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We present results from the first directed search for nontensorial gravitational waves. While general
relativity allows for tensorial (plus and cross) modes only, a generic metric theory may, in principle,
predict waves with up to six different polarizations. This analysis is sensitive to continuous signals
of scalar, vector or tensor polarizations, and does not rely on any specific theory of gravity. After
searching data from the first observation run of the advanced LIGO detectors for signals at twice
the rotational frequency of 200 known pulsars, we find no evidence of gravitational waves of any
polarization. We report the first upper limits for scalar and vector strains, finding values comparable
in magnitude to previously-published limits for tensor strain. Our results may be translated into
constraints on specific alternative theories of gravity.

Introduction. The first gravitational waves
(GWs) detected by the Advanced Laser Interferometer
Gravitational-wave Observatory (aLIGO) have already
been used to place some of the most stringent constraints
on deviations from the general theory of relativity (GR) in
the highly-dynamical and strong-field regimes of gravity
[1–4]. However, it has not been possible to unambigu-
ously confirm GR’s prediction that the associated metric
perturbations are of a tensor nature (helicity ±2), rather
than vector (helicity ±1), or scalar (helicity 0) [5]. This is
unfortunate, since the presence of nontensorial modes is
a key prediction of many extensions to GR [6–10]. Most
importantly, the detection of a scalar or vector compo-
nent, no matter how small, would automatically falsify
Einstein’s theory [8, 9].

In order to experimentally determine whether gravita-
tional waves are tensorial or not in a model-independent
way, one needs a local measurement of the signal’s polar-
ization content that breaks the degeneracies between the
five distinguishable modes supported by a generic metric
theory of gravity [6, 7]. For transient waves like those
detected so far, this cannot be achieved with LIGO’s two
detectors, as at least five noncooriented differential-arm
antennas would be required to break all such degenera-
cies [9, 11]. Constraints on the magnitude of non-GR
polarizations inferred from indirect measurements, like
that of the rate of orbital decay of binary pulsars, are
only meaningful in the context of specific theories (see
e.g. [12, 13], or [14, 15] for reviews).

Theory-independent polarization measurements could
instead be carried out with current detectors in the
presence of signals sufficiently long to probe the detec-
tor antenna patterns, which are themselves polarization-
sensitive [16–19]. Such is the case, for instance, for the
continuous, almost-monochromatic waves expected from
spinning neutron stars with an asymmetric moment of
inertia [20]. Known galactic pulsars are one of the main
candidates for searches for such signals in data from
ground-based detectors, and analyses targeting them have
already achieved sensitivities that are comparable to, or
even surpass, their canonical spin-down limit (i.e. the
strain that would be produced if the observed slowdown

in the pulsar’s rotation was completely due to gravita-
tional radiation) [21].

However, all previous targeted searches have been, by
design, restricted to tensorial gravitational polarizations
only. This leaves open the possibility that, due to a
departure from GR, the neutron stars targeted in previous
searches may indeed be emitting strong continuous waves
with nontensorial content, in spite of the null results of
standard searches.

In this paper, we present results from a search for con-
tinuous gravitational waves in aLIGO data that makes no
assumptions about how the gravitational field transforms
under spatial rotations, and is thus sensitive to any of the
six polarizations allowed by a generic metric theory of
gravity. We targeted 200 known pulsars using data from
aLIGO’s first observation run (O1), and assuming GW
emission at twice the rotational frequency of the source.

Our data provide no evidence for the emission of gravi-
tational signals of tensorial or nontensorial polarization
from any of the pulsars targeted. For sources in the most
sensitive band of our detectors, we constrain the strain
of the scalar and vector modes to be below 1.5× 10−26

at 95% credibility. These are the first direct upper limits
for scalar and vector strain ever published, and may be
used to constrain beyond-GR theories of gravity.

Analysis. We search aLIGO O1 data from the Hanford
(H1) and Livingston (L1) detectors for continuous waves
of any polarization (tensor, scalar or vector) by applying
the Bayesian time-domain method of [22], generalized
to non-GR modes as described in [17] and summarized
below. Our analysis follows closely that of [21], and uses
the exact same interferometric data.

Calibrated detector data are heterodyned and filtered
using the timing solutions for each pulsar obtained from
electromagnetic observations. The maximum calibration
uncertainties estimated over the whole run give a limit
on the combined H1 and L1 amplitude uncertainties of
14%—this is the conservative level of uncertainty on the
strain upper limits [21, 23].

The data streams start on 2015 Sep 11 at 01:25:03
UTC for H1 and 18:29:03 UTC for L1, and finish on
2016 Jan 19 at 17:07:59 UTC at both sites. The pulsar
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timing solutions used are also the same as in [21] and were
obtained from the 42-ft telescope and Lovell telescope at
Jodrell Bank (UK), the 26-m telescope at Hartebeesthoek
(South Africa), the Parkes radio telescope (Australia),
the Nancay Decimetric Radio Telescope (France), the
Arecibo Observatory (Puerto Rico) and the Fermi Large
Area Telescope (LAT).

As described in detail in [17], we construct a Bayesian
hypothesis that captures signals of any polarization con-
tent (our any-signal hypothesis, HS) by combining the
sub-hypotheses corresponding to the signal being com-
posed of tensor, vector, scalar modes, or any combination
thereof. Each of these sub-hypotheses corresponds to a
different signal model; in particular, the least restrictive
template includes contributions from all polarizations and
can be written as:

h(t) =
∑
p

Fp(t;α, δ, ψ)hp(t), (1)

where the sum is over the five independent polarizations:
plus (+), cross (×), vector-x (x), vector-y (y) and scalar
(s) [7]. The two scalar modes, breathing and longitudinal,
are degenerate for networks of quadrupolar antennas [9],
so we do not make a distinction between them.

Each term in Eq. (1) is the product of an antenna
pattern function Fp and an intrinsic strain function hp.
We define the different polarizations in a wave-frame such
that the z-axis points in the direction of propagation, x
lies in the plane of the sky along the line of nodes (here
defined to be the intersection of the equatorial plane of
the source with the plane of the sky), and y completes the
right-handed system, such that the polarization angle ψ
is the angle between the y-axis and the projection of the
celestial North onto the plane of the sky (see e.g. [24]).
We can thus write the Fp’s as implicit functions of the
source’s right ascension α, declination δ and polarization
ψ. (For the sources targeted here, α and δ are always
known to high accuracy, while ψ is usually unknown.)
The antenna patterns acquire their time dependence from
the sidereal rotation of the Earth; explicit expressions for
the Fp’s are given in [16–18, 25, 26].

For a continuous wave, the polarizations take the simple
form:

hp(t) = ap cos(φ(t) + φp), (2)

where ap is a time-independent strain amplitude, φ(t) is
the intrinsic phase evolution, and φp a phase offset for each
polarization. The nature of these three quantities depends
on the specifics of the underlying theory of gravity and
the associated emission mechanism (for different emission
mechanisms within GR, see e.g. [27–29]). While we treat
ap and φp as free parameters, we take φ(t) to be the same
as in the traditional GR analysis [21]:

φ(t) = 2π

N∑
j=0

∂
(j)
t f0

(j + 1)!
[t− T0 + δt(t)]

(j+1)
, (3)

TABLE I. Existing orientation information for pulsars in our
band, obtained from observations of the pulsar wind nebulae
(see Table 3 in [30], and [31, 32] for measurement details).

ι ψ

J0534+2200 62◦.2± 1◦.9 35◦.2± 1◦.5
J0537–6910 92◦.8± 0◦.9 41◦.0± 2◦.2
J0835–4510 63◦.6± 0◦.6 40◦.6± 0◦.1
J1833–1034 85◦.4± 0◦.3 45◦ ± 1◦

J1952+3252 N/A −11◦.5± 8◦.6

where ∂
(j)
t f0 is the jth time derivative of the gravitational-

wave frequency measured at the fiducial time T0; δt(t)
is the time delay from the observatory to the solar sys-
tem barycenter (including the known Rømer, Shapiro
and Einstein delays), and can also include binary system
corrections to transform to the time coordinate to a frame
approximately inertial with respect to the source; N is
the order of the series expansion (1 or 2 for most sources).

