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デザイン感度曲線(宗宮氏の計算から)
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重力波源 項目

干渉計方式干渉計方式干渉計方式干渉計方式

重力波源 項目
広帯域

可変(広帯域寄り)
上段：BRSE
下段：DRSE

可変(狭帯域寄り)
上段：BRSE
下段：DRSE

狭帯域

NS-NS

成功確率
(1年間で1イベント以上検出す

る確率)
97.9% 92.5 %

99.92%
83.8%
99.95%

99.97%

NS-NS

1イベント観測に必要な観測時
間の期待値

7ヶ月 11ヶ月
4ヶ月

15ヶ月
3.5ヶ月

3.4 ヶ月

NS-NS

レンジ 230 Mpc
200 Mpc
286 Mpc

 177 Mpc
294 Mpc 299 Mpc

NS-NS z 0.05199
0.04543

0.06407

0.04036

0.06578
0.06685NS-NS

年間観測数期待値
(C.I.95%) 3.9 +9.7-3.1

2.6 +6.5 -2.1
7.2 +18.1-5.7

1.8 +4.6 -1.5
7.8 +19.6 -6.2

8.1 +20.5 -6.5

NS-NS

パラメーター決定制度

NS-NS

偽イベント除去
(chi^2チェック)

NS-NS

⇒田越氏
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spectrum & range
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and polarization angles. Since ! and " are detector dependent, the
effective distance is different for geographically separated de-
tectors that are not perfectly aligned, and for a fixed source lo-
cation, changes as the Earth rotates through a sidereal day. In
addition, the effective distance is always at least as large as the
physical distance.

For simplicity in understanding the sensitivity of gravita-
tional-wave searches, consider the case in which m is fixed, i.e.,
p(m) ¼ #(m" $̂). For example, these might be the parameters
appropriate to a neutron star binary. The sensitivity of a detector
is given by its horizon distance, which is defined as the maxi-
mum effective distance that a neutron star binary system can be
detected at a signal-to-noise ratio of 8. Consider a search that can
perfectly detect these binaries if they have an effective distance
DeA < Dhorizon at a particular detector. Then

p(detectionj$̂; k) ¼ !(DeA(k) < Dhorizon); ð15Þ

and we can write

CL(Dhorizon) ¼Z
L(%; #;D)!(DeA(k) < Dhorizon)p(&)p( )p(t)dk: ð16Þ

Thus, the cumulative blue luminosity accessible to such a de-
tector is the blue luminosity within an effective distance sphere
of radius Dhorizon, averaged over the time of day and possible
orientations of the binary. The lower curve in Figure 6 shows
CL(Dhorizon).

Figure 6 also illustrates the significant difference between the
cumulative luminosity CL(DeA) and total luminosity L total(D) at a
given distance. If galaxies are distributed uniformly in space,
the ratio between these is ’11.2; this is the factor by which the
detection rate would be reduced, and arises purely from the
LIGO detector response, averaged over all possible source ori-
entations with respect to the detector.

When estimating the rate based on gravitational-wave observa-
tions, one can marginalize over uncertainties (Fairhurst & Brady
2007) in the galaxies’ distances and apparent magnitudes. Specif-
ically, by making use of the modified spatial distribution function
equation (11) and the distributions for "Dj and "mBj reported
here, we can obtain a probability distribution for the cumulative lu-
minosity p(CLj"mBj;"Dj) from equation (10). For each value of
the cumulative luminosity, a probability distributionp(RjCL) for the
event rate can be calculated. Finally, the rate is marginalized over
errors in the galaxy catalog by computing

p(R) ¼
Z

dCL p(CLj"mBj;"Dj)p(RjCL): ð17Þ

Fig. 6.—Cumulative luminosity as a function of physical distance (top line) and horizon distance (bottom line). The horizon distanceDhorizon is defined as the physical
distance to an optimally oriented and located binary system that would be detected with a signal-to-noise ratio of 8. ( Instrumental sensitivity range is sometimes quoted in
terms of the radius of a sphere with the same volume as the nonuniform region probed by the instrument; this sensitivity range Ds is related to the horizon distance by
Ds ’ Dhorizon /

ffiffiffi
5

p
. The gray shaded lines are cubic extrapolations (x 3) derived for both cases. Given a LIGOhorizon distance, one can immediately get the cumulative blue

luminosity from the bottom curve. To obtain an approximate rate upper limit, one could calculateR90%½yr"1 L"1
10 & ¼ 2:3/(CL ; T ) where CL is taken from this plot at a

given range in horizon distance. Inset: Ratio of the cumulative luminosity for the physical and horizon distance from the completeness-corrected CBCG catalog illustrates
the nonuniform distribution at smaller ranges (<20 Mpc) and asymptotes to the expected uniform distribution ratio (dashed line) for larger distances.

HOST GALAXIES CATALOG FOR BINARY COALESCENCE 1465No. 2, 2008

我々の計算は赤い線 :

銀河(L10)の数密度 ρ=1.2 x10-2/Mpc3

参考 ApJ. 675:1459
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binary detection range
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重力波源 項目

干渉計方式干渉計方式干渉計方式干渉計方式

重力波源 項目
広帯域

可変(広帯域寄り)
上段：BRSE
下段：DRSE

可変(狭帯域寄り)
上段：BRSE
下段：DRSE

狭帯域

BH-BH
(10-10Msolar)

レンジ 1119 Mpc
988 Mpc
1465 Mpc

879 Mpc
1511 Mpc 1538 Mpc

BH-BH
(10-10Msolar)

z 0.22567
0.20205

0.28567

0.18197

0.29341
0.29794

BH-BH
(10-10Msolar)

パラメーター決定制度

BH準固有振動

レンジ
(@mass [Msolar])

3.5 Gpc
(220)

4.6Gpc (430)
6.4Gpc (220)

4.5Gpc (36)
5.9Gpc (220)

6.9 Gpc
(220)

BH準固有振動

z

BH準固有振動 探索質量範囲 [Msolar]
(<2Gpc) 100-860

140-1500
95-780

170-1400
95-700 100-550BH準固有振動

年間観測数期待値

BH (binary & QNM)

⇒田越氏

⇒??? 要検討
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qnm detection range
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重力波源 項目
干渉計方式干渉計方式干渉計方式干渉計方式

重力波源 項目
広帯域

可変(広帯域寄り)
上段：BRSE
下段：DRSE

可変(狭帯域寄り)
上段：BRSE
下段：DRSE

狭帯域

超新星爆発

観測可能振幅

超新星爆発 レンジ超新星爆発

年間観測数期待値

パルサー

観測可能個数
（既知パルサーで理論上
減に感度が届く個数)

パルサー
Clab/Vela

パルサー

グリッジ起源のGW観測

パルサー

E@Home

LMXB 観測可能性

SN, Pulsar, LMXB

⇒高橋弘毅氏

⇒宮本氏

⇒端山氏
⇒伊藤氏
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