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Image of new organization structure of KAGRA
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Working group chairs
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Chair Vice-chairs

CBC Hideyuki Tagoshi Hyung Won Lee
Kipp Cannon
Tjonnie Li

Burst Kazuhiro Hayama

Continous Waves Yousuke Itoh

Stochastic Background Guo-Chin Liu Sachiko Kuroyanagi

Computing and 
Software

Ken-ichi Oohara Kazuki Sakai

Detector 
Characterization

TBD

Calibration Yuki Inoue



Data Analysis Committee
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Chair:  Hideyuki Tagoshi (also CBC chair)

Members: Kazuhiro Hayama (Burst chair)
Yousuke Itoh  (CW chair)
Guo-Chin Liu  (Stochastic chair)
Ken-ichi Oohara (Computing and Software chair)
Yuki Inoue (Calibration chair) 
TBD (Detchar chair)

Observers: Nobuyuki Kanda (DMG chief)
Kazuhiro Hayama (DET chief)
Hisaaki Shinkai (KSC board)

• Chair of Data Analysis Committee
• Chairs of working groups 

(CBC, Burst, CW, Stochastic, Computing and Software, Calibration, Detchar)
• Observers: DET chair, CAL chair, DMG chair
• One or two KSC board members



Data Analysis Reserach Unit
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Individual research groups for data analysis in KAGRA

37 Research Units
115 members



Summary of groups
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CBC Burst CW Stochastic Comp&Soft Em Follow up Others

24 13 2 5 20 2 3

CBC-TGR CBC-PE CBC-Online CBC-Offline CBC-Theory CBC-others CBC total
12 10 4 4 7 5 25

Burst-Search Burst-PE Cosmic String Burst total
7 6 2 13

CBC

Burst

Computing and Software

Computing & Software Machine learning Statistics, Data science

13 9 2



Data transfer, Computer, Software
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These are managed by 
• DMG (Data management subsystem, chief: Nobuyuki Kanda)

detector-side tasks

• Computing and Software working group 
(chair: Ken-ichi Oohara, vice-chair: Kazuki Sakai)

wide variety of tasks



Data flow and distribution
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Data transfer :  Construct stable path to Tier-1 and Tier-2,3

Tier-0 (primary) 
: Kashiwa main storage system


Tier-1 (full data mirroring) 
: Academia SINICA, KISTI 

Recently some network troubles 
occurred, but now it’s resolved.


Tier-2 (delayed automatic transfer) 
: Niigata U., Nagaoka U. Tech., 
RESCEU U.Tokyo., etc…


Each site can decide their policy 
about the period and kind of data.

Software tests of Tier-2 are planned 
to be done this winter. 

Tier-0.5 (Low latency transfer) 
: Osaka City U. (RESCEU will be.)
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Tier-0
(primary)

Tier-0.5
(low latency 

analysis)

Tier-1
(full data mirror)

Analysis building (Hokubu-kaikan)

RESCEU

KAGRA site (tunnel)

Niigata Nagaoka 
Tech.

somewhere 
in Korea

somewhere 
in Korea

somewhere 
in Taiwan

somewhere 
in Taiwan

Tier-2
(analysis, 

development)

Tier-3
(development)

somewhere 
in Japan

ICRR Kashiwa
Osaka C.U.

Academia SINICA KISTI

K. Sakai JGW-G1809386-v2



Between LIGO-Virgo and KAGRA
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Low latency data sharing with LV

KAGRA will send short (1sec) frame data 
from IFO site to Kashiwa. 

Data sharing dedicated server will put it on 
the ‘shared memory’. 

Shared memory of servers at LIGO (Caltech) 
and at KAGRA will be synchronized. 

Each site can read/extract h(t) in very low 
latency.  

[Current latency]  
from* LHO to Kashiwa : about 6.4 sec 
from* LLO to Kashiwa : about 9.6 sec 

 (*from the A/D converter=beamsplitter) 

�2

LIGO

low latency server at Caltech

KAGRA-kashiwa main system

pegasus-01

KAGR-VPN

Frame_Log ... ...framelink(pull/pull)

LHO

shared memory

LLO

andromeda-01

main storage

End user's environments  
m31-01,-02shared memory

files

hyades-01/02

aldebaran

perseus-02

Kanda
The status of the transfer can be viewed at the LIGO monitor site. 



Low latency transfer
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Low latency transfer from the KAGRA site (tunnel) to Kashiwa 

CAL subsystem will generate real time h(t) generation by ‘gstlal’, i.e. 1sec or 4sec data chunks. 
h(t) data will be pushed to Kashiwa via the network, and will be stored in the shared memory. 

