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Workshop on the development of innovative tools for new collaborations within
gravitational wave detection experiments , April 15, 2022 online workshop

Takaaki Yokozawa (ICRR) on the behalf of the KAGRA collaboration
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€)KAGRA DetChar

- KAGRA organization chart

KAGRA Observatory
Safety Control Ottice

Safely Commillee

International Board of Representative

KAGRA Councll

Executive Office (EO)

System Engineering Office
(SEO)

Installation Schedu er

Anzlog Electronics
Auxiliary Optics
Cryogenics

Digital Systems

Facility

Geophysics Interferometer
Input/Output Optics

Laser

Main Interferometer
Mirror

Paysical Enwironmental Monitors
\Vacuum

Vigration Isclation

Operations Division
(T. Sawada)

Czlibration WG
(D. Chen, 1. Sawada)

Computirg & Software WG

Low Latency WG
(S. Morisaki, H. Tagoshi)

Open Data WG
(L. Lin, ). G. Park)

Run Planning Cammittes
(S. Miyok!)

KACRA

Pl Program Advisory Board
Vice Pl (PAB)

KAGRA Scientific Congress (KSC)

KSC board
Data Analysis Committee Future Strategy Authar-List Committee
(DAC) Commiittee (FSC) Collaborator-List Manager

Committee of Publication Cantrol
Diversity Committee

Burst T Education & Public Qutreach

E&? Pro;?tc;&':] International Cooperation WG

Stochastic ‘White Paper Writing Teem S s

Joint Editorial Board

Joint Meeting Committee

KSC Newsletter Editorial Team
LVK Climate Change WG
Overleaf Maintenance
Theory Group

Identity & Access Management

- Now, managed by operations division

- T.Yamamoto, H.Yuzurihara

JGW-G2214000-v1
LIGO-G2200417-v2
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€)KAGRA DetChar

- Current ongoing tasks

ipoee—ag

- Slide from OpsDiv call Mar, 2022

e Unify conda environment

o Unification for the version of DET tools as igwn-py39 is ongoing.

o Some tools doesn't work because of no info. about NDS2 and DATAFIND
servers for ‘K1’ data.

=

¢ DAQR update

, o Operation tests of the tools (TaskManager, igwn-alert) are on-going on the
N dedicated computer at KAGRA site.

e Noise investigation

o Unknown glitches on IMMT1 oplev was occuring during commissioning.
o Young students stayed KAGRA site and helped the investigation of the cause.

The cause is still unknown. They will continue to work on this as a remote
$ task.

- Glitch investigation for IMMT |
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€)KAGRA PEM B -  —

- KAGRA O3GK PEM mapinhttps://www.icrr.u-tokyo.ac jo/~washimi/KAGRA/PEM/PEMmap/archives/O3GK/) J'
{ LR Tdtad
KAGRA PEM Channel Info K«GR[\ PE\J Sm v Morth B&I.d‘f. l g E‘ 'E;\;E:::::tu L
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Ver. 2020/4/7 [ e 1 EEE
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- KAGRA PEM (Physical Environmental monitors)
- Installed and managed various monitors (mic, magnetometer, --*)

- Support the commissioning, detector characterization, ---
- RepOrt some aCtIVltleS In thlS Sllde p, https;//academic_oup_com/ptep/article/
[
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€@ 03GK:Noise hunting 4=
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ot iy T ssemssiue - There are several result by
g 1Y m-sm.sa::;e . .
E o ‘9 “}{‘,l | e e |3 performing the hammering test
5 o ! f‘.»" g0 SR Cramber . - Hammering test between IMC
g o AN | and IFl chamber

o
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- Found ghost beam after
opening chambers
BS and SR area
- Different frequency, scattered
light from SRM?
AS table and OMC chamber
- Some sensitivity limit by air
compressor for gate valve
- Performed additional
hammering test -> seismic
motion gave vibration to OMC

=}

T ad” y - w . L
-l ] y - »
1 " ol H .
' 1 1 1 e~ L - ;
|
Tour2 02 W0 174
- 0220272020 004111 *avged T4 Bina L BW A I



@O?)GK:Acoustic noise l ]LL 'f\" o

Aconstic njecion in PSI.room - PEM injection played the important role
5T [Frwwm | toevaluate the O3GK noise budget
o ﬁ - | == PEM Projection L ]
5 0 ﬁupm;Liﬁat" | - Acoustic injection
I WY - N R — | - Injection method, analysis are +
E 1 1 ; C oA | established in the post O3GK
: ‘ E ~—1 measurement. 3
g“"?’ \ﬂ m ‘ IE - Response function including the
5 10 i ! | " linear and non-linear response

