KAGRA T—A2ENTIZS N9 521X ?

o FIATKRL—F—(HRREAER) [CLLILENHYET,

o ESXNOf=BENDD?
e ﬁﬁﬁd)? O/R—4)LZEIZH L. KAGRA Collaboration meeting/f2f T
Kine2 5B ENHYET,

TR BRADCRBH %) RITRIM S A A
R (K MBI FRE (SHE
%EU f‘:"‘%F_i %C *EIJJJILE Sh, ﬁ*ﬂﬁslij\)ff %ﬁﬁélfi)}(ﬁii

— BEAEICHKAGRAT —2EEHT *detcharD AT E MLVET,
— HME. BITTF—LY)—F—0ORBSAITHERLTESLY,



Yousuke ITOH
RESCEU, Univ. Tokyo



Target



E

S

BENRZTHITRIEFEIFEATGTTDH (1)

« BIRMEBLRMNGIIE DK THLY,
I_.I:Lﬁ Eﬁ_d—é +_'_7b\-t-;(£;l./7'—':|//\7|\

FE(N\IIY—  5ERBE9 HT7F—V £ etc.)

- CCIXCDEBEEZRT /INTA—4

o L1y, IIDEE~1mm (108_7)<

IZZ

PEFEDFERFE
10km

- ENENAVS—DEHT SEHNRDIERIE

167%G el f?
4

hoe =

C (£

€ I fo . N
= e AT =
X 107 10%g /cm? (100Hz) (1kpc)

- Neustron star with large toroidal magnetic field (Cutler 2002)
—1.6X107°((B,)/10" G). B,<B_,
—1.6X 1078 {_Br_}.-lﬁm G), B,>B_..

EB_



Maximum ellipticity (Owen 2005)

(1) Normal conventional neutron star.
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(2) Solid strange star
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The Breaking Strain of Neutron Star Crust and Gravitational Waves

C. J. Horowitz* PRL 102, 191102
(2009)

Department of Physics and Nuclear Theory Center,
Indiana University, Bloomington, IN 47405, U.S.A

Kai Kadauf

Los Alamos National Laboratory, Physics and Chemistry of Materials,
Group T-1, MS G756, Los Alamos, NM 87545. U.S.A
(Dated: April 13, 2009)

Mountains on rapidly rotating neutron stars efficiently radiate gravitational waves. The maximum
possible size of these mountains depends on the breaking strain of neutron star crust. With multi-
million ion molecular dynamics simulations of Coulomb solids representing the crust, we show that
the breaking strain of pure single crvstals is verv large and that impurities, defects, and grain
boundaries only modestly reducg the breaking strain to around 0.1] Due to the collective behavior
of the ions during failure found in our simulations, the neutron star crust is likely very strong

anc ravitational wave radiation depends on the elliptic- he

our 1ty € (fractional difference in moments of inertia) of a n

" rotating star. We estimate, following ref. [1], that our
breaking strain ~ 0.1 can support anle < 4 x 107° for
a 1.4 solar mass, 10 km radius NS. This ellipticity. for
a rapidly rotating star, will generate GW that could be
detectable by LIGO [3].
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AN INED ?

B NENRUMIHERETIEL TH &
RN D >TNIX, SR DES.

— Quark star, hybrid star, large toroidal B-field
wobbling (rotation stability, 7= 5SA/NELY)

Internal viscosity if -mode GW is detected
from a binary pulsar (LMXB) Bildsten scenario.

Spin-axis precession in a binary pulsar system.
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To be fair: PSR: Min of SpD-UL and ¢ = 10~
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We have a hope because there may be...

1. Binaries that may emit large amplitude GWs.
2. EM quiet pulsars just nearby
»  Blind Search
3. Hybrid stars, large internal magnetic field, Quark stars,

4, uncertainties in PSR radii and distances.



Amplitude h,

le-25 —

le-26
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le-28

Known accreting pulsar search:
best case scenario

I B FPulsars
. — = & Bursters
Y v kHzQFO

|
1000

|
500
Gravitational wave frequency (Hz)

Watt et al. (2008)

o[ R N\ 1.4M\
ho =3 x 1077 P! [ —— ©
0= =% | T0km M

| kHz

Vs

Single template search

2 years integration
quadrupole mode
long-term average flux
Perfect balance

Open: frequency not known
for sure.

