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The third release of the RIT public catalog of numerical relativity black-hole-binary waveforms
http://ccrg.rit.edu/~RITCatalog consists of 777 accurate simulations that include 300 precessing and 477
nonprecessing binary systems with mass ratios ¢ = m; /m, in the range 1/15 < ¢ < 1 and individual spins

up to s/m* = 0.95. The catalog also provides initial parameters of the binary, trajectory information, peak
radiation, and final remnant black hole properties. The waveforms are corrected for the center-of-mass
drifting and are extrapolated to future null infinity. We successfully test this correction comparing with
simulations of low radiation content initial data. As an initial application of this waveform catalog we
reanalyze all the peak radiation and remnant properties to find new, simple, correlations among them for

practical astrophysical usage.
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I. INTRODUCTION

Since the breakthroughs [1-3] in numerical relativity that
solved the binary black hole problem, those techniques
have been used to explore the late dynamics of spinning
black-hole binaries beyond the post-Newtonian regime for
several years. The first generic, long-term precessing black-
hole binary evolutions (i.e., without any symmetry) were
performed in Ref. [4], where a detailed comparison with
post-Newtonian £ = 2, 3 waveforms was made. Numerical
simulations have then started to explore the corners of
parameter space, and these include near extremal [5] with
x = 0.99 spinning black-hole binaries in Refs. [6,7], mass
ratios as small as ¢ = 1/128 in Ref. [8], and large initial
separations, R = 100m, in Ref. [9], as well as very long
waveforms starting at proper separations of 25m for a
precessing binary in [10] and for a nonspinning binary with
176 orbits in Ref. [11].

Other important studies include the exploration of the
hang-up effect, i.e., the role individual black-hole spins
play to delay or accelerate their merger [12-15], the
determination of the magnitude and direction of the recoil
velocity of the final merged black hole [16-23], and the flip
flop of individual spins during the orbital phase [10,24,25],
as well as precession dynamics [26—30] and the inclusion of
those dynamics to construct surrogate models for gravita-
tional waveforms [31-33].

Numerical relativity breakthroughs [1-3] led to detailed
predictions of the gravitational waves from the late inspiral,
plunge, merger, and ringdown of black-hole-binary systems
(BHB). These predictions helped to accurately identify the
first direct detection [34] of gravitational waves with such
binary black hole systems [35-38] and match them to
targeted supercomputer simulations [39-41].
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There have been several significant efforts to coordinate
numerical relativity simulations to support gravitational
wave observations. These include the numerical injection
analysis (NINJA) project [42—45], the numerical relativity
and analytical relativity (NRAR) collaboration [46], and the
waveform catalogs released by the SXS collaboration
[47-50], Georgia Tech. [51], and RIT [52,53].

In this paper we describe a new release of the public
waveform catalog by the RIT numerical relativity group
that total 777 simulations by adding a new set of 457
waveforms, with 203 aligned spins and 254 precessing
binaries. The catalog includes all waveform modes ¢ < 4
modes of y, and the strain & (both extrapolated to null
infinity) and is updated to correct for the center-of-mass
displacement during inspiral and after merger. The catalog
can be accessed from http://ccrg.rit.edu/~RITCatalog.

This paper is organized as follows. In Sec. II we briefly
describe the methods and criteria for producing the
numerical simulations, the new center-of-mass correction
and evaluation of their errors in order to be included in the
RIT catalog. In Sec. IIl we describe the relevant BHB
parameters, the file format, and the content of the data in the
catalog. A more detailed set of the results is given in
Sec. III A and in the Appendix A. We conclude in Sec. IV
with a discussion of the future use of this catalog for
parameter inference of new gravitational wave events and
the extensions to this work to longer, more generic
precessing binaries.

II. FULL NUMERICAL EVOLUTIONS

The simulations in the RIT Catalog were evolved using
the LAZEvV code [54] implementation of the moving

© 2020 American Physical Society
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puncture approach [2] (with the modifications suggested by
Ref. [55]). In all cases (except the very high spin where we
use CCZ4 [56]) we use the BSSNOK (Baumgarte-Shapiro-
Shibata-Nakamura-Oohara-Kojima) family of evolutions
systems [57-59]. For the runs in the catalog, we used a
variety of finite-difference orders, Kreiss-Oliger dissipation
orders, and Courant factors [60-62]. All of these are given
in the metadata included in the catalog and the references
associated with each run (where detailed studies have been
performed).

The LAZEV code uses the cACTUS [63] / CARPET [64] /
EINSTEINTOOLKIT [65,66] infrastructure. The CARPET mesh
refinement driver provides a “moving boxes” style of mesh
refinement. In this approach, refined grids of fixed size are
arranged about the coordinate centers of both holes. The
code then moves these fine grids about the computational
domain by following the trajectories of the two black
holes (BHs).

We use AHFINDERDIRECT [67] to locate apparent hori-
zons. We first measure the magnitude of the horizon spin
using the isolated horizon (IH) algorithm detailed in
Ref. [68] (as implemented in Ref. [69]). Once we have
the horizon spin, we can calculate the horizon mass via the

Christodoulou formula my = \/m2_+ S%,/(4m?,), where

mi; = /A/(16x) and A is the surface area of the horizon.

To compute the numerical (Bowen-York) initial data, we
use the puncture approach [70] along with the
TWOPUNCTURES [71] code. To compute initial low eccen-
tricity orbital parameters, we use the third. post-Newtonian
techniques described in [72] to determine quasicircular
orbits. We then evaluate the residual eccentricity during
evolution via the simple formula, as a function of the
separation of the holes, d, e, = d*d/m, as given in [4]. If
needed, an iterative method for eccentricity reduction can
be applied [73,74].

To generate more realistic initial data with reduced
spurious gravitational wave content, in Ref. [75] we have
chosen a background ansatz as a conformal superposition
of (possibly boosted) Kerr spatial metrics. These new initial
data, labeled as HiSpID when compared with the well-
known Bowen-York solutions, produce up to an order of
magnitude reduction in the initial unphysical gravitational
radiation signature. Those HiSpID data are relevant for
nonspinning as well as very highly spinning black holes in
a binary [7] and high energy collisions [76]. To generate
those data we generalize the TWOPUNCTURES code [71]
to solve a coupled system of the Hamiltonian and momen-
tum constraints. We can thus evolve arbitrarily highly
spinning black holes in quasicircular orbits with unequal
masses and different spin orientations [77]. We will use
these data for evolving highly spinning binaries with
intrinsic spins a; = S;/m? > 0.9.

As discussed in Ref. [52] the main sources of numerical
errors in this catalog are due to finite difference truncation,
finite extraction radii, use of finite number of modes, the

nonzero residual initial eccentricities, and displacement of
the center of mass. During the early inspiral, the irreducible
masses and intrinsic spins of each black hole should be
nearly constant because the levels of gravitational wave
energy and momentum absorbed by the holes is 4-5 orders
of magnitude smaller [78] than those emitted to infinity.
During a simulation, the masses and spins variations are
dominated by numerical truncation error. We then use these
variations on the horizon masses and spins as a measure of
the size of the truncation error. For our current simulations
we monitor accuracy by measuring the conservation of the
individual horizon masses and spins during evolution, as
well as the level of satisfaction of the Hamiltonian and
momentum constraints, to ensure reaching an accuracy
consistent with our main applications. Those measurements
are seen to be preserved during evolution to at least one part
in 10* in the cases of the masses and one part in 10° in the
cases of the spins (see for instance Fig. 6 in Ref. [30]).

We measure radiated energy, linear momentum, and
angular momentum, in terms of the radiative Weyl scalar
W4, using the formulas provided in Refs. [79,80]. These
formulas are strictly speaking only valid at future null-
infinity (Z). We therefore measure the radiated energy
momentum on a series of timelike world tubes of finite
radius and then extrapolate to r = oo using both linear and
quadratic extrapolations. The difference between these two
extrapolations give us an estimate for the uncertainty.

Unlike the radiated energy momentum, more care is
needed to properly extrapolate the waveform itself to Z+.
As described in Ref. [81], we use the Teukolsky equation to
obtain expressions for ry, at Z* based on its values on a
timelike world tube traced out by a fixed sphere of constant
(large) areal radius r [see Eq. (29), there]. The expressions
there contain the corrections of order O(1/r) and O(1/r?)
to ry,. As shown in Ref. [81], this extrapolation is
consistent with both the waveform and the radiated
energy-momentum extrapolated using a least squares fit
to a polynomial in 1/r powers. Additionally, the O(1/r)
perturbative corrections were shown to be consistent with a
Cauchy-characteristic extraction for an equal-mass binary
in [82].

Various simulations in this catalog were studied in detail
in previous papers. In Appendix A of Ref. [83], we
performed a detailed error analysis of configurations with
equal mass and spins aligned/antialigned with respect to the
orbital angular momentum; in Appendix B of Ref. [62], we
performed convergence studies for runs with mass ratios
(g =1,3/4,1/2,1/3) and measured errors due to finite
observer locations; and in Ref. [84], we performed con-
vergence studies for g > 1/10 nonspinning binaries. In
Ref. [85] we make detailed convergence and gauge studies
on nonspinning (¢ =1/2,1/3,1/5,1/3) and spinning
q = 1 binaries.

Finally, in addition to all the internal consistency
analysis and error estimates, in Ref. [41] we showed that
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for the parameter estimated for GW 150914 (¢ = m/m, =
0.82 and spins for the small/large holes of y; = —0.44 and
x» = +0.33), the RIT waveforms and those produced
completely independently by the SXS collaboration
have an excellent match [86] of >0.99 overall for modes
up to £ =35. In Ref. [87] a similar agreement between
approaches has been found for other five targeted precess-
ing and nonprecessing simulations of GW170104, display-
ing a fourth order convergence with finite difference
resolution. The comparisons were also carried up to £ = 5
modes. For all modes up to / <4 we found a match of
20.99 and =0.97 for the [ = 5 modes.

In all our studies we concluded that the waveforms at the
resolutions provided in this catalog are well into the
convergence regime (roughly converging at fourth order
with resolution), that the horizon evaluated quantities such
as the remnant final mass and spins have errors of the order
of 0.1%, and that the radiatively computed quantities such
as the recoil velocities and peak luminosities are evaluated
at a typical error of 5%.

A. Center-of-mass displacement

Since full numerical simulations of binary black hole are
started at a finite separation, they include nonphysical
initial data effects, such as radiation content absorbed by
the holes adding to their masses and spins (see Tables I-111,
for initial versus settled values), and an initial kick due to
the net linear momentum of the initial radiation content.
Corrections by this effect are normally performed in the
simulation coordinates, and hence depend on the gauge
chosen. The choice itself of the center of mass and its gauge
dependence has been studied in full general relativity (see
for instance the recent paper [88] and references therein)
and in the post-Newtonian approximation (see for instance
the recent papers [89,90] and references therein). In [91] a
detailed characterization and study has been performed to
evaluate the impact of a shifting center or mass during full
numerical evolutions has on the mode decomposition of the
gravitational waveforms, even if extrapolated to infinite
resolution and infinite observer location.

The center of mass shows two notable features when
displayed in the simulations coordinates: A wobbling of
increasing radius due to the physical radiation of momenta
during the inspiral motion and a displacement of the center
of this wobbling away from the origin of coordinates
(chosen formally at the initial center-of-mass location).
See Figs. 1 and 3, and note that both trajectories begin at the
origin of coordinates (x,y) = (0,0). A practical imple-
mentation of the center-of-mass correction is to account for
a linear shift in time of the origin of coordinates for the
multipole decomposition of the waveform as in Appendix E
of Ref. [92]. The center-of-mass offset and linear drift
determined by this fitting are then used to shift the waveform
modes. This shift can be performed a posteriori by demixing
modes at each time step from a center of coordinates that is

FIG. 1. Wobbling and displacement of the center of mass for a
binary with mass ratio ¢ = 0.4142 and spins a; = —0.50 and
a, = 0.85 for Bowen-York (BY) and HiSpID (HS) initial data.

linearly moving [93]. This linear correction is determined
from the premerger motion of the center of mass, but is being
applied as an extrapolation postmerger, since the postmerger
final black hole acquires a physical recoil velocity due to a
net radiation of linear momentum carried in the form of
gravitational waves to infinity.

We have applied this correction to all the 777 waveforms
released in this catalog. In order to exemplify its effective-
ness, we have considered the evolution of binary black
holes with the usual Bowen-York initial data [94] and
compared the corresponding evolution of the HiSpID data
[75] with much lower radiation content. We then applied
the above correction to the former simulation to see if this
brings the mode contents toward those of the later simu-
lation as a test of effectiveness of the shift of the center-of-
mass correction.

In Fig. 1 we display the wobbling and displacement of
the center of mass for a nonprecessing binary with mass
ratio ¢ = 0.4142 and spins a; = —0.50 and a, = 0.85 for
evolutions from Bowen-York (BY) and HiSpID (HS) initial
data. Those show the much larger displacement of the BY
data (roughly an order of magnitude) than for the HS data.
Thus we expect the latter showing a much reduced mode
mixing effect and providing a reference and measure of the
benefits of applying the center-of-mass shift correction to
the BY data. This is indeed clearly the fact when as shown
in Fig. 2 where we display a few selected modes of our
¢ max = 6 analysis. The corrections to the BY data show a
rectified amplitude to the most affected modes during the
inspiral (¢, m) = (2,1),(3,1) and postmerger (£, m) =
(4,4) while (£, m) = (2,2) appears mostly unaffected at
larger scale. The rest of the modes, not displayed here, fall
into one of the above categories. A further correction of the
center-of-mass shift can then be applied to the HS, thus
achieving even higher accuracy.
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FIG. 2. Amplitude of the modes (¢, m) = (2,2),(2,1),(3, 1),
(4,4) of the Weyl scalar y, decomposition at the extraction
radius R = 75m. Displayed are the evolution of BY and HS data
amplitudes, and the correction to the center of mass shifts to the
BY and HS data evolutions.

In order to further cross-check our results we have
studied a second case displayed in Fig. 3 showing the
wobbling and displacement of the center of mass for a
nonprecessing binary with mass ratio ¢ = 0.85 and spins
a; = —0.50 and a, = —0.85 for evolutions from BY and
HS initial data. Those show the larger displacement of the
BY data (roughly a factor of 3) than for the HS data.
Figure 4 displays similar results as the first simulation.

III. THE CATALOG

The RIT Catalog can be found at http://ccrg.rit.edu/
~RITCatalog. Figure 5 shows the distribution of the
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FIG. 3. Wobbling and displacement of the center of mass for a
binary with mass ratio ¢ = 0.85 and spins a; = —0.50 and a, =
—0.85 for BY and HS initial data.
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amplitudes, and the correction to the center-of-mass shift to the
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nonprecessing runs in the catalog in terms of y;, and
q (where y; is the component of the dimensionless spins
of BH i along the direction of the orbital angular
momentum). The information currently in the catalog
consists of the metadata describing the runs and all
modes up through the #Z =4 modes (enough for most
applications) of mry, extrapolated to Z* via the per-
turbative approach of [81]. The associated metadata
include the initial orbital frequencies, Arnowitt-Deser-
Misner (ADM) masses, initial waveform frequencies
from the (2,2) mode, black-hole masses, momenta,
spins, separations, and eccentricities, as well the
black-hole masses and spins once the initial burst of
radiation has left the region around the binary. Note that
we normalize our data such that the sum of the two
initial horizon masses is 1m. These relaxed quantities (at
telax = 200m after the initial burst of radiation has
mostly dissipated) are more accurate and physically
relevant for modeling purposes. In addition, we also
include the final remnant black-hole masses, spins, and
recoil velocity.

The catalog is organized using an interactive table [95]
that includes an identification number, resolution, type of
run (nonspinning, aligned spins, precessing), the initial
proper length of the coordinate line joining the two BH
centroids that is outside both horizons [9], the coordinate
separation of the two centroids, the mass ratio of the two
black holes, the components of the dimensionless spins of
the two black holes, the starting waveform frequency,
Mfo) elax> time to merger, number of gravitational wave
cycles calculated from the (2,2) modes from the beginning
of the inspiral signal to the amplitude peak, remnant mass,
remnant spin, recoil velocity, peak luminosity, amplitude,
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FIG. 5. [Initial parameters in the (q,y;,y,) space for the 477 nonprecessing binaries. Note that y; denotes the component of the

dimensionless spin of BH i along the orbital angular momentum. Each panel corresponds to a given mass ratio that covers the
comparable masses binary range from ¢ = 1 to ¢ = 1/5. The dots in black denote the simulations of the catalog first release, the dots in

red are those of the second release, and the dots in green are those of this third release.

and frequency. The final column gives the appropriate
bibtex keys for the relevant publications where the wave-
forms were first presented. The table can be sorted
(ascending or descending) by any of these columns. And
there is a direct search feature that runs over all table
elements.

Resolutions are given in terms of the grid spacing
of the refinement level where the waveform is extracted
(which is typically two refinement levels below the
coarsest grid) with R, ~ 100m. We use the notation
nXYY, where the grid spacing in the wave zone is
given by h=m/X.YY, e.g., nl20 corresponds to
h=m/1.2.

For each simulation in the catalog there are three files:
one contains the metadata information in ASCII format,
and the other two are tar.gz files containing ASCII files

with up to and including # = 4 modes of mry, and h. In
the near future, data will be available in the numerical
relativity injection format [96]. Note that the primary data
in our catalog is the Weyl scalar mry, extrapolated to Z*
[using Eq. (29) of Ref. [81]], rather than the strain (r/m)h.
We provide the strain but also leave it to the user to convert
mry, to strain for most modes since this is still a sensitive
process and is best handled on a mode-by-mode basis. The
subtleties associated with transforming v, to h arise from
the two integrations required [4,97]. One of the standard
techniques, developed in Ref. [98], performs this integra-
tion in Fourier space with a windowing function and a low-
frequency cutoff. Both of these require fine-tuning of
parameters. The codes to do this are open source and
publicly available from https://svn.einsteintoolkit.org/
pyGWAnalysis/trunk.
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FIG. 6. Counting simulations in the (g, ¥, y») planes (faces of
the cube) for the 477 nonprecessing binaries. The 120 release 1
simulations are black, the 154 release 2 simulations are red, and
the 203 release 3 are in green.

