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Resolvable Galactic Binaries

Timpano, Rubbo, & Cornish, PRD 73, 122001 (2006)

The galaxy contains � 108 compact galactic binaries.

LISA will individually resolve � 104 of these.

Current electromagnetic surveys have found � 102 such
systems.
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Talk Outline

1. Forward Models 2. Expectations

3. Guaranteed Signals 4. New Discoveries

Rubbo LISA Science Analysis Workshop 3



Forward Modeling

Monochromatic Signal
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Modulated Signal
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Forward Modeling

Monochromatic Signal
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Modulated Signal
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“Forward Modeling”

Data Analysis

Forward models have been worked out for various levels of
�delity.
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The Need for the Detector Response

The modulation pattern is a function of the signal
frequency f , sky location 
 , and binary orientation 	 .

D (t) = R(f; 
 ; 	) � h(t) + n(t)

Data Response Signal Noise
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The Need for the Detector Response

The modulation pattern is a function of the signal
frequency f , sky location 
 , and binary orientation 	 .

D (t) = R(f; 
 ; 	) � h(t) + n(t)

Data Response Signal Noise

We can only get at the gravitational wave signal if we
have an accurate model for the detector response.
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Astrophysical Expectations

# per log(f ) Density of bright signals

Timpano et al.

PRD 73, 122001
(2006)

7 or 8 parameters for 104 bright (SNR & 5) signals

A � intrinsic amplitude f � frequency

�; � � sky location _f � frequency evolution

 ; � � orientation ' o � initial phase
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Analysis Expectations

In the limit of SNR � 1 the statistical error in parameter
� i is Gaussian distributed,

p(� ~� ) / exp
�

�
1
2

� ij � � i � � j
�

Fisher information matrix (for a mildly chirping signal),

� ij �
2

Sn(f )

Z 1

�1

@h
@�i

@h
@�j

dt

The expected mean square error for parameter � i

h(� � i )2i =
�
(� )� 1� ii

The LISA Calculator by Crowder & Cornish.
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Guaranteed Binaries

Nelemans hosts a wiki site that maintains a list of
guaranteed binaries and their measured parameters.
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Guaranteed Binaries

Nelemans hosts a wiki site that maintains a list of
guaranteed binaries and their measured parameters.

Stroeer & Vecchio, astro-ph/0605227
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Guaranteed = Veri�cation

Guaranteed binaries = veri�cation binaries (?)

Maybe we can use the “veri�cation signals” to verify the
detector response?

Using the prior source information we can use the data
to set more stringent �ts for the local effective noise.

~� ! (A ; f; �; �;  ; �; ' o; � 2
n)
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Guaranteed = Veri�cation

Guaranteed binaries = veri�cation binaries (?)

Maybe we can use the “veri�cation signals” to verify the
detector response?

Using the prior source information we can use the data
to set more stringent �ts for the local effective noise.

~� ! (A ; f; �; �;  ; �; ' o; � 2
n)

How quickly can we acquire the guaranteed signals at
the start of the mission? After a data interruption?

There is a lack of work demonstrating the use of
veri�cation signals!
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Discovery Algorithms

Noise free
time series

Spectral amplitudes
with acceleration and
position noises
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Published Discovery Algorithms

Doppler Demodulation and Tomographic Approaches
Hellings, CQG 20, 1019 (2003)

Cornish & Larson, CQG 20, S163 (2003)

Mohanty & Nayak, PRD 73, 083006 (2006)

gCLEAN
Cornish & Larson, PRD 67, 103001 (2003)

Monte Carlo Markov Chain
Cornish & Crowder, PRD 72, 043005 (2005)

Reversible Jump Monte Carlo Markov Chain
Umstätter et al., CQG 22, S901 (2005); PRD 72, 022001 (2005)

Genetic Algorithm
Crowder, Cornish, & Reddinger, PRD 73, 063011 (2006)
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Highlights from Discovery Algorithms

Monte Carlo Markov Chain

Cornish & Crowder, PRD 72, 043005 (2005)

LISA 6 presentation by Crowder
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Highlights from Discovery Algorithms

Reversible Jump Monte Carlo Markov Chain

Umstätter et al.,

CQG 22, S901 (2005),

PRD 72, 022001 (2005)

Estimates for the noise
levels are also derived.
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Typical Analysis Features

Analyses are done on snippets of the full bandwidth
data.

With the exception of the reversible jump approach, the
algorithms are told how many binaries to search for or
include an arbitrary stopping criteria.

The response functions and ephemeris are assumed
known, smoothly varying, and hardwired into the
algorithms.

There is a rigid assumption about the signal model.
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The Next Steps (Opinion Page)

What does it mean to be a veri�cation signal?

Perform a simulation of a multi-spectrum analysis.
Cooray, Farmer, & Seto, ApJ 601, L47 (2004)

Stroeer, Vecchio, & Nelemans, ApJ 633, L33 (2005)

Process full bandwidth (simulated) data without human
intervention.

Cross compare algorithms  This is not trivial.

Answer the MLDC challenges for galactic binaries:

http://astrogravs.gsfc.nasa.gov/docs/mldc/round1.html
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The Next Steps (Opinion Page)

What does it mean to be a veri�cation signal?

Perform a simulation of a multi-spectrum analysis.
Cooray, Farmer, & Seto, ApJ 601, L47 (2004)

Stroeer, Vecchio, & Nelemans, ApJ 633, L33 (2005)

Process full bandwidth (simulated) data without human
intervention.

Cross compare algorithms  This is not trivial.

Answer the MLDC challenges for galactic binaries:

http://astrogravs.gsfc.nasa.gov/docs/mldc/round1.html

Given the development status for LISA, are the resolvable
galactic binaries data analysis algorithms on track?  In
my opinion, Yes.
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