The gravitational-wave frequency f is related to the
rotational frequency of the source frot, which is in turn
known from electromagnetic observations. Although arbi-
trary theories of gravity and emission mechanisms may
predict gravitational emission at any multiple of the rota-
tional frequency, here we assume f = 2frot, in accordance
with the most favored emission model in GR [20]. This re-
striction arises from practical considerations affecting our
specific implementation. However, the constraint can be
loosely justified by the expectation that, in most viable
theories, conservation laws will still preclude emission
at the first harmonic (f = frot), while higher frequen-
cies will be suppressed, as in most multiple expansions.
Nevertheless, this assumption will be relaxed in a future
study.

For convenience, we define effective strain amplitudes
for tensor, vector and scalar modes respectively by

ht ≡
√
a2+ + a2×, (4)

hv ≡
√
a2x + a2y, (5)

hs ≡ as, (6)

in terms of the intrinsic ap amplitudes of Eq. (2). These
quantities may serve as proxy for the total power in each
polarization group.

One may recover the GR hypothesis considered in pre-
vious analysis by setting:

a+ = h0(1 + cos2 ι)/2 , φ+ = φ0, (7)

a× = h0 cos ι , φ× = φ0 − π/2, (8)

ax = ay = as = 0, (9)
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where ι is the inclination (angle between the line of sight
and the spin axis of the source), and h0, φ0 are free pa-
rameters. (As with ψ, ι is unknown for most pulsars.)
This corresponds to the standard triaxial-star emission
mechanism (see e.g. [33]). We use this parameterization
only when we wish to incorporate known orientation in-
formation as explained below; otherwise, we parametrize
the tensor polarizations directly in terms of a+, a×, φ+
and φ×.

Templates of the form of Eq. (1), together with appro-
priate priors, allow us to compute Bayes factors (marginal-
ized likelihood ratios) for the presence of signals in the
data vs Gaussian noise. We do this using an extension
of the nested sampling implementation presented in [34]
(see [17] for details specific to the non-GR polarizations).
The Bayes factors corresponding to each signal model
may be combined into the odds OS

N that the data contain
a continuous signal of any polarization vs Gaussian noise:

OS
N = P (HS | B)/P (HN | B) , (10)

i.e. the ratio of the posteriors probabilities that the data B
contain a signal of any polarizations (HS) vs just Gaussian
noise (HN). We compute these odds by setting model pri-
ors such that P (HS) = P (HN); then, by Bayes’ theorem,
OS

N = BSN, with the Bayes factor

BSN ≡ P (B | HS)/P (B | HN). (11)

Built into the astrophysical signal hypothesis, HS, is
the requirement of coherence across detectors, which must
be satisfied by a real GW signal. In order to make the
analysis more robust against non-Gaussian instrumental
features in the data, we also define an instrumental feature
hypothesis, HI, that identifies non-Gaussian noise arti-
facts by their lack of coherence across detectors [21, 35].
In particular, we define HI to capture Gaussian noise or
a detector-incoherent signal (i.e. a feature that mimics an
astrophysical signal in a single instrument, but is not re-
covered consistently across the network) in each detector
[17]. We may then compare this to HS by means of the
odds OS

I . For D detectors, this is given by:

logOS
I = logBSN −

D∑
d=1

log
(
BSd

Nd
+ 1
)
, (12)

where BSd

Nd
is the signal vs noise Bayes factor computed

only from data from the dth detector. This choice im-
plicitly assigns prior weight to the models such that
P (HS) = P (HI) × 0.5D [17]. For an in depth analy-
sis of the behavior of the different Bayesian hypotheses
considered here, in the presence absence of simulated sig-
nals of all polarizations, we again refer the reader to the
paper methods [17].

We compute likelihoods by taking source location, fre-
quency and frequency derivatives as known quantities. In
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FIG. 1. Log-odds vs GW frequency. Log-odds comparing the
any-signal hypothesis to the instrumental (top) and Gaussian
noise (bottom) hypotheses, as a function of assumed GW
frequency, f = 2frot, for each pulsar. Looking at the top plot
for logOS

I , notice that the instrumental noise hypothesis is
clearly favored for all pulsars except one, for which the analysis
is inconclusive. (This is J1932+17, the same non-significant
outlier identified in [21].) These results were obtained without
incorporating any information on the source orientation, and
are tabulated in Table III in the supplementary material.
Expressions for both odds are given in Eq. (10) and Eq. (12).

computing Bayes factors, we employ priors uniform in
the logarithm of amplitude parameters (h0 or hp’s), since
these are the least informative priors for scaling coeffi-
cients [36]; we bound these amplitudes to the 10−28–10−24

range [37]. On the other hand, flat amplitude priors are
used to compute upper limits, to facilitate comparison
with published GR results in [21]. In all cases, flat priors
are placed over all phase offsets (φ0 and all the φp’s).

For those few cases in which some orientation infor-
mation exists (see Table I in supplementary material),
we analyze the data a second time using the triaxial
parametrization of tensor modes, Eqs. (7) and (8), tak-
ing that information into account by marginalizing over
ranges of cos ι and ψ in agreement with measurement
uncertainties.

Results. We find no evidence of continuous-wave sig-
nals of any polarization, tensorial or otherwise, from any
of the 200 pulsars analyzed. Odds and 95%-credible up-
per limits are summarized in the supplementary material:
Table II, for pulsars with measured orientations (using the
triaxial parameterization of tensor modes), and in Table
III, for all pulsars without incorporating any orientation
information (using the unconstrained parameterization of
tensor modes). Odds values are reported with an error
of 5% at 90% confidence; errors on the upper limits due
to the use of finite samples in estimating posterior proba-
bility distributions are at most 10% at 90% confidence,
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FIG. 2. Log-odds distributions. Distributions of log-odds com-
paring the any-signal hypothesis to the instrumental (ordinate
axis, right) and Gaussian noise (abscissa axis, top) hypotheses
for all pulsars. This plot contains the same information as
Fig. 1 and displays the same non-significant outlier. These
results were obtained without incorporating any information
on the source orientation, and are tabulated in Table III in
the supplementary material. Expressions for both odds in this
plot are given in Eq. (10) and Eq. (12). We underscore that,
although this plot looks similar to Fig. 2 in [21], the signal
hypothesis here incorporates scalar, vector and tensor modes,
in all their combinations.

which is slightly less than the 15% error expected from
calibration uncertainties.

The main quantity of interest is logOS
I , defined in Eq.

(12), since it encodes the probability that the data contain
a signal vs just instrumental noise (Gaussian or otherwise).
This quantity, together with the log-odds for signal vs
Gaussian noise, is presented as a function of assumed GW
frequency for each pulsar in Fig. 1, and histogrammed in
Fig. 2. Importantly, the outliers in Fig. 1 lose significance
once logOS

I is taken into account; indeed, Figs. 1 and 2
reveal the usefulness of logOS

I in increasing the robustness
of the search against non-Gaussian instrumental artifacts.

Based on the intrinsic probabilistic meaning of logOS
I

in terms of betting odds, it is standard to demand at least
logOS

I > 1 to conclude that the signal model is favored
(see e.g. the table in Sec. 3.2 of [38], or Jeffrey’s original
criteria in [39] or [40]). Since none of the odds obtained
meet this criterion, we conclude that there is no evidence
for signals from any of the pulsars targeted. In most
cases, logOS

I < 0 and the noise model is clearly favored;
the single exception is J1932+17, for which logOS

I ∼
0, so that we can make no conclusive statement about
which hypothesis is preferred. (The presence of this non-

significant outlier is to be expected, as it was already
identified in [21].)