Figure 6 shows the distribution of the 477 non-
precessing runs in the catalog in terms of y;, and gq.
Those runs were motivated by systematic studies to
produce a set of accurate remnant formulas to represent
the final mass, spin, and recoil of a merged binary
black-hole system and the peak luminosity, amplitude,
and frequency, as a function of the parameters of the
precursor binary, as reported in [15,62,83,99-101]. A
second important motivation was to provide a grid of
simulations for parameter estimation of gravitational
wave signals detected by LIGO using the methods
described in [39].

The precessing runs in the catalog were motivated
to study particular spin dynamics of merging BHB,
such as the study of unstable spin flip flop, as reported
in [25] and the targeted follow-ups of the gravitational
wave signals from the first and second LIGO observing
runs [41,87]. We have also paid special attention to
the systematic study of simulations covering a four-
dimensional parameter space involving a spinning and
a nonspinning black-hole binary as a function of the
mass ratio (see Fig. 8). Those simulations were originally
performed to study remnant recoil and final masses
and spins [102]. We have supplemented them here with
additional simulations to have a coverage of spin ori-
entations (see Fig. 8 and Table I) that allows an estimation
of precession.
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FIG. 7. Top: Distributions of the total mass of BHB systems in
the RIT catalog corresponding to a starting gravitational wave
frequency of 20 Hz (green) and 30 Hz (red) in bins of 5 M.
Bottom: The cumulative version of the above plot also in bins of
5 Mg, for the 777 simulations in this catalog.

Figure 7 shows the distributions of the minimal total
mass of the BHB systems in the catalog given a starting
gravitational wave frequency of 20 or 30 Hz in the source
frame. This provides a coverage for the current events
observed by LIGO (redshift effects improve this coverage
by a factor of 1 + z, where z is the redshift). Coverage of
even lower total masses would require longer simulations
or hybridization of the current waveforms with post-
Newtonian methods [44].

A. Nonprecessing merging binaries correlations

Detailed and higher order formulas relating the binary
parameters to the postmerger properties of the final remnant
black-hole and merger waveform have been studied in
Refs. [15,62,83] using the aligned spin simulations of
previous releases of the RIT catalog.

Foreseeing astrophysical applications and use in
the future of massive catalogs of binary black holes,
we display in Fig. 9 simple scaling phenomenological
correlations between remnant parameters and merger
waveforms.

Fitting formulas for the simple correlations and esti-
mated errors in their coefficient are
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that is spinning. The dots in black denote the simulations of the catalog first release, the dots in red are those of the second release, and

the dots in green are those of this third release.

ay = 1.044 £ 0.008 — (27.76 + 1.37)e(71217£0:20)mw>>
ap = 1.037 £0.011 — (2.54 £ 0.04)e(-24209+390)L/n'*
ay = 0.940 £ 0.005 — (2.96 & 0.05)e(~ 1284019 /1

(1)

for the final spin a; as a function of the peak frequency
ma,, of the (2,2) mode, the peak Luminosity £, and the
total radiated energy during merger E,,q [normalized by the
symmetric mass ratio n = g/(1 + q)].

Similar correlations among those quantities can be
found,

ma,, = 0.705 4 0.045 — (0.53 £ 0.04)e(~53.00+6.93)L/7"> |
maw,, =0.534+£0.010—(0.38 +0.01)e(7397+023) Ena/n
L£/n'3 =0.03040.001 — (0.030 +-0.001)e(~!-72+0-09)Exa/n,
(2)

The fittings take the leading behavior and scaling of the
correlations without attempting higher order corrections to
be used in astrophysical estimates and control of more

sophisticated implementations in large catalogs of binary
black-hole gravitational wave signals and its modeling, as
well as tests of gravity.

IV. CONCLUSIONS AND DISCUSSION

The breakthroughs [1-3] in numerical relativity
were instrumental in identifying the first detection of
gravitational waves [34] with the merger of two black
holes. The comparison of different approaches to solve
the binary black-hole problem has produced an
excellent agreement for GW150914 [41] and GW170104
[87], including higher (up to £ = 5) modes. The use of
numerical relativity waveform catalogs (see also
Refs. [39,103,104]) allows the application of a consistent
method for parameter estimation (of merging binary black
holes) of the observed gravitational waves in the obser-
vational runs O1/02. With the current aligned spin cover-
age one can successfully carry out parameter estimations
with results at least as good as with the phenomenological
models [34]. In particular, in this third RIT Catalog release
we included coverage of spins above 0.95 in magnitude up
to mass ratios 2:1.
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FIG.9. Correlations between the radiated energy, peak luminosity, peak frequency at merger, and spin remnant with the corresponding
scaling by the symmetric mass ratio to obtain the leading mass dependence.

New forthcoming simulation produced (for instance
targeted to follow up any new detection or catalog
expansions) will contribute to improve the binary param-
eter coverage, thus reducing the interpolation error. The
next step will be to reduce the extrapolation error at very
high spins by adding more simulations with spin magni-
tudes above 0.95, and also the extension of the family of
simulations displayed in Fig. 8 to smaller mass ratios, i.e.,
g < 1/3. Coverage for low total binary masses (below
20 My), in turn, would require longer full numerical
simulations or hybridization of the current NR waveforms
with post-Newtonian waveforms [105].

The next area of development for the numerical
relativity waveform catalogs is the coverage of precessing
binaries. Those require expansion of the parameter space
to seven dimensions (assuming negligible eccentricity),
and are being carried out in a hierarchical approach by
first neglecting the effects of the spin of the secondary
black holes, which is a good assumption for small mass

ratios. This approach has proven successful also when
applied to all O1/02 events [106]. It required an
homogeneous set of simulations since the differences
in In £ are subtle; hence the need to expand the current
RIT catalog. In a second stage, a follow-up of the first
determined spin orientations can be performed with a two
spin search. Another line of extension of the use of NR
waveforms is its use in searches of gravitational waves
(in addition to that of parameter estimation) a first
implementation of the nonspinning waveforms (using
for instance the simulations reported in [84] would
produce a prototype of this search analysis and for each
of the recoil effects [107]).

The simulations of orbiting black-hole binaries pro-
duce also information about the final remnant of the
merger of the two holes. Numerous empirical formulas
relating the initial parameters (q,x;,)») (individual
masses and spins) of the binary to those of the final

remnant (mg,x ;. 17]() have been proposed. These include
formulas for the final mass, spin, and recoil velocity
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[14,83,102,108-113], the computation of the peak fre-

quency of the (2,2) mode Q55*, peak waveform ampli-

tude Ag;ak [15,84], and peak luminosity [34,37,62,99].
Recently also surrogate methods have been reported
in Refs. [101,114]. Those formulas in turn provide
further tools to extract information from the observation
of gravitational waves (see for instance our Fig. 9). The
tables in Appendix A can be used to further model and
test remnant and merger waveform parameters in terms
of those of the binary and as a test of gravity.
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APPENDIX: TABLES OF INITIAL
DATA AND RESULTS OF THE NEW
SIMULATIONS

In this Appendix we provide tables with the relevant
BBH configuration details. In Table I, we provide the
initial data parameters used to start the full numerical
evolutions. In Tables II and III, we provide the binary
mass and spin parameters after they settle into a more
physical value after radiating and absorbing the spurious
gravitation wave content from the initial mathematical
choice of conformal flatness. These relaxed values are
calculated at a fiducial # = 200m. A visualization of the
300 binaries’ seven parameter precessing space is dis-
played in Fig. 10.

In Table IV we provide the initial orbital frequency and
eccentricity, as well as the number of orbits to merger and
the final eccentricity. The eccentricity is expected to be
reduced from its initial value by gravitational radiation, at a
rate proportional to d'%/'> according to [115], with d, the
separation of the binary (see, for instance, Fig. 6 of
Ref. [116] or Fig. 9 in Ref. [10]).

Finally, In Table V, we provide the values of the energy
radiated during the simulation and the final black-hole spin
as measured through the (most accurate) isolated horizon
formalism [68].

TABLE II. The masses and spins of the nonprecessing BHBs in Table I after the BHs had time to equilibrate (1/m = 200).

Run ¢ mi/m my/m i 5,
RIT:BBH:0357 0.6004 0.3750 0.6245 0.5000 —-0.8513
RIT:BBH:0358 0.6001 0.3750 0.6249 0.5000 —0.6502
RIT:BBH:0365 0.3335 0.2500 0.7496 —0.0000 0.8009
RIT:BBH:0366 1.0005 0.5000 0.4998 0.0000 —0.8008
RIT:BBH:0370 0.6672 0.4000 0.5995 —-0.5001 —0.8505
RIT:BBH:0371 0.6672 0.4000 0.5995 0.5000 0.8506
RIT:BBH:0373 0.0667 0.0625 0.9375 0.0000 0.0000
RIT:BBH:0374 0.6000 0.3750 0.6250 —0.0000 0.5000
RIT:BBH:0380 0.6001 0.3750 0.6249 —0.5000 0.6502
RIT:BBH:0384 0.8497 0.4593 0.5405 0.8008 —0.5001
RIT:BBH:0385 1.0005 0.5000 0.4998 0.0000 0.8008
RIT:BBH:0386 0.6672 0.4000 0.5995 —0.5000 0.8506
RIT:BBH:0387 0.6664 0.3998 0.6000 —0.8008 0.2500
RIT:BBH:0388 0.6672 0.4000 0.5995 0.5000 —0.8505
RIT:BBH:0390 0.8497 0.4593 0.5405 —0.8008 —0.5001
RIT:BBH:0391 0.6664 0.3998 0.6000 —0.8008 —-0.2500
RIT:BBH:0392 0.5998 0.3749 0.6250 —-0.8007 0.0000
RIT:BBH:0395 0.7500 0.4286 0.5714 —-0.2500 —-0.2500
RIT:BBH:0396 0.6004 0.3750 0.6245 —0.5000 0.8512
RIT:BBH:0397 0.6000 0.3750 0.6250 —0.5000 —-0.2500
RIT:BBH:0398 0.6004 0.3750 0.6245 0.0000 0.8513
RIT:BBH:0399 0.7500 0.4286 0.5714 0.2500 0.2500
RIT:BBH:0400 0.5998 0.3749 0.6250 0.8006 0.0000

(Table continued)
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TABLE 1I. (Continued)

Run q’ mf/m my/m Var X

RIT:BBH:0401 0.6672 0.4000 0.5995 0.2500 0.8506
RIT:BBH:0402 0.6001 0.3750 0.6249 0.5000 0.6502
RIT:BBH:0403 0.8496 0.4593 0.5405 —0.8008 0.0000
RIT:BBH:0404 0.6667 0.4000 0.6000 0.2500 0.3500
RIT:BBH:0405 0.6672 0.4000 0.5995 -0.2500 —0.8505
RIT:BBH:0406 0.6672 0.4000 0.5995 0.2500 —0.8505
RIT:BBH:0407 0.6664 0.3998 0.6000 0.8008 -0.2500
RIT:BBH:0408 0.8496 0.4593 0.5405 —0.8008 0.5001
RIT:BBH:0409 0.6667 0.4000 0.6000 ~0.2500 —0.3500
RIT:BBH:0411 0.6664 0.3998 0.6000 0.8008 0.2500
RIT:BBH:0412 0.6672 0.4000 0.5995 -0.2500 0.8507
RIT:BBH:0413 0.6004 0.3750 0.6245 0.5000 0.8513
RIT:BBH:0414 0.6667 0.4000 0.6000 0.2500 —0.3500
RIT:BBH:0415 0.6667 0.4000 0.6000 ~0.2500 0.3500
RIT:BBH:0416 0.1429 0.1250 0.8750 —0.0000 0.0000
RIT:BBH:0417 0.4142 0.2929 0.7071 -0.2501 -0.2501
RIT:BBH:0418 0.8496 0.4593 0.5405 0.8008 0.0000
RIT:BBH:0420 0.8496 0.4593 0.5405 0.8008 0.5001
RIT:BBH:0421 0.6000 0.3750 0.6250 —0.5000 0.2500
RIT:BBH:0422 0.6000 0.3750 0.6250 0.5000 —0.2500
RIT:BBH:0423 0.4142 0.2929 0.7071 0.2501 -0.3501
RIT:BBH:0430 0.6000 0.3750 0.6250 0.5000 0.2500
RIT:BBH:0431 0.4142 0.2929 0.7071 0.2501 0.2501
RIT:BBH:0432 0.8506 0.4595 0.5402 0.2500 —0.8512
RIT:BBH:0434 0.4142 0.2929 0.7071 -0.2501 0.3501
RIT:BBH:0435 0.4145 0.2929 0.7066 0.2501 0.8513
RIT:BBH:0436 0.4141 0.2928 0.7071 —0.8009 ~0.2500
RIT:BBH:0437 0.8506 0.4595 0.5402 -0.2500 —0.8512
RIT:BBH:0438 0.4145 0.2929 0.7066 -0.2501 0.8515
RIT:BBH:0442 0.0667 0.0625 0.9367 —0.0000 —0.8514
RIT:BBH:0446 0.4998 0.3332 0.6666 -0.8007 0.5000
RIT:BBH:0447 0.5000 0.3333 0.6667 —0.2500 —0.2500
RIT:BBH:0449 0.4141 0.2928 0.7071 0.8009 0.2501
RIT:BBH:0451 0.4998 0.3332 0.6666 0.8007 —0.5001
RIT:BBH:0452 0.5000 0.3333 0.6667 -0.2500 0.2500
RIT:BBH:0454 0.5000 0.3333 0.6667 0.2500 —0.2500
RIT:BBH:0455 0.8185 0.4500 0.5498 —0.0000 -0.8011
RIT:BBH:0456 0.8506 0.4595 0.5402 0.2500 0.8512
RIT:BBH:0457 0.5000 0.3333 0.6667 0.2500 0.2500
RIT:BBH:0458 0.9250 0.4805 0.5195 0.0000 0.0000
RIT:BBH:0459 0.8185 0.4500 0.5498 0.0000 0.8011
RIT:BBH:0460 0.8506 0.4595 0.5402 -0.2500 0.8512
RIT:BBH:0461 0.4145 0.2929 0.7066 0.2501 —0.8514
RIT:BBH:0462 0.5004 0.3333 0.6662 ~0.2500 0.8514
RIT:BBH:0463 0.6001 0.3749 0.6247 —0.8006 —0.8008
RIT:BBH:0464 0.5998 0.3749 0.6250 ~0.8007 ~0.5000
RIT:BBH:0465 0.5004 0.3333 0.6662 -0.2500 —0.8514
RIT:BBH:0466 0.5004 0.3333 0.6662 0.2500 —0.8514
RIT:BBH:0467 0.0667 0.0625 0.9367 —0.0000 0.8514
RIT:BBH:0468 1.0000 0.4998 0.4998 -0.9505 -0.9505
RIT:BBH:0469 0.4145 0.2929 0.7066 -0.2501 —0.8514
RIT:BBH:0470 0.6004 0.3750 0.6246 -0.2500 —0.8514
RIT:BBH:0471 0.5998 0.3749 0.6250 0.8006 —0.5001
RIT:BBH:0472 1.0000 0.4998 0.4998 0.8008 0.8008
RIT:BBH:0473 0.5525 0.3559 0.6441 0.0478 0.5651

(Table continued)
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TABLE 1I. (Continued)

Run q’ mf/m my/m Var X

RIT:BBH:0474 0.6004 0.3750 0.6245 0.2500 —0.8514
RIT:BBH:0475 0.5998 0.3749 0.6250 -0.8007 0.5000
RIT:BBH:0476 0.6000 0.3750 0.6250 ~0.2500 —0.3500
RIT:BBH:0477 0.5004 0.3333 0.6662 0.2500 0.8514
RIT:BBH:0478 0.6001 0.3749 0.6247 0.8006 —0.8008
RIT:BBH:0480 0.6004 0.3750 0.6245 0.2500 0.8514
RIT:BBH:0481 0.5998 0.3749 0.6250 0.8006 0.5000
RIT:BBH:0482 0.6001 0.3749 0.6247 0.8007 0.8008
RIT:BBH:0483 0.6000 0.3750 0.6250 0.2500 —0.3500
RIT:BBH:0484 0.1429 0.1250 0.8749 ~0.0000 —0.6030
RIT:BBH:0485 0.6000 0.3750 0.6250 -0.2500 0.3500
RIT:BBH:0486 0.6004 0.3750 0.6245 -0.2500 0.8514
RIT:BBH:0487 0.6000 0.3750 0.6250 0.2500 0.3500
RIT:BBH:0488 0.6001 0.3749 0.6247 -0.8007 0.8008
RIT:BBH:0489 0.5998 0.3749 0.6250 0.8006 0.2500
RIT:BBH:0492 0.5525 0.3559 0.6441 0.0478 0.5651
RIT:BBH:0494 0.3333 0.2500 0.7500 -0.2500 0.3500
RIT:BBH:0495 0.0667 0.0625 0.9375 0.0000 —0.2604
RIT:BBH:0497 0.5998 0.3749 0.6250 —0.8007 0.2500
RIT:BBH:0499 1.0000 0.4998 0.4998 -0.9502 0.9502
RIT:BBH:0501 0.5998 0.3749 0.6250 —0.8007 —0.2500
RIT:BBH:0502 0.5998 0.3749 0.6250 0.8006 —0.2500
RIT:BBH:0509 0.7501 0.4284 0.5711 —0.8208 —0.8209
RIT:BBH:0513 0.7501 0.4284 0.5711 0.8208 0.8209
RIT:BBH:0514 0.4140 0.2927 0.7071 -0.5007 0.8500
RIT:BBH:0515 0.2500 0.2000 0.8000 —0.4003 —0.2500
RIT:BBH:0516 0.2501 0.2000 0.7996 —0.8005 —0.8009
RIT:BBH:0517 0.2500 0.2000 0.8000 —0.4003 0.2500
RIT:BBH:0518 0.2501 0.2000 0.7996 0.8004 —0.8009
RIT:BBH:0526 0.2500 0.2000 0.8000 —0.0000 —0.4000
RIT:BBH:0528 0.8504 0.4594 0.5403 —0.9499 -0.9507
RIT:BBH:0529 0.9256 0.4805 0.5191 0.0000 -0.8512
RIT:BBH:0530 0.7505 0.4286 0.5710 ~0.2500 0.8512
RIT:BBH:0531 0.9256 0.4805 0.5191 0.0000 0.8512
RIT:BBH:0532 0.2500 0.2000 0.8000 —0.0000 0.4000
RIT:BBH:0533 0.2499 0.2000 0.8000 0.8005 0.0000
RIT:BBH:0534 0.9250 0.4805 0.5195 0.2500 -0.3500
RIT:BBH:0535 0.2502 0.2000 0.7996 0.4003 0.8009
RIT:BBH:0536 0.9246 0.4803 0.5195 —0.8008 0.0000
RIT:BBH:0537 0.7505 0.4286 0.5710 0.2500 0.8512
RIT:BBH:0538 0.2502 0.2000 0.7996 —0.4002 —0.8009
RIT:BBH:0539 0.9250 0.4805 0.5195 0.2500 0.3500
RIT:BBH:0545 0.6674 0.4002 0.5995 —0.9491 —0.9512
RIT:BBH:0546 0.2500 0.2000 0.8000 0.4003 0.2500
RIT:BBH:0548 0.9250 0.4803 0.5193 —0.8007 —0.8007
RIT:BBH:0549 0.2502 0.2000 0.7996 —0.4003 0.8009
RIT:BBH:0550 0.2499 0.2000 0.8000 —0.8005 0.0000
RIT:BBH:0552 0.9250 0.4805 0.5195 -0.2500 —0.3500
RIT:BBH:0555 0.9250 0.4805 0.5195 —0.2500 0.3500
RIT:BBH:0556 0.5011 0.3337 0.6659 —0.9479 -0.9517
RIT:BBH:0557 0.9250 0.4803 0.5192 —0.8008 0.8007
RIT:BBH:0558 0.9250 0.4803 0.5192 0.8007 0.8008
RIT:BBH:0559 0.9246 0.4803 0.5195 0.8007 0.0000
RIT:BBH:0561 0.5011 0.3337 0.6659 0.9477 -0.9516
RIT:BBH:0562 0.2500 0.2000 0.8000 0.4003 —0.2500