No limitation on computing
power

kHz QPOs are marginally
detectable.
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le-26

Amplitude hg
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Known accreting pulsar search:
better case scenario

T T — = F T
! I B Pulsars
Rl &  Bursters
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- A Ay
F
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Gravitational wave frequency (Hz)

Watt et al. (2008)

Multi templates search only
“look-elsewhere” effect is
taken into account.

2 years integration
guadrupole mode
long-term average flux
Perfect balance

Open: frequency not known
for sure.

No limitation on computing
power .

SCO-X1 is marginally
detectable.



Logl0 (Predicted amplitude/detectable amplitude)

Known accreting pulsar search:
realistic scenario

Gravitational wave frequency (Hz)

Watt et al. (2008)
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Multi templates search:
“look-elsewhere” effect and
computational limitation are
taken into account.

2 years integration
quadrupole mode
long-term average flux
Perfect balance

Open: frequency not known
for sure.

50 times faster computers for
AdLIGO, 100 times faster for
ET.

SCO-X1 is marginalty
detectable.
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Known accreting pulsar search:
Number of templates

e Detectable if long-term average

~ W Pulsars flux is larger than le-8 .
= 4 Hurhl._a.'r:.
2 105k v, A A kHz QPO
Eo v
. M "y e 1el5 templates data can be
: 1 v ]
3 analyzed by LIGO today.
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Watt and Krishnan (2009)



SCO-X1

kHz QPO source: 272 +- 40.
Distance known by parallax: 2.8+-0.3 kpc
Proper motion detected.

No pulsations found (= no spin frequency
measurement).

No spin down measurement.

Orbital motion moderately well determined.



Can we infer spin frequency from kHz QPO?

Watt et al. (2008)
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Summary

e Pulsars are there.

e kHz QPOs would be marginally detectable by KLV
if we have 50 x (current LSC computing power).
Sco-X1 is most promising.

e Obstacles against possible detection are:

— Computing power

— Poor knowledge on the pulsar properties, especially
spin frequency (and binary motion information).
 Need to find a relationship between kHz QPO freg. and spin
freq.
 Need to have more precise and accurate measurements of
pulsar and binary properties.
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fEHTF % (LIGO)

e Single detector

— Coherent
e Bayesian Time domain
e Frequentist Frequency domain (F-statistic)
e Bayesian Frequency domain
— Incoherent
e Stack-slide
e Powerflux
* Hough

e Sideband (?) for a pulsar in a binary: used in radio pulsar search in
radio astronomy.

e Multi-detector
— Coherent (Same as above)
— Incoherent (Same as above)
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= b OAVI e Bl OF 753 29 b (ﬁ*ﬁﬂl@iﬁﬁ, Jarawnoski, Krolak & Schutz 1998)
1. BRHBOHA = /A X+EAKES x()=nlt)+h(1).

2. EARES =w{REDM Wt)=F  (t)ho (1) +Fy(t)hy(1)

3. ix{RIBOMDFZRE: KRFRANDIRHIBOREZRI B F+,Fx

F.(t)=sin {[a(r)cos 2+ b(1)sin 2] IRHEZI|OD2EBIDMEEE HEDOAELT

AR GERIRDAM (o, 6)) . ERNEDRE

o _ B A (polarization angle ) D EERIZK
F(t)y=sm {[Db(t)cos 2¢h—a(t)sin 2] 75. B B85 - NEIc Lo TEEEIL,

| |
a(t)= T sin 2y(3 —cos 2\ )(3 —cos 25)cos[2(a— ¢, —(,1)]— 1 cos 2y sin A (3 —cos 28)sin2(a— ¢, —,1)]

I . . . 1 . . 3
+ 7S 27y sin 2\ sin 25 cos[a— ¢, — ), 7]— 5 cos 2y cos A sin 26 sin[a— ¢, — 1]+ 7 Sin 2y cos*h cos* 4.

b(t)=cos 2y sin A sin & cos[2(a— b,— Q)]+ 1 sin 2y(3—cos 2\ )sin & sin[ 2(a— ¢, — ,1)]

1 __
+cos 2y cos A cos & cos[a—p,— (), 1]+ 5 sin 2y sin 2\ cos O sinf — ¢, —(),1].
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v: IR SR D2 A B D2F S IRD AR (R D

EtH>TIE)

Detector A L v ¢
(degrees) (degrees) (degrees) (degrees)
GEO600 52.25 —9.81 68.775 94.33
LIGO Hanford 46.45 119.41 171.8 90
LIGO Livingston 30.56 90.77  243.0 90
VIRGO 43.63 —10.5 116.5 90
TAMA300 35.68 —139.54  225.0 90




h(t)=hy(t)+

fF.?E(I]
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hg( F {f}h’;+
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8

hy o (1)= ;hﬂsin‘zﬁi 1 +cos?e)cos 2W (1),
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RHLEWENRET IV :h1(t) [Ewobble, h2(t) [ IEBx FRist.