The distribution of the odds corresponding to the sub-
hypotheses making upHS are summarized in the box plots
of Fig. 3. These correspond to tensor-only (t), scalar-only
(s), vector-only (v), scalar-vector (sv), scalar-tensor (st),
vector-tensor (vt), and scalar-vector-tensor (stv) mod-
els. The mean of these distributions decreases with the
number of degrees of freedom in the model, which is to
be expected from the associated Occam penalties [17].
The right-most panel in Fig. 3 shows the distribution
of logOS

N, which results from the combination of all the
other odds; this is the same quantity histogrammed on
the abscissa of Fig. 2.

In the absence of any discernible signals, we produce
upper limits for the magnitude of scalar, vector and tensor
polarizations, with a 95% credibility. As usual in Bayesian
analyses, upper limits are obtained by integrating poste-
rior probability distributions for the relevant parameters
up to the desired credibility (see e.g. [17]). Using the
effective amplitude definitions of Eqs. (4)–(6), these quan-
tities are presented in Fig. 4 as a function of assumed GW
frequency, and the supplementary material. The plotted
upper limits are computed under the assumption of a sig-
nal model that includes all five independent polarizations
(Hsvt); limits obtained assuming other signal models may
be found online in [41]. Previous work has demonstrated
that the presence or absence of a GR component does not
affect the non-GR upper limits (Fig. 13 in [17]).

As expected, the upper limits presented here are com-
parable in magnitude to the upper limits on the GR strain
obtained by the traditional searches [21]. However, con-
straints on the scalar amplitude are, on average, around
20% less stringent than those on the vector or tensor
amplitudes. This is a consequence of the fact that, for
most source locations in the sky, the LIGO detectors are
intrinsically less sensitive to continuous waves of scalar
polarization [17].

Technically, traditional all-sky searches for continu-
ous gravitational waves are also sensitive to nontensorial
modes, because they are generally designed to look for
any signal of sidereal and half-sidereal periodicities in
the data [42–44]. However, as can be seen by comparing
the magnitude of all-sky upper limits (e.g. Fig. 9 in [42])
to those in shown here in Fig. 4, the sensitivity of these
searches would be substantially poorer than that of a
targeted search like this one. This is especially true if the
search is optimized for a given signal polarization (e.g.
circular combination of plus and cross).
Conclusion. We have presented the results of the first

direct search for nontensorial gravitational waves. This
is also the first search for gravitational waves targeted
at known pulsars that is sensitive to any of the six po-
larizations of the gravitational perturbation allowed by a
generic metric theory of gravity. From the analysis of O1
data from both aLIGO observatories, we have found no
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FIG. 3. Sub-hypothesis odds. Box plots for the distribution of the signal vs noise log-odds for each of the sub-hypotheses
considered, for all of the pulsars analyzed. The sub-hypotheses are: (st), vector-tensor (tv), scalar-vector-tensor tensor-only (t),
scalar-only (s), vector-only (v), scalar-vector (sv), scalar-tensor (st), vector-tensor (vt), and scalar-vector-tensor (stv); these are
all combined into the signal hypothesis (S). The quantity represented is logBm

N , which is the same as logOm
N if neither Hm nor

HN are favored a priori (hence the label on the ordinate axis). The horizontal red line marks the median of the distribution,
while each gray box extends from the lower to upper quartile, and the whiskers mark the full range of the distribution of logOm

N

for the 200 pulsars analyzed. These results were produced without incorporating any information on the source orientation, and
are tabulated in Table III in the supplementary material.

evidence of signals from any of the 200 pulsars targeted.

In the absence of a clear signal, we have produced
the first direct upper limits for scalar and vector strains
(Fig. 4, and tables in the supplementary material). The
values of the 95%-credible upper limits are comparable
in magnitude to previously-published GR constraints,
reaching h ∼ 1.5× 10−26 for pulsars whose frequency is
in the most sensitive band of our instruments.

Our results have been obtained in a model-independent
fashion. However, our upper limits on nontensorial strain
can be translated into model-dependent constraints by
picking a specific alternative theory and emission mecha-
nism. To do so, one should use the upper limits produced
under the assumption of a signal model that incorporates
the polarizations matching those allowed by the theory
one wishes to constrain; these may not necessarily be
those in Fig. 4 (e.g. for limits on a scalar-tensor theory,
one needs upper limits from Hst). However, this also re-
quires non-trivial knowledge of the dynamics of spinning
neutron stars under the theory of interest.

While it is conventional to compare the sensitivity of
continuous wave searches to the canonical spin-down limit
for each pulsar, it is not possible to do so here without
committing to a specific theory of gravity. This is because
doing so would require specific knowledge of how each
polarization contributes to the effective GW stress-energy,
how matter couples to the gravitational field, how the
waves propagate (dispersion and dissipation), and what
the angular dependence of the emission pattern is. How-
ever, analogues of the canonical spin-down limit for spe-
cific theories may be obtained from the results presented
here by using the strain upper limits obtained assuming
the sub-hypotheses with polarizations corresponding to
that theory, as mentioned above.

We have demonstrated the robustness of searches for
generalized polarization states (tensor, vector, or scalar)
in gravitational waves from spinning neutron stars. Fur-
thermore, even in the absence of a gravitational-wave
detection, we were able to obtain novel constraints on the
strain amplitude of nontensorial polarizations. In the fu-
ture, once a signal is detected, similar methods will allow
us to characterize the gravitational polarization content
and, in so doing, perform novel tests of general relativ-
ity. Although this search assumed a gravitational-wave
frequency of twice the rotational frequency of the source,
this restriction will be relaxed in future analyses.
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L1 spectra; the scaling is obtained from linear regression to the upper limits.
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TABLE II: Results obtained using orientation information (see text for details).

fGW logBGR
N logBGR+s

N logBGR+v
N logBGR+sv

N logBs
N logBv

N logBsv
N logOS

N logOS
I h95%

s h95%
v h95%

t

(Hz)
(
×10−26

)
J0205+6449 30.41 -0.19 -0.07 -0.32 -0.26 0.06 -0.09 -0.10 -0.12 -0.53 14.79 7.99 3.70
J0534+2200 59.33 -0.19 -0.40 -0.76 -0.88 -0.25 -0.55 -0.74 -0.47 -0.74 1.74 1.69 2.99
J0835-4510 22.37 -0.06 -0.15 -0.29 -0.37 -0.07 -0.21 -0.26 -0.19 -0.67 16.66 13.78 15.27
J1709-4429 19.51 -0.07 -0.02 -0.10 -0.07 0.01 -0.05 -0.04 -0.05 -0.60 61.33 36.31 34.34
J1952+3252 50.59 -0.24 -0.43 -0.81 -0.98 -0.23 -0.58 -0.77 -0.50 -0.80 2.00 1.53 1.49
J2229+6114 38.72 -0.24 -0.40 -0.62 -0.77 -0.19 -0.45 -0.61 -0.43 -0.81 3.36 2.70 2.92

TABLE III: Results obtained without using orientation information (see text for details).