(Table continued)
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TABLE 1I. (Continued)

Run q’ mf/m my/m Var X

RIT:BBH:0563 0.9250 0.4803 0.5192 0.8007 —0.8008
RIT:BBH:0564 0.8500 0.4595 0.5405 ~0.5000 —0.8500
RIT:BBH:0565 0.7505 0.4286 0.5710 ~0.2500 —0.8512
RIT:BBH:0566 0.7506 0.4286 0.5711 0.9494 ~0.9510
RIT:BBH:0567 0.3336 0.2500 0.7494 0.2500 0.8514
RIT:BBH:0568 0.7505 0.4286 0.5710 0.2500 —0.8512
RIT:BBH:0569 0.4249 0.2982 0.7017 -0.0100 0.6001
RIT:BBH:0570 0.2502 0.2000 0.7996 0.4002 —0.8009
RIT:BBH:0571 0.8504 0.4594 0.5403 0.9498 -0.9506
RIT:BBH:0572 0.3333 0.2500 0.7500 ~0.2500 —0.3500
RIT:BBH:0573 1.0002 0.5000 0.4999 0.0000 0.9501
RIT:BBH:0574 0.2502 0.2000 0.7994 —0.0000 —0.8514
RIT:BBH:0575 0.3333 0.2500 0.7500 0.2500 —0.3500
RIT:BBH:0576 0.3333 0.2500 0.7500 0.2500 0.3500
RIT:BBH:0577 0.8504 0.4595 0.5403 -0.9498 0.9506
RIT:BBH:0578 0.2501 0.1999 0.7996 —0.8005 0.8009
RIT:BBH:0579 0.3336 0.2500 0.7494 -0.2500 0.8514
RIT:BBH:0580 0.2501 0.1999 0.7996 0.8006 0.8009
RIT:BBH:0581 0.7506 0.4287 0.5711 —0.9494 0.9509
RIT:BBH:0583 0.7495 0.4283 0.5714 0.8510 -0.2500
RIT:BBH:0584 0.7495 0.4283 0.5714 —0.8511 —0.2500
RIT:BBH:0585 0.3336 0.2500 0.7494 -0.2500 —0.8514
RIT:BBH:0604 0.7495 0.4283 0.5714 0.8510 0.2500
RIT:BBH:0605 0.3336 0.2500 0.7494 0.2500 —0.8514
RIT:BBH:0612 0.7495 0.4283 0.5714 —0.8511 0.2500
RIT:BBH:0613 0.2502 0.2000 0.7994 0.0000 0.8514
RIT:BBH:0614 0.2002 0.1667 0.8327 ~0.2500 —0.8514
RIT:BBH:0615 0.8497 0.4595 0.5407 —0.9498 0.0000
RIT:BBH:0616 0.6675 0.4002 0.5995 —0.9490 0.9511
RIT:BBH:0617 0.6264 0.3851 0.6148 —0.3200 0.8200
RIT:BBH:0630 0.9751 0.4937 0.5063 0.3400 -0.2200
RIT:BBH:0637 0.2001 0.1667 0.8329 —0.0000 —0.8010
RIT:BBH:0642 0.8504 0.4595 0.5403 0.9497 0.9505
RIT:BBH:0643 0.8497 0.4591 0.5403 0.0000 -0.9508
RIT:BBH:0644 0.7500 0.4287 0.5716 —0.9494 0.0000
RIT:BBH:0655 0.6668 0.4002 0.6002 —0.9490 0.0000
RIT:BBH:0657 0.5507 0.3551 0.6449 -0.5500 0.8100
RIT:BBH:0658 0.7498 0.4282 0.5711 0.0000 —0.9511
RIT:BBH:0659 1.0017 0.4999 0.4990 ~0.9504 0.0000
RIT:BBH:0660 0.2000 0.1667 0.8333 -0.2501 ~0.3500
RIT:BBH:0678 0.2500 0.2000 0.8000 0.7001 —0.4000
RIT:BBH:0679 0.5011 0.3337 0.6659 —0.9477 0.9516
RIT:BBH:0681 0.6665 0.3996 0.5996 0.0000 -0.9512
RIT:BBH:0687 0.6675 0.4002 0.5996 0.9489 0.9510
RIT:BBH:0688 0.4992 0.3324 0.6660 0.0000 -0.9518
RIT:BBH:0690 0.2002 0.1667 0.8327 0.2501 0.8514
RIT:BBH:0691 0.2001 0.1667 0.8329 0.0000 0.8010
RIT:BBH:0705 0.2500 0.2000 0.8000 0.7002 0.4000
RIT:BBH:0706 0.5004 0.3337 0.6668 —0.9478 0.0000
RIT:BBH:0714 0.2500 0.2000 0.8000 —0.7002 0.4000
RIT:BBH:0736 0.2002 0.1667 0.8327 0.2500 —0.8514
RIT:BBH:0747 0.8500 0.4595 0.5406 0.9498 0.0000
RIT:BBH:0753 0.2000 0.1666 0.8333 0.8006 -0.2500
RIT:BBH:0764 0.0667 0.0625 0.9367 0.0000 —0.8514
RIT:BBH:0766 0.8504 0.4595 0.5403 0.0000 0.9506
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r

r

Run q mi/m my/m Xz X3
RIT:BBH:0767 0.5011 0.3337 0.6659 0.9477 0.9516
RIT:BBH:0769 0.7502 0.4287 0.5715 0.9494 0.0000
RIT:BBH:0773 0.2000 0.1667 0.8333 0.2501 —-0.3500
RIT:BBH:0776 0.6670 0.4002 0.6000 0.9490 0.0000
RIT:BBH:0777 0.7504 0.4286 0.5711 0.0000 0.9510
RIT:BBH:0778 0.2000 0.1666 0.8333 —0.8005 —-0.2500
RIT:BBH:0781 0.2500 0.2000 0.8000 —-0.7002 —0.4000
RIT:BBH:0782 0.5006 0.3337 0.6667 0.9478 0.0000
RIT:BBH:0784 0.3332 0.2499 0.7500 0.8007 —-0.2500
RIT:BBH:0785 0.3332 0.2499 0.7500 0.8007 0.2500
RIT:BBH:0788 0.6671 0.4000 0.5996 0.0000 0.9511
RIT:BBH:0792 0.0313 0.0303 0.9697 —0.0000 0.0000
RIT:BBH:0793 0.3332 0.2499 0.7500 —0.8007 —-0.2500
RIT:BBH:0796 0.5005 0.3333 0.6660 0.0000 0.9516
RIT:BBH:0805 0.3332 0.2499 0.7500 —0.8007 0.2500
TABLE III. The mass and spin of the precessing BHBs in Table I after the BHs had time to equilibrate (#/m = 200).

Run q’ my/m  m/m Xix Xy iz Xax X2y X2
RIT:BBH:0275 0.1430 0.1250 0.8743 —-0.6003 —-0.0334 —-0.6028
RIT:BBH:0282 0.0667 0.0625 0.9367 e e e —-0.8120 —-0.0333 —-0.2538
RIT:BBH:0310 0.7140 0.4165 0.5833 0.3710 0.1619 0.6908 e e e
RIT:BBH:0313 0.7140 0.4165 0.5833 0.0723 0.3985 0.6906

RIT:BBH:0315 0.7140 0.4165 0.5833 0.2591 0.3202 0.6866

RIT:BBH:0320 0.7140 0.4165 0.5833 —-0.1246 0.3558 0.7063 e e e
RIT:BBH:0323 1.0000 0.5002 0.5002 —-0.6913 —-0.2925 0.6166 0.6912 0.2925 0.6166
RIT:BBH:0325 0.7140 0.4165 0.5833 —-0.3871 0.0396 0.6997 e e e
RIT:BBH:0327 0.7140 0.4165 0.5833 —-0.3021 0.2350 0.7032

RIT:BBH:0328 0.7140 0.4165 0.5833 0.6349 0.2836 0.3970

RIT:BBH:0329 0.7140 0.4165 0.5833 0.4108 0.5638 0.3930

RIT:BBH:0330 0.7141 0.4166 0.5833 —-0.2270 0.6441 0.4176 e e e
RIT:BBH:0331 1.0000 0.5005 0.5005 —-0.6971 —-0.2924 0.6403 0.6971 0.2924 0.6403
RIT:BBH:0332 0.7141 0.4165 0.5833 0.1041 0.6878 0.3962 e e e
RIT:BBH:0333 0.7140 0.4165 0.5833 0.5082 0.2637 —0.5597

RIT:BBH:0334 0.7140 0.4165 0.5833 0.3110 0.4884 —-0.5530

RIT:BBH:0335 0.7140 0.4165 0.5833 0.0642 0.5730 —0.5554 e e e
RIT:BBH:0340 0.3335 0.2500 0.7497 e e e —-0.7504 0.0175 —0.0005
RIT:BBH:0341 0.7140 0.4165 0.5833 —0.6809 0.0696 0.4154 e e e
RIT:BBH:0342 0.7141 0.4165 0.5833 -0.2116 0.5206 —-0.5702

RIT:BBH:0343 0.7140 0.4165 0.5833 0.7146 0.3612 0.0080

RIT:BBH:0346 0.7140 0.4165 0.5833 0.4638 0.6526 0.0046

RIT:BBH:0347 0.7141 0.4165 0.5833 —-0.5390 0.4215 0.4155

RIT:BBH:0349 0.7141 0.4166 0.5833 0.1072 0.7932 0.0059 e e e
RIT:BBH:0351 1.0005 0.5000 0.4998 e e e 0.3838 0.1479 —-0.6870
RIT:BBH:0353 1.0004 0.5000 0.4998 0.2811 0.3045 —0.6852
RIT:BBH:0354 1.0004 0.5000 0.4998 e e e —-0.0916 0.3955 —-0.6902
RIT:BBH:0355 0.7141 0.4165 0.5833 —0.4602 0.3324 —0.5646 e e e
RIT:BBH:0356 1.0004 0.5000 0.4998 e e e 0.0934 0.4001 —0.6873
RIT:BBH:0359 1.0004 0.5000 0.4998 e e e —-0.2932 0.2703 —0.6944
RIT:BBH:0360 0.7140 0.4165 0.5833 —-0.5681 0.0286 —-0.5635 e e e
RIT:BBH:0361 1.0004 0.5000 0.4998 e e e —-0.3957 0.0934 —0.6899
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TABLE III. (Continued)

Run q" my/m ms/m X 2y X Xy Xay X5

RIT:BBH:0362  1.0004  0.5000  0.4998 .- . : 0.4488 0.5417  —0.3826
RIT:BBH:0363  1.0000  0.5003  0.5003  -0.0862  —0.7524 0.6068 0.0862 0.7524 0.6068
RIT:BBH:0364  1.0005  0.5000  0.4998 . o . 0.6574 02428  —0.3874
RIT:BBH:0367  1.0004  0.5000  0.4998 —0.5104 0.4653  —0.4050
RIT:BBH:0368  1.0004  0.5000  0.4998 —0.6813 0.1483  —0.3937
RIT:BBH:0369  1.0004  0.5000  0.4998 —0.1811 0.6673  —0.4037
RIT:BBH:0372  1.0004  0.5000  0.4998 . .. e 0.1484 0.6853  —0.3865
RIT:BBH:0375  0.7141 04166 05833  —0.2745 0.7515 0.0217 . . e

RIT:BBH:0376  1.0004  0.5000  0.4998 .. . o 0.5365 0.5944 0.0055
RIT:BBH:0377  1.0005  0.5000  0.4998 . e . 0.7519 0.2753 0.0117
RIT:BBH:0378  0.7141 04166 05833  —0.6339 0.4886 0.0164 . . .

RIT:BBH:0379  0.7140 04165 05833  —0.7969 0.0751 0.0150 . . .

RIT:BBH:0381 1.0004  0.5000  0.4998 e .. . 0.1975 0.7759 0.0031
RIT:BBH:0382  1.0003  0.5000  0.4998 -0.2162 0.7708 0.0042
RIT:BBH:0383  1.0004  0.5000  0.4998 -0.5726 0.5596 0.0061
RIT:BBH:0389  1.0004  0.5000  0.4998 e e e -0.7827 0.1687 0.0055
RIT:BBH:0393  1.0000  0.5003  0.5003  —0.4480  —0.6046 0.6133 0.4480 0.6046 0.6133
RIT:BBH:0394  1.0000  0.5003  0.5003 0.7459  —0.1012 0.6138  —0.7459 0.1012 0.6138
RIT:BBH:0410  1.0000  0.5004  0.5004 0.2954  —0.6999 0.6039  —0.2954 0.6999 0.6039
RIT:BBH:0419  1.0000  0.5004  0.5004 0.6003  —0.4630 0.6074  —0.6004 0.4630 0.6074
RIT:BBH:0424  1.0004  0.5000  0.4998 .. . : —0.4893 0.4903 0.4015
RIT:BBH:0425  1.0004  0.5000  0.4998 —0.6755 0.1582 0.3997
RIT:BBH:0426  1.0005  0.5000  0.4998 0.6499 0.2309 0.4069
RIT:BBH:0427  1.0004  0.5000  0.4998 0.4752 0.5115 0.3921
RIT:BBH:0428  1.0004  0.5000  0.4998 0.1773 0.6738 0.3945
RIT:BBH:0433  1.0004  0.5000  0.4998 —0.1511 0.6762 0.4011
RIT:BBH:0439  1.0004  0.5000  0.4998 -0.2771 0.2960 0.6905
RIT:BBH:0440  1.0004  0.5000  0.4998 -0.3924 0.1020 0.6905
RIT:BBH:0441  1.0005  0.5000  0.4998 0.3716 0.1314 0.6970
RIT:BBH:0443  1.0004  0.5000  0.4998 0.1899  —0.3567 0.6913
RIT:BBH:0444  1.0005  0.5000  0.4998 —-0.3480  -0.2128 0.6891
RIT:BBH:0445  1.0004  0.5000  0.4998 -0.0756 0.3986 0.6903
RIT:BBH:0448  1.0004  0.5000  0.4998 0.1180 0.3867 0.6911
RIT:BBH:0450  0.3335  0.2500  0.7497 —-0.7415  —0.1166 0.0035
RIT:BBH:0453  1.0004  0.5000  0.4998 e . : 0.2804 0.2987 0.6880
RIT:BBH:0479  0.7520  0.4292  0.5707 0.6818 0.1238 0.0048  —0.2341  —0.1147 0.6883
RIT:BBH:0490  0.8186  0.4500  0.5497 .. e 0.3721 0.1207 0.6985
RIT:BBH:0491  0.8186  0.4500  0.5497 0.2809 0.2936 0.6899
RIT:BBH:0493  0.8186 04500  0.5497 0.1191 0.3881 0.6901
RIT:BBH:0496  0.8186 04500  0.5497 -0.0720 0.3940 0.6932
RIT:BBH:0498  0.8186 04500  0.5497 —-0.2719 0.2902 0.6948
RIT:BBH:0500  0.8186  0.4500  0.5497 - . - —0.3887 0.1182 0.6899
RIT:BBH:0503  1.0000  0.5004  0.5004  —0.5216 0.5514 0.6054 05216  —0.5514 0.6054
RIT:BBH:0504  1.0000  0.5003  0.5003 0.5222 0.5407 0.6145  —0.5222  —0.5407 0.6145
RIT:BBH:0505  0.8186 04500  0.5497 . . 0.6622 0.2016 0.4024
RIT:BBH:0506  0.8185 04500  0.5498 —0.4815 0.4900 0.4116
RIT:BBH:0507 03335 02500  0.7497 —0.7046  —0.2587 0.0076
RIT:BBH:0508  0.8186  0.4500  0.5497 0.4687 0.5113 0.4005
RIT:BBH:0510  0.8185  0.4500  0.5498 0.1800 0.6724 0.3956
RIT:BBH:0511  0.8185  0.4500  0.5498 —0.1470 0.6721 0.4093
RIT:BBH:0512  0.8185 04500  0.5497 —0.6694 0.1705 0.4052
RIT:BBH:0519  0.8186 04500  0.5497 0.7570 0.2607 0.0147
RIT:BBH:0520  0.8185 04500  0.5497 0.4728 05186  —0.3862
RIT:BBH:0521  0.8185  0.4500  0.5498 0.1774 0.6761  —0.3905
RIT:BBH:0522  0.8185  0.4500  0.5498 —0.1838 0.6708  —0.3963
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TABLE III. (Continued)

