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Source parameters and Network analysis
 In order to start a gravitational wave sky-map of the compact binary

systems, it is important the accuracy in the source parameters
estimation

With a network of three detectors it is possible to determine the source
position (modulo a reflection with respect to the three interferometers
plane).

There are two different methods to analize network data and extracting
stellar parameters:

• Coincidence analysis:

    each detector separately compiles lists of events and they will be
successively compared searching for “coincidences”: events with
compatible arrival times, SNR and source masses. The others are
rejected as noise.

• Coherent analysis:

    the basic idea is to “construct” an ideal detector equivalent to the
network, to which each real detector coherently contributes with its
sensitivity, position, orientation.. and then to perform the analysis as in
the case of a single interferometer.
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Coherent analysis (I)
We use as network statistic to maximize (see Phys.Rev D 64,
042004(2001) by Pai, Dhurandhar and Bose) the Logarithm of the
Likelyhood Ratio

where    is the number of detectors,    the data stream,    the template
and the cross correlation < , > is the Wiener filter, defined as:

In the case of coalescing binaries, using newtonian approximation the
LLR depends on 9 parameters, conventionally divided in:
intrinsic parameters:
source distance   , star masses         , phase of the waveform at
coalescence time     , polarization-ellipse angle    ,
extrinsic parameters:
inclination of the binary orbit to the sight line   , source direction         ,
coalescence time
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Coherent analysis (II)
After an analytic maximization over 4 parameters:
    source distance, wave phase at coalescence time, orbit inclination with respect to the line of sight, and
polarization-ellipse angle
the logarithm of the likelyhood ratio can be written as a quadratic function of the N
detectors correlators

where:
             is a matrix with as many rows as the number of detectors in the network,
depending on the interferometers locations, their relative sensitivities and source
position
         is the usual Wiener correlator computed (for the two quadratures) by each
experiment, and depends on stellar masses and location
        is the time delay of the I-th detector with respect to the network frame.

The maximization over the coalescence time is done as usual in the frequency
domain, where a time translation is only a phase shift of the correlation vector.

L finally depends on the masses and the stars position
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Our work: a mixed approach

The maximization over the source position is very computational expensive,
since it requires to sweep the solid angle.
 We have therefore tested a combination of the two methods, which starts
from a coincidence and tries to improve the determination using the
coherent analysis with a fit of the network statistic.

We have considered a network composed by Virgo and the two 4 Km
LIGOs.
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The MonteCarlo

We have used BNS signals, with                           , and a fmin = 30Hz. With this
choice, the signal duration is about 52 s.

For each sky location, signals are injected every 100s, at a distance of 1Mpc, with
polarization randomly distributed in          , and inclination i uniformly distributed
in            that is cos(i) uniformly distributed in [-1, 1].

Signals have been generated at 32 sky locations that are the vertices (20) and the
centers of the faces (12) of a dodecaedron, in an equatorial reference frame fixed
with the Earth.

Two datasets have been produced, one at the nominal sampling rate of the
detectors: 20kHz for Virgo and 16384Hz for LIGO detectors, the other at reduced
sampling rate:4kHz for Virgo, and 4096Hz for the LIGO detectors.

To perform a simulated analysis, data have been scaled to the desired distance
and summed to the noise in order to process them and find the events.
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The analysis
In order to make it possible to compute the logarithm of the likelyhood ratio for
different directions in the sky (and therefore different shifts within the correlator
vectors) for each detector and for each event, the correlators  were saved around
the maxima in a 10 ms time window.

We used then two methods:

• a parabolic fit to the LLR function around the maximum:

starting from a double coincidence (events with SNR above 10 on any detector
pair), we have searched for compatible events (with SNR above 7) in the third
detector. From its behavior near the maxima, we have supposed that the LLR
could be fitted with a parabolic function of the three correlator indexes .

• in order to make a comparison we have also reconstructed the positions using
the coincident method.
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 Comparison between the methods (I)

In the first plot we can see a
benefit of the coherent fit
method:mitigation of the
systematic effects due to the
sampling

For real coincidences, the
“mirror” position has been
discarded.

Real position:

ra   = 288°09’     dec = 26°53’

Coincidence:

ra mean   =  288°17’  std dev = 2°04’

dec mean = 26°56’     std dev = 3°19’

Coherent fit:

ra mean   = 288°30’  std dev = 1°50’

dec mean = 26°20’    std dev = 2°07’
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 Comparison between the methods (II)

Definition of Angular
distance between real and
reconstructed position:

( ) kk reconreal

rr
!="cos

Real position:

ra   = 144°04’   dec = -52°39’

Coincidence:

ra mean  =   143°52’  std dev = 5°19’

dec mean = -52°41’   std dev = 3°10’

Coherent fit:

ra mean   = 143°35’  std dev = 5°08’

dec mean = -52°41’    std dev = 2°47’
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 What happens with a lower SNR threshold? (6,6,6)
The “arcs” in the first plot represent
the false double coincidences: two
arrival times draw a ring in the sky,
the third detector help to fix the two
mirror positions, if the coincidences
are due to real chirps!
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 Results, conclusions and future work...

In this work we have done a comparison between coincident and
coherent methods in the reconstruction of the source position, using a
network of three interferometers.

We have focused on signals emitted by binary neutron stars.

The results obtained using these LIGO-Virgo simulated data appear to be
promising: a fit of the LLR allowed to improve the source position over a
simple coincidence.

We need now to test the method at different SNR thresholds over the
detectors, in order to fully characterize its performance and its impact on
the parameter reconstruction, and try to study its behavior as a function
of the SNR.