fGW logBs
N logBv

N logBt
N logBsv

N logBst
N logBvt

N logBsvt
N logOS

N logOS
I h95%

s h95%
v h95%

t

(Hz)
(
×10−26

)
J0023+0923 655.69 -0.27 -0.57 -0.56 -0.76 -0.79 -1.05 -1.24 -0.65 -0.89 3.30 2.62 2.76
J0024-7204AA 1083.79 0.07 -0.27 -0.17 -0.21 -0.14 -0.47 -0.46 -0.20 -0.55 10.44 6.56 7.33
J0024-7204AB 539.86 -0.25 -0.55 -0.49 -0.72 -0.70 -0.93 -1.08 -0.60 -0.84 3.38 2.53 2.78
J0024-7204C 347.42 -0.29 -0.68 -0.62 -0.86 -0.92 -1.24 -1.49 -0.73 -0.91 2.46 1.62 1.86
J0024-7204D 373.30 -0.05 -0.32 -0.69 -0.28 -0.76 -0.89 -0.92 -0.45 -0.69 4.53 2.55 1.49
J0024-7204E 565.56 -0.24 -0.57 -0.64 -0.74 -0.92 -1.12 -1.38 -0.67 -0.87 3.91 2.45 1.95
J0024-7204F 762.32 -0.25 -0.58 -0.53 -0.78 -0.78 -1.07 -1.23 -0.64 -0.86 3.60 2.72 2.86
J0024-7204G 495.00 -0.28 -0.38 -0.61 -0.57 -0.88 -0.84 -1.16 -0.59 -0.81 3.21 2.86 2.12
J0024-7204H 622.99 -0.24 -0.47 -0.37 -0.66 -0.60 -0.79 -1.01 -0.53 -0.78 3.59 2.94 3.16
J0024-7204I 573.89 -0.26 -0.51 -0.42 -0.73 -0.65 -0.89 -1.11 -0.58 -0.80 3.38 2.50 2.68
J0024-7204J 952.09 -0.22 -0.36 -0.22 -0.51 -0.49 -0.54 -0.69 -0.40 -0.70 5.44 4.40 4.60
J0024-7204L 460.18 -0.27 -0.64 -0.65 -0.85 -0.93 -1.22 -1.45 -0.72 -0.90 2.85 1.90 1.86
J0024-7204M 543.97 -0.28 -0.66 -0.39 -0.84 -0.63 -0.93 -1.19 -0.61 -0.81 2.84 1.90 2.86
J0024-7204N 654.89 0.02 -0.43 -0.56 -0.35 -0.53 -0.93 -0.92 -0.42 -0.68 6.51 3.20 2.49
J0024-7204O 756.62 -0.06 -0.63 -0.41 -0.58 -0.49 -0.95 -0.98 -0.48 -0.79 6.77 2.34 3.37
J0024-7204Q 495.89 0.02 -0.56 -0.56 -0.45 -0.56 -1.05 -0.97 -0.46 -0.81 3.92 1.70 1.77
J0024-7204R 574.64 -0.24 -0.56 -0.54 -0.72 -0.78 -0.99 -1.26 -0.63 -0.84 3.64 2.50 2.54
J0024-7204S 706.61 -0.19 -0.59 -0.46 -0.71 -0.64 -0.97 -1.13 -0.58 -0.79 4.95 2.55 3.10
J0024-7204T 263.56 -0.29 -0.71 -0.60 -0.90 -0.87 -1.17 -1.44 -0.72 -0.90 2.19 1.60 1.84
J0024-7204U 460.53 -0.11 -0.69 -0.53 -0.72 -0.65 -1.11 -1.17 -0.58 -0.79 4.60 1.67 2.30
J0024-7204W 850.22 -0.14 -0.59 -0.52 -0.65 -0.69 -1.04 -1.18 -0.58 -0.83 5.99 2.63 3.13
J0024-7204X 419.15 -0.20 -0.64 0.24 -0.79 -0.00 -0.35 -0.56 -0.19 -0.47 3.57 1.76 2.97
J0024-7204Y 910.47 -0.03 -0.56 -0.44 -0.56 -0.51 -0.96 -0.98 -0.47 -0.70 7.78 2.90 3.63
J0024-7204Z 439.13 -0.27 -0.53 -0.62 -0.74 -0.89 -1.09 -1.33 -0.67 -0.85 2.81 2.24 2.00
J0030+0451 411.06 -0.29 -0.67 -0.53 -0.84 -0.85 -1.08 -1.34 -0.69 -0.86 2.27 1.81 2.24
J0034-0534 1065.43 -0.23 -0.32 -0.49 -0.48 -0.70 -0.77 -0.96 -0.50 -0.93 4.54 4.62 3.93
J0102+4839 674.74 -0.25 -0.18 -0.63 -0.43 -0.88 -0.82 -0.98 -0.50 -0.73 3.27 3.65 2.08
J0205+6449 30.41 0.06 -0.09 -0.42 -0.10 -0.30 -0.52 -0.53 -0.22 -0.57 18.98 10.65 6.87
J0218+4232 860.92 -0.15 -0.53 -0.48 -0.62 -0.60 -0.94 -1.10 -0.54 -0.80 5.73 3.24 3.43
J0340+4130 606.18 -0.20 -0.57 -0.54 -0.69 -0.72 -0.97 -1.17 -0.60 -0.88 4.16 2.74 2.66
J0348+0432 51.12 -0.26 -0.61 -0.35 -0.79 -0.64 -0.89 -1.09 -0.58 -0.79 3.38 2.42 3.79
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TABLE III: Results obtained without using orientation information (see text for details).