Run q" my/m ms/m X 2y X Xy Xay X5

RIT:BBH:0523  0.8185  0.4500  0.5498 —0.4942 0.4885  —0.3981
RIT:BBH:0524  0.8185  0.4500  0.5497 —0.6787 0.1510  —0.3975
RIT:BBH:0525  0.8186  0.4500  0.5497 0.6597 02344  —0.3885
RIT:BBH:0527  0.8186 04500  0.5497 0.5479 0.5839 0.0052
RIT:BBH:0540  0.8186  0.4500  0.5497 . 0.2824 03037  —0.6848
RIT:BBH:0541  0.8186  0.4500  0.5497 0.0918 0.4036  —0.6853
RIT:BBH:0542  0.8186  0.4500  0.5497 —0.0957 03853  —0.6952
RIT:BBH:0543  0.8186  0.4500  0.5497 -0.2778 02941  —0.6909
RIT:BBH:0544  0.8186 04500  0.5497 -0.3924 0.0947  —0.6914
RIT:BBH:0547  0.8186 04500  0.5497 0.3918 0.1274  —0.6865
RIT:BBH:0551  0.8185 04500  0.5498 -0.7793 0.1832 0.0071
RIT:BBH:0553  0.8185  0.4500  0.5498 —0.1853 0.7788 0.0096
RIT:BBH:0554  0.8185  0.4500  0.5498 0.1979 0.7756 0.0035
RIT:BBH:0560  0.8185  0.4500  0.5498 . e . -0.5615 0.5705 0.0065
RIT:BBH:0582 09180 04786  0.5214  -02843  —02275  —02115  —0.4642 0.0092 0.4505
RIT:BBH:0586  0.5003 03333  0.6663 . . : 0.4035 0.0644 0.6888
RIT:BBH:0587  0.5003 03333  0.6663 0.3190 0.2550 0.6890
RIT:BBH:0588  0.5002 03333  0.6663 0.1463 0.3790 0.6902
RIT:BBH:0589  0.5002 03333  0.6663 —0.0626 0.3976 0.6924
RIT:BBH:0590  0.5002 03333  0.6663 —0.2462 0.3067 0.6977
RIT:BBH:0591  0.5002 03333  0.6663 —0.3747 0.1443 0.6930
RIT:BBH:0592  0.5003  0.3333  0.6663 0.6792 0.1406 0.4005
RIT:BBH:0593  0.5002  0.3333  0.6663 0.5113 0.4681 0.4012
RIT:BBH:0594  0.5002 03333  0.6663 0.2351 0.6549 0.3966
RIT:BBH:0595  0.5002  0.3333  0.6664 —-0.0914 0.6839 0.4066
RIT:BBH:0596  0.5002 03333  0.6663 —0.4253 0.5494 0.3984
RIT:BBH:0597  0.5002 03333  0.6663 —0.6496 0.2485 0.3971
RIT:BBH:0598  0.5002  0.3333  0.6663 0.3984 0.0949  —0.6883
RIT:BBH:0599  0.5002  0.3333  0.6663 0.3007 02822  —0.6866
RIT:BBH:0600  0.5002 03333  0.6663 0.1209 03936  —0.6870
RIT:BBH:0601  0.5002 03333  0.6663 -0.0622 03934  —0.6949
RIT:BBH:0602  0.5002 03333  0.6663 —-0.2518 03110  —0.6938
RIT:BBH:0603  0.5002  0.3333  0.6663 -0.3769 0.1456  —0.6916
RIT:BBH:0606  0.5003  0.3333  0.6663 0.7788 0.1865 0.0123
RIT:BBH:0607  0.5002  0.3333  0.6663 0.5819 0.5503 0.0093
RIT:BBH:0608  0.5002 03333  0.6663 0.2578 0.7582 0.0050
RIT:BBH:0609  0.5002  0.3333  0.6664 —0.1231 0.7913 0.0086
RIT:BBH:0610  0.5002  0.3333  0.6664 -0.5037 0.6226 0.0036
RIT:BBH:0611 05002  0.3333  0.6663 -0.7577 0.2594 0.0043
RIT:BBH:0618  0.5003 03333  0.6663 0.6822 0.1544  —0.3902
RIT:BBH:0619 05002  0.3333  0.6663 0.5134 0.4759  —0.3892
RIT:BBH:0620  0.5002 03333  0.6663 0.2084 0.6694  —0.3873
RIT:BBH:0621  0.5002  0.3333  0.6664 —0.1209 0.6830  —0.4004
RIT:BBH:0622  0.5002 03333  0.6663 —0.4486 0.5298  —0.3994
RIT:BBH:0623  0.5002 03333  0.6663 -0.6625 02053  —0.4005
RIT:BBH:0624  0.6670 04000  0.5997 -0.3627  —0.1818 0.6905
RIT:BBH:0625  0.6670  0.4000  0.5997 0.1818  —0.3474 0.6983
RIT:BBH:0626  0.6670  0.4000  0.5997 —0.6040  —0.3437 0.3979
RIT:BBH:0627  0.6670  0.4000  0.5997 03164  —0.6087 0.4131
RIT:BBH:0628  0.6670  0.4000  0.5997 —0.6940  —0.3998 0.0033
RIT:BBH:0629  0.6669  0.4000  0.5998 03667  —0.7117 0.0110
RIT:BBH:0631  0.5003 03333  0.6663 —0.6164  -03244  —0.3954
RIT:BBH:0632  0.5002  0.3333  0.6664 02973  —0.6308  —0.3939
RIT:BBH:0633  0.5002  0.3333  0.6663 -0.3552  —0.1891  —0.6925
RIT:BBH:0634  0.5002 03333  0.6663 0.1889  —0.3544  —0.6930
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TABLE III. (Continued)

Run q" my/m ms/m X 2y X Xy Xay X5
RIT:BBH:0635  0.5003 03333  0.6663 —-0.7186  —0.3537 0.0006
RIT:BBH:0636  0.5002  0.3333  0.6664 03535  —0.7186 0.0097
RIT:BBH:0638  0.5003  0.3333  0.6663 -0.6142  -0.3178 0.4041
RIT:BBH:0639  0.5002  0.3333  0.6663 02856  —0.6215 0.4167
RIT:BBH:0640  0.5003 03333  0.6663 —-0.3688  —0.1633 0.6920
RIT:BBH:0641  0.5002 03333  0.6663 0.1594  —0.3656 0.6946
RIT:BBH:0645  0.8186  0.4500  0.5497 03446  -02160  —0.6897
RIT:BBH:0646  0.8186  0.4500  0.5497 02083  —0.3382  —0.6952
RIT:BBH:0647  0.8186 04500  0.5497 —-0.5875  -03780  —0.3916
RIT:BBH:0648  0.8185 04500  0.5498 03526  —0.6022  —0.3924
RIT:BBH:0649  0.8186  0.4500  0.5497 —0.6812  —0.4208 0.0034
RIT:BBH:0650  0.8185  0.4500  0.5498 03942  —0.6965 0.0133
RIT:BBH:0651  0.8186  0.4500  0.5497 -0.5866  —0.3687 0.4016
RIT:BBH:0652  0.8185  0.4500  0.5498 03211  —0.6120 0.4041
RIT:BBH:0653  0.8186 04500  0.5497 03433 -0.2101 0.6921
RIT:BBH:0654  0.8186 04500  0.5497 0.1851  —0.3505 0.6956
RIT:BBH:0656 03335 02500  0.7496 0.3953 0.0596 0.6940
RIT:BBH:0661  1.0004  0.5000  0.4998 —-0.6553  —0.4602 0.0026
RIT:BBH:0662  1.0003  0.5000  0.4998 0.4083  —0.6885 0.0145
RIT:BBH:0663  1.0004  0.5000  0.4998 —-0.5709  -0.4043  —0.3897
RIT:BBH:0664  1.0004  0.5000  0.4998 03761  —0.5851  —0.3965
RIT:BBH:0665  1.0005  0.5000  0.4998 -0.3294  -02387  —0.6898
RIT:BBH:0666  1.0004  0.5000  0.4998 . e : 02124  —0.3459  —0.6902
RIT:BBH:0667  0.7140 04165 05833  -04382  —0.3826  —0.5502 . . .
RIT:BBH:0668  0.7141  0.4165  0.5833 03380  —0.4574  —0.5634 . . .
RIT:BBH:0669  1.0005  0.5000  0.4998 . .- . —-0.5749  —0.3885 0.3998
RIT:BBH:0670  1.0004  0.5000  0.4998 . . . 03448  —0.5947 0.4104
RIT:BBH:0671  0.7140 04165 05833  —0.5959  —0.5345 0.0147 e e e
RIT:BBH:0672 07141 04166  0.5833 0.4598  —0.6552 0.0034

RIT:BBH:0673  0.7140  0.4165 05833  -0.3107  —0.2579 0.6914

RIT:BBH:0674  0.7140  0.4165  0.5833 02236  —0.3134 0.7019

RIT:BBH:0675  0.7140  0.4165 05833  —0.5333  —0.4448 0.3986

RIT:BBH:0676  0.7141  0.4166  0.5833 03959  —0.5629 0.4089 . . .
RIT:BBH:0677  0.3335  0.2500  0.7496 . . . 03132 0.2507 0.6932
RIT:BBH:0682 02001  0.1667  0.8329 0.6937 0.0625  —0.3955
RIT:BBH:0683  0.2001  0.1667  0.8329 0.5697 0.4006  —0.3956
RIT:BBH:0684 02001  0.1667  0.8329 0.2926 0.6319  —0.3957
RIT:BBH:0685  0.2001  0.1667  0.8329 —0.4002 0.5674  —0.3993
RIT:BBH:0686 02001  0.1667  0.8329 . . o -0.6299 02911  —0.4000
RIT:BBH:0689  0.5998 03749  0.6250 0.3726 0.1713 0.6876 . . .
RIT:BBH:0692  0.3335  0.2500  0.7496 e e 0.4041 0.0625  —0.6887
RIT:BBH:0693 03335 02500  0.7496 0.3198 02546  —0.6887
RIT:BBH:0694 03335 02500  0.7496 0.1483 03809  —0.6888
RIT:BBH:0695 03335 02500  0.7496 -0.0623 0.4019  —0.6900
RIT:BBH:0696 03335 02500  0.7496 -0.2539 03141  —0.6916
RIT:BBH:0697  0.3335  0.2500  0.7496 -0.3718 0.1426  —0.6949
RIT:BBH:0698  0.3335  0.2500  0.7496 0.6866 0.1249  —0.3929
RIT:BBH:0699 03335 02500  0.7496 0.5335 0.4521  —0.3905
RIT:BBH:0700 03335 02500  0.7496 0.2646 0.6450  —0.3941
RIT:BBH:0701 03335 02500  0.7496 —0.0941 0.6897  —0.3961
RIT:BBH:0702  0.3335  0.2500  0.7496 —0.4248 0.5482  —0.4005
RIT:BBH:0703  0.3335  0.2500  0.7496 —0.6427 02632  —0.3988
RIT:BBH:0704  0.3335  0.2500  0.7496 0.1729 0.3624 0.6929
RIT:BBH:0707 02001  0.1667  0.8329 0.7985 0.0628  —0.0012
RIT:BBH:0708  0.2001  0.1667  0.8329 0.6421 0.4788 0.0061

104018-28

(Table continued)



THIRD RIT BINARY BLACK HOLE SIMULATIONS CATALOG

PHYS. REV. D 102, 104018 (2020)

TABLE III. (Continued)

r

r

r

Run q m;/m mg/m ){qx ){ly )(TZ )(Ex )(5\ X2z
RIT:BBH:0709 0.2001 0.1667 0.8329 0.3449 0.7229 0.0025
RIT:BBH:0710 0.2001 0.1667 0.8329 —0.0626 0.7985 0.0037
RIT:BBH:0711 0.2001 0.1667 0.8329 —0.4533 0.6603 0.0043
RIT:BBH:0712 0.2001 0.1667 0.8329 e e . —0.7229 0.3448 e
RIT:BBH:0713 0.5998 0.3749 0.6250 0.2533 0.3268 0.6856 e X
RIT:BBH:0715 0.3335 0.2500 0.7496 e e -0.0311 0.3959 0.6955
RIT:BBH:0716 0.3335 0.2500 0.7496 -0.2269 0.3302 0.6935
RIT:BBH:0717 0.3335 0.2500 0.7496 —0.3785 —0.1340 0.6930
RIT:BBH:0718 0.3335 0.2500 0.7496 0.1346 —0.3818 0.6910
RIT:BBH:0719 0.3335 0.2500 0.7496 0.5501 0.4258 0.3969
RIT:BBH:0720 0.3335 0.2500 0.7496 —0.6406 —0.2680 0.3991
RIT:BBH:0721 0.3335 0.2500 0.7496 0.2390 —0.6520 0.3989
RIT:BBH:0722 0.3335 0.2500 0.7496 —0.7321 —0.3247 0.0037
RIT:BBH:0723 0.3335 0.2500 0.7496 0.2960 —0.7441 0.0080
RIT:BBH:0724 0.3335 0.2500 0.7496 —0.6283 -0.2971 —0.3980
RIT:BBH:0725 0.3335 0.2500 0.7496 0.2692 —0.6427 —0.3948
RIT:BBH:0726 0.3335 0.2500 0.7496 —0.3682 —0.1633 —0.6922
RIT:BBH:0727 0.3335 0.2500 0.7496 0.1617 —0.3680 —0.6927
RIT:BBH:0728 0.2001 0.1667 0.8329 0.6916 0.0616 0.3993
RIT:BBH:0729 0.2001 0.1667 0.8329 0.5676 0.3999 0.3994
RIT:BBH:0730 0.2001 0.1667 0.8329 0.2920 0.6301 0.3990
RIT:BBH:0731 0.2001 0.1667 0.8329 —-0.3740 0.5849 0.3995
RIT:BBH:0732 0.2001 0.1667 0.8329 -0.6167 0.3198 0.3987
RIT:BBH:0733 0.3335 0.2500 0.7496 —0.3641 0.1740 0.6918
RIT:BBH:0734 0.3335 0.2500 0.7496 0.2634 0.6433 0.3978
RIT:BBH:0735 0.2001 0.1667 0.8329 -0.0314 0.6925 0.4012
RIT:BBH:0746 0.3335 0.2500 0.7496 0.6892 0.0928 0.3972
RIT:BBH:0749 0.3335 0.2500 0.7496 e e X —-0.0616 0.6878 0.4056
RIT:BBH:0750 0.4998 0.3332 0.6667 0.3543 0.1924 0.6919 e e x
RIT:BBH:0751 0.4998 0.3332 0.6667 0.2432 0.3352 0.6854

RIT:BBH:0752 0.4999 0.3332 0.6667 —0.1443 0.3662 0.6973

RIT:BBH:0754 0.4999 0.3332 0.6667 —0.3196 0.2256 0.6987

RIT:BBH:0755 0.4998 0.3332 0.6667 —-0.3911 0.0159 0.6986

RIT:BBH:0756 0.4999 0.3332 0.6667 0.0624 0.3945 0.6940 e e B
RIT:BBH:0758 0.2001 0.1667 0.8329 e e e 0.4039 0.0311 0.6910
RIT:BBH:0759 0.2001 0.1667 0.8329 0.3347 0.2291 0.6907
RIT:BBH:0760 0.2001 0.1667 0.8329 0.1744 0.3647 0.6915
RIT:BBH:0761 0.2001 0.1667 0.8329 —0.0313 0.4028 0.6916
RIT:BBH:0762 0.2001 0.1667 0.8329 —0.2002 0.3468 0.6937
RIT:BBH:0763 0.2001 0.1667 0.8329 e e e —0.3468 0.2002 0.6937
RIT:BBH:0768 0.5998 0.3749 0.6250 0.0615 0.4006 0.6904 e e X
RIT:BBH:0770 0.3335 0.2500 0.7496 e e e —0.6386 0.2631 0.4056
RIT:BBH:0771 0.3335 0.2500 0.7496 —0.4001 0.5674 0.3992
RIT:BBH:0772 0.2001 0.1667 0.8329 e e e —0.0626 0.6934 —0.3960
RIT:BBH:0774 0.5998 0.3749 0.6250 —0.1386 0.3614 0.7007 e e -
RIT:BBH:0779 0.3335 0.2500 0.7496 e e . —0.7358 0.3162 e
RIT:BBH:0780 0.3335 0.2500 0.7496 -0.4781 0.6425 0.0042
RIT:BBH:0789 0.3335 0.2500 0.7496 0.2875 0.7475 0.0056
RIT:BBH:0790 0.3335 0.2500 0.7496 —0.0938 0.7953 0.0049
RIT:BBH:0794 0.3335 0.2500 0.7496 0.7912 0.1245 0.0049
RIT:BBH:0795 0.3335 0.2500 0.7496 0.6228 0.5035 0.0050
RIT:BBH:0797 0.2001 0.1667 0.8329 0.4044 0.0311 —0.6907
RIT:BBH:0798 0.2001 0.1667 0.8329 0.3337 0.2287 —0.6913
RIT:BBH:0799 0.2001 0.1667 0.8329 0.1738 0.3638 —0.6921
RIT:BBH:0800 0.2001 0.1667 0.8329 —0.0314 0.3991 —0.6937
RIT:BBH:0801 0.2001 0.1667 0.8329 —0.2254 0.3280 —0.6951
RIT:BBH:0802 0.2001 0.1667 0.8329 —0.3618 0.1726 —0.6934
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FIG. 10. Panels showing different combinations of the seven binary parameters of the precessing parameter space
(g, 1x11, 61, @1, [x2l. 02, @) for the 300 precessing simulations (black first release, red second release, blue third release) in this catalog.
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TABLE IV. Table of the initial orbital frequency m;, number
of orbits to merger N, and the initial and final eccentricities, e;

and ey, for the spinning cases.