- Some modification of the routing of VPN had already done. 
- Both CAL’s server and KAGRA main system’s server are installed/tested ‘framelink’ for the 
shared memory transfer/receive. 
- This connecting is planned to be available by the end of Feb.2019.

�1

KAGRA坑内から低遅延で観測信号を、柏キャンパスにおける pegasus-01 サーバへ送信する。
この際、KAGRA坑内に置くキャリブレーション用の新サーバから直接に pegasus-01 へ送信で
きることが必要になる。

現状では， pegasus-01  はプライベートアドレスを持つLinuxサーバである。 ただし，FW
(FortiGate-600D)の static NAT により，外部ネットワークから 特定のグローバルアドレスでアクセ
ス可能。

神岡（北部会館）におけるVPNルーター(図中 VPN1 , IPCOM)に、内部hostsから pegasus-01
への直接のルーティングを行わさせる。

利点： - ルーティングを司るのは VPN1  だけでよく、シンプル。

難点： - セキュリティ上の注意が必要

柏キャンパス:KAGRA主データ装置

柏キャンパス:iKAGRAデータシステムKAGRA北部会館

KAGRA坑内

VPN

Infiniband

SINET

andromeda-01 storage
pegasus-01

VPN2 HUB3

perseus-01

perseus-02

HUB2

aldebaran

VPN1

hyades-01

HUB1hyades-02

new sever

FW

柏キャンパスにおけるVPNルーター(図中 VPN2 , IPCOM)に、内部hostsから pegasus-01 への
直接のルーティングを行わさせる。

利点： - セキュリティ上の注意は必要だが、VPN2とpegasus-01の接続は UTnet の内部なので案
（１）に比較すれば安全 - VPNの外で通過する機器を少なくできる（VPN2を出た後は、柏キャン
パス内のHUB,switchで繋げられる）

難点： - ルーティングを行うのに、 VPN1  VPN2  のそれぞれの設定はどうなるのか？

柏キャンパス:KAGRA主データ装置

柏キャンパス:iKAGRAデータシステム
KAGRA北部会館

KAGRA坑内

VPN

Infiniband

UTnet

andromeda-01 storage
pegasus-01

VPN2

HUB3

perseus-01

perseus-02

HUB2

aldebaran

VPN1

hyades-01

HUB1hyades-02

new sever

FW

一部のルーティングの改変の必要性

改変案（１）

改変案（２）

KAGRA

tunnel

Hokubu-Kaikan

(surface building) ICRR Kashiwa campus

iKAGRA data system

KAGRA main system

CAL’s real time  h(t)
bypass route

Kanda



Data transfer: remaining tasks

11

1. Bulk data transfer between LIGO-Virgo and KAGRA

2. Low latency h(t) transfer from Kamioka to Kashiwa

• Connection to calibration system, bypass transfer

3. Plan to start steady operation of data transfer system 

including the connection with LIGO-Virgo in this month.

4. Data distribution environment for Tier-2,3

• Software, disk management, etc.
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Site Nodes
Cores
(clock)

Memory/core
(GB)

Storage Misc.

Kamioka
(surface)

200 TiB Spool, On-site analysis

iKAGRA 100 TiB Spool

KAGRA
Main

12
336

(2.4GHz)
9.14 2.5 PiB dedicated

ICRR
(Tagoshi)

7
224

(2.1GHz)
3 11 TiB dedicated

ICRR
(Hayama)

8
224

(2.6GHz)
16 48 TiB

dedicated,
GPU(GTX1080Ti)x4

ICRR-
Center

1
20

(2.2GHz)
6.4 122TiB

shared, total 2060 cores, 1
node dedicated for KAGRA

OCU 28
760

(2.6GHz)
4.57 304 TiB dedicated

RESCEU
(Kambai)

540 100 TiB dedicated

Niigata 4
60

(2.6,3.2)
3.2,4,8

92TiB,
64TiB

dedicated

Nagaoka 3
40

(3.1,3.2)
16,8,16 92TiB

dedicated,
GPU(GTX1080Ti)x2

Current estimate of computing resources for
KAGRA Data Analysis at O3

In JapanComputing resources in Japan

920



Computing resources in abroad
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Site Nodes Cores (clock)
Memory/core

(GB)
Storage Misc.