F Hz

Acoustic injection in PR-booth rcqucncv [ ] ‘gPENl(f) — /I:R(fa f,) ) Pbkg(f,) ' E] df,)
N 10% f - [ == Buckground data
N;‘: 4 T et o : 1 PEM Projection ) CQG 38 'I 25005 (202] )
z 10 | R ' 163 Uppcr Limit :
< &w W 11— | - There are several acoustic related
: ! [ 'H ’g T :_:f” noise in the PSL room and PR booth
élo 2 ' “'} : .;‘-@'3 | - PSL room : Microphone signal near
g .l i iED the PMC has coherent with DARM

200 400 600 300 1000

Frequency [Hz] - Offline noise subtraction
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@OBGK:Ofﬂine noise subtraction . j“ ']—. ——+— =

- We investigated the oftline noise subtraction, which detected the
coherence between GW channel and auxiliary channels
- One study is Independent Component Analysis with O3GK

Introduction: Independent Component Analysis : ICA T
Iﬁ
(xl) _ (1 H01) (5) x4 (t): strain channel < ] s(t) GW signal ;
X5 0 1 n x,(t): environmental channel ~ | ——n(t) Env noise
—|observed "source

H# Assume gravitational wave and environmental noise are independent
=Assume cross spectrum of gravitational wave and environmental noise = 0

(x1 (), X, (f)) ¥ (a (f),b (f)) :cross spectrum of a(f) and b(f)

% H,, estimated Transfer function
<x2 (f)»xz (f» K using average cross spectrum . statistical error

Ho 1 (f) =

Signal subtracted noise: —Time dependence of Transfer Function

S = xq1 — Hg1%; — Evaluate the SNR by software injection, etc

% I 22 I ~ > E /
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@OSGK:Ofﬂine noise subtraction l P‘ 'T\*' ' l-""ﬂ(_*‘

*x10°%1
1.2 = raw strain t
h ICA with both MICs
N 13.1. = ICA with PSL MIC
T o ) i - ICAwithPRMIC |
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Frequency [Hz]

w

- Resultl : Noise subtraction using
microphone at PSL and PR area
- Performance check by acoustic
njection data
v - Noise was subtracted at the
middle frequency
- Checked the stability of transfer
function during O3GK
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Frequency [Hz] 8
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= aftar ICA
= raw strain
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@OBGK:Ofﬂine noise subtraction l j-L 'T\_, g e

laser
Source

Mi.rror %ﬁ
Result?Z : Noise subtraction
using optical lever for PRs

- Noise subtraction was

demonstration, need to
evaluate the noise path

We are preparing toward the
Jjournal paper

- We also performed the non-
inear noise subtraction

| 9



€)03GKLock loss study M=t

- Lock loss study (Search the reason why lose the Fabry Perot cavity) \
- Total 75 lock loss during O3GK ( for >10 min lock ) |

o
S

Lock-loss in O3GK R

o
— 800 -~
v,
g 800 - B
Number is identified lock-loss in O3GK 18 75 2 «-
o200 - = TMSX
3GK START 8 - TMSY
Lock State of O3GK el S an s e e e
::; 1 3 N B | ock = TMSX 1270345082 52, 508.1)
: W : : 2 oy 800 = TMSY
9 e —— T ——— B [ ock-loss “ .
410 ~ 61270345062 52, 566.7)
411 - e R  ——— a ; |
412 b ' ' 3 Lock-loss time
A ~ 200 -
g i
8 15 0.6...;....&.-.1,2.. 152'[1214’2;9*32:'5 .
416 Time [seconds] from 2020-04-08 02-48:55 UTC (1270349353 Q)

e /" *want to avoid lock-loss during observation |

o W *however, lock-loss process has not
w21 18 e been systematically studied

0o 2 4 ,6/( ‘f.’ ?JST{; o 18 2 2 *want to investigate lock-loss reason
ime
# i - :
O3GK EN _ Lock rate:42.5 % \_ *Lock-loss study is meaningful 0

-
1 Il



@OBGKZLOCK loss study IF 'T\ﬁ-f i

.’.
- Lock loss study (Search the reason why lose the Fabry Perot cavity)
- Total 75 lock loss during O3GK ( for >10 min lock )
- One study for seismic motion (micro-seismic, earthquake and dam) -