Run mo; N e; er

RIT:BBH:0275 0.0192 18.0 0.0038 0.0037
RIT:BBH:0282 0.0280 14.6 0.0066 0.0076
RIT:BBH:0310 0.0236 10.4 0.0029 0.0016
RIT:BBH:0313 0.0236 10.5 0.0040 0.0014
RIT:BBH:0315 0.0236 10.5 0.0069 0.0016
RIT:BBH:0320 0.0236 10.5 0.0070 0.0014
RIT:BBH:0323 0.0340 7.0 0.0075 0.0027
RIT:BBH:0325 0.0236 10.6 0.0033 0.0015
RIT:BBH:0327 0.0236 10.5 0.0070 0.0015
RIT:BBH:0328 0.0236 9.9 0.0034 0.0026
RIT:BBH:0329 0.0237 9.9 0.0068 0.0025
RIT:BBH:0330 0.0236 10.0 0.0040 0.0018
RIT:BBH:0331 0.0339 7.1 0.0075 0.0018
RIT:BBH:0332 0.0237 9.9 0.0070 0.0019
RIT:BBH:0333 0.0239 8.2 0.0063 0.0018
RIT:BBH:0334 0.0239 8.5 0.0064 0.0018
RIT:BBH:0335 0.0239 8.4 0.0066 0.0021
RIT:BBH:0340 0.0218 12.8 0.0059 0.0030
RIT:BBH:0341 0.0236 10.1 0.0068 0.0019
RIT:BBH:0342 0.0239 8.4 0.0067 0.0030
RIT:BBH:0343 0.0237 9.2 0.0065 0.0019
RIT:BBH:0346 0.0238 9.2 0.0066 0.0023
RIT:BBH:0347 0.0236 10.0 0.0069 0.0014
RIT:BBH:0349 0.0238 9.2 0.0068 0.0024
RIT:BBH:0351 0.0211 9.5 0.0066 0.0014
RIT:BBH:0353 0.0211 9.7 0.0066 0.0014
RIT:BBH:0354 0.0211 9.7 0.0067 0.0016
RIT:BBH:0355 0.0239 8.4 0.0065 0.0023
RIT:BBH:0356 0.0211 9.7 0.0066 0.0015
RIT:BBH:0357 0.0214 94 0.0061 0.0014
RIT:BBH:0358 0.0213 10.1 0.0064 0.0012
RIT:BBH:0359 0.0211 9.7 0.0066 0.0021
RIT:BBH:0360 0.0239 8.4 0.0064 0.0020
RIT:BBH:0361 0.0211 9.7 0.0066 0.0015
RIT:BBH:0362 0.0211 10.5 0.0066 0.0010
RIT:BBH:0363 0.0336 7.0 0.0103 0.0038
RIT:BBH:0364 0.0211 10.2 0.0066 0.0009
RIT:BBH:0365 0.0217 17.5 0.0034 0.0008
RIT:BBH:0366 0.0202 10.4 0.0063 0.0012
RIT:BBH:0367 0.0210 10.4 0.0079 0.0014
RIT:BBH:0368 0.0210 10.4 0.0066 0.0012
RIT:BBH:0369 0.0211 10.4 0.0068 0.0016
RIT:BBH:0370 0.0232 7.0 0.0066 0.0021
RIT:BBH:0371 0.0219 14.4 0.0064 0.0013
RIT:BBH:0372 0.0211 10.4 0.0067 0.0013
RIT:BBH:0373 0.0281 19.0 0.0007 0.0006
RIT:BBH:0374 0.0208 13.5 0.0062 0.0012
RIT:BBH:0375 0.0237 94 0.0070 0.0018
RIT:BBH:0376 0.0210 11.2 0.0067 0.0019
RIT:BBH:0377 0.0210 11.2 0.0067 0.0008
RIT:BBH:0378 0.0237 9.3 0.0068 0.0014
RIT:BBH:0379 0.0237 9.3 0.0065 0.0015
RIT:BBH:0380 0.0209 13.2 0.0063 0.0011
RIT:BBH:0381 0.0210 11.2 0.0068 0.0018
RIT:BBH:0382 0.0210 11.4 0.0068 0.0016

TABLE IV. (Continued)

Run mw; N e; er

RIT:BBH:0383 0.0209 114 0.0068 0.0010
RIT:BBH:0384 0.0198 12.9 0.0068 0.0012
RIT:BBH:0385 0.0197 14.8 0.0073 0.0010
RIT:BBH:0386 0.0221 124 0.0063 0.0011
RIT:BBH:0387 0.0226 9.5 0.0062 0.0014
RIT:BBH:0388 0.0227 8.6 0.0066 0.0018
RIT:BBH:0389 0.0209 11.3 0.0067 0.0019
RIT:BBH:0390 0.0204 9.1 0.0065 0.0016
RIT:BBH:0391 0.0230 8.2 0.0065 0.0018
RIT:BBH:0392 0.0213 10.1 0.0062 0.0015
RIT:BBH:0393 0.0335 7.0 0.0104 0.0041
RIT:BBH:0394 0.0345 7.0 0.0047 0.0041
RIT:BBH:0395 0.0227 9.1 0.0070 0.0016
RIT:BBH:0396 0.0208 14.1 0.0061 0.0010
RIT:BBH:0397 0.0213 9.8 0.0066 0.0018
RIT:BBH:0398 0.0207 15.1 0.0062 0.0011
RIT:BBH:0399 0.0223 11.4 0.0064 0.0013
RIT:BBH:0400 0.0209 13.1 0.0069 0.0012
RIT:BBH:0401 0.0219 139 0.0064 0.0014
RIT:BBH:0402 0.0207 15.2 0.0061 0.0010
RIT:BBH:0403 0.0202 10.5 0.0063 0.0013
RIT:BBH:0404 0.0222 12.2 0.0063 0.0011
RIT:BBH:0405 0.0231 7.4 0.0066 0.0019
RIT:BBH:0406 0.0228 8.1 0.0066 0.0015
RIT:BBH:0407 0.0223 11.1 0.0070 0.0011
RIT:BBH:0408 0.0200 12.0 0.0061 0.0011
RIT:BBH:0409 0.0227 8.9 0.0069 0.0018
RIT:BBH:0410 0.0341 7.0 0.0074 0.0033
RIT:BBH:0411 0.0221 12.7 0.0068 0.0014
RIT:BBH:0412 0.0221 12.7 0.0063 0.0014
RIT:BBH:0413 0.0206 16.1 0.0040 0.0009
RIT:BBH:0414 0.0225 9.8 0.0068 0.0011
RIT:BBH:0415 0.0223 11.2 0.0066 0.0013
RIT:BBH:0416 0.0248 144 0.0020 0.0006
RIT:BBH:0417 0.0199 12.6 0.0037 0.0009
RIT:BBH:0418 0.0197 14.5 0.0041 0.0011
RIT:BBH:0419 0.0345 7.0 0.0097 0.0033
RIT:BBH:0420 0.0195 16.1 0.0043 0.0009
RIT:BBH:0421 0.0211 11.6 0.0064 0.0010
RIT:BBH:0422 0.0210 11.6 0.0066 0.0009
RIT:BBH:0423 0.0199 12.8 0.0037 0.0008
RIT:BBH:0424 0.0209 12.2 0.0065 0.0010
RIT:BBH:0425 0.0209 12.3 0.0068 0.0011
RIT:BBH:0426 0.0209 12.2 0.0068 0.0014
RIT:BBH:0427 0.0209 12.2 0.0068 0.0012
RIT:BBH:0428 0.0209 12.2 0.0068 0.0012
RIT:BBH:0430 0.0208 13.5 0.0064 0.0008
RIT:BBH:0431 0.0196 16.0 0.0054 0.0006
RIT:BBH:0432 0.0202 10.6 0.0064 0.0013
RIT:BBH:0433 0.0209 12.2 0.0068 0.0012
RIT:BBH:0434 0.0196 15.7 0.0053 0.0006
RIT:BBH:0435 0.0194 19.5 0.0060 0.0007
RIT:BBH:0436 0.0200 11.9 0.0050 0.0008
RIT:BBH:0437 0.0204 9.5 0.0063 0.0014
RIT:BBH:0438 0.0194 18.7 0.0050 0.0009
RIT:BBH:0439 0.0209 12.9 0.0068 0.0013
RIT:BBH:0440 0.0209 12.9 0.0068 0.0014
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RIT:BBH:0441 0.0209 12.9 0.0068 0.0014 RIT:BBH:0498 0.0221 12.0 0.0065 0.0009
RIT:BBH:0442 0.0309 6.6 0.0039 0.0026 RIT:BBH:0499 0.0276 72 0.0157 0.0016
RIT:BBH:0443 0.0209 13.1 0.0065 0.0013 RIT:BBH:0500 0.0222 12.0 0.0065 0.0010
RIT:BBH:0444 0.0209 13.1 0.0068 0.0014 RIT:BBH:0501 0.0215 9.5 0.0061 0.0017
RIT:BBH:0445 0.0209 13.0 0.0068 0.0012 RIT:BBH:0502 0.0210 12.1 0.0069 0.0013
RIT:BBH:0446 0.0198 14.4 0.0055 0.0008 RIT:BBH:0503 0.0345 7.0 0.0095 0.0015
RIT:BBH:0447 0.0200 11.9 0.0066 0.0011 RIT:BBH:0504 0.0336 7.0 0.0099 0.0039
RIT:BBH:0448 0.0209 13.0 0.0067 0.0012 RIT:BBH:0505 0.0223 11.2 0.0062 0.0010
RIT:BBH:0449 0.0195 17.4 0.0048 0.0010 RIT:BBH:0506 0.0222 11.3 0.0065 0.0010
RIT:BBH:0450 0.0228 11.9 0.0057 0.0029 RIT:BBH:0507 0.0219 12.8 0.0057 0.0022
RIT:BBH:0451 0.0199 12.7 0.0067 0.0012 RIT:BBH:0508 0.0222 11.3 0.0065 0.0009
RIT:BBH:0452 0.0197 14.4 0.0058 0.0006 RIT:BBH:0509 0.0206 8.4 0.0060 0.0016
RIT:BBH:0453 0.0209 13.0 0.0065 0.0013 RIT:BBH:0510 0.0223 11.2 0.0065 0.0010
RIT:BBH:0454 0.0199 12.7 0.0065 0.0010 RIT:BBH:0511 0.0223 11.3 0.0066 0.0014
RIT:BBH:0455 0.0216 8.9 0.0064 0.0018 RIT:BBH:0512 0.0222 11.3 0.0066 0.0011
RIT:BBH:0456 0.0196 15.7 0.0068 0.0010 RIT:BBH:0513 0.0219 14.6 0.0069 0.0013
RIT:BBH:0457 0.0197 15.0 0.0058 0.0008 RIT:BBH:0514 0.0194 18.5 0.0023 0.0010
RIT:BBH:0458 0.0211 11.3 0.0068 0.0012 RIT:BBH:0515 0.0223 11.6 0.0051 0.0009
RIT:BBH:0459 0.0209 13.6 0.0061 0.0011 RIT:BBH:0516 0.0232 7.9 0.0065 0.0018
RIT:BBH:0460 0.0197 14.4 0.0070 0.0010 RIT:BBH:0517 0.0219 15.2 0.0049 0.0008
RIT:BBH:0461 0.0202 10.4 0.0057 0.0015 RIT:BBH:0518 0.0227 9.5 0.0047 0.0015
RIT:BBH:0462 0.0195 17.4 0.0040 0.0009 RIT:BBH:0519 0.0223 10.1 0.0064 0.0013
RIT:BBH:0463 0.0219 74 0.0059 0.0018 RIT:BBH:0520 0.0223 9.3 0.0066 0.0018
RIT:BBH:0464 0.0217 8.4 0.0062 0.0015 RIT:BBH:0521 0.0224 9.3 0.0067 0.0016
RIT:BBH:0465 0.0203 9.4 0.0062 0.0018 RIT:BBH:0522 0.0224 9.3 0.0065 0.0024
RIT:BBH:0466 0.0202 10.2 0.0062 0.0012 RIT:BBH:0523 0.0223 93 0.0065 0.0023
RIT:BBH:0467 0.0271 39.9 0.0018 0.0005 RIT:BBH:0524 0.0223 93 0.0067 0.0015
RIT:BBH:0468 0.0251 4.1 0.0188 0.0033 RIT:BBH:0525 0.0224 9.1 0.0062 0.0016
RIT:BBH:0469 0.0203 9.8 0.0057 0.0014 RIT:BBH:0526 0.0224 114 0.0050 0.0015
RIT:BBH:0470 0.0217 8.2 0.0062 0.0019 RIT:BBH:0527 0.0223 10.1 0.0063 0.0015
RIT:BBH:0471 0.0211 11.2 0.0068 0.0015 RIT:BBH:0528 0.0272 4.7 0.0188 0.0056
RIT:BBH:0472 0.0219 14.3 0.0069 0.0013 RIT:BBH:0529 0.0215 8.9 0.0064 0.0018
RIT:BBH:0473 0.0315 7.5 0.0066 0.0029 RIT:BBH:0530 0.0221 12.2 0.0066 0.0010
RIT:BBH:0474 0.0215 9.0 0.0062 0.0014 RIT:BBH:0531 0.0208 13.6 0.0068 0.0012
RIT:BBH:0475 0.0211 11.9 0.0060 0.0011 RIT:BBH:0532 0.0218 17.0 0.0047 0.0004
RIT:BBH:0476 0.0213 9.9 0.0066 0.0014 RIT:BBH:0533 0.0220 14.8 0.0057 0.0012
RIT:BBH:0477 0.0194 18.4 0.0040 0.0008 RIT:BBH:0534 0.0212 10.9 0.0068 0.0014
RIT:BBH:0478 0.0213 10.1 0.0065 0.0011 RIT:BBH:0535 0.0215 20.9 0.0031 0.0007
RIT:BBH:0479 0.0433 4.6 0.0073 0.0029 RIT:BBH:0536 0.0215 9.2 0.0066 0.0015
RIT:BBH:0480 0.0206 15.6 0.0062 0.0010 RIT:BBH:0537 0.0220 134 0.0065 0.0011
RIT:BBH:0481 0.0207 15.2 0.0065 0.0011 RIT:BBH:0538 0.0229 8.2 0.0044 0.0011
RIT:BBH:0482 0.0206 16.5 0.0065 0.0010 RIT:BBH:0539 0.0209 12.8 0.0066 0.0009
RIT:BBH:0483 0.0212 10.8 0.0066 0.0012 RIT:BBH:0540 0.0225 8.5 0.0065 0.0017
RIT:BBH:0484 0.0193 17.3 0.0034 0.0006 RIT:BBH:0541 0.0225 8.5 0.0066 0.0021
RIT:BBH:0485 0.0210 12.5 0.0064 0.0009 RIT:BBH:0542 0.0225 8.5 0.0067 0.0019
RIT:BBH:0486 0.0207 14.5 0.0062 0.0010 RIT:BBH:0543 0.0225 8.5 0.0066 0.0020
RIT:BBH:0487 0.0208 135 0.0063 0.0011 RIT:BBH:0544 0.0225 8.5 0.0065 0.0020
RIT:BBH:0488 0.0209 132 0.0059 0.0010 RIT:BBH:0545 0.0272 43 0.0178 0.0033
RIT:BBH:0489 0.0208 14.4 0.0067 0.0011 RIT:BBH:0546 0.0219 16.2 0.0050 0.0005
RIT:BBH:0490 0.0222 12.0 0.0065 0.0010 RIT:BBH:0547 0.0225 8.3 0.0067 0.0018
RIT:BBH:0491 0.0222 12.0 0.0066 0.0010 RIT:BBH:0548 0.0220 7.4 0.0063 0.0020
RIT:BBH:0492 0.0181 18.0 0.0060 0.0007 RIT:BBH:0549 0.0216 19.9 0.0044 0.0007
RIT:BBH:0493 0.0222 12.1 0.0065 0.0010 RIT:BBH:0550 0.0223 12.9 0.0045 0.0013
RIT:BBH:0494 0.0196 17.3 0.0060 0.0005 RIT:BBH:0551 0.0223 10.2 0.0064 0.0016
RIT:BBH:0495 0.0286 14.8 0.0018 0.0011 RIT:BBH:0552 0.0213 9.7 0.0070 0.0011
RIT:BBH:0496 0.0221 12.1 0.0065 0.0009 RIT:BBH:0553 0.0222 10.3 0.0067 0.0015
RIT:BBH:0497 0.0212 11.0 0.0061 0.0009 RIT:BBH:0554 0.0224 10.4 0.0066 0.0019
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RIT:BBH:0555 0.0211 11.7 0.0068 0.0012 RIT:BBH:0612 0.0227 9.1 0.0062 0.0013
