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研究内容
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• KAGRAデータ解析パイプライン開発
• iKAGRA試験運転データの解析
• 新しい解析手法の開発
• 重力波による物理（含むイベント解析など)



iKAGRA data
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iKAGRA-­‐1:	
  
2016/3/25,	
  9h	
  -­‐ 3/31,	
  17h
Length	
  of	
  data	
  (locked):	
  101.93	
  hours	
  (4.247	
  days)

iKAGRA-­‐2:	
  
2016/4/11,	
  9h	
  – 4/25,	
  17h
Length	
  of	
  data	
  (locked):	
  296.18	
  hours	
  (12.34	
  days)



Ongoing	
  iKAGRA analysis
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Projects Members
CBC	
  offline Yuzurihara, Tagoshi,	
  (Ueno)

CBC-­‐PE	
  in	
  KAGALI H.W.	
  Lee,	
  Jeongcho Kim, Chunglee Kim	
  

Burst Hayama

CW Eda,	
  Itoh

Radiometry	
  for	
  CW	
   K.Tanaka,	
  Kanda,	
  Itoh

CBC-­‐PE	
  on	
  injected signals Narikawa, (Tagoshi)

HHT	
  on	
  injected	
  signals Ueki, Takahashi,	
  Oohara,	
  Kanda,	
  Yokozawa

HW	
  injection	
  signals Yokozawa,	
  ……

Gaussianity,	
  
CBC	
  non-­‐Gaussian	
  triggers,…

Kitaoka,	
  Sasaki,	
  Kanda,	
  Tagoshi,	
  …



コンパクト連星合体探査
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理論波形をもとに相関解析による探索手法（マッチドフィルター）

from 35 Hz to a peak amplitude at 450 Hz. The signal-to-
noise ratio (SNR) accumulates equally in the early inspiral
(∼45 cycles from 35 to 100 Hz) and late inspiral to merger
(∼10 cycles from 100 to 450 Hz). This is different from the
more massive GW150914 binary for which only the last 10
cycles, comprising inspiral and merger, dominated the
SNR. As a consequence, the parameters characterizing
GW151226 have different precision than those of
GW150914. The chirp mass [26,45], which controls the
binary’s evolution during the early inspiral, is determined
very precisely. The individual masses, which rely on
information from the late inspiral and merger, are measured
far less precisely.
Figure 1 illustrates that the amplitude of the signal is less

than the level of the detector noise,where themaximum strain
of the signal is 3.4þ0.7

−0.9 × 10−22 and 3.4þ0.8
−0.9 × 10−22 in LIGO

Hanford and Livingston, respectively. The time-frequency
representation of the detector data shows that the signal is not
easily visible. The signal is more apparent in LIGO Hanford
where the SNR is larger. The SNR difference is predomi-
nantly due to the different sensitivities of the detectors at the
time. Only with the accumulated SNR frommatched filtering
does the signal become apparent in both detectors.

III. DETECTORS

The LIGO detectors measure gravitational-wave strain
using two modified Michelson interferometers located in
Hanford, WA and Livingston, LA [2,3,46]. The two
orthogonal arms of each interferometer are 4 km in length,
each with an optical cavity formed by two mirrors acting as
test masses. A passing gravitational wave alters the

FIG. 1. GW151226 observed by the LIGO Hanford (left column) and Livingston (right column) detectors, where times are relative to
December 26, 2015 at 03:38:53.648 UTC. First row: Strain data from the two detectors, where the data are filtered with a 30–600-Hz
bandpass filter to suppress large fluctuations outside this range and band-reject filters to remove strong instrumental spectral lines [46].
Also shown (black) is the best-match template from a nonprecessing spin waveform model reconstructed using a Bayesian analysis [21]
with the same filtering applied. As a result, modulations in the waveform are present due to this conditioning and not due to precession
effects. The thickness of the line indicates the 90% credible region. See Fig. 5 for a reconstruction of the best-match template with no
filtering applied. Second row: The accumulated peak signal-to-noise ratio (SNRp) as a function of time when integrating from the start of
the best-match template, corresponding to a gravitational-wave frequency of 30 Hz, up to its merger time. The total accumulated SNRp

corresponds to the peak in the next row. Third row: Signal-to-noise ratio (SNR) time series produced by time shifting the best-match
template waveform and computing the integrated SNR at each point in time. The peak of the SNR time series gives the merger time of
the best-match template for which the highest overlap with the data is achieved. The single-detector SNRs in LIGO Hanford and
Livingston are 10.5 and 7.9, respectively, primarily because of the detectors’ differing sensitivities. Fourth row: Time-frequency
representation [47] of the strain data around the time of GW151226. In contrast to GW150914 [4], the signal is not easily visible.