fGW logBs
N logBv

N logBt
N logBsv

N logBst
N logBvt

N logBsvt
N logOS

N logOS
I h95%

s h95%
v h95%

t

(Hz)
(
×10−26

)
J0407+1607 77.82 -0.27 -0.56 -0.68 -0.76 -0.94 -1.15 -1.39 -0.69 -0.89 2.79 2.35 1.86
J0437-4715 347.38 -0.30 -0.53 -0.63 -0.81 -0.93 -1.11 -1.39 -0.69 -0.88 1.98 2.30 1.85
J0453+1559 43.69 -0.23 -0.52 -0.37 -0.70 -0.61 -0.80 -0.99 -0.54 -0.80 5.02 3.64 5.25
J0534+2200 59.33 -0.25 -0.55 -0.48 -0.74 -0.68 -0.91 -1.16 -0.60 -0.82 3.36 3.50 3.77
J0605+37 733.15 -0.26 -0.56 -0.56 -0.79 -0.82 -1.05 -1.25 -0.65 -0.85 3.23 2.84 2.79
J0609+2130 35.91 0.25 -0.32 -0.38 -0.03 -0.10 -0.67 -0.38 -0.14 -0.67 24.86 11.57 9.43
J0610-2100 517.96 -0.08 -0.40 -0.59 -0.44 -0.67 -0.92 -0.99 -0.49 -0.72 4.56 3.26 2.54
J0613-0200 653.20 -0.25 -0.47 -0.52 -0.64 -0.73 -0.97 -1.15 -0.59 -0.81 3.25 2.80 3.11
J0614-3329 635.19 -0.21 -0.58 -0.39 -0.73 -0.62 -0.88 -1.08 -0.56 -0.83 3.98 2.32 3.44
J0621+1002 69.31 -0.22 -0.33 -0.60 -0.48 -0.84 -0.82 -1.02 -0.54 -0.78 4.15 3.60 3.04
J0636+5129 697.12 -0.21 -0.57 -0.54 -0.70 -0.74 -1.04 -1.26 -0.61 -0.83 4.30 2.78 2.71
J0645+5158 225.90 -0.30 -0.71 -0.41 -0.98 -0.72 -1.01 -1.30 -0.66 -0.85 2.24 1.39 1.98
J0711-6830 364.23 -0.28 -0.47 -0.58 -0.70 -0.92 -1.05 -1.24 -0.64 -0.84 2.35 2.48 2.14
J0721-2038 128.68 -0.28 -0.64 -0.27 -0.84 -0.53 -0.85 -1.11 -0.56 -0.78 2.53 1.81 2.70
J0737-3039A 88.11 -0.27 -0.54 -0.58 -0.80 -0.84 -1.08 -1.27 -0.66 -0.85 2.92 2.32 2.35
J0742+66 693.06 -0.26 -0.45 -0.39 -0.68 -0.67 -0.83 -1.11 -0.55 -0.77 3.43 3.15 3.09
J0751+1807 574.92 -0.23 -0.57 -0.35 -0.72 -0.54 -0.83 -1.10 -0.54 -0.86 3.71 2.53 3.34
J0835-4510 22.37 -0.07 -0.21 -0.18 -0.26 -0.28 -0.39 -0.44 -0.25 -0.69 34.36 26.64 27.79
J0900-3144 180.02 -0.17 -0.36 -0.40 -0.51 -0.61 -0.71 -0.88 -0.47 -0.84 10.42 14.95 11.27
J0908-4913 18.73 -0.06 -0.12 -0.11 -0.17 -0.17 -0.23 -0.29 -0.16 -0.68 65.88 67.51 62.92
J0931-1902 431.22 -0.30 -0.64 -0.68 -0.85 -0.91 -1.23 -1.51 -0.74 -0.92 2.40 1.84 1.86
J0940-5428 22.84 0.07 -0.17 0.26 -0.07 0.26 0.04 0.11 0.10 -0.46 46.73 28.61 35.09
J1012+5307 380.54 -0.31 -0.64 -0.22 -0.84 -0.49 -0.78 -1.07 -0.53 -0.81 2.15 1.86 2.52
J1016-5819 22.77 -0.11 -0.21 -0.16 -0.30 -0.28 -0.39 -0.49 -0.26 -0.83 26.39 27.41 25.31
J1016-5857 18.62 -0.05 -0.12 -0.16 -0.16 -0.21 -0.29 -0.32 -0.18 -0.73 75.57 64.39 48.88
J1017-7156 855.24 -0.21 -0.32 -0.53 -0.48 -0.73 -0.76 -0.94 -0.50 -0.78 5.49 4.58 3.13
J1022+1001 121.56 -0.27 -0.61 -0.68 -0.78 -0.95 -1.16 -1.43 -0.71 -0.89 2.52 1.90 1.52
J1024-0719 387.43 -0.23 -0.70 -0.45 -0.87 -0.67 -1.07 -1.29 -0.63 -0.92 3.12 1.43 2.59
J1028-5819 21.88 -0.10 -0.25 -0.15 -0.32 -0.27 -0.42 -0.49 -0.27 -0.68 31.41 23.66 28.95
J1038+0032 69.32 -0.15 -0.59 -0.60 -0.68 -0.73 -1.11 -1.22 -0.60 -0.81 4.72 2.32 2.36
J1045-4509 267.59 -0.30 -0.41 -0.64 -0.66 -0.95 -1.00 -1.25 -0.64 -0.82 1.94 2.13 1.67
J1055-6028 20.07 -0.07 -0.18 -0.03 -0.23 -0.12 -0.24 -0.27 -0.15 -0.68 50.87 39.90 46.08
J1105-6107 31.65 -0.17 -0.15 -0.42 -0.31 -0.61 -0.55 -0.71 -0.37 -0.71 11.59 10.69 6.60
J1112-6103 30.78 -0.14 -0.32 -0.16 -0.43 -0.29 -0.47 -0.53 -0.31 -0.86 13.70 8.79 10.14
J1122+78 476.01 -0.23 -0.12 -0.63 -0.29 -0.86 -0.67 -0.90 -0.43 -0.66 3.85 3.19 1.89
J1125-6014 760.35 -0.26 -0.50 -0.52 -0.67 -0.77 -0.93 -1.15 -0.61 -0.81 3.15 3.52 3.05
J1142+0119 394.07 -0.30 -0.46 -0.54 -0.73 -0.81 -0.93 -1.20 -0.62 -0.92 2.28 2.24 2.40
J1231-1411 542.91 -0.29 -0.52 -0.52 -0.76 -0.82 -0.98 -1.25 -0.64 -0.86 2.55 2.54 2.72
J1300+1240 321.62 -0.27 -0.53 -0.64 -0.73 -0.94 -1.06 -1.29 -0.67 -0.98 2.40 2.40 1.87
J1302-3258 530.38 -0.25 -0.46 -0.68 -0.71 -0.88 -1.00 -1.31 -0.64 -0.90 2.98 2.77 1.81
J1302-6350 41.87 -0.21 -0.45 -0.40 -0.58 -0.59 -0.76 -0.99 -0.51 -0.78 5.75 4.40 4.52
J1312+0051 473.03 -0.21 -0.65 -0.59 -0.82 -0.80 -1.14 -1.31 -0.66 -0.91 3.62 1.76 2.17
J1327-0755 746.85 -0.22 -0.58 -0.50 -0.75 -0.72 -1.01 -1.23 -0.61 -0.83 4.17 2.44 3.26
J1410-6132 39.96 -0.08 -0.34 -0.29 -0.37 -0.38 -0.61 -0.67 -0.35 -1.05 10.13 6.10 5.12
J1418-6058 18.08 0.08 -0.10 0.00 -0.01 0.11 -0.10 -0.04 -0.00 -0.62 96.91 76.92 97.41
J1446-4701 911.29 -0.24 -0.41 -0.46 -0.60 -0.71 -0.82 -1.01 -0.54 -0.88 4.45 4.29 3.47
J1453+1902 345.29 -0.20 -0.45 -0.43 -0.61 -0.66 -0.76 -0.98 -0.52 -0.74 3.33 2.63 2.53
J1455-3330 250.40 -0.17 -0.69 -0.66 -0.82 -0.77 -1.18 -1.46 -0.66 -0.85 2.99 1.53 1.77
J1509-5850 22.49 -0.02 -0.23 -0.26 -0.24 -0.30 -0.48 -0.48 -0.26 -0.72 53.44 24.53 21.80
J1518+4904 48.86 -0.25 -0.46 -0.54 -0.66 -0.81 -0.91 -1.14 -0.60 -0.86 3.99 4.25 3.09
J1524-5625 25.57 -0.06 -0.22 -0.28 -0.27 -0.37 -0.53 -0.55 -0.30 -0.69 32.75 19.68 15.48
J1531-5610 23.75 -0.11 -0.26 -0.30 -0.33 -0.42 -0.54 -0.63 -0.34 -0.73 27.14 22.35 16.68
J1537+1155 52.76 -0.25 -0.55 -0.36 -0.74 -0.60 -0.86 -1.08 -0.56 -0.82 3.13 2.53 4.25
J1545-4550 559.40 -0.21 -0.55 -0.59 -0.72 -0.78 -1.05 -1.21 -0.63 -0.83 3.78 2.59 2.23
J1551-0658 281.94 -0.28 0.14 -0.49 -0.06 -0.80 -0.18 -0.52 -0.22 -0.51 2.35 2.91 2.02
J1600-3053 555.88 0.11 -0.55 -0.61 -0.43 -0.53 -1.11 -1.02 -0.42 -0.97 5.29 2.63 2.38
J1603-7202 134.75 -0.06 -0.73 -0.62 -0.71 -0.68 -1.30 -1.33 -0.59 -0.83 4.09 1.49 1.64
J1614-2230 634.76 -0.27 -0.57 -0.31 -0.78 -0.55 -0.83 -1.01 -0.55 -0.79 3.07 2.70 3.65
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TABLE III: Results obtained without using orientation information (see text for details).