RIT:BBH:0556 0.0299 3.9 0.0164 0.0049 RIT:BBH:0613 0.0215 20.9 0.0033 0.0007
RIT:BBH:0557 0.0211 11.5 0.0065 0.0009 RIT:BBH:0614 0.0202 11.9 0.0039 0.0008
RIT:BBH:0558 0.0206 15.6 0.0068 0.0011 RIT:BBH:0615 0.0284 5.6 0.0089 0.0038
RIT:BBH:0559 0.0208 133 0.0068 0.0013 RIT:BBH:0616 0.0272 8.6 0.0068 0.0015
RIT:BBH:0560 0.0223 10.3 0.0064 0.0014 RIT:BBH:0617 0.0333 7.0 0.0078 0.0029
RIT:BBH:0561 0.0308 5.1 0.0070 0.0041 RIT:BBH:0618 0.0227 9.2 0.0061 0.0012
RIT:BBH:0562 0.0222 12.8 0.0051 0.0009 RIT:BBH:0619 0.0227 9.4 0.0060 0.0014
RIT:BBH:0563 0.0212 11.0 0.0066 0.0011 RIT:BBH:0620 0.0226 9.5 0.0060 0.0019
RIT:BBH:0564 0.0203 9.0 0.0076 0.0021 RIT:BBH:0621 0.0225 9.5 0.0062 0.0011
RIT:BBH:0565 0.0231 72 0.0065 0.0026 RIT:BBH:0622 0.0225 9.5 0.0063 0.0019
RIT:BBH:0566 0.0279 6.7 0.0075 0.0020 RIT:BBH:0623 0.0226 9.4 0.0063 0.0012
RIT:BBH:0567 0.0193 21.8 0.0036 0.0007 RIT:BBH:0624 0.0246 10.8 0.0065 0.0015
RIT:BBH:0568 0.0229 8.1 0.0065 0.0016 RIT:BBH:0625 0.0246 10.8 0.0065 0.0013
RIT:BBH:0569 0.0250 11.6 0.0058 0.0012 RIT:BBH:0626 0.0240 10.4 0.0065 0.0018
RIT:BBH:0570 0.0228 9.0 0.0045 0.0012 RIT:BBH:0627 0.0239 10.5 0.0065 0.0016
RIT:BBH:0571 0.0277 7.0 0.0075 0.0026 RIT:BBH:0628 0.0232 9.9 0.0064 0.0011
RIT:BBH:0572 0.0199 12.9 0.0056 0.0008 RIT:BBH:0629 0.0230 9.8 0.0061 0.0017
RIT:BBH:0573 0.0291 8.3 0.0077 0.0018 RIT:BBH:0630 0.0283 6.9 0.0083 0.0026
RIT:BBH:0574 0.0229 8.5 0.0044 0.0014 RIT:BBH:0631 0.0227 9.4 0.0061 0.0011
RIT:BBH:0575 0.0198 13.6 0.0032 0.0008 RIT:BBH:0632 0.0225 9.4 0.0062 0.0021
RIT:BBH:0576 0.0195 18.1 0.0032 0.0007 RIT:BBH:0633 0.0228 8.2 0.0061 0.0016
RIT:BBH:0577 0.0274 7.7 0.0072 0.0017 RIT:BBH:0634 0.0227 83 0.0062 0.0014
RIT:BBH:0578 0.0217 19.3 0.0023 0.0005 RIT:BBH:0635 0.0226 10.9 0.0062 0.0015
RIT:BBH:0579 0.0193 21.0 0.0036 0.0007 RIT:BBH:0636 0.0223 10.9 0.0061 0.0013
RIT:BBH:0580 0.0215 21.5 0.0027 0.0008 RIT:BBH:0637 0.0227 9.7 0.0038 0.0015
RIT:BBH:0581 0.0273 8.1 0.0070 0.0021 RIT:BBH:0638 0.0224 12.5 0.0062 0.0012
RIT:BBH:0582 0.0313 6.7 0.0072 0.0031 RIT:BBH:0639 0.0223 12.6 0.0060 0.0014
RIT:BBH:0583 0.0223 11.1 0.0071 0.0011 RIT:BBH:0640 0.0223 13.7 0.0061 0.0011
RIT:BBH:0584 0.0230 7.7 0.0063 0.0018 RIT:BBH:0641 0.0223 13.7 0.0059 0.0012
RIT:BBH:0585 0.0203 10.2 0.0051 0.0010 RIT:BBH:0642 0.0285 10.6 0.0073 0.0017
RIT:BBH:0586 0.0223 13.6 0.0061 0.0011 RIT:BBH:0643 0.0261 59 0.0091 0.0022
RIT:BBH:0587 0.0223 13.6 0.0060 0.0011 RIT:BBH:0644 0.0283 5.7 0.0088 0.0033
RIT:BBH:0588 0.0223 13.6 0.0058 0.0011 RIT:BBH:0645 0.0225 8.5 0.0067 0.0017
RIT:BBH:0589 0.0223 13.6 0.0058 0.0012 RIT:BBH:0646 0.0225 8.4 0.0068 0.0020
RIT:BBH:0590 0.0223 13.6 0.0059 0.0012 RIT:BBH:0647 0.0224 9.3 0.0063 0.0013
RIT:BBH:0591 0.0223 13.6 0.0060 0.0011 RIT:BBH:0648 0.0224 9.1 0.0064 0.0017
RIT:BBH:0592 0.0224 12.3 0.0063 0.0013 RIT:BBH:0649 0.0224 10.2 0.0063 0.0019
RIT:BBH:0593 0.0224 12.4 0.0059 0.0010 RIT:BBH:0650 0.0223 10.2 0.0066 0.0017
RIT:BBH:0594 0.0224 12.5 0.0056 0.0008 RIT:BBH:0651 0.0223 114 0.0065 0.0011
RIT:BBH:0595 0.0223 12.5 0.0057 0.0011 RIT:BBH:0652 0.0222 114 0.0067 0.0013
RIT:BBH:0596 0.0223 12.5 0.0059 0.0012 RIT:BBH:0653 0.0222 12.2 0.0066 0.0011
RIT:BBH:0597 0.0223 12.4 0.0062 0.0013 RIT:BBH:0654 0.0221 12.2 0.0065 0.0009
RIT:BBH:0598 0.0228 8.2 0.0062 0.0024 RIT:BBH:0655 0.0283 5.7 0.0086 0.0029
RIT:BBH:0599 0.0228 8.4 0.0057 0.0016 RIT:BBH:0656 0.0222 16.4 0.0053 0.0008
RIT:BBH:0600 0.0228 8.4 0.0058 0.0011 RIT:BBH:0657 0.0325 7.3 0.0074 0.0021
RIT:BBH:0601 0.0227 8.4 0.0058 0.0013 RIT:BBH:0658 0.0261 6.1 0.0091 0.0022
RIT:BBH:0602 0.0227 8.4 0.0058 0.0014 RIT:BBH:0659 0.0259 6.2 0.0094 0.0046
RIT:BBH:0603 0.0227 8.4 0.0061 0.0020 RIT:BBH:0660 0.0198 16.0 0.0044 0.0006
RIT:BBH:0604 0.0221 12.8 0.0069 0.0008 RIT:BBH:0661 0.0210 11.3 0.0067 0.0010
RIT:BBH:0605 0.0202 10.8 0.0052 0.0008 RIT:BBH:0662 0.0209 11.3 0.0067 0.0012
RIT:BBH:0606 0.0225 10.7 0.0063 0.0016 RIT:BBH:0663 0.0211 10.4 0.0066 0.0009
RIT:BBH:0607 0.0226 10.8 0.0060 0.0018 RIT:BBH:0664 0.0210 10.3 0.0067 0.0018
RIT:BBH:0608 0.0225 11.2 0.0059 0.0019 RIT:BBH:0665 0.0211 9.7 0.0066 0.0014
RIT:BBH:0609 0.0224 11.1 0.0060 0.0018 RIT:BBH:0666 0.0211 9.6 0.0066 0.0013
RIT:BBH:0610 0.0223 11.0 0.0062 0.0012 RIT:BBH:0667 0.0239 8.4 0.0065 0.0013
RIT:BBH:0611 0.0224 10.9 0.0064 0.0014 RIT:BBH:0668 0.0239 8.2 0.0066 0.0017
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RIT:BBH:0669 0.0209 12.3 0.0068 0.0012 RIT:BBH:0727 0.0226 8.8 0.0053 0.0022
RIT:BBH:0670 0.0209 124 0.0065 0.0011 RIT:BBH:0728 0.0221 18.8 0.0052 0.0034
RIT:BBH:0671 0.0238 9.3 0.0066 0.0013 RIT:BBH:0729 0.0221 18.9 0.0042 0.0028
RIT:BBH:0672 0.0237 9.2 0.0069 0.0016 RIT:BBH:0730 0.0221 19.2 0.0030 0.0036
RIT:BBH:0673 0.0236 10.6 0.0069 0.0016 RIT:BBH:0731 0.0219 19.1 0.0044 0.0033
RIT:BBH:0674 0.0236 10.6 0.0070 0.0014 RIT:BBH:0732 0.0220 18.9 0.0052 0.0032
RIT:BBH:0675 0.0237 10.0 0.0067 0.0008 RIT:BBH:0733 0.0222 16.2 0.0052 0.0010
RIT:BBH:0676 0.0236 10.1 0.0070 0.0016 RIT:BBH:0734 0.0223 14.6 0.0046 0.0016
RIT:BBH:0677 0.0222 16.1 0.0051 0.0009 RIT:BBH:0735 0.0220 19.3 0.0033 0.0035
RIT:BBH:0678 0.0223 11.9 0.0051 0.0012 RIT:BBH:0736 0.0201 12.4 0.0039 0.0013
RIT:BBH:0679 0.0289 8.8 0.0064 0.0015 RIT:BBH:0746 0.0223 14.6 0.0057 0.0017
RIT:BBH:0681 0.0261 5.7 0.0091 0.0021 RIT:BBH:0747 0.0271 9.2 0.0076 0.0017
RIT:BBH:0682 0.0224 12.2 0.0045 0.0050 RIT:BBH:0749 0.0222 14.7 0.0047 0.0018
RIT:BBH:0683 0.0224 12.4 0.0041 0.0051 RIT:BBH:0750 0.0224 11.7 0.0067 0.0015
RIT:BBH:0684 0.0223 12.6 0.0037 0.0042 RIT:BBH:0751 0.0225 11.7 0.0068 0.0015
RIT:BBH:0685 0.0222 12.6 0.0046 0.0044 RIT:BBH:0752 0.0225 11.7 0.0066 0.0017
RIT:BBH:0686 0.0223 12.4 0.0048 0.0046 RIT:BBH:0753 0.0196 18.1 0.0052 0.0010
RIT:BBH:0687 0.0284 10.8 0.0072 0.0016 RIT:BBH:0754 0.0225 11.7 0.0066 0.0017
RIT:BBH:0688 0.0257 5.9 0.0098 0.0050 RIT:BBH:0755 0.0224 11.9 0.0067 0.0015
RIT:BBH:0689 0.0236 10.5 0.0068 0.0015 RIT:BBH:0756 0.0225 11.7 0.0068 0.0016
RIT:BBH:0690 0.0191 29.3 0.0031 0.0005 RIT:BBH:0758 0.0220 21.8 0.0044 0.0013
RIT:BBH:0691 0.0220 22.7 0.0030 0.0008 RIT:BBH:0759 0.0220 21.6 0.0040 0.0016
RIT:BBH:0692 0.0227 8.7 0.0054 0.0019 RIT:BBH:0760 0.0220 21.7 0.0036 0.0010
RIT:BBH:0693 0.0227 8.9 0.0054 0.0011 RIT:BBH:0761 0.0220 21.8 0.0032 0.0016
RIT:BBH:0694 0.0227 8.9 0.0053 0.0010 RIT:BBH:0762 0.0219 21.7 0.0039 0.0012
RIT:BBH:0695 0.0226 8.9 0.0054 0.0015 RIT:BBH:0763 0.0220 21.6 0.0043 0.0013
RIT:BBH:0696 0.0226 8.9 0.0055 0.0019 RIT:BBH:0764 0.0227 16.1 0.0024 0.0015
RIT:BBH:0697 0.0227 8.9 0.0055 0.0020 RIT:BBH:0766 0.0269 94 0.0072 0.0011
RIT:BBH:0698 0.0226 10.1 0.0055 0.0024 RIT:BBH:0767 0.0283 11.8 0.0066 0.0014
RIT:BBH:0699 0.0226 10.3 0.0053 0.0017 RIT:BBH:0768 0.0236 10.5 0.0069 0.0012
RIT:BBH:0700 0.0225 10.4 0.0050 0.0023 RIT:BBH:0769 0.0271 8.8 0.0074 0.0015
RIT:BBH:0701 0.0224 10.5 0.0052 0.0023 RIT:BBH:0770 0.0222 14.5 0.0058 0.0017
RIT:BBH:0702 0.0224 10.4 0.0055 0.0025 RIT:BBH:0771 0.0221 14.6 0.0053 0.0018
RIT:BBH:0703 0.0225 10.3 0.0058 0.0028 RIT:BBH:0772 0.0222 12.7 0.0039 0.0063
RIT:BBH:0704 0.0222 16.2 0.0048 0.0009 RIT:BBH:0773 0.0197 16.5 0.0045 0.0005
RIT:BBH:0705 0.0217 18.0 0.0052 0.0006 RIT:BBH:0774 0.0236 10.5 0.0069 0.0011
RIT:BBH:0706 0.0281 6.4 0.0079 0.0020 RIT:BBH:0776 0.0272 8.8 0.0073 0.0021
RIT:BBH:0707 0.0222 15.3 0.0053 0.0039 RIT:BBH:0777 0.0268 9.9 0.0070 0.0010
RIT:BBH:0708 0.0223 15.7 0.0042 0.0042 RIT:BBH:0778 0.0199 16.1 0.0039 0.0011
RIT:BBH:0709 0.0222 15.8 0.0030 0.0043 RIT:BBH:0779 0.0223 12.3 0.0060 0.0023
RIT:BBH:0710 0.0220 16.0 0.0033 0.0046 RIT:BBH:0780 0.0222 12.5 0.0056 0.0033
RIT:BBH:0711 0.0220 15.9 0.0044 0.0044 RIT:BBH:0781 0.0226 10.3 0.0045 0.0006
RIT:BBH:0712 0.0221 15.6 0.0052 0.0040 RIT:BBH:0782 0.0272 8.8 0.0073 0.0018
RIT:BBH:0713 0.0236 10.5 0.0068 0.0014 RIT:BBH:0784 0.0223 11.9 0.0062 0.0013
RIT:BBH:0714 0.0219 16.3 0.0046 0.0007 RIT:BBH:0785 0.0219 14.9 0.0060 0.0010
RIT:BBH:0715 0.0222 16.2 0.0049 0.0011 RIT:BBH:0788 0.0267 10.3 0.0068 0.0014
RIT:BBH:0716 0.0221 16.2 0.0051 0.0010 RIT:BBH:0789 0.0224 12.5 0.0036 0.0029
RIT:BBH:0717 0.0222 16.3 0.0052 0.0009 RIT:BBH:0790 0.0222 12.6 0.0037 0.0027
RIT:BBH:0718 0.0221 16.3 0.0050 0.0010 RIT:BBH:0792 0.0386 13.0 0.0017 0.0009
RIT:BBH:0719 0.0223 14.4 0.0052 0.0017 RIT:BBH:0793 0.0201 12.6 0.0049 0.0013
RIT:BBH:0720 0.0223 14.5 0.0055 0.0018 RIT:BBH:0794 0.0224 12.1 0.0059 0.0024
RIT:BBH:0721 0.0221 14.8 0.0049 0.0018 RIT:BBH:0795 0.0225 12.5 0.0053 0.0025
RIT:BBH:0722 0.0225 12.3 0.0056 0.0025 RIT:BBH:0796 0.0285 10.4 0.0064 0.0014
RIT:BBH:0723 0.0222 12.5 0.0052 0.0029 RIT:BBH:0797 0.0226 10.1 0.0041 0.0021
RIT:BBH:0724 0.0226 10.1 0.0055 0.0030 RIT:BBH:0798 0.0226 10.3 0.0040 0.0021
RIT:BBH:0725 0.0224 10.3 0.0054 0.0030 RIT:BBH:0799 0.0225 10.3 0.0039 0.0020
RIT:BBH:0726 0.0227 8.7 0.0054 0.0024 RIT:BBH:0800 0.0225 10.4 0.0039 0.0021
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TABLE V. (Continued)