PRL 116, 241103 (2016) P HY S I CA L R EV I EW LE T T ER S
week ending
17 JUNE 2016

241103-2

LIGOイベント GW151226

シミュレーションデータ

相関解析出力

重力波データ解析の最も標準的解析手法
LIGOの信号検出でも使われた手法



Horizon	
  distance	
  of	
  CBC	
  by	
  iKAGRA
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バースト解析
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理論波形が利用出来ない場合の解析手法

重力崩壊重力波波形 時間周波数面上での超過の探索



パルサーからの連続重力波探索
n Targets

ü Continuous	
  waves	
  from	
  62	
  isolated	
  known	
  pulsars
ü Analysis	
  frequency	
  range	
  :	
  50	
  Hz	
  – 1,000	
  Hz

n Method
ü We	
  analyzed	
  iKAGRA data	
  in	
  the	
  April	
  run
ü Search	
  method	
  :	
  F-­‐statistic

• Perform	
  short	
  Fourier	
  transforms	
  	
  for	
  each	
  1,800-­‐sec	
  contiguous	
  frame	
  files
• Compute	
  F-­‐statistic	
  values	
  for	
  each	
  pulsar	
  
• If	
  the	
  measured	
  value	
  of	
  F-­‐statistic	
  falls	
  below	
  the	
  threshold,	
  set	
  an	
  upper	
  limit	
  

on	
  the	
  strength	
  of	
  the	
  continuous	
  wave	
  signal	
  from	
  each	
  pulsar

Input	
  h(t)	
  data

Make	
  1,800-­‐sec	
  SFTs Compute	
  F-­‐statistic 2F >	
  2Fthr
Set	
  an	
  upper	
  
limit	
  on	
  h0

No

Register	
  as	
  a	
  
candidate

Yes
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Signal	
  Injection	
  test	
  @	
  iKAGRA
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This	
  is	
  often	
  called	
  "Hardware	
  Injection	
  test".
This	
  is	
  done	
  by	
  shaking	
  mirrors.	
  
(The	
  signals	
  injected	
  are	
  not	
  real	
  gravitational	
  wave	
  signals!)	
  

Laser

Injected waveforms (Sine Gaussian)
○Sine Gaussian (test run)

Q = 20(constant), f0 = [30, 100, 300, 1000]Hz, A = various
XY differential, X/Y arm only(30,100Hz), 1count = 7.5e-13[strain]
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○Sine Gaussian (injection run)
Q = 20(constant), f0 = [33, 100, 333], A = 3000/f^2. 1500/f^2, XY differential
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Injected waveforms (Supernova)
○Supernova waveform
Provided Y.Suwa(YTIP, Kyoto), 2D Newtonian numerical simulation (KAGRA original)
t=0 : Start time of gravity collapse 

Progenitor mass = 11.2M⊙, different core rotation, matter eject memory effect

0.0 π rad/s 0.2 π rad/s 0.5 π rad/s 1.0 π rad/s

No core rotation strong SASI motion(from entropy motion)

50M⊙ 80M⊙

6Models(2s) × 3 amplitude scale
18 waveforms injection
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Injected waveforms (CBC)
○CBC waveform(prepare waveforms by H.Yuzurihara, H.Tagoshi)

1. Effective One Body (EOB) waveforms (generated by LAL)
     mass combination : 20-20, 25-25, 30-30, 36.3-28.6 and 50-50M⊙, no spin 
     3 amplitude(SNR) scales, low frequency cutoff : 10Hz
     To connect smoothly between 0 and waveform, we used 
     error function
2. NS-NS : Numerical Relativity simulation waveform+EOB waveform(by M.Shibata)
1.35-1.35 M⊙, 2 amplitude(Scales) (KAGRA original)

20-20M⊙

“GW150914”

1.35-1.35M⊙36.3-28.6M⊙

Total 17 waveforms are injected 8



Hilbert-­‐Huang	
  transform	
  
• 時間周波数解析手法
• 重力波解析への応用を研究
• 信号注入試験信号の解析
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Hardware  injection

HHT

Time  -­ frequency  map



KAGALI
KAGRA	
  Algorithmic	
  LIbrary
current	
  version:	
  kagali-­‐v0r4a

• C	
  language
• Version	
  control	
  by	
  git repository	
  

nightly	
  build,	
  code	
  check	
  by	
  cppchecker,	
  …
• Autotools for	
  installation	
  in	
  various	
  platform
• Own	
  error	
  handling	
  mechanism
• ……
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