)+ F o (t)hy(t

“i‘Fx{f”.Hx

t)= Ehﬂﬁm 26 sin ¢ 5111
sy (1) =hysin® 6 cos ¢ sin.
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Likelihood function (G RE%%) A

Axe” ("zﬂ LG (x_hzM x[(FBHEHE A =n[HADR/AX] +h[{EF]

A&

(x|y) =4 Re [’*‘ -"‘fs.}.:'}:*}f I{U, BRHEBD/AX/INT—ARGEILS  (f)
JO ol AW

B Ix()IZRH LT, INSA—FplTIKTFTAEHLENKTE
T ILh(tp)ZRELT. LEBBNRZRKRIZTEDEDIGE/INTA—Fp%
9, ”Maximum likelihood method”
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F-Statistic (JKS98)
F = max LogA

ho)”)¢)¢0
& T,  B|F,? + A|Fy? — 20R(F, F*)
ERICIE, : 2
e AB - C?
7=1=L (wobble n=1, r-mode 4/3, triaxial n=2 etc.) .
o [To/2
ooy dtz(t)a(t) exp[—in®;(t)] exp[—i2mnfo{t + . (t)}]
To J -7, /2
9 [To/2
AR S d T dtx(t)b(t) exp|—in®(t)| exp|—12mn fo{t + P, (1)}]
To J_1, /2

CCT. ENROUBZUTOLIICENTINS,
(k)
O(r)y=2mfo|t+D,(t:a,8) ]+ D (1. [y, . d)

AB,CIE A=(a|[a), B=(b][b), C=@alIb) .\ . 2 ( O (v
clly= | s(pndr

TW*ﬁli —Ty/2



Detection statistic& L T F-statistic

e BB NR{EFDphase parameter (fo(k), o, ) HERLEIIZ) > TLNT., /A
AMADRRFIZLIEZASET B,

o FHRESHIHEFEELLEVESIZIE(HSnIZDOUNT, f=&Z [Ltri-axial pulsar
n=2 22\ T0). 2FIXFBBEE4D?FITLI=AY D,

UF)F = FeF dF

o BEARESHFEITDESITIE(BHSHnIDONT) . 2FIFBEHREAS. FEFID/N

FA—BPDIEF DR IZLIZHD,
NCX2(F, d2)dF = (2% e~ F+5) [ (v2F d)dF

f=1=L a2l optimal signal to noise ratio

2 T Tohi
2 = (hlh) ~ / h, (D12dt oc —2°0
(h|h) S (nfo) _To/z[ ()] S,



XAMEFRPLITMDIEE

DT T < 2F >=n  HE < 2F-<2F >)?>=n
En, JEFID/NSA—R2D IEF D257
T <2F >=n+d°, 58 < (2F— <2F >)? >=2n +4d°

Xt

02
o) B 4D
016} paxiiil 1
014 v HEEAL, JEF
012} ID/NTAF16.200
gl SERID T

008

/

0 3 10 15 20 23 40
2F

0.08

0.04

002




F-statisticD#ETHITEE N H N> TR ERIMIELLICD A ? -
EEHARBDRENCOHWDWEDESIFLIVNRD S,

BHHER R T2r=8% 1519 5,

BENRIEENTFELLELTEH. /AR EIT T8 5 2 5HE(X9%H 5,
100[E Ll = LS4 ERIZELT=5. OElIF E AR FEELLELTHILLED2F
1JHELNDTE,

CDARUKIEEZE >TEARAFREITIERZLLY,

. X1(2F)d(2F) = 0.09
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F-statisticDFFETHITEE DN HL M > TWLNBEAAIELLIND H ? -
B HRIRIED LRIEZRDH S,

HAHEHT2Fr=8% 1519 5,

d2=16.2THAIILTENRIEENTFELI=ET HE. 2F<8TH AL OILREERE(L
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B RIRIEIZ X 9 595% LR EA N 2 = V16.2Sh/QEKFE S (QITIKIED A &
HEIRIELIANN D INTA—R(IKTFT H0(1)DE) .