Run mw; N e; er Run SM™ P
RIT:BBH:0801 0.0225 10.4 0.0040 0.0018  RIT:BBH:0369 0.044721 & 0.000000 0.642352 + 0.000022
RIT:BBH:0802 0.0225 10.3 0.0041 0.0020  RIT:BBH:0370 0.031615 & 0.000002 0.400535 + 0.000008
RIT:BBH:0805 0.0198 15.7 0.0054 0.0008  RIT:BBH:0371 0.078912 & 0.000019 0.895118 + 0.000209
RIT:BBH:0372 0.044282 4 0.000001  0.643899 + 0.000023
RIT:BBH:0373 0.005174 + 0.000009  0.188442 + 0.000008
RIT:BBH:0374 0.054164 + 0.000000 0.782005 =+ 0.000005
, RIT:BBH:0375 0.046773 4+ 0.000000 0.681434 + 0.000001
TABLE V. The energy radiated, SM™ = My — Mie. and  RIT-BBH:0376 0.050937 + 0.000002 0.704897 - 0.000007
final spin, yftm, as measured using the TH formalism The error  RIT-BBH:0377 0.050309 + 0.000000 0.706334 + 0.000001
bars are due to variations in the measured mass and spin with RIT:BBH:0378 0.046242 + 0.000000 0.682750 4 0.000000
time. For aligned systems with final Spin antialigned to the initial RIT:BBH:0379 0.046277 + 0.000000 0.681889 + 0.000002
orbital angular momentum the minus sign is preserved. RIT:BBH:0380 0.053249 4+ 0.000001  0.783458 + 0.000011
Run S i RIT:BBH:0381 0.051040 + 0.000002  0.705475 -+ 0.000005
rem RIT:BBH:0382 0.050558 + 0.000001  0.707614 - 0.000004
RIT:BBH:0275 0.009755 4 0.000021  0.466308 + 0.000064  RIT:BBH:0383 0.049554 - 0.000001  0.710402 & 0.000004
RIT:BBH:0282 0.005172 4 0.000045 0.716323 +0.000227  RIT:BBH:0384 0.049609 + 0.000001 0.687883 4 0.000003
RIT:BBH:0310 0.053655 4 0.000000 0.738437 + 0.000001 RIT:BBH:0385 0.062676 4+ 0.000000 0.802730 + 0.000008
RIT:BBH:0313 0.053591 4 0.000000 0.738922 + 0.000000  RIT:BBH:0386 0.059790 + 0.000005 0.817937 =+ 0.000068
RIT:BBH:0315 0.053710 4 0.000000 0.738432 +0.000000  RIT:BBH:0387 0.042726 -+ 0.000002 0.651504 4 0.000005
RIT:BBH:0320 0.053412 & 0.000000 0.739440 + 0.000001 RIT:BBH:0388 0.036553 + 0.000000 0.498418 - 0.000020
RIT:BBH:0323 0.075869 & 0.000002 0.852506 & 0.000002  RIT:BBH:0389 0.049397 4+ 0.000002 0.709704 + 0.000006
RIT:BBH:0325 0.053473 4 0.000000 0.738955 + 0.000000  RIT:BBH:0390 0.035368 + 0.000001 0.480527 + 0.000014
RIT:BBH:0327 0.053347 4 0.000000 0.739469 + 0.000001 RIT:BBH:0391 0.035986 4 0.000000 0.526490 + 0.000025
RIT:BBH:0328 0.050319 4 0.000000 0.716657 + 0.000001 RIT:BBH:0392 0.037855 + 0.000001  0.587302 + 0.000024
RIT:BBH:0329 0.050818 4 0.000000 0.715311 +0.000003  RIT:BBH:0393 0.078994 + 0.000003  0.846074 + 0.000002
RIT:BBH:0330 0.050938 4 0.000000 0.715846 + 0.000001 RIT:BBH:0394 0.074703 + 0.000025 0.856458 + 0.000021
RIT:BBH:0331 0.074855 & 0.000087 0.861545 & 0.000090  RIT:BBH:0395 0.040747 & 0.000001 0.593679 + 0.000031
RIT:BBH:0332 0.051104 & 0.000000 0.714947 4 0.000002  RIT:BBH:0396 0.060027 4 0.000000 0.832976 + 0.000005
RIT:BBH:0333 0.041546 4 0.000000 0.619534 + 0.000043 RIT:BBH:0397 0.036097 4 0.000002 0.542549 + 0.000019
RIT:BBH:0334 0.041386 4 0.000000 0.620094 + 0.000047  RIT:BBH:0398 0.067527 + 0.000005 0.867067 & 0.000072
RIT:BBH:0335 0.041449 4+ 0.000001 0.619904 + 0.000046  RIT:BBH:0399 0.054165 -+ 0.000001 0.753026 + 0.000025
RIT:BBH:0340 0.032341 4 0.000003 0.674305 + 0.000036  RIT:BBH:0400 0.049324 -+ 0.000000 0.710801 = 0.000002
RIT:BBH:0341 0.050067 & 0.000000 0.717811 & 0.000004  RIT:BBH:0401 0.073001 4+ 0.000046 0.877129 + 0.001996
RIT:BBH:0342 0.041668 4 0.000000 0.619130 + 0.000043 RIT:BBH:0402 0.066410 4 0.000002 0.852634 + 0.000003
RIT:BBH:0343 0.046832 4 0.000000 0.679796 + 0.000000  RIT:BBH:0403 0.040185 + 0.000003  0.579541 + 0.000036
RIT:BBH:0346 0.047275 4 0.000000 0.678798 + 0.000001 RIT:BBH:0404 0.054719 + 0.000002 0.768266 -+ 0.000003
RIT:BBH:0347 0.050399 4 0.000000 0.717356 + 0.000001 RIT:BBH:0405 0.032710 + 0.000000 0.425646 -+ 0.000004
RIT:BBH:0349 0.047258 4 0.000000 0.679542 + 0.000001 RIT:BBH:0406 0.035171 + 0.000000 0.474611 -+ 0.000014
RIT:BBH:0351 0.040819 & 0.000001 0.584446 + 0.000053  RIT:BBH:0407 0.047369 4 0.000001 0.674076 4 0.000013
RIT:BBH:0353 0.040811 4 0.000002  0.584424 + 0.000053 RIT:BBH:0408 0.046691 4 0.000003  0.674423 + 0.000003
RIT:BBH:0354 0.041065 4 0.000001 0.583552 +0.000052  RIT:BBH:0409 0.037911 + 0.000002  0.554349 + 0.000039
RIT:BBH:0355 0.041839 4 0.000000 0.618519 + 0.000045 RIT:BBH:0410 0.078966 + 0.000013  0.849620 =+ 0.00001 1
RIT:BBH:0356 0.040928 4 0.000002 0.584007 + 0.000053  RIT:BBH:0411 0.059329 -+ 0.000036 0.789935 = 0.000094
RIT:BBH:0357 0.034114 4+ 0.000001 0.455868 + 0.000011 RIT:BBH:0412 0.063605 + 0.000016  0.838353 -+ 0.000179
RIT:BBH:0358 0.036350 & 0.000000 0.512342 +0.000013  RIT:BBH:0413 0.077347 + 0.000025 0.898630 = 0.000168
RIT:BBH:0359 0.041089 4 0.000002 0.583508 + 0.000053  RIT:BBH:0414 0.041171 +0.000001  0.601077 & 0.000052
RIT:BBH:0360 0.041781 4 0.000001 0.618725 +0.000042  RIT:BBH:0415 0.049252 + 0.000001 0.725417 + 0.000008
RIT:BBH:0361 0.040960 4 0.000002 0.583985 +0.000052  RIT:BBH:0416 0.012257 +0.000003  0.336496 4+ 0.000003
RIT:BBH:0362 0.044146 4 0.000001 0.644315 +0.000023  RIT:BBH:0417 0.029699 + 0.000000 0.481455 + 0.000020
RIT:BBH:0363 0.080653 & 0.000020 0.844587 +0.000017  RIT:BBH:0418 0.059272 + 0.000008 0.777776 =+ 0.000057
RIT:BBH:0364 0.044426 4 0.000001 0.643407 +0.000023  RIT:BBH:0419 0.076170 £ 0.000021  0.855008 = 0.000018
RIT:BBH:0365 0.052618 4 0.000005 0.876523 +0.000124  RIT:BBH:0420 0.074180 + 0.000002 0.861615 =+ 0.000034
RIT:BBH:0366 0.039642 4+ 0.000003 0.559645 +0.000059  RIT:BBH:0421 0.043810 «+ 0.000001 0.679501 4 0.000005
RIT:BBH:0367 0.045173 4 0.000000 0.640764 +0.000023  RIT:BBH:0422 0.041993 + 0.000001  0.622391 + 0.000034
RIT:BBH:0368 0.045020 4 0.000000 0.641387 +0.000023  RIT:BBH:0423 0.029890 + 0.000001  0.466418 & 0.000020
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Run S s Run SM™ Xrem
RIT:BBH:0424 0.056607 £ 0.000000 0.758792+0.000002  RIT:BBH:0480 0.072102 % 0.000024 0.883323 £ 0.000622
RIT:BBH:0425 0.056948 +0.000003 0.758096 + 0.000014 ~ RIT:BBH:0481 0.064803 % 0.000000 0.836127 £ 0.000014
RIT:BBH:0426 0.056222 +0.000003 0.760313 £ 0.000016 ~ RIT:BBH:0482 0.081129 £ 0.000008 ~0.905105 = 0.000074
RIT:BBH:0427 0.055508 £0.000002 0.762270 £ 0.000015  RIT:BBH:0483 0.038850 % 0.000002 0.575602 £ 0.000032
RIT:BBH:0428 0.055318 £0.000002 0.7627350.000013  RIT:BBH:0484 0.009012 % 0.000008 ~0.079113 % 0.000002
RIT:BBH:0430 0.052506 £ 0.000001 0.754092 +0.000003 ~ RIT:BBH:0485 0.047848 % 0.000000 0.725122 £ 0.000003
RIT:BBH:0431 0.040231 £0.000002 0.691050 £ 0.000084  RIT:BBH:0486 0.063557 % 0.000002 0.850405 =+ 0.000034
RIT:BBH:0432 0.039565 4 0.000003 0.552085 +0.000008 ~ RIT:BBH:0487 0.052576 = 0.000001 ~0.761863 % 0.000005
RIT:BBH:0433 0.055715 4 0.000002 0.761422 0.000012  RIT:BBH:0488 0.054648 £ 0.000000 0.799134 = 0.000005
RIT:BBH:0434 0.040174 % 0.000001 ~ 0.706298 £ 0.000067 ~ RIT:BBH:0489 0.055917 £ 0.000000 ~0.774725 = 0.000005
RIT:BBH:0435 0.064829 = 0.000009 0.898043 £0.000123  RIT:BBH:0490 0.062685 = 0.000042 0.816066 = 0.001009
RIT:BBH:0436 0.028311 £0.000001 0.454846 £0.000027 ~ RIT:BBH:0491 0.063097 % 0.000065 0.815053 £ 0.003471
RIT:BBH:0437 0.035928 £ 0.000003 0.485296 £ 0.000003 ~ RIT:BBH:0492 0.055262 = 0.000001 ~0.801684 = 0.000017
RIT:BBH:0438 0.059245 £0.000021 0.880373 +0.000465  RIT:BBH:0493 0.063392 % 0.000062 0.814616 £ 0.003462
RIT:BBH:0439 0.060842 % 0.000001 0.792165 0.000012  RIT:BBH:0494 0.034594 £ 0.000002 0.684784 % 0.000022
RIT:BBH:0440 0.061152 % 0.000002 0.791374 £0.000026 ~ RIT:BBH:0495 0.004439 £ 0.000003 —0.028322 = 0.000000
RIT:BBH:0441 0.061152 £0.000001 0.791527 £0.000010  RIT:BBH:0496 0.063363 = 0.000066 0.815005 = 0.003477
RIT:BBH:0442 0.003473 £ 0.000008 —0.523922 =0.000028 ~ RIT:BBH:0497 0.041765 % 0.000001 0.655728 £ 0.000014
RIT:BBH:0443 0.060677 £0.000001 0.792655+0.000020  RIT:BBH:0498 0.062909 % 0.000065 0.816097 £ 0.002830
RIT:BBH:0444 0.061032 £0.000001 0.7919120.000010  RIT:BBH:0499 0.049576 % 0.000097 0.683193 £ 0.000092
RIT:BBH:0445 0.060572 % 0.000002 0.793015 +0.000028 ~ RIT:BBH:0500 0.062559 £ 0.000071 0.816606 % 0.003480
RIT:BBH:0446 0.044611 +0.000000 0.733549 = 0.000002  RIT:BBH:0501 0.034663 £ 0.000001 ~0.517374 = 0.000017
RIT:BBH:0447 0.033814 £0.000003 0.527149 £0.000013  RIT:BBH:0502 0.044202 % 0.000000 0.644875 £ 0.000034
RIT:BBH:0448 0.060607 £ 0.000002 0.793064 £ 0.000027 ~ RIT:BBH:0503 0.076966 = 0.000024 0.853642 = 0.000019
RIT:BBH:0449 0.043345 £0.000010 0.713231 £0.000094  RIT:BBH:0504 0.078223 % 0.000004 0.847466 £ 0.000004
RIT:BBH:0450 0.031622 +0.000001 0.677033 +0.000110  RIT:BBH:0505 0.057866 % 0.000008 0.775191 = 0.000005
RIT:BBH:0451 0.034893 % 0.000002 0.509449 £ 0.000009 ~ RIT:BBH:0506 0.056313 £ 0.000004 ~0.780899 = 0.000125
RIT:BBH:0452 0.042244 £ 0.000001 0.687860 £ 0.000004  RIT:BBH:0507 0.032713 = 0.000004 0.674826 = 0.000068
RIT:BBH:0453 0.060877 £ 0.000001 0.792365 £ 0.000018 ~ RIT:BBH:0508 0.058142 % 0.000004 0.775107 £ 0.000015
RIT:BBH:0454 0.035939 +0.000003 0.5578910.000017 ~ RIT:BBH:0509 0.031853 % 0.000001 ~0.397515 £ 0.000003
RIT:BBH:0455 0.037582 £0.000003 0.519807 +0.000148  RIT:BBH:0510 0.057524 % 0.000004 0.777808 £ 0.000072
RIT:BBH:0456 0.072479 % 0.000002 0.859171 £0.000004  RIT:BBH:0511 0.057188 £ 0.000009 0.778977 % 0.000072
RIT:BBH:0457 0.045475 % 0.000002 0.716303 = 0.000008 ~ RIT:BBH:0512 0.056989 £ 0.000010 ~0.777675 = 0.000048
RIT:BBH:0458 0.048232 % 0.000001 0.685624 £ 0.000007 ~ RIT:BBH:0513 0.088344 £ 0.000001 ~0.911908 = 0.000005
RIT:BBH:0459 0.065273 0.000091 0.828282 +0.001935  RIT:BBH:0514 0.056645 % 0.000002 0.870299 £ 0.000071
RIT:BBH:0460 0.061470 £0.000003 0.803196 £ 0.000036  RIT:BBH:0515 0.018923 % 0.000004 ~0.330332 £ 0.000006
RIT:BBH:0461 0.024872 £0.000012 0271057 £0.000043  RIT:BBH:0516 0.014841 =0.000004 ~0.021118 = 0.000001
RIT:BBH:0462 0.062203 % 0.000004 0.867224 = 0.000021  RIT:BBH:0517 0.025120 = 0.000000 0.594763 % 0.000012
RIT:BBH:0463 0.029381 % 0.000000 0.358998 £ 0.000004 ~ RIT:BBH:0518 0.016036 £ 0.000001 0.056985 = 0.000004
RIT:BBH:0464 0.032014 £0.000001 0.446120 £0.000007 ~ RIT:BBH:0519 0.049058 = 0.000001 ~0.715216 = 0.000049
RIT:BBH:0465 0.027536 £ 0.000004 0.325633 £0.000002  RIT:BBH:0520 0.043322 %0.000006 0.631578 £ 0.000023
RIT:BBH:0466 0.028988 £ 0.000003 0.358585+0.000003 ~ RIT:BBH:0521 0.042829 % 0.000008 0.633525 £ 0.000017
RIT:BBH:0467 0.013279 £0.000036 0.884539 £ 0.001557 ~ RIT:BBH:0522 0.043088 = 0.000009 0.632352 £ 0.000017
RIT:BBH:0468 0.032076 £ 0.000095 0.375080 £ 0.000060  RIT:BBH:0523 0.043510 % 0.000002 0.630486 £ 0.000002
RIT:BBH:0469 0.023867 £ 0.000007 0.246034 £ 0.000034  RIT:BBH:0524 0.043963 % 0.000003 0.628571 = 0.000004
RIT:BBH:0470 0.030928 % 0.000000 0.392487 £ 0.000006 ~ RIT:BBH:0525 0.043623 £ 0.000003 0.630192 % 0.000012
RIT:BBH:0471 0.040104 £ 0.000001 ~0.577264 +0.000025 ~ RIT:BBH:0526 0.018056 = 0.000005 ~0.257903 % 0.000005
RIT:BBH:0472 0.088933 £ 0.000035 0.907779 +£0.000479  RIT:BBH:0527 0.049770 % 0.000004 ~0.713020 £ 0.000085
RIT:BBH:0473 0.055285 £0.000001 0.801709 £ 0.000002  RIT:BBH:0528 0.031321 =0.000015 0.367704 £ 0.000008
RIT:BBH:0474 0.032966 = 0.000000 0.435000 £ 0.000008 ~ RIT:BBH:0529 0.038569 % 0.000000 ~0.537254 £ 0.000005
RIT:BBH:0475 0.046680 £ 0.000001 0.722327 +0.000005  RIT:BBH:0530 0.062903 % 0.000001 0.822578 =+ 0.000020
RIT:BBH:0476 0.036107 & 0.000001 ~0.535204 0.000018 ~ RIT:BBH:0531 0.065293 = 0.000001 0.820652 % 0.000031
RIT:BBH:0477 0.069252 =0.000009 0.891624 £0.000119  RIT:BBH:0532 0.028842 = 0.000002 0.679180 = 0.000011
RIT:BBH:0478 0.036170 £ 0.000001 0.494185 £ 0.000014  RIT:BBH:0533 0.023254 = 0.000004 ~0.486890 = 0.000009
RIT:BBH:0479 0.063486 = 0.000000 0.812954 +0.000004  RIT:BBH:0534 0.046443 = 0.000001 ~0.661080 £ 0.000028
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Run sM™ Xrem Run smt Xrem
RIT:BBH:0535 0.045424 4+ 0.000020 0.881730 =£ 0.000535 RIT:BBH:0590 0.060053 £ 0.000005 0.849361 4 0.000002
RIT:BBH:0536 0.040030 £ 0.000000 0.570538 £ 0.000010 RIT:BBH:0591 0.059276 4+ 0.000004  0.850922 =+ 0.000009
RIT:BBH:0537 0.073123 4+ 0.000001  0.869130 £ 0.000067 RIT:BBH:0592 0.050393 £ 0.000003  0.802069 £ 0.000029
RIT:BBH:0538 0.015113 4 0.000006 0.030392 £ 0.000003 RIT:BBH:0593 0.050386 & 0.000006 0.802019 + 0.000030
RIT:BBH:0539 0.058162 + 0.000008 0.776326 £ 0.000205 RIT:BBH:0594 0.050452 £ 0.000004 0.802374 4 0.000036
RIT:BBH:0540 0.038959 £ 0.000000 0.553916 + 0.000130 RIT:BBH:0595 0.050800 + 0.000003 0.801461 4 0.000033
RIT:BBH:0541 0.039054 4 0.000005 0.553444 £ 0.000117 RIT:BBH:0596 0.052500 4 0.000003  0.796794 £ 0.000028
RIT:BBH:0542 0.039207 &+ 0.000007  0.552913 £ 0.000115 RIT:BBH:0597 0.052147 4+ 0.000003  0.798292 £ 0.000024
RIT:BBH:0543 0.039249 4 0.000001  0.552901 =+ 0.000087 RIT:BBH:0598 0.030383 £+ 0.000004 0.429837 £ 0.000012
RIT:BBH:0544 0.039099 £ 0.000003  0.553352 + 0.000092 RIT:BBH:0599 0.030273 £+ 0.000004 0.430775 £ 0.000010
RIT:BBH:0545 0.029184 £ 0.000004  0.328540 + 0.000002 RIT:BBH:0600 0.030166 4 0.000004 0.431726 £ 0.000009
RIT:BBH:0546 0.026575 £ 0.000002 0.609586 + 0.000006 RIT:BBH:0601 0.030088 £ 0.000005 0.432215 4 0.000007
RIT:BBH:0547 0.038936 £ 0.000005 0.553962 + 0.000116 RIT:BBH:0602 0.030162 4+ 0.000005 0.431393 £ 0.000010
RIT:BBH:0548 0.033386 £ 0.000001  0.424909 + 0.000006 RIT:BBH:0603 0.030356 + 0.000004  0.429939 =+ 0.000011
RIT:BBH:0549 0.041753 £ 0.000003  0.870683 £ 0.000112 RIT:BBH:0604 0.063604 £+ 0.000000 0.810142 £ 0.000006
RIT:BBH:0550 0.021023 4 0.000003  0.455629 £ 0.000005 RIT:BBH:0605 0.020420 £+ 0.000001  0.163889 £ 0.000006
RIT:BBH:0551 0.048796 4+ 0.000010 0.716622 £ 0.000117 RIT:BBH:0606 0.043619 £ 0.000004 0.701703 £ 0.000010
RIT:BBH:0552 0.041243 £ 0.000001 0.589701 £ 0.000006 RIT:BBH:0607 0.043603 £ 0.000004 0.702443 £+ 0.000011
RIT:BBH:0553 0.050908 £ 0.000003 0.710862 =+ 0.000074 RIT:BBH:0608 0.043695 £ 0.000002 0.702706 £ 0.000005
RIT:BBH:0554 0.050774 4 0.000006 0.710644 £ 0.000098 RIT:BBH:0609 0.043654 4+ 0.000004 0.703475 £ 0.000008
RIT:BBH:0555 0.050336 4 0.000000 0.709231 £ 0.000035 RIT:BBH:0610 0.041992 4+ 0.000004  0.709008 £ 0.000008
RIT:BBH:0556 0.025137 4 0.000020 0.243923 £ 0.000008 RIT:BBH:0611 0.042191 4+ 0.000002 0.706267 £ 0.000007
RIT:BBH:0557 0.050413 + 0.000001 0.706486 £ 0.000033 RIT:BBH:0612 0.042838 & 0.000000 0.636955 =+ 0.000001
RIT:BBH:0558 0.088722 £ 0.000006 0.907706 +£ 0.000174 RIT:BBH:0613 0.046877 £ 0.000026 0.900332 £ 0.000343
RIT:BBH:0559 0.061163 £ 0.000004 0.791257 +£ 0.000061 RIT:BBH:0614 0.011870 + 0.000001 —0.101988 +£ 0.000009
RIT:BBH:0560 0.049946 + 0.000005 0.714447 £ 0.000092 RIT:BBH:0615 0.039057 & 0.000006 0.559604 £ 0.000005
RIT:BBH:0561 0.030453 4 0.000029 0.370165 £ 0.000015 RIT:BBH:0616 0.056926 + 0.000011 0.801817 £ 0.000009
RIT:BBH:0562 0.019810 £ 0.000001  0.346877 £ 0.000012 RIT:BBH:0617 0.061322 £+ 0.000002 0.833450 £ 0.000015
RIT:BBH:0563 0.047229 + 0.000000 0.659955 + 0.000031 RIT:BBH:0618 0.034470 £ 0.000004 0.575668 + 0.000052
RIT:BBH:0564 0.034430 £ 0.000006 0.451211 =+ 0.000006 RIT:BBH:0619 0.034336 4+ 0.000005 0.576260 £ 0.000052
RIT:BBH:0565 0.034461 £ 0.000002 0.457852 =+ 0.000000 RIT:BBH:0620 0.034358 £ 0.000005 0.576799 £ 0.000051
RIT:BBH:0566 0.041404 £ 0.000025 0.568919 + 0.000022 RIT:BBH:0621 0.034476 + 0.000007 0.576258 £ 0.000052
RIT:BBH:0567 0.058103 £ 0.000002 0.901714 + 0.000042 RIT:BBH:0622 0.035284 £+ 0.000006 0.572108 £ 0.000053
RIT:BBH:0568 0.037456 4 0.000001  0.514935 + 0.000000 RIT:BBH:0623 0.035340 4 0.000004  0.572076 £ 0.000049
RIT:BBH:0569 0.049869 + 0.000003 0.805301 £ 0.000083 RIT:BBH:0624 0.063423 £ 0.000001 0.833070 £ 0.000043
RIT:BBH:0570 0.015713 £ 0.000008 0.048338 + 0.000006 RIT:BBH:0625 0.062617 £ 0.000001 0.834858 4 0.000060
RIT:BBH:0571 0.047169 £ 0.000899 0.618874 + 0.000621 RIT:BBH:0626 0.055065 + 0.000000 0.792026 £ 0.000014
RIT:BBH:0572 0.023841 4 0.000001  0.375989 =+ 0.000003 RIT:BBH:0627 0.057292 £+ 0.000000 0.787216 £ 0.000005
RIT:BBH:0573 0.066632 £ 0.000067 0.822612 + 0.000062 RIT:BBH:0628 0.048232 4+ 0.000001  0.712225 £ 0.000009
RIT:BBH:0574 0.015145 4 0.000009 0.011647 £ 0.000001 RIT:BBH:0629 0.046712 4+ 0.000001 0.717638 £ 0.000009
RIT:BBH:0575 0.024752 £ 0.000001  0.392744 + 0.000004 RIT:BBH:0630 0.049920 £ 0.000008 0.701714 4 0.000043
RIT:BBH:0576 0.036354 4 0.000002 0.699326 =+ 0.000025 RIT:BBH:0631 0.034347 4+ 0.000004 0.576093 £ 0.000051
RIT:BBH:0577 0.052912 4+ 0.000033  0.736463 £ 0.000033 RIT:BBH:0632 0.034799 % 0.000007 0.574488 £ 0.000055
RIT:BBH:0578 0.040221 4 0.000002 0.864225 £ 0.000025 RIT:BBH:0633 0.030332 4+ 0.000005 0.430265 £ 0.000011
RIT:BBH:0579 0.054030 £ 0.000002 0.889763 £ 0.000031 RIT:BBH:0634 0.030097 £+ 0.000004  0.432003 £ 0.000010
RIT:BBH:0580 0.047403 £ 0.000002 0.887412 + 0.000074 RIT:BBH:0635 0.043605 £+ 0.000005 0.702119 £ 0.000006
RIT:BBH:0581 0.055045 £ 0.000046 0.772307 £ 0.000044 RIT:BBH:0636 0.043122 4 0.000005 0.705537 £ 0.000005
RIT:BBH:0582 0.053989 + 0.000001  0.750068 + 0.000011 RIT:BBH:0637 0.012175 £ 0.000022 —0.067152 + 0.000017
RIT:BBH:0583 0.051310 £ 0.000000 0.709188 +£ 0.000002 RIT:BBH:0638 0.050338 4+ 0.000004 0.802032 £ 0.000034
RIT:BBH:0584 0.036723 £ 0.000000 0.525781 + 0.000002 RIT:BBH:0639 0.051488 £+ 0.000002 0.799448 £ 0.000010
RIT:BBH:0585 0.019772 £ 0.000001  0.145959 + 0.000004 RIT:BBH:0640 0.059071 £ 0.000006 0.850863 =+ 0.000003
RIT:BBH:0586 0.058956 4 0.000005 0.851208 £ 0.000011 RIT:BBH:0641 0.060179 £ 0.000005 0.848974 £ 0.000003
RIT:BBH:0587 0.059250 4 0.000004 0.850466 £ 0.000005 RIT:BBH:0642 0.105978 4 0.000041 0.941309 £ 0.000027
RIT:BBH:0588 0.059665 + 0.000004 0.849713 £ 0.000003 RIT:BBH:0643 0.036775 £ 0.000006 0.499016 + 0.000004
RIT:BBH:0589 0.060087 £ 0.000002 0.849032 =+ 0.000008 RIT:BBH:0644 0.038882 £ 0.000007 0.570816 4 0.000006
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TABLE V. (Continued)

