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Abstract
Nested sampling is a technique for computing the evidence of a data set under a 
given hypothesis. MultiNest is a multi-modal nested sampling algorithm which has 
been designed to efÞciently explore and characterize likelihood surfaces 
containing multiple secondary solutions. We have applied the MultiNest algorithm 
to several problems in gravitational wave (GW) data analysis with great success. 
In this poster, we describe the algorithm, present results for a test case in which 
we searched for two non-spinning black hole binary merger signals in simulated 
LISA data and describe results obtained by applying this algorithm to search two 
of the data sets in the most recent round of the Mock LISA Data Challenge.

Introduction
The LISA data stream will contain multiple overlapping signals of different types. 
Further, several of the sources have likelihoods that contain many secondary 
solutions, e.g., the extreme-mass-ratio inspirals, spinning supermassive black hole 
binary mergers and cosmic string cusps. This can be dealt with by sequential 
identiÞcation and subtraction of individual sources or modes, and this has been 
the approach used to date. It is more efÞcient to identify multiple modes 
simultaneously if possible. The MultiNest algorithm provides a tool to do so. 
Moreover, it uses information about the signals it is searching for only to evaluate 
the likelihood at points and not to control the movement of the algorithm.
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Summary and Future Work
    We have shown that the MultiNest algorithm is able to quickly and accurately 
characterise GW data sets of various types and is adept at dealing with multi-
modal likelihoods. Moreover it is model-independent in the sense that the 
speciÞc problem being tackled enters only in the likelihood computation.
    Future applications of the MultiNest algorithm will include:

¥ Model selection for gravitational wave data analysis using evidence ratios.
¥ Searching for and characterising extreme-mass-ratio inspiral signals, which 
are known to have very complex likelihood surfaces containing many 
secondary maxima.
¥ Searches, posterior recovery and model selection in ground based 
detectors (LIGO), e.g., searches for spinning black hole binary inspirals.

The MultiNest Algorithm
The Bayesian evidence associated with a hypothesis, H, for data, D, depending on 
parameters,   , is the factor that appears in the denominator of BayesÕ theorem

The evidence,   , can be used to choose between alternative models, but it is 
time-consuming to evaluate as it is a multi-dimensional integral. Nested sampling 
is a Monte Carlo method for evaluating evidences efÞciently [1], which works by 
replacing the integral with a one dimensional integral over the prior volume, X

                                                                  Here,                                is the
                                                                  likelihood. If the likelihood is
                                                                  evaluated on a nested sequence of 
                                                                  contours of decreasing prior
                                                                  volume, the integral can be 
                                                                  computed using, e.g., the trapezium
                                                                  rule (see Figure 1, left).
                                                                      This procedure is achieved in 
                                                                  practice using a set of N Ôlive pointsÕ 
initially drawn from the prior. At each iteration i the point of lowest likelihood is 
removed from the set and replaced by a point of higher likelihood sampled from 
the prior. At each iteration the prior volume is thus reduced by a factor t drawn 
from                       . The algorithm travels through nested shells of likelihood as 
the prior volume reduces.
    The challenge is to efÞciently
sample new points of higher 
likelihood from the prior. The
MultiNest algorithm [2] achieves
this by partitioning the current
set of live points into a set of
(possibly overlapping) ellipsoids
(illustrated in Fig. 2, right). An 
ellipsoid is chosen at random and
a new point sampled uniformly 
from within it. This is repeated
until a point of higher likelihood is found. This ellipsoidal decomposition allows 
MultiNest to identify and separate different modes in the likelihood, making it an 
ideal algorithm for exploring multi-modal likelihood surfaces. Although designed 
for evidence computation, the algorithm also returns the posterior and it is for 
characterising multi-modal posteriors that we have used the algorithm so far.
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Results - Mock LISA Data Challenge Round 3
The MultiNest algorithm was used successfully in two searches for MLDC 3.
Spinning SMBH binary inspirals (3.2)  We divided the release data into 
sections according to the speciÞed prior on plunge time and searched these with 
MultiNest. We identiÞed and recovered parameters for 5 sources (the correct 
number). The weakest source, 3.2.5, was incorrectly identiÞed, but the others 
were found accurately. The overlaps of our recovered sources with the true 
signal are tabulated right. For
3.2.2 and 3.2.4, the dominant 
mode recovered was the 
antipodal solution.
Cosmic Strings (3.4)  The 1 month MLDC data set contained an unspeciÞed 
number of cosmic string bursts. 
We divided the release data into 
8192s segments and these were 
searched with MultiNest. Three 
sources were found, which was 
again the correct number. The 
overlaps of the identiÞed sources 
with the injected sources were in 
excess of 99.7% in all three cases. 
Our maximum a-posteriori 
parameters did not match the 
true values very closely, but this 
was due to the large intrinsic 
degeneracies in the likelihood 
surface. 2D marginalised posteriors
are shown in Fig. 4 for three 
parameters of source 3.4.2.

Source 3.2.1 3.2.2 3.2.3 3.2.4 3.2.5
Overlap A 0.992 0.999 0.999 0.961 0.449
Overlap E 0.992 0.999 0.999 0.967 0.410
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Figure 4.   2D marginalised posteriors (left) 
obtained by MultiNest for a subset of parameters 
for the second Cosmic String burst source in the 
blind MLDC round 3 data set. The parameters 
are, in order from left to right or top to bottom, 
source latitude, longitude and burst time. 1D 
marginalised posteriors are shown at the top of 
each column.

Results - non-spinning SMBH mergers
As a Þrst application of MultiNest to gravitational wave data analysis, we created 
a simulated LISA data set containing two signals from non-spinning supermassive 
black hole (SMBH) mergers [3]. Source Ô1Õ coalesced during the observation, 
while source Ô2Õ coalesced shortly after it ended. Each source has a degeneracy 
between two antipodal sky solutions, so the posterior was expected to contain 
at least 4 different modes. The search was in two parts. In the Þrst stage, the
                                                                                   F-statistic was used to
                                                                                   maximize over extrinsic
                                                                                   parameters. Interesting
                                                                                   regions of the intrinsic
                                                                                   parameter space were
                                                                                   then followed up using
                                                                                   full waveforms.
                                                                                       The search took ~2 
                                                                                   hours on a single 3GHz
                                                                                   processor and 
                                                                                   successfully identiÞed all
                                                                                   the posterior modes
                                                                                   simultaneously. Fig. 3 
                                                                                   shows 2D marginalised
                                                                                   posteriors and errors in
                                                                                   the recovered
                                                                                   parameters for the 
                                                                                   intrinsic parameters of 
source 1. The extrinsic parameters were recovered with comparable precision,
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both the primary and the antipodal (ÔAÕ) sky 
solutions. The parameters are, from left to 
right and top to bottom, source latitude and 
longitude, coalescence time, the mass of the 
primary and the mass of the secondary. 1D 
marginalised posteriors are shown at the top 
of each column.

Figure 3.   2D marginalised posteriors (left) and 
recovered parameter errors (above) for the intrinsic 
parameters of source 1.  Errors are quoted as 
multiples of the one sigma theoretical error computed 
from the Fisher Matrix,         . Results are reported for! FIM