100EI L= LS &R Z L =550 [EX8 LA T D2FEFE S L5 E AR IRIEAQh, 2,

B\ [T NCY3(2F,16.2)d(2F) = 0.05°
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F-statisticD#ETHITEE N H N> TR ERIMIELLICD A ? -

False alarm rate & False dismissal rate

2|:thredshold

0 5I 1IU 15 2;:] 2:5 a0
2F
e BMEBTELODEZDDetection statistic (5 [X2F)DHEERZE RN M. FIMEESHYDE
EDHERBENMET D,
* Detection statisticDEIEZ2F,, oo EFERTIZTEH THLE
> EEAOEIEDFalse alarm rate (FAR: /A RZEE LRHIHLTLEIER)ZE
ABo
> FEFREOMEIED False dismissal rate (FDR: (EBZ 5> TRZELLTLESHER)Z
5z2%,



INLY—IEZE TOEF-statistic: CCFETDEED

Pulsar search parameters: [1 +s+2] + 4]
f?AE [faf.af-v“'vaa(s]vo-z [(I)OaLawahO]~

F-statistic F = F(f,A)
— Partially maximized log-likelihood log A

Analytically maximize log A over o = |®q, ¢, 1, hg]

Maximize F over fand A

— Fast-Fourier-Transform for f (not in “LALDemod”)

— Template search for A.

aT Ry
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ENDHE

EHhMhHoTLVS,




T—3RIT D Fih (F-statistic coherent searchDIFH)

2.

HIZE R 1
1.

HhEK DN ER - BEREEF) Z DUV TIEER (ephemeris file)Zz®H b ML HF THLS
(TEMPO2, LALZZE DYV THR),

Known pulsar searchDIF & (FIERT R D/ \NIL Y —D IR EEHRE BHGE R X =F
ggﬁf?ﬁ((Eﬁf&?&mﬁﬁ?ﬁﬁwﬁf&ﬁ'%@%l‘%‘ﬁlﬁﬁﬁ?ﬁﬂK%?ﬁ“&*
Known pulsar search T DIERFMR/NIL T —HIGEE RZFLHEL TSGR L, &
2 EFHDephemerisz BHLIERXENSH/THS

Known pulsar searchTW DT )y FMNEEETVIGE . SMHEETIVICHEAALD,

HIZE(E2
1.
2.
3,

Low pass filter (step 2 TMaliasing &[5 <)

Down sample: 16kHz = 4kHz (2kHzSBWETERT 5. T—F=EBDT1-6)
2T HDT—AEESHON=(T,/ YEDET AUM=S 5, T AR,
KyTS5—3RBICKBRERBMIEMIELZTRIBLSITROHTULNS, F-statistic
HEO—FOHBETRWEINERLIA, 720zt =300 <L RE,
Bt A LT ElZtime domainTIAILA—E DT T, t=0, t=tCT—2HE 0Ol
1HBEIIZT B (step STRETE/ A REERLENKSID),

&XT A MEFNF NFourier Transform 9 A(CNESFTERESR, )




ComputeFStatistic_v2 code (LALApps/LALSuite®F-statisticEtEI1—NK):

1.

2.

w

INTGA—RIRFREHEZRDD, (EOXKBT, EOXSIBETILIZHE
SENFREBHTHENRDS,)

ERTDHINTA AT RDD, UNTA—FER TBERRRIICLDNE
[TEWD T EBTZELIEVKRSIZEIZ, M OETERREIA T <7<
HBEIEIZIFLS )

N{E D SFTZELY) 3A A CF-statisticx 5t & 35,
ERICHRELERBEIYVEREOFEE ARV ERELTES
BREILE%E I HFAR, FDRIZIKTET B,

Veto:

1.

BEHRIEHARIDHBR EDIRRIIRD /A X (FRH 2/ EIRD
JARGE) TIHEWCEEXEND D, (Bl: 7A)DDEIR:60Hz =
60HZEZ DIN—FZJAMARIRLEEELTENS, )
thoEHFEDEEH (BLGSREBITHONT=/N\TA—21Y]I
(X, BEWZEFFEN?)
“BRRIESLOLLVARUNGEDOM?
a. Chi-square T AF (Itoh et al. 2004)
b. Terrestrial lineZX ik B #nghz @ 5K L2455 (E@H)
(IZ&EA EDopplerBLREN) JhE 2TV K (BEsTIE AL -
AR, NEETIIXEEDWR) AHY. ZOARDEAHRKIL. £
EDopplerER R T Z (TR hBKER DR /A X ERX %
DIFDI5LY, )




Declination [rad]

Declination [rad]

Right ascension [rad]

