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１　数値相対論AMRコードの並列化と高精度計算�

　　　固い状態方程式(半径大) 　　　柔らかい状態方程式(半径小)
　　　→　潮汐変形大　　　　　　　　　　　　　→潮汐変形小

引力が増して、軌道速度が増し、重力波放射も増え、進化が加速�
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質量に対して、高精度�
シミュレーション実行中�
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テンプレートの作成へ�
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将来的には精度を向上�
させていく�

Δx=147, 130, 117, 93m 	

1.35-1.35 solar mass, R=12.3km	
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EOS dependence   (s11.2 progenitor model)	

La#mer	Swesty	(K=220MeV)	Furusawa	EOS	(mul:-nuclei	NSE	and	TM1)	

Lattimer-Swesty EOS (右)なら200 ms,程度で爆発が始まる。
古澤EOS（左）だと爆発に失敗(昨年度の成果)。

Post京では空間的対称性を考慮しない計算を目指す。

II フルボルツマン軸対称重力崩壊シミュレーション�



III　超新星用粗視平均化コードの開発とテスト�

３次元の球座標の計算は、極で L が小さく、
クーラン条件の制約上Δt が短くしかとれない

⇒複数のメッシュを同一視して平均化
し、同一視した大きなメッシュにおいて
Δt を決める。�

左：３次元のテスト計算�

平均衝撃波半径のような平均量（積分
量）は粗視化に依らない。�

より洗練されたFMRにも着手予定。�

粗視化あり	

粗視化なし	

Nakamura	et	al.	in	prep	



GW151226	

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.
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