fGW logBs
N logBv

N logBt
N logBsv

N logBst
N logBvt

N logBsvt
N logOS

N logOS
I h95%

s h95%
v h95%

t

(Hz)
(
×10−26

)
J1618-3921 166.84 -0.30 -0.69 -0.61 -0.91 -0.90 -1.23 -1.51 -0.73 -0.91 2.10 1.48 1.59
J1623-2631 180.57 -0.30 -0.68 -0.52 -0.94 -0.81 -1.06 -1.40 -0.69 -0.90 2.05 1.73 2.01
J1630+37 602.75 0.33 -0.61 -0.58 -0.23 -0.26 -1.12 -0.74 -0.24 -0.49 5.82 2.36 2.66
J1640+2224 632.25 -0.23 -0.54 0.37 -0.69 0.13 -0.23 -0.42 -0.09 -0.36 3.64 2.64 4.33
J1643-1224 432.75 -0.25 -0.48 -0.57 -0.63 -0.81 -0.92 -1.18 -0.61 -0.80 2.98 2.57 2.22
J1653-2054 484.36 -0.03 -0.57 -0.60 -0.53 -0.64 -1.14 -1.09 -0.51 -0.77 4.46 2.22 1.98
J1708-3506 443.94 -0.28 -0.48 -0.59 -0.70 -0.83 -0.94 -1.21 -0.63 -0.84 2.40 2.65 2.02
J1709+2313 431.85 -0.26 -0.62 -0.51 -0.80 -0.77 -1.06 -1.29 -0.65 -0.85 2.69 1.94 2.45
J1709-4429 19.51 0.01 -0.05 -0.15 -0.04 -0.12 -0.22 -0.20 -0.10 -0.61 90.99 66.52 49.59
J1710+49 621.07 -0.23 -0.61 -0.58 -0.78 -0.83 -1.15 -1.33 -0.66 -0.87 3.73 2.19 2.43
J1713+0747 437.62 -0.28 -0.64 -0.09 -0.83 -0.31 -0.66 -0.82 -0.43 -0.71 3.11 1.86 3.48
J1718-3825 26.78 -0.12 -0.03 -0.32 -0.15 -0.42 -0.34 -0.44 -0.23 -0.75 18.84 22.36 14.69
J1719-1438 345.41 -0.25 -0.65 -0.57 -0.85 -0.78 -1.11 -1.33 -0.67 -0.86 2.96 1.74 2.17
J1721-2457 571.98 -0.27 -0.49 -0.54 -0.70 -0.81 -0.97 -1.20 -0.62 -0.88 2.67 2.83 2.39
J1727-2946 73.85 -0.14 -0.51 -0.60 -0.56 -0.72 -0.94 -1.11 -0.55 -0.83 4.64 3.24 2.52
J1729-2117 30.17 -0.17 0.03 -0.38 -0.12 -0.54 -0.32 -0.51 -0.24 -0.67 10.28 12.97 8.17
J1730-2304 246.22 -0.31 -0.66 -0.70 -0.88 -1.04 -1.23 -1.61 -0.76 -0.95 1.88 1.65 1.45
J1731-1847 853.04 -0.15 -0.48 -0.33 -0.61 -0.51 -0.81 -0.89 -0.47 -0.75 5.78 3.37 4.14
J1732-5049 376.47 -0.18 -0.66 -0.70 -0.81 -0.86 -1.26 -1.45 -0.68 -0.99 3.48 1.67 1.50
J1738+0333 341.87 -0.12 -0.52 -0.64 -0.60 -0.74 -1.00 -1.13 -0.57 -0.86 3.81 2.20 2.06
J1741+1351 533.74 -0.29 -0.69 -0.05 -0.88 -0.37 -0.63 -0.91 -0.44 -0.67 2.54 1.74 3.61
J1744-1134 490.85 -0.19 -0.36 -0.35 -0.52 -0.57 -0.70 -0.85 -0.46 -0.87 3.75 2.72 3.05
J1745+1017 754.11 -0.27 -0.59 -0.57 -0.84 -0.85 -1.14 -1.34 -0.68 -0.91 3.08 2.22 2.64
J1745-0952 103.22 -0.30 -0.48 -0.65 -0.74 -0.92 -1.01 -1.28 -0.66 -0.89 2.27 2.23 1.88
J1748-2446A 172.96 -0.29 -0.66 -0.63 -0.89 -0.85 -1.18 -1.46 -0.72 -0.91 2.21 1.56 1.67
J1748-3009 206.53 -0.28 -0.09 -0.61 -0.42 -0.90 -0.69 -0.91 -0.46 -0.79 2.28 2.47 1.62
J1750-2536 57.55 -0.21 -0.53 -0.47 -0.69 -0.69 -0.97 -1.16 -0.58 -0.82 4.53 2.95 3.17
J1751-2857 510.87 -0.22 -0.54 -0.37 -0.72 -0.60 -0.84 -1.08 -0.55 -0.82 4.08 4.02 4.58
J1753-1914 31.77 0.14 -0.33 -0.24 -0.22 -0.18 -0.55 -0.48 -0.21 -0.56 15.43 9.33 9.74
J1753-2240 21.02 0.08 -0.20 -0.14 -0.09 -0.07 -0.36 -0.25 -0.13 -0.64 63.40 31.89 36.62
J1756-2251 70.27 -0.19 -0.47 -0.49 -0.57 -0.71 -0.89 -1.09 -0.55 -0.81 4.24 3.52 3.05
J1757-27 113.08 0.02 -0.63 -0.40 -0.55 -0.41 -1.03 -0.92 -0.43 -0.69 3.80 2.15 2.65
J1801-1417 551.71 -0.18 -0.62 -0.41 -0.77 -0.53 -0.99 -1.04 -0.55 -0.84 4.42 2.17 3.26
J1801-3210 268.33 -0.24 -0.72 -0.51 -0.87 -0.73 -1.16 -1.35 -0.67 -0.86 2.66 1.45 2.01
J1802-2124 158.13 -0.31 -0.53 -0.72 -0.77 -0.99 -1.19 -1.39 -0.71 -0.90 1.96 1.85 1.41
J1804-0735 86.58 -0.26 -0.63 -0.56 -0.85 -0.82 -1.10 -1.32 -0.67 -0.97 3.00 1.83 2.46
J1804-2717 214.06 -0.31 -0.44 -0.15 -0.65 -0.42 -0.56 -0.81 -0.43 -1.17 2.02 1.97 2.31
J1809-1917 24.17 -0.07 -0.24 -0.24 -0.29 -0.33 -0.47 -0.56 -0.29 -0.68 32.86 20.26 19.52
J1810+1744 1202.82 -0.20 -0.35 -0.52 -0.51 -0.72 -0.81 -1.02 -0.52 -0.79 6.01 4.86 4.04
J1811-2405 751.71 -0.21 -0.43 -0.55 -0.62 -0.81 -0.98 -1.19 -0.58 -0.78 4.30 3.37 2.61
J1813-1246 41.60 -0.19 -0.42 -0.55 -0.55 -0.71 -0.83 -1.02 -0.54 -0.80 5.52 4.90 4.02
J1813-2621 451.47 -0.25 -0.69 -0.59 -0.85 -0.88 -1.17 -1.42 -0.70 -0.91 2.83 1.85 2.24
J1823-3021A 367.65 -0.28 -0.57 -0.54 -0.81 -0.83 -1.09 -1.29 -0.66 -0.90 2.26 2.14 2.18
J1824-2452A 654.81 -0.25 -0.47 -0.34 -0.62 -0.56 -0.65 -0.87 -0.50 -0.72 3.76 3.33 3.38
J1825-0319 439.22 -0.24 -0.44 -0.58 -0.62 -0.80 -1.01 -1.17 -0.60 -0.82 3.12 2.53 2.04
J1826-1256 18.14 -0.03 -0.10 -0.01 -0.12 -0.02 -0.09 -0.14 -0.07 -0.64 87.34 83.25 100.73
J1826-1334 19.71 -0.06 -0.10 -0.02 -0.16 -0.10 -0.13 -0.19 -0.11 -0.64 65.37 59.45 85.41
J1828-1101 27.76 -0.11 -0.06 -0.12 -0.17 -0.21 -0.19 -0.27 -0.16 -0.58 19.63 18.77 18.38
J1832-0836 735.53 -0.20 -0.55 -0.55 -0.72 -0.78 -1.02 -1.20 -0.61 -0.83 4.28 2.76 2.80
J1833-0827 23.45 -0.08 -0.28 -0.20 -0.36 -0.29 -0.49 -0.54 -0.30 -0.70 29.20 17.97 27.18
J1837-0604 20.77 -0.08 -0.25 -0.14 -0.28 -0.22 -0.38 -0.45 -0.24 -0.68 49.15 25.10 39.34
J1840-0643 56.21 -0.26 -0.45 -0.58 -0.66 -0.82 -0.94 -1.18 -0.61 -0.83 3.55 3.11 3.02
J1843-1113 1083.62 -0.22 -0.44 -0.52 -0.61 -0.71 -0.90 -1.11 -0.57 -0.86 5.49 4.94 3.84
J1845-0743 19.10 -0.06 -0.14 -0.14 -0.19 -0.21 -0.27 -0.33 -0.18 -0.74 68.50 49.13 57.96
J1853+1303 488.78 -0.29 -0.58 -0.49 -0.79 -0.79 -0.99 -1.26 -0.65 -0.86 2.70 2.19 2.84
J1853-0004 19.72 -0.07 0.00 -0.12 -0.08 -0.19 -0.14 -0.21 -0.11 -0.65 58.67 57.30 64.98
J1856+0245 24.72 -0.09 -0.27 -0.23 -0.33 -0.30 -0.51 -0.57 -0.30 -0.69 33.13 16.98 24.27
J1857+0943 372.99 -0.26 -0.47 -0.09 -0.66 -0.38 -0.51 -0.75 -0.39 -0.76 2.70 2.29 3.27

