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FIG. 1: The cumulative distribution of events above a threshold IFAR, for in-time coincident events, shown as blue triangles, from all coin-
cidence categories for the observation times H1H2L1, H1L1, and H2L1 respectively. The expected background (by definition) is shown as a
dashed black line, and the shaded band shows the Poisson errors on the background estimate. The 100 experimental trials that make up our
background are also plotted individually as the solid grey lines.

is the total observation time (in years) and CL is the cumula-
tive luminosity (in L10) to which this search is sensitive above
its loudest event. We derive a Bayesian posterior distribution
for the rate as described in Ref. [33].

In order to evaluate the cumulative luminosity we multiply
the detection efficiency, as a function of mass and distance,
by the luminosity calculated from a galaxy population [1] for
the nearby universe. The cumulative luminosity is then this
product integrated over distance. The cumulative luminosity
for this search can be found in Table I.

We apply the above upper limit calculation to three canon-
ical binary masses as well as calculating the upper limit as
a function of mass. Our three canonical binary masses are
BNS (m1 = m2 = (1.35 ± 0.04)M!), BBH (m1 =
m2 = (5 ± 1)M!), and BHNS (m1 = (5 ± 1)M!,m2 =
(1.35± 0.04)M!). We use Gaussian distributions in compo-
nent mass centered on these masses, with standard deviations
given above following the ± symbols.

We combine the results of this search from the three differ-
ent observation times in a Bayesian manner, described in Ap-
pendix G, and the results from previous science runs [11, 13]
are incorporated in a similar way.

Assuming that spin is not important in these systems, we
calculate upper limits on the rate of binary coalescences us-
ing our injection families that neglect spin (Appendix E).
There are a number of uncertainties which affect the upper
limit, including systematic errors associated with detector cal-
ibration, simulation waveforms, Monte Carlo statistics, and
galaxy catalog distances and magnitudes [19]. We marginal-
ize over these, as described in Appendix H and obtain up-
per limits on the rate of binary coalescences of R90% =
3.8 × 10−2yr−1L10

−1, R90% = 2.2 × 10−3yr−1L10
−1, and

R90% = 1.6 × 10−2yr−1L10
−1 for BNS, BBH, and BHNS

respectively.

We also calculate upper limits for two additional cases: as
a function of the total mass of the binary, with a uniform dis-
tribution in the mass ratio q = m1/m2, and as a function of
the mass of a black hole in a BHNS system, holding fixed the
mass of the neutron star at mNS = 1.35M! (Fig. 2).

VI. UPPER LIMITS INCLUDING SPIN

Above we have reported upper limits on the rate of merg-
ers for different classes of objects using injection waveforms
generated assuming non-spinning objects. We can also eval-
uate the upper limits using injection waveforms that take into
account the effects of spinning bodies.

Since the maximum possible rotational angular momentum
S for a black hole of mass m is Gm2/c, it is useful to describe
the spin of a compact object in terms of the dimensionless spin
parameter â = (cS) /

(
Gm2

)
. The distribution of black hole

spin magnitudes within the range 0 ≤ â ≤ 1, as well as their
orientations relative to binary orbits, is not well constrained
by observations. To illustrate the possible effects of BH spins
on our sensitivity to BBH and BHNS signals, we provide an
example calculation using a set of injections of signals sim-
ulating systems whose component objects have â uniformly
distributed between 0 and 1 (Appendix E). On the other hand,
assuming a canonical mass and uniform density, astrophysical
observations of neutron stars show typical angular momenta
corresponding to â # 1 [34]. In addition, the spin effects
are found to be weak for the frequency range of interest for
LIGO [35] so the BNS upper limits in Section V are valid
even though we have ignored the effects of spin.

Using the above injections, we obtain marginalized upper
limits on the rate of binary coalescences of R90% = 2.8 ×
10−3yr−1L10

−1 andR90% = 1.9×10−2yr−1L10
−1 for BBH

and BHNS systems respectively.

VII. CONCLUSIONS

We have searched for gravitational waves from coalescing
compact binary systems with total mass ranging from 2 to 35
M!, using data from the first year of the fifth science run (S5)
of the three Initial LIGO detectors. In doing so, we have in-
vestigated the efficacy of searching for BBH signals with 2PN
SPA non-spinning templates and have found them to be effec-
tive even at the relatively high total mass of 35 M!. Addition-
ally, we have found the non-spinning templates can effectively