Analysis from causation

Lock Stale of O3GK . Histogram of seismometer’s ptp ——
47 —— i
48 . ——_ . j x LOCk'lOSS by 510 - Entries 10122
49m = | .. . N . ‘i » ¥ i d -b . o= Mean 2.08
wo| m myl | —— - p— ground vi ration & o AMS 5 808
A -:n X " LSt e - :: 5 I
- ar . - . Q P—
ey : 2. — - - large microseismic e I ocet or microses
416 EE—r———— e ™ - =t
A7 = = ! = = x - Lock Loss
418 ”_._-)I* 1
1‘19 - x ﬂ'ﬂ.x LN *ﬂ o= * - 10
420 ——— - l)ﬁ- JommmN 1 - =
421+ 1 I § .
D 2 4 & 8 10 12 14 16 18 0 2 M
time (JST) 102
Seismometer at center area of KAGRA |
— 20 -
< \—lock-lass
£ L
= \ 107
.%\ N \ \ ! 1 10 1 [ (I 11102 1 | .l
e ) ) ) plp [um/s]
g normal €© P abnormal
-I;U - ;I) -1'(l {ili -?\ 1 -"l I l 10 -
Time [seconds) fram 2020-04-17 23 27.51.90 JST [1271233689.9) Yellow zone ( 1 time /1 Sdays)
1 1l




@OBGKZLOCK loss study . P '1'\" =

- Lock loss study (Search the reason why lose the Fabry Perot cavity)
- Total 75 lock loss during O3GK ( for >10 min lock )
Coil saturation, cavity angular motion(alignment check) and control

Analysis from result side it in st i

2020-04-20 10: 12 13-10:17: 13(l TC)

.  Coil control signal Mirror vibration mi - A\ _ [’
g ST 2020-04-08 13:04:55~58 (UTC) g e T SIA | g
: PN c70- amt.ﬁ EL] mu«xw» a AV \ h 34

1. oy WA

E X ees o ; "o

:E v | %lc 1 %

e g frequency [Hz2)

g & : :

e o501 168 B Saturation (10 times)

B RN » © [ ] Abnormal feedback signial (48times)
&7 Mg 1 B Bad alignment (53 time

- u 03 0B 23 12 1o 'L%’z N S 0 ! ;e am: am 01 ALY O . 1 HZ OSCillatiOIl (13 tilnc )
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index |12 3|4[s|e[7]8]e[10]1[2]3]5#]e 78] [20]1 [2]3 [[5]e 7[s]o 1040 1[[2[3 4[[s|e[7[8[[e [50 1 [2)f3][ 5[] [g]}e o] 6/7[dfe 70 2[[3[4]s
joroursd_| il | - __IIII L
B (LA ImEnn ~—_ N
peturation| [ 1] ‘n IIITII_T_—IH_ 1
Fasignal ] L INININN e
BEEEE NENER N NN EEN [ HNRCEN AEENNREDR
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B | I




€ Telephoto camera R 1“ e

KAGRA telephoto camera system(TCam) :

Purpose of TCam system Y'ﬂ ‘Camn Y-front

- Monitoring the surface of Sepphire mir oy *] W / & Cam Sappnre mimor

sapphire mirror{dusts, ) l ,'/ Ss ¥ l l::::'-”

- Monitoring the mirror position BRT Eve ~36m =vs Il Pcal Rx VA -26m e

(Change due to cryogenic) .
- Monitering the main, green X-en X-front

and pcal laser position BRT EXC EXA XA _26m IXC

- Trouble shooting for I I lonbi:f \

emergency

Sapphire mirror

Sepphire mirror

e

" kel W
N X -front TCam
. “*" " 2

+ Focuser Tr:lr_'.:n'mm
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@Underground Interferometer .

(My personal) Comment about underground environment
Difficult (Hard) point

Access to experimental area

T
Some trouble (or need to turn on/off instruments) detected in control room EM
-> 10 min to center area -> +15 min to end area '

After heavy rain or snow melting water season, there are many waters in
the experimental area

Limiting experiment space

Place of the essential instrument (Air compressor, pumps, coolers, ---)
z - Machine, circuit, cabling, -
Temperature control

We need to keep the temperature within 0.5 deg, especially for
suspensions. Turn on/off of the one instrument varied the temperature.

d R — . | 14
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@Underground Interferometer .

(My personal) Comment about underground environment

Good (Happy) point

Quiet environmental 1
Not only the quiet seismic motion, but also quiet environment. EM
Except of effect of water fluid, underground environment is mostly u
N independent from season.
e - Optical lever became strong source

In most case, we can recovery the alignment of interferometer with
believing the value of the Oplev. Without them, we might be impossible to

z perform the O3GK run. Oplev and underground is good compatibility
Less effect of the human activity
We need more investigation, | felt less human activity outside the

experimental area during O3GK. Is it really even became higher sensitivity?

7t . | 15



@Summary

KAGRA detector characterization [

Managed under the Operations Division

Various results are reported

Current DetChar activities

(-z’*‘? 4

Noise hunting / acoustic injection toward the O3GK
Offline noise subtraction using ICA

Lock loss study

Telephoto camera

~~ - Some personal opinions for the underground experiment
Good point and difficult point

1 - Welcome the question about DetChar for underground interferometer!