Continued on next page
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TABLE III: Results obtained without using orientation information (see text for details).

fGW logBs
N logBv

N logBt
N logBsv

N logBst
N logBvt

N logBsvt
N logOS

N logOS
I h95%

s h95%
v h95%

t

(Hz)
(
×10−26

)
J1903+0327 930.27 -0.17 -0.39 -0.52 -0.51 -0.69 -0.88 -0.97 -0.52 -0.75 5.41 3.77 3.33
J1903-7051 555.88 -0.23 -0.60 -0.38 -0.78 -0.63 -0.94 -1.15 -0.58 -0.78 3.89 2.17 2.89
J1909-3744 678.63 -0.25 -0.56 -0.61 -0.74 -0.83 -1.10 -1.35 -0.66 -0.85 3.68 2.77 2.24
J1910+1256 401.32 -0.28 -0.49 -0.52 -0.67 -0.80 -0.92 -1.16 -0.61 -0.87 2.60 2.34 2.45
J1910-5959A 612.33 -0.17 -0.57 -0.61 -0.73 -0.81 -1.10 -1.25 -0.62 -0.87 4.80 2.44 2.22
J1910-5959C 378.98 -0.04 -0.56 -0.62 -0.54 -0.63 -1.05 -1.15 -0.52 -0.76 4.30 2.12 1.90
J1910-5959D 221.35 -0.26 -0.54 -0.68 -0.76 -0.96 -1.12 -1.38 -0.68 -0.89 2.61 1.93 1.48
J1911+1347 432.34 -0.26 -0.60 -0.49 -0.77 -0.74 -0.99 -1.21 -0.63 -0.84 2.73 2.20 2.33
J1911-1114 551.61 -0.23 -0.25 -0.59 -0.39 -0.78 -0.75 -0.97 -0.49 -0.75 3.83 3.61 2.60
J1915+1606 33.88 -0.17 -0.34 -0.38 -0.46 -0.49 -0.65 -0.82 -0.43 -0.76 10.05 6.78 7.07
J1918-0642 261.58 -0.30 -0.54 -0.73 -0.77 -0.99 -1.21 -1.51 -0.72 -0.89 1.93 1.97 1.35
J1923+2515 527.96 -0.29 -0.66 -0.63 -0.87 -0.92 -1.21 -1.47 -0.72 -0.92 2.52 1.86 2.03
J1925+1721 26.43 -0.13 -0.26 -0.18 -0.36 -0.35 -0.42 -0.54 -0.30 -0.67 19.36 18.54 22.34
J1928+1746 29.10 -0.15 -0.37 -0.30 -0.49 -0.46 -0.61 -0.78 -0.41 -0.73 10.80 9.07 11.19
J1932+17 47.81 -0.20 -0.52 0.78 -0.71 0.68 0.30 0.25 0.35 0.01 6.01 3.06 6.80
J1935+2025 24.96 -0.09 -0.29 -0.27 -0.33 -0.34 -0.54 -0.61 -0.32 -0.74 30.68 16.69 21.37
J1939+2134 1283.86 -0.23 -0.44 -0.49 -0.60 -0.73 -0.89 -1.10 -0.56 -0.83 5.17 4.63 4.37
J1943+2210 393.38 -0.29 -0.66 -0.57 -0.90 -0.87 -1.20 -1.41 -0.71 -0.90 2.38 1.64 1.95
J1944+0907 385.71 -0.25 -0.60 -0.53 -0.80 -0.77 -0.97 -1.28 -0.64 -0.82 2.74 1.94 2.26
J1946+3417 630.89 -0.05 -0.58 -0.55 -0.57 -0.61 -1.04 -1.12 -0.52 -0.76 5.13 2.53 2.68
J1949+3106 152.23 -0.32 -0.68 -0.66 -0.90 -0.97 -1.19 -1.53 -0.75 -0.92 1.76 1.52 1.67
J1950+2414 464.60 -0.21 -0.34 -0.49 -0.48 -0.68 -0.73 -0.97 -0.50 -0.72 3.62 2.87 2.55
J1952+3252 50.59 -0.23 -0.58 -0.52 -0.77 -0.77 -1.07 -1.24 -0.63 -0.89 4.07 2.75 3.03
J1955+2527 410.44 -0.30 -0.62 -0.38 -0.83 -0.69 -0.94 -1.17 -0.62 -0.87 2.23 2.24 2.88
J1955+2908 326.10 -0.28 -0.26 -0.68 -0.51 -0.92 -0.91 -1.16 -0.56 -0.77 2.47 2.37 1.62
J1959+2048 1244.24 -0.22 -0.48 -0.47 -0.63 -0.70 -0.91 -1.03 -0.56 -0.82 5.53 4.51 4.34
J2007+2722 81.64 -0.30 -0.26 -0.46 -0.48 -0.75 -0.55 -0.85 -0.48 -0.78 2.56 3.77 3.61
J2010-1323 382.90 -0.22 -0.58 -0.54 -0.76 -0.76 -1.05 -1.31 -0.63 -0.82 2.91 1.94 2.24
J2017+0603 690.56 -0.03 -0.44 -0.43 -0.39 -0.40 -0.80 -0.76 -0.39 -1.08 5.57 3.34 3.39
J2019+2425 508.32 -0.22 -0.45 -0.42 -0.60 -0.63 -0.82 -1.02 -0.53 -0.82 5.92 6.74 6.83
J2033+1734 336.19 -0.29 -0.57 -0.52 -0.79 -0.81 -1.08 -1.27 -0.66 -0.87 2.68 1.99 2.20
J2043+1711 840.38 -0.26 -0.08 -0.58 -0.32 -0.83 -0.60 -0.86 -0.42 -0.68 3.59 4.53 2.64
J2043+2740 20.81 -0.05 -0.07 -0.13 -0.13 -0.18 -0.19 -0.25 -0.14 -0.65 46.55 47.49 42.33
J2047+1053 466.64 -0.27 -0.54 -0.65 -0.75 -0.97 -1.15 -1.31 -0.68 -0.89 2.57 2.34 1.70
J2051-0827 443.59 -0.29 -0.60 -0.69 -0.79 -0.93 -1.19 -1.42 -0.71 -0.90 2.46 2.07 1.76
J2124-3358 405.59 -0.24 -0.53 -0.60 -0.69 -0.84 -1.04 -1.27 -0.64 -0.86 3.05 2.27 1.90
J2129+1210A 18.07 -0.00 -0.12 -0.03 -0.12 -0.05 -0.13 -0.15 -0.08 -0.63 91.59 73.71 98.25
J2129+1210B 35.63 -0.18 -0.42 -0.37 -0.56 -0.56 -0.74 -0.94 -0.48 -0.76 9.66 6.67 7.57
J2129+1210C 65.51 -0.25 -0.57 -0.58 -0.75 -0.76 -1.08 -1.25 -0.65 -0.86 3.91 2.52 3.07
J2129+1210D 416.42 -0.22 -0.67 -0.64 -0.80 -0.84 -1.21 -1.34 -0.68 -0.87 3.39 1.72 2.09
J2129+1210E 429.97 -0.28 -0.43 -0.49 -0.62 -0.68 -0.83 -1.09 -0.56 -0.81 2.41 2.43 2.61
J2129-5721 536.72 -0.23 -0.53 -0.55 -0.72 -0.81 -1.02 -1.19 -0.62 -0.81 3.62 2.48 2.42
J2145-0750 124.59 -0.30 -0.53 -0.68 -0.76 -0.98 -1.15 -1.42 -0.70 -0.88 2.14 1.99 1.85
J2214+3000 641.18 -0.27 -0.48 -0.14 -0.70 -0.42 -0.64 -0.77 -0.43 -0.69 3.07 2.85 3.91
J2222-0137 60.94 -0.19 -0.51 -0.61 -0.62 -0.77 -1.06 -1.22 -0.60 -0.81 5.16 2.72 2.72
J2229+2643 671.63 -0.27 -0.41 -0.51 -0.66 -0.78 -0.88 -1.10 -0.58 -1.01 2.87 3.12 2.96
J2229+6114 38.72 -0.19 -0.45 -0.48 -0.61 -0.67 -0.90 -1.06 -0.54 -0.86 8.63 6.46 4.41
J2234+06 559.19 -0.28 -0.60 -0.55 -0.81 -0.82 -1.08 -1.24 -0.67 -0.86 2.66 2.22 2.54
J2235+1506 33.46 -0.21 -0.47 -0.41 -0.60 -0.58 -0.84 -0.98 -0.52 -0.79 7.22 5.17 7.54
J2241-5236 914.62 -0.23 -0.54 -0.51 -0.73 -0.71 -0.95 -1.17 -0.60 -0.83 4.49 3.08 3.69
J2302+4442 385.18 0.21 -0.48 -0.72 -0.27 -0.52 -1.03 -0.90 -0.34 -1.20 4.40 2.40 1.57
J2317+1439 580.51 -0.23 -0.63 -0.43 -0.76 -0.71 -0.99 -1.19 -0.61 -0.85 3.59 2.03 2.91
J2322+2057 415.94 -0.28 -0.52 -0.65 -0.78 -0.86 -1.08 -1.36 -0.67 -0.86 2.45 2.24 2.03
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M. Drago,9 R. W. P. Drever],1 J. C. Driggers,44 Z. Du,79 M. Ducrot,7 J. Duncan,94 S. E. Dwyer,44 T. B. Edo,100