TABLE V. (Continued)

Run sM™ Xrem Run smt Xrem
RIT:BBH:0645 0.038928 4 0.000001 0.554029 =+ 0.000123 RIT:BBH:0701 0.025531 4+ 0.000002 0.528160 £ 0.000002
RIT:BBH:0646 0.039256 £ 0.000001  0.552832 + 0.000076 RIT:BBH:0702 0.025475 4+ 0.000002 0.527208 £ 0.000002
RIT:BBH:0647 0.043479 4 0.000004 0.630925 £ 0.000033 RIT:BBH:0703 0.026364 + 0.000002 0.522468 £ 0.000003
RIT:BBH:0648 0.043361 4 0.000002 0.631335 £ 0.000007 RIT:BBH:0704 0.049293 4 0.000001  0.859538 £ 0.000009
RIT:BBH:0649 0.049551 £ 0.000004 0.713573 £ 0.000089 RIT:BBH:0705 0.030465 £ 0.000000 0.691071 4 0.000000
RIT:BBH:0650 0.050672 £ 0.000000 0.712221 + 0.000020 RIT:BBH:0706 0.034507 4+ 0.000007 0.565324 £ 0.000006
RIT:BBH:0651 0.057943 4 0.000007  0.775224 £ 0.000005 RIT:BBH:0707 0.020526 + 0.000016 0.689788 £ 0.000014
RIT:BBH:0652 0.056772 4+ 0.000006 0.780066 £ 0.000083 RIT:BBH:0708 0.020884 + 0.000017 0.688633 £ 0.000033
RIT:BBH:0653 0.062880 £ 0.000032 0.815572 £ 0.000732 RIT:BBH:0709 0.021285 £ 0.000004 0.686541 4 0.000033
RIT:BBH:0654 0.063172 £ 0.000047 0.815569 £ 0.001616 RIT:BBH:0710 0.020756 &+ 0.000005 0.688724 £ 0.000023
RIT:BBH:0655 0.038167 4= 0.000005 0.575508 £ 0.000005 RIT:BBH:0711 0.021363 4 0.000010 0.687488 £ 0.000043
RIT:BBH:0656 0.048789 + 0.000002 0.860471 £ 0.000058 RIT:BBH:0712 0.021450 £ 0.000018 0.685740 4 0.000038
RIT:BBH:0657 0.057559 £ 0.000003  0.830054 =+ 0.000000 RIT:BBH:0713 0.048632 4+ 0.000000 0.704139 =+ 0.000000
RIT:BBH:0658 0.034812 £ 0.000039  0.463470 + 0.000029 RIT:BBH:0714 0.027409 £ 0.000000 0.666580 =+ 0.000023
RIT:BBH:0659 0.038433 £ 0.000012  0.534745 £ 0.000010 RIT:BBH:0715 0.049699 £+ 0.000001  0.858851 £ 0.000004
RIT:BBH:0660 0.014497 £ 0.000001  0.203808 +£ 0.000010 RIT:BBH:0716 0.049893 £+ 0.000000 0.858653 £ 0.000011
RIT:BBH:0661 0.050698 £ 0.000002 0.705290 + 0.000006 RIT:BBH:0717 0.048895 4 0.000000 0.860184 £ 0.000023
RIT:BBH:0662 0.050063 &+ 0.000000 0.709147 £ 0.000001 RIT:BBH:0718 0.049896 £ 0.000001  0.858540 4 0.000006
RIT:BBH:0663 0.044226 4+ 0.000001  0.644051 =+ 0.000023 RIT:BBH:0719 0.040860 = 0.000002 0.804192 £ 0.000035
RIT:BBH:0664 0.044984 £ 0.000000 0.641411 + 0.000022 RIT:BBH:0720 0.040768 £ 0.000003  0.804210 £ 0.000064
RIT:BBH:0665 0.040795 4 0.000001 0.584500 £ 0.000053 RIT:BBH:0721 0.040637 4+ 0.000003  0.805358 £ 0.000059
RIT:BBH:0666 0.041098 4 0.000001 0.583455 £ 0.000053 RIT:BBH:0722 0.033696 + 0.000000 0.688607 £ 0.000075
RIT:BBH:0667 0.041441 4 0.000000 0.619890 £ 0.000047 RIT:BBH:0723 0.033534 + 0.000001  0.690179 =+ 0.000065
RIT:BBH:0668 0.041774 4 0.000000 0.618750 =£ 0.000045 RIT:BBH:0724 0.025482 4+ 0.000005 0.527249 =+ 0.000009
RIT:BBH:0669 0.055805 £ 0.000003 0.761466 =+ 0.000016 RIT:BBH:0725 0.025333 4+ 0.000002 0.528779 £ 0.000001
RIT:BBH:0670 0.056141 £ 0.000002 0.760121 + 0.000012 RIT:BBH:0726 0.021703 4+ 0.000001 0.317879 £ 0.000017
RIT:BBH:0671 0.047100 £ 0.000000 0.679071 +£ 0.000000 RIT:BBH:0727 0.021874 4+ 0.000004 0.317331 £ 0.000010
RIT:BBH:0672 0.046477 £ 0.000000 0.682283 + 0.000002 RIT:BBH:0728 0.026788 £ 0.000004 0.802091 £ 0.000025
RIT:BBH:0673 0.053705 £ 0.000000 0.738358 + 0.000000 RIT:BBH:0729 0.026774 £ 0.000005 0.802483 £ 0.000037
RIT:BBH:0674 0.053356 £ 0.000001 0.739535 +£ 0.000000 RIT:BBH:0730 0.028023 4 0.000000 0.799994 £ 0.000000
RIT:BBH:0675 0.050570 4 0.000000 0.715912 =+ 0.000003 RIT:BBH:0731 0.026804 £ 0.000001  0.802839 £ 0.000011
RIT:BBH:0676 0.050688 £ 0.000000 0.716618 £ 0.000001 RIT:BBH:0732 0.028079 £ 0.000003  0.799475 £ 0.000012
RIT:BBH:0677 0.049031 £ 0.000001  0.859922 + 0.000019 RIT:BBH:0733 0.049113 4+ 0.000002 0.860168 £ 0.000062
RIT:BBH:0678 0.018777 & 0.000004  0.272422 + 0.000006 RIT:BBH:0734 0.041598 4 0.000001  0.802929 =+ 0.000023
RIT:BBH:0679 0.059155 £ 0.000095 0.858853 + 0.000082 RIT:BBH:0735 0.028204 £ 0.000001 0.799676 + 0.000018
RIT:BBH:0681 0.033054 £ 0.000018  0.424415 + 0.00001 1 RIT:BBH:0736 0.012097 &+ 0.000001 —0.094247 +£ 0.000007
RIT:BBH:0682 0.015776 £ 0.000017  0.510385 =+ 0.000040 RIT:BBH:0746 0.041084 + 0.000002 0.803423 £ 0.000033
RIT:BBH:0683 0.015756 4+ 0.000014 0.510845 £ 0.000037 RIT:BBH:0747 0.062178 £+ 0.000010 0.794207 £ 0.000010
RIT:BBH:0684 0.015508 £ 0.000014 0.513199 + 0.000042 RIT:BBH:0749 0.041378 4+ 0.000002 0.803747 £ 0.000028
RIT:BBH:0685 0.015971 4 0.000017  0.509879 £ 0.000028 RIT:BBH:0750 0.042934 £ 0.000002 0.663992 + 0.000001
RIT:BBH:0686 0.015703 £ 0.000015 0.512256 £ 0.000033 RIT:BBH:0751 0.042988 £ 0.000003 0.663925 4 0.000004
RIT:BBH:0687 0.101832 4 0.000141 0.943042 £ 0.000108 RIT:BBH:0752 0.042861 4+ 0.000002 0.664398 £ 0.000001
RIT:BBH:0688 0.027384 4 0.000013  0.307036 £ 0.000007 RIT:BBH:0753 0.015964 £+ 0.000002 0.278649 =+ 0.000007
RIT:BBH:0689 0.048574 £ 0.000000 0.704214 + 0.000001 RIT:BBH:0754 0.042815 +0.000002 0.664461 £ 0.000000
RIT:BBH:0690 0.040435 £ 0.000001  0.902206 + 0.000022 RIT:BBH:0755 0.042845 +0.000002 0.664284 £ 0.000001
RIT:BBH:0691 0.036400 £ 0.000009 0.873384 + 0.000264 RIT:BBH:0756 0.042951 4+ 0.000003  0.664127 £ 0.000006
RIT:BBH:0692 0.021645 4 0.000001 0.318473 £ 0.000018 RIT:BBH:0758 0.034112 £ 0.000000 0.856356 + 0.000070
RIT:BBH:0693 0.021756 + 0.000000 0.317474 £ 0.000017 RIT:BBH:0759 0.034025 £ 0.000000 0.856690 =+ 0.000084
RIT:BBH:0694 0.021837 £ 0.000003  0.317090 =+ 0.000010 RIT:BBH:0760 0.034027 £ 0.000001 0.856820 4= 0.000080
RIT:BBH:0695 0.021890 £ 0.000004 0.317004 £ 0.000013 RIT:BBH:0761 0.033855 £ 0.000000 0.857246 4 0.000083
RIT:BBH:0696 0.021802 4 0.000003  0.318053 £ 0.000015 RIT:BBH:0762 0.033421 4+ 0.000001  0.857900 £ 0.000078
RIT:BBH:0697 0.021617 4 0.000000 0.319314 £ 0.000018 RIT:BBH:0763 0.033891 4+ 0.000000 0.856641 £ 0.000056
RIT:BBH:0698 0.025636 4 0.000005 0.526479 £ 0.000008 RIT:BBH:0764 0.003481 4 0.000004 —0.523892 4= 0.000006
RIT:BBH:0699 0.025489 + 0.000006 0.527429 £ 0.000010 RIT:BBH:0766 0.069846 £ 0.000011 0.847565 + 0.000009
RIT:BBH:0700 0.025688 £ 0.000004 0.527110 =£ 0.000008 RIT:BBH:0767 0.093972 4+ 0.000226 0.946244 £ 0.000169
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TABLE V. (Continued)

Run S s Run SM™ Xrem
RIT:BBH:0768 0.048564 = 0.000001 0.704462 +0.000005 ~ RIT:BBH:0788 0.072671 % 0.000003 0.878489 =+ 0.000004
RIT:BBH:0769 0.058345 +0.000019 0.769883 +0.000018 ~ RIT:BBH:0789 0.032801 % 0.000000 0.692215 =+ 0.000064
RIT:BBH:0770 0.042631 £ 0.000003 0.799235 £ 0.000038  RIT:BBH:0790 0.032838 £ 0.000001 ~0.692466 = 0.000065
RIT:BBH:0771 0.040475 +0.000002 0.804995 = 0.000031  RIT:BBH:0792 0.002153 £ 0.000027 0.100644 = 0.000009
RIT:BBH:0772 0.015550 0.000016 0.513368 £0.000030  RIT:BBH:0793 0.023913 % 0.000002 0.402428 £ 0.000001
RIT:BBH:0773 0.014818 £0.000002 0.210993 £ 0.000014  RIT:BBH:0794 0.033602 = 0.000001 ~0.688687 = 0.000081
RIT:BBH:0774 0.048434 £0.000002 0.704864 £ 0.000009 ~ RIT:BBH:0795 0.033631 % 0.000000 0.688947 £ 0.000068
RIT:BBH:0776 0.054457 £ 0.000016 0.745095 +0.000016 ~ RIT:BBH:0796 0.072225 % 0.000064  0.906437 % 0.000049
RIT:BBH:0777 0.071429 +0.000091 ~0.864500 £ 0.000081 ~ RIT:BBH:0797 0.013012+0.000024 0.278813 = 0.000055
RIT:BBH:0778 0.014818 £ 0.000003 0.256067 = 0.000005 ~ RIT:BBH:0798 0.012961 £ 0.000024 0.279350 = 0.000059
RIT:BBH:0779 0.031861 £ 0.000000 0.695155 £ 0.000067 ~ RIT:BBH:0799 0.012956 % 0.000021 0279400 £ 0.000055
RIT:BBH:0780 0.033610 = 0.000000 0.690452 £ 0.000068 ~ RIT:BBH:0800 0.012964 % 0.000023 0.279055 £ 0.000051
RIT:BBH:0781 0.017400 £0.000004 0.242897 +0.000005 ~ RIT:BBH:0801 0.013091 % 0.000021 0.277442 £ 0.000044
RIT:BBH:0782 0.044535 £0.000013  0.677505 £ 0.000012  RIT:BBH:0802 0.013150 = 0.000020 ~0.277359 £ 0.000047
RIT:BBH:0784 0.027083 £ 0.000003 0.455190 +0.000001 ~ RIT:BBH:0805 0.030868 % 0.000002 0.624745 £ 0.000010
RIT:BBH:0785 0.035941 % 0.000000 0.672477 £ 0.000009
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