KISTI-GSDC 404 7.1

65TB
(100TB

after
2019)

Tier-1 mirroring
etc. shared btw

LIGO and
KAGRA

Shanghai
Astronomical
Observatory

~67 (2.44GHz) 4 2TiB
shared system

(total:1344cores,
5%available)

Academia
SINICA

220 TiB
(will be
~PB)

Tier-1 mirroring,
etc.

Taiwan (Lin,
Liu)

7-8Million CPU
hours or 2.9-3.3 x
105 GPU hours

billing system

Abroad



KAGRA Main System
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KAGRA face-to-face Meeting, 3/29/2017, Niigata Univ.

KAGRA data systems（iKAGRA & New main storge)

9

New main storage 
（System-A)

iKAGRA data 
storage

System-B is planned in 2020

ICRR Kashiwa



Software
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KAGALI: KAGRA Algorithmic LIbrary

current version: 0.0.5a 

• Common data analysis framework for KAGRA group

• Primary language: C

• Managed by git repository

• Can depend on LAL

Major pipelines: 

CBC offline search pipeline, CBC MCMC pipeline 



1. Searches
• All sky search
• Triggered search

2. Post-processing of triggered burst signals
3. Characterization of burst signals

For O3: 
1. Postprocess of the triggered events performed by all sky/triggered 

burst searches including BBHs.
• Characterization of triggered events using time-frequency 

analysis
• Stokes parameters

1. Searches for specific sources such as SNe, GRBs, FRBs, Cosmic 
strings etc.

Burst

16

Chair: Kazuhiro Hayama



Burst: Collaboration with theory group
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Circular polarization of GWs from non-rotating CCSNe 3

Figure 1. The top panels are the original gravitational waveforms (h+) and the bottom panels are the spectrograms for the Stokes V
parameter of SFHx (left panels) and TM1 (right panels), respectively. The black line in the bottom panels corresponds to the peak GW
frequency of the PNS g-mode oscillation (see also Figure 1 of Kuroda et al. (2016)). A source distance of D = 10 kpc is assumed. The
waveforms are extracted along the north pole (✓,�) = (0, 0). A series of short-time (20 ms) Fourier transformation are calculated to
obtain the V parameter from the reconstructed waveforms at di↵erent times, which we refer to as the spectrogram.

component is clearly correlated with the peak frequency of
the PNS surface oscillation (black line in the bottom pan-
els, corresponding to Fpeak defined in Müller et al. (2013)).
Note that we focus on the frequency range below ⇠ 500 Hz
in the spectrogram, because the higher frequency domain is
di�cult to detect due to a shot-noise of the laser interferom-
eters. The ramp-up feature is also seen for TM1 (the bottom
right panel) for a longer period (Tpb . 180 ms). The PNS
surface oscillation, primarily driven by buoyancy (Murphy
et al. 2009), occurs in a stochastic manner. Consequently,
the sign of the circular polarization changes stochastically. In
fact, the ramp-up signature of the V parameter (Tpb . 180
ms in the bottom panels) is a mixture of right-handed (col-
ored by red) and left-handed (colored by blue) modes, where
the right-handed mode is by chance stronger for SFHx.

At 140 . Tpb . 300 ms, the waveform of SFHx shows a
quasi-periodic modulation (the top left panel), which is not
present in the waveform of TM1 (the top right panel). As
previously identified, this signature is a result of the SASI-
induced mass accretion flows striking the PNS core surface
(e.g., Kuroda et al. (2016); Andresen et al. (2017)). In the
SASI-dominant phase, the V -mode spectrogram for SFHx
(the bottom left panel) shows a clear excess of the right-
handed polarization first (colored by red, 140 . Tpb . 200
ms), which is followed by a clear excess of the left-handed
polarization (colored by blue, 220 . Tpb . 320 ms). Be-
tween the two epochs, a quiescent phase with vanishing po-
larization amplitude (white in the panel) is observed be-
tween 200 . Tpb . 220 ms.

Figure 2 visualizes the time evolution of the GW cir-
cular polarization of SFHx (left panels) and TM1 (right
panels). Note in each panel that the two SASI-dominant
phases of SFHx are colored by red or blue, corresponding
to the bottom left panel of Figure 1 at Tpb & 140 ms. One
can see a clearer polarization signature for SFHx (the top
left panel) characterized by the bigger GW amplitude with
the right-handed (red line) and left-handed mode (blue line)
than those for TM1 (the top right panel). Before Tpb ⇠ 140