M. C. Edwards,69 A. Effler,6 H.-B. Eggenstein,9 P. Ehrens,1 J. Eichholz,1 S. S. Eikenberry,5 R. A. Eisenstein,14

R. C. Essick,14 Z. B. Etienne,37,38 T. Etzel,1 M. Evans,14 T. M. Evans,6 M. Factourovich,46 V. Fafone,29,17,16

H. Fair,41 S. Fairhurst,95 X. Fan,79 S. Farinon,55 B. Farr,85 W. M. Farr,53 E. J. Fauchon-Jones,95 M. Favata,103

M. Fays,95 H. Fehrmann,9 J. Feicht,1 M. M. Fejer,47 A. Fernandez-Galiana,14 I. Ferrante,20,21 E. C. Ferreira,15

F. Ferrini,27 F. Fidecaro,20,21 I. Fiori,27 D. Fiorucci,35 R. P. Fisher,41 R. Flaminio,23,104 M. Fletcher,43 H. Fong,105

P. W. F. Forsyth,22 S. S. Forsyth,73 J.-D. Fournier,62 S. Frasca,90,31 F. Frasconi,21 Z. Frei,51 A. Freise,53 R. Frey,67

V. Frey,25 E. M. Fries,1 P. Fritschel,14 V. V. Frolov,6 P. Fulda,5,76 M. Fyffe,6 H. Gabbard,9 M. Gabel,106

B. U. Gadre,18 S. M. Gaebel,53 J. R. Gair,107 L. Gammaitoni,39 M. R. Ganija,78 S. G. Gaonkar,18 F. Garufi,75,4

S. Gaudio,33 G. Gaur,108 V. Gayathri,109 N. Gehrels†,76 G. Gemme,55 E. Genin,27 A. Gennai,21 D. George,11

J. George,56 L. Gergely,110 V. Germain,7 S. Ghonge,73 Abhirup Ghosh,19 Archisman Ghosh,19,13 S. Ghosh,61,13

J. A. Giaime,2,6 K. D. Giardina,6 A. Giazotto,21 K. Gill,33 L. Glover,101 E. Goetz,9 R. Goetz,5 S. Gomes,95
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A. Zadrożny,124 M. Zanolin,33 T. Zelenova,27 J.-P. Zendri,50 M. Zevin,94 L. Zhang,1 M. Zhang,132 T. Zhang,43

Y.-H. Zhang,115 C. Zhao,60 M. Zhou,94 Z. Zhou,94 S. J. Zhu,34,9 X. J. Zhu,60 M. E. Zucker,1,14 and J. Zweizig1

(LIGO Scientific Collaboration and Virgo Collaboration)

S. Buchner147,148, I. Cognard149,150, A. Corongiu151, P. C. C. Freire152, L. Guillemot149,150, G. B. Hobbs153,

M. Kerr153, A. G. Lyne154, A. Possenti151, R. M. Shannon153,155, B. W. Stappers154, and P. Weltevrede154

∗Deceased, March 2016. ]Deceased, March 2017. †Deceased, February 2017. ‡Deceased, December 2016.
1LIGO, California Institute of Technology, Pasadena, CA 91125, USA

2Louisiana State University, Baton Rouge, LA 70803, USA
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20Università di Pisa, I-56127 Pisa, Italy
21INFN, Sezione di Pisa, I-56127 Pisa, Italy

22OzGrav, Australian National University, Canberra, Australian Capital Territory 0200, Australia
23Laboratoire des Matériaux Avancés (LMA), CNRS/IN2P3, F-69622 Villeurbanne, France

24University of Wisconsin-Milwaukee, Milwaukee, WI 53201, USA
25LAL, Univ. Paris-Sud, CNRS/IN2P3, Université Paris-Saclay, F-91898 Orsay, France
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102Università di Trento, Dipartimento di Fisica, I-38123 Povo, Trento, Italy

103Montclair State University, Montclair, NJ 07043, USA
104National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan

105Canadian Institute for Theoretical Astrophysics,
University of Toronto, Toronto, Ontario M5S 3H8, Canada

106Whitman College, 345 Boyer Avenue, Walla Walla, WA 99362 USA
107School of Mathematics, University of Edinburgh, Edinburgh EH9 3FD, United Kingdom

108University and Institute of Advanced Research, Gandhinagar Gujarat 382007, India
109IISER-TVM, CET Campus, Trivandrum Kerala 695016, India
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139University of Washington, Seattle, WA 98195, USA

140King’s College London, University of London, London WC2R 2LS, United Kingdom
141Indian Institute of Technology, Gandhinagar Ahmedabad Gujarat 382424, India

142International Institute of Physics, Universidade Federal do Rio Grande do Norte, Natal RN 59078-970, Brazil
143Andrews University, Berrien Springs, MI 49104, USA
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150Station de Radioastronomie de Nançay, Observatoire de Paris, CNRS/INSU, F-18330 Nançay, France
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