(b)

From the LSC einstein@home on s5 paper (2010)

Einstein@Home on S5,
50-1500Hz all-sky search
result. (a) including
known instrumental:
lines and hardware
injections. (b) without
known instrumental”
lines. i
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ERNRFER:

1.
2.

o

probability density
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ETOFEAHEICAS, ]

INDA—EDIERSFIEIMCMCIEE TRE,

A A= ELTIEITRIO L, (Hardware injection|Z%t L Ttime domain Bayesian
analysisCH _E>1=H M, LSC2010)
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Setting upper limit:
1. BEHEHARNVINEHIN-0ENREIRIED LEZ5% 5,

[COXREBTIEZOREMBEEICIE. ChChDOMEFEDO>ES

JRIE, HBKICELRZEL TULM=ELTEX N NA—EVRDERTINLUT

DIRIEL N0, (CRCNDIRIEZF>TL\SEE M EIEL

TUWW=EL TV, BRIFxoi\—E  FOERTHRE LTV (X

ERIDN

2. EREE5Z51=0HIZIX. F-statistic(HY. {8 HL=detection statistic) D ETHY
HE (/A XDHETIEBE)ZHIDLELNH S,
3. EVTHILALZIAL—avT/ARADHETHEEZKRD S,

o RIED LBEZEEZLH/N\SA—F2EENDLIT NIz/NTA—2FEEIZ. H
BENRIREEZRELTY I I T Ao EXEIE LY,
2|%imulationgg—l_ﬁd“éO X1@®2Fsimulation§?%%)°

o XED2F,  ionPIB . xx{EHERD2F% T [E]SLS%optimal signal to
noise ratiox 5 Z SIRIEZETHE T 5. chxx/X/\—E L EREZX S5 R
2o

4. B.HIZknown pulsar searchC/AXMADI R/ A XDIGFE . 1% FAR, 10%FDR
ZIRTET HE RMBLUNDINTGA—FZFHYLI-EZDIRIBD LREIXLLT
DXTHEZLND,

(ho)=11.4\S, (£,)/T.

fs |X B HEERE. TIXE DB SnITBHBEE /A X/INT—ZARHK)L . #
E11.41F{RE LT=FAR,FDRIZIKTET 5,
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e Known puslar searchldcoherent search (F-
statistict®time-domain CDIFEE Tl A E
LYo )

s LERB®E, LRBIRRTIEARFR=ENZ
TEBHEVSRIEMNES,




ENSBVNHIMKREZR TLOKLENH LD =KEH B DHEERE

e 1DDEABRBMEIZETODINT—FEDTI-L,

o RIREEIX1/ FERFHR) THMN LS,

o« FHZGRHI N AZHMIZT —) BT 5 &, ZOnARIZHLE BRI ,DKIRIE
B 21K 7F 9 BDoppler KT+ T

e m(1+”“)">
ORHTIESELRT 5,
e NG = |An| ETEENSTNI=ARZEERTHE.
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o HBAWE. AMREREIL.

s 1 5 (1065)2 <1OOHZ>
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fO( orb) orsz T fo
E:EHFER ~ 27 A @100H:
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Template search:

— spin down parameters & source sky position.
k) Smax
= [{f( )}k 1 7 ]

— Number of templates (T: integration time):

Smax

ch/d“)\\f O((fT) H FENT

LIGO S2 wide-band all-sky coherent search.

— Less than 800CPUs (2GHz), less than 1month analysis time,

all-sky, 160-730Hz = 10 hours LIGO data.

BEATREEIM = AT TCIEA 57 )L X LFFERAL=. 1
EI DT —REFBITTHDIZIAMINST—REFESE. 1

DDT—RERITTHDIZHh M BEFE 1E30% = 2000£

=LY,
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— Sphere covering problem

— Random template bank (Messenger, Prix & Papa
2008)

— Incoherent search
- BETHIX

— Einstein@Home (http://einstein.phys.uwm.edu/)




- Sphere covering problem.
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Hough Transform

Assume a master equation y = f(x; p;) with M
parameters p;.

Given N>M pair of “data” (xy, yi), we obtain N
curves in the M-dim param. space.

If there is no noise, and if the master equation is
correct, we get a solution as an intersection of
the curves in the parameter space.

When there is noise, there may be no solution.
Yet, there may be a region where many
intersections between two curves cluster.



Hough Transform (example)
Straight line master eq.

——_—— Given 3 “data”.
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Hough Transform (cont’d)
Straight line master eq.

——————— This “data” is
! ' actually on
_-=7] y=0.2x+0.1
€ ‘ line.
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Hough Transform (cont’d)
Straight line master eq.

| | | | | | | 1 |
] 0.1 02 na 04 05 0.6 0r 0.8 04 1
X

For the rightmost
data, plot a master
equation (straight
line in this
example) that pass
through the data.



Hough Transform (cont’d)
Straight line master eq.

o Do the same for
05 ' the second data.
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Hough Transform (cont’d)
Straight line master eq.

Without noise

Move on to the
parameter space.

0.25

Master eq.y=a*x+b

If there is no noise, we
have “the” solution.

NOTE:
F— FR _ Correct equation is
4 y=0.2x+0.1




04

Hough Transform (cont’d)
Straight line master eq.
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In reality, there
IS hoise.



0.25

02

016 -

01r

0.0s -

| | 1 | | | |
] 0.05 0.1 015 n: 0.25 0.3 0.5 0.4

Hough Transform (cont’d)
Straight line master eq.

With noise

There is no “solution”.
Yet the intersections
cluster (hopefully)
around the true value.



Do it many times....

0.3
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=005

This “data” is
I ey 0 g0y OE f95 62 i aw i actua“y on
a y=0.2x+0.1
line.



f(t) = f() = _f(r)m
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FIG. 15 (color online). The 95% confidence upper limits on A
over the whole sky and different spin-down values in 1 Hz

bands.
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— B template placement? (Lattice or stochastic?)
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Computation of Computational Cost &

best observation configuration.

e Wish list
— 1 year integration, 1 year analysis.
— 2~3 spin down parameters (2"4~3rd time derivative of f).

— Given threshold and given false dismissal rate (10% for the 1t stage,
1% for the later stage.)

e Assumed obs. configration.
— 3 incoherent stack-slide search
— 1 coherent follow-up
e Optimize the obs. config. parameters

— Parameter optimization (9 params: Time-duration for each step, # of
stacks in each step, allowed loss in SNR in each step).

— Nelder-Mead downhill simplex with simulated annealing

(This is the method by Culter, Gholami & Krishnan (2005) for LIGO)



Comp. Cost & Amplitude(KAGRA)

| —¢— Tyin = 40 years
| - —O— Tmin = 10° years

-
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Computational Cost (FLOPS)

hth: threshold GW amplitude for detection.
: \~®~ ‘ : :

~ri
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1-year integration, 1-year analy . All-Sky, up to 1kHz, 10-15% FA
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Summary 1 (KAGRA)

e 100Tflops, All-sky, fmax=1kHz, spin down age
1Myr,1-year integration, 1-year analysis, 10-15%

False Alarm, \/Sn(LCGT)~1.5e—23@1kHz.

100 \/Sn Ly ( € ) Izz IOkpC fGW ;
1.5:x 10723 =T X108 /- \104%gcm? r 1kHz

— Reach: 100 pc@1kHz




Summary 2(KAGRA)

e # of pulsars:
- Birth rate = 1/(100-1kyr)? Life time = 100Myr?
- 0.1Mlillion pulsars/MWG? = a few within 100pc?
Cf) 10 radio pulsars within 300 pc (ATNF catalogue)
e All-sky, r=100kpc, f=200Hz, spin down age
100Myr, 1 year integration, 1 year analysis
time
- Comp. cost = 1e28flops?



(KAGRA)



Data management, characterization &
analysis

e Data analysis subsystem (Chair: Tagoshi)
— CBC: Tagoshi, Takahashi, ...
== — Ring-down: Tagoshi, Takahashi, ...
&8 — Stochastic Radiometry: Kanda, ...
— Continuous: Itoh, ...
— Low-latency: AO4
B — Burst: Hayama, Kanda, ...
e Data management subsystem (Chair: Kanda)
gisse — Computing facilities: Kanda, Oohara, Miyoki, Miyakawa, ...
285 _ Calibration: Kanda

e Detector characterization (Chair: Hayama)
— Collaboration with the Korean LSC group and the KAGRA digital subsystem .
_— HHT glitch monitor (HHT by Takahashi & Oohara and their students)
. — Line monitor: Itoh




KAGRA T—A2ENTIZS N9 521X ?

o FIATKRL—F—(HRREAER) [CLLILENHYET,

o ESXNOf=BENDD?
e ﬁﬁﬁd)? O/R—4)LZEIZH L. KAGRA Collaboration meeting/f2f T
Kine2 5B ENHYET,
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