Figure 2. The top panels show the trajectory of the GW po-
larization on the h+ � h⇥ plane of SFHx (left panel) and TM1
(right panel). Making a correspondence to the bottom left panel
of Figure 1, the two characteristic epoch with the right-handed
(140 . Tpb . 200 ms) and left-handed (220 . Tpb . 320 ms) po-
larization are highlighted with the red and blue color. The gray
line denotes the whole trajectory during the simulation time. Sim-
ilar to the top panels, but the bottom panels depict the time
derivative of the polarization angle (d✓/dt). The polarization an-
gle ✓ is measured from the axis of h⇥ as ✓ ⌘ arctan(h+/h⇥)
spanning 0  ✓  ⇡ and 0 � ✓ � �⇡, respectively. Note that the
signals are low-pass filtered with a cuto↵ frequency of 400Hz to
focus on the low-frequency behaviors.

ms, the bottom left panel shows that the time derivative of
the polarization angle (d✓/dt) changes randomly with time,
taking both positive and negative values of d✓/dt. But, after
Tpb ⇠ 140 ms when the SASI activity begins to be vigorous
(e.g., Kuroda et al. (2016)), the right-handed GW polariza-
tion (e.g., the red line in the bottom left panel) is shown to
transit to the left-handed polarization (the blue line) until
Tpb ⇠ 320 ms, after which neutrino-driven convection dom-

MNRAS 000, 1–5 (2018)

Hayama et al. PRL116, 151102, 2016
Hayama et a. arXiv:1802.03842

Spectrogram of Stokes parameter V Spectrogram of Stokes parameter V

Supernova simulation
Kei Kotake (Fukuoka U), T. Takiwaki (NAOJ), T. Kuroda

Circular polarization of GWs from proto neutron star



Burst: Collaboration with LIGO-Virgo 
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Collaboration with LIGO-Virgo burst group started partially
(Sergey  Klimenko, Marek Szczepanczyk)

Tasks:
• Imprement the polarization-reconstruction code in cWB
• Develop codes to compute stokes parameter for triggered events



Continuous Waves
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1. Known pulsar search
LAL-based analysis framework has been established
iKAGRA analysis was done

2. Stochastic point  source search
Radiometer with GPGPU search code 

Problem: manpower

Recently, a group from Taiwan joined. (Chia-Ming Kuo, NCU)
They will start working on blind search

Chair: Yousuke Itoh



Stochastic background
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1. Isotropic stochastic gravitational-wave background search

Parameter estimations with different theoretical models
(power index, broken-power law, energy density)

2. All-Sky, all-frequency search or mapping

Searching or modeling for different astrophysical sources
Developing 

Chair: Guo-Chin Liu
Vice-chair: Sachiko Kuroyanagi



CBC 
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1. Collaboration with LIGO-Virgo
• Operation of gstlal-inspiral during O3 to analyze KAGRA/LIGO/VIRGO data

both for online and offline search
• alert is included
• Test operation will be done at Kashiwa soon. 

2. PE pipelines for CBC
• Project lead by Korean group (Hyung Won Lee)
• MCMC (Metropolis-Hastings)
• Other methods 

3. GPU acceralated PE for CBC
• Project lead by Taiwan group (Sadakazu Haino)
• Nested sampling 

Chair:            Hideyuki Tagoshi
Vice-chairs:   Hyung Won Lee, Kipp Cannon, Tjonnie Li
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On the KAGRA's sensitivity threshold
at O3

Hideyuki Tagoshi
with

Sadakazu Haino, Tatsuya Narikawa, Soichiro Morisaki

1October 11, 2018,  JRPC

JGW-G1809082
LIGO-G1802015-v2

Nested	sampling	results
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BNS range of 10 Mpc is the minimum
sensitivity

But more sensitivity is better, of course



CBC
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4. Original CBC search pipeline
• One pipeline :  iKAGRA data analysis
• New pipeline

5. Various Topics
• Tidal deformability 
• QNM 
• Echo 
• New method
• etc. 



Tidal Deformability of GW170817

24

Narikawa et al. arXiv:1812.06100 

3

FIG. 1. Marginalized posterior probability distribution of bi-
nary tidal deformability, ⇤̃, derived by data of di↵erent detec-
tors with fmax = 2048Hz. The symmetric 90% credible inter-
vals of ⇤̃ for the Hanford-only data (blue) and the Livingston-
only data (orange) are ⇤̃ = 234+960

�172 and ⇤̃ = 1639+578
�1193, re-

spectively. The distribution obtained by combined data of
Advanced LIGO twins and Advanced Virgo (HLV, green) is
closer to that derived by the Hanford-only data with its sym-
metric 90% credible interval being ⇤̃ = 183+993

�130.

