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ApproachApproach

Synthesize a Galactic population of white Synthesize a Galactic population of white 
dwarf binariesdwarf binaries
Assume detection criteriaAssume detection criteria
Explore properties of resolved binariesExplore properties of resolved binaries
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Population SynthesisPopulation Synthesis

Modeling the evolution of binaries:Modeling the evolution of binaries:
Use outcomes of Use outcomes of NelemansNelemans synthesis synthesis 

•• provides distribution of binary typesprovides distribution of binary types
•• provides provides PPorborb vsvs M at birthM at birth

Generate a realization of the Galaxy population using Generate a realization of the Galaxy population using 
Benacquista, Benacquista, DeGoesDeGoes, & , & LunderLunder

•• Assume constant birth rateAssume constant birth rate
•• Select binary typeSelect binary type
•• Select massesSelect masses
•• Determine Determine PPorborb at birthat birth
•• Evolve to the presentEvolve to the present
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Galactic StructureGalactic Structure

Use "Use "cuspycuspy" bulge distribution:" bulge distribution:

Vary Vary RR00, , zz00 to explore variations in to explore variations in 
Galactic structureGalactic structure

RR00 = 2.0, 2.5, 3.0 = 2.0, 2.5, 3.0 kpckpc
zz00 = 100, 200, 300, 500 pc= 100, 200, 300, 500 pc

Use Use NN = 30 x 10= 30 x 1066
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Determine ForegroundsDetermine Foregrounds

Use Use barycentricbarycentric frameframe
Don't include modulation due to LISA Don't include modulation due to LISA 
motionmotion
Calculate a running averageCalculate a running average
Assume confusion limit is the running Assume confusion limit is the running 
averageaverage
Cut off the running average (a la Bender Cut off the running average (a la Bender 
and and WebbinkWebbink) at high frequencies) at high frequencies
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Resolvable BinariesResolvable Binaries

Assume a demodulation concentrates Assume a demodulation concentrates 
power into one frequency binpower into one frequency bin
Use confusionUse confusion--limit + instrument as noiselimit + instrument as noise
Assume SNR > 5 necessary to Assume SNR > 5 necessary to 
characterize a binarycharacterize a binary
Assume Assume perfectperfect characterization of binary characterization of binary 
propertiesproperties
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Properties of Resolved Properties of Resolved 
BinariesBinaries

Calculate the chirp Calculate the chirp ddff/d/dtt..
If the frequency changes by more than If the frequency changes by more than 
one frequency bin, assume that the chirp one frequency bin, assume that the chirp 
is detectableis detectable
For observation time T, this requires:For observation time T, this requires:
ddff/d/dtt ≥≥ TT--22

Otherwise the binary is monochromaticOtherwise the binary is monochromatic
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Monochromatic BinariesMonochromatic Binaries

The population of monochromatic binaries The population of monochromatic binaries 
provides structural information only provides structural information only 
through sky positionthrough sky position
Consequently, monochromatic binaries Consequently, monochromatic binaries 
can provide scale height information.can provide scale height information.
~ 25,000 resolved monochromatic binaries~ 25,000 resolved monochromatic binaries
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Chirping BinariesChirping Binaries

Measurement of the chirp allows for the Measurement of the chirp allows for the 
measurement of distancemeasurement of distance
The population of resolved chirping The population of resolved chirping 
binaries can be used to determine the binaries can be used to determine the 
radial scaleradial scale
~ 1300 resolved chirping binaries~ 1300 resolved chirping binaries
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Selection EffectsSelection Effects
Resolved population is not a random sampling Resolved population is not a random sampling 
of underlying population.of underlying population.
Resolved monochromatic binariesResolved monochromatic binaries

Distant binaries are the high chirp mass tail of the Distant binaries are the high chirp mass tail of the 
populationpopulation
Nearby binaries sample a larger part of the mass Nearby binaries sample a larger part of the mass 
distribution, but middistribution, but mid--frequency distributionfrequency distribution

Resolved chirping binariesResolved chirping binaries
High chirp mass tailHigh chirp mass tail
High frequency distributionHigh frequency distribution
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ConclusionsConclusions
Galactic structure and binary evolution can Galactic structure and binary evolution can 
be constrained by the resolved population be constrained by the resolved population 
of white dwarf binariesof white dwarf binaries
Selection effects on resolved binaries Selection effects on resolved binaries 
explore massive, high frequency end of explore massive, high frequency end of 
the populationthe population
Need work on data analysis techniques to Need work on data analysis techniques to 
determine actual capabilitiesdetermine actual capabilities



June 29, 2006June 29, 2006 GWADWGWADW--Elba '06Elba '06 2121

Data Analysis WebsitesData Analysis Websites
TestbedTestbed for LISA Analysis (TLA)for LISA Analysis (TLA)

http://tla.gravity.psu.edu/index.shtmlhttp://tla.gravity.psu.edu/index.shtml

Mock LISA Data Challenge (MLDC)Mock LISA Data Challenge (MLDC)
http://www.tapir.caltech.edu/dokuwiki/listwg1b:http://www.tapir.caltech.edu/dokuwiki/listwg1b:
homehome

Task group on Galactic BinariesTask group on Galactic Binaries
http://www.tapir.caltech.edu/dokuwiki/listwg1a:http://www.tