HDFS5 format

2. (GSS Run for iIKAGRA Injection data

0.25 e MIC
PearsonR

- Kendall's tau
0.20 4

0.15 1

Samples >12,000

0.10 4 MIC <0.06

Correlation Value

0.054

0.00 1

20000 30000 40000 50000
Sample Size

9
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Status Report lll - CAGMon

Short-period
Injection Test 1: Propagating
SG injection: 1145621548_3.0_4096 . ) . . channels
Maximal information coefficient:
LSC-ACT_DEMOD1_| OUT_DQ 1.000
Kendall's tau coefficient: LSC-ACT_DEMOD1_Q_0OUT_DQ 1.000
LSC-MICH_BLND_CAL_0OUT_DQ@ 0.993 LSC-ACT_DEMOD2_Q_0UT_DQ 1.000
LSC-MICH ERR CAL OUT DQ 0.992 LSC-ACT_DEMOD3_|_0OUT_DA 1.000
- - - - ' LSC-ACT_DEMOD3_QO_0UT_DQ& 1.000
LSC-CAL_A1_REAL_OUT_DQ 0.931
LSCCAL_AZ2_IMAG_0OUT_DQ 0.999
Pearson’s correlation coefficient: LSC-CAL_A=2_REAL_OUT_DJ 1.000
LSC-CAL_B1_REAL_OUT_DQ 0.952
LSC-MICH_BLND_CAL_0OUT_DQ 0.999 LSC-CAL B2 _IMAG_OUT_DQ 1.000
LSC-MICH_ERR_CAL_0OUT_DQ 0.999 LSC-CAL B2 REAL_OUT_DQ 1.000
LSC-MICH_BLND_CAL_0OUT_DQ 1.000
LSC-MICH_ERR_CAL_0OUT_DQ 1.000
LSC-UGF_SERVO_0OUT_DQ 0913
PEM-BS_SEIS WE_BLRBMS_LOW_0OUT_DQ0.984
PEM-EX_SEIS_NS_ BLRMS_LOW_0OUT_DQ 1.000
PEM-EX_SEIS_WE_BLRMS_LOW_0OUT_DQ 1.000
PEM-EY_SEIS_NS_BLRMS_LOW_0OUT_DQ 1.000
PEM-EY_SEIS_WE_BLRMS_LOW_0OUT_DQA 1.000
PEM-EY_SEIS Z BLRMS_LOW_0OUT_DQ 1.000
VIS-PR3_GAS _DAMP_BF 0OUT_DQ 0.999

10
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Status Report lll - CAGMon

Injection Test 2:
CBC injection: 1145622508_13.0_1024

Kendall’s tau coefficient:

LSC-MICH_BLND_CAL_OuUT_DA 0.998
LSC-MICH_ERR_CAL_OUT_DQ 0.942

Pearson’s correlation coefficient:
LSC-MICH_BLND_CAL_0OUT_DQ 0.999
LSC-MICH_ERR_CAL_OUT_DQ@ 0.996

Maximal information coefficient:

LSC-MICH_BLND_CAL_OUT_DQ 1.000
LSC-MICH_ERR_CAL_OUT_DQ 0.962
PEM-EY_SEIS_NS_BLRMS_LOW_0OUT_DQ 0.845
VIS-PR3_GAS_DAMP_BF_0OUT_DQ 0.999

Injection Test 3:

BNS injection: 1145623468_64.0_256

Kendall’s tau coefficient:

LSC-MICH_BLND_CAL_OuUT_DQ
LSC-MICH_ERR_CAL_OUT_DQ

Pearson’s correlation coefficient:

LSC-MICH_BLND_CAL_OUT_DA
LSC-MICH_ERR_CAL_OUT_DQ

Maximal information coefficient:

LSC-MICH_BLND_CAL_OuUT_DQ
LSC-MICH_ERR_CAL_OUT_DQ

0.998
0.681

0.999
0.882

1.000
0.590

1. Ktau, PCC, MIC can find identical channels to GW channel that are obviously
unsafe for longer duration data of injections

result.

2. More injection studies needed to find their families, comparing to the H-veto

11
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Future Work

Channel Safety Study: H-veto based study has been done so far
- Documentation for general users

- Rerun for all detchar channel list

- Making unsafe channel list for detchar works

- Interface (web-based] for daily detchar study

CAGMon Detchar Tool:

- Channel Safety Run - Comparing to H-veto Results
- Improving Parallelized MIC algorithm (for Speed-up)
- Interfacing an Interactive Detchar Tool

Visit to KAMIOKA Site:

- Developing and installing Detchar tools
- Analyzing bKAGRA data [Hveto, CSS, CAGMon etc)
- Newtonian noise measurement

12