POSTERIOR OF TIDAL DEFORMABILITY

Figure 1 shows the marginalized posterior probability
distribution of binary tidal deformability, ⇤̃, derived by
the Hanford-only data, Livingston-only data, and com-
bined HLV data with fmax = 2048Hz. The correspond-
ing 90% credible intervals are presented in Table I. The
HLV distribution exhibits a peak at ⇤̃ ⇡ 200 with a tail
extending to the high-⇤̃ region consistently with previ-
ous work [14, 15]. Estimates of other parameters are also
broadly consistent with those derived in previous work
(see Supplemental Material).

The separate analysis of the data obtained by the
individual of twins reveals unexpectedly and perhaps
unwantedly rich structures. On one hand, the poste-
rior probability distribution derived by the Hanford-only
data is very similar to that derived by the HLV data.
That is, it exhibits a peak at ⇤̃ ⇡ 200 with a tail at
the high-⇤̃ region, which is more evident than that of
the HLV distribution. Accordingly, the 90% credible
interval extends to the high-⇤̃ region. On the other
hand, the Livingston-only data derive irregular distribu-
tion with multiple peaks. Notably, the main peak of the
Livingston-only distribution appears at a large value of
⇤̃ ⇡ 1600, which is out of the 90% credible intervals of

TABLE I. 90% credible interval of binary tidal deformabil-
ity, ⇤̃, for di↵erent data and the maximum frequency, fmax.
The upper group shows the symmetric intervals and the lower
shows the highest-posterior-density intervals, where the me-
dian is shown as a representative value for both groups. The
latter of the Livingston-only data with fmax � 1100Hz con-
sists of two disconnected regions.

fmax Hanford-only Livingston-only HLV

symmetric interval

800Hz 926+700
�611 1427+871

�810 889+534
�494

900Hz 486+736
�361 1648+655

�1018 481+792
�337

1000Hz 406+865
�300 1555+688

�1104 367+1065
�252

1100Hz 402+792
�297 1556+640

�1158 403+1027
�265

1200Hz 332+915
�253 1558+724

�1097 427+1208
�327

1300Hz 308+907
�226 1630+569

�1149 260+1384
�183

1400Hz 264+953
�192 1615+631

�1185 215+1371
�152

1500Hz 243+911
�173 1614+689

�1271 185+930
�129

2048Hz 234+960
�172 1639+578

�1193 183+993
�130

highest posterior density interval

800Hz 926+653
�658 1427+854

�832 889+516
�516

900Hz 486+541
�443 1648+726

�941 481+523
�433

1000Hz 406+508
�388 1555+664

�1135 367+443
�355

1100Hz 402+495
�383 258� 866, 1048� 2181 403+393

�359

1200Hz 332+663
�332 394� 894, 992� 2308 427+691

�427

1300Hz 308+662
�308 294� 376, 614� 2225 260+749

�260

1400Hz 264+634
�264 186� 301, 553� 2223 215+653

�215

1500Hz 243+572
�243 145� 327, 544� 2217 185+552

�185

2048Hz 234+631
�234 148� 247, 566� 2209 183+609

�183

either the Hanford-only or HLV distribution. Conversely,
the Livingston-only distribution have a very small prob-
ability around ⇤̃ ⇡ 200.

We find that the HLV distribution is approximately
reproduced by multiplying the Hanford-only distribution
and the Livingston-only distribution with appropriately
accounting the prior probability distribution of ⇤̃ deter-
mined by that of other parameters. Specifically, we need
to divide the multiplied distribution by the prior, because
it is included in both the Hanford-only and Livingston-
only distribution. The probability at the high-⇤̃ region
is suppressed in the HLV distribution because of the ab-
sence of the support from the Hanford-only data and the
division by the prior.

Detailed features of the data from individual detectors
are clarified by examining changes of the posterior prob-
ability distribution with respect to the variation of the
maximum frequency, fmax, imposed in the data analysis.
Figure 2 shows the results for fmax = 800, 1100, 1400,
and 2048Hz (same as Fig. 1). The Hanford-only dis-
tribution shrinks monotonically and appears to become
narrowly peaked as fmax increases. This is reasonably
expected, because the tidal deformability is primarily
determined by the gravitational-wave data at high fre-
quency [9, 15]. This feature results from the nature of

Re-analysis of GW170817 open data with LAL and
show the Hanford result and the Livingston result separately

However,  lal PSD estimation was found to be the old one used by LV.
Data was also C01 not C02.   
Now under investigation

Livingston's contribution
to the final result is small

Livingston's results is not 
very stable.



Summary
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We have to rush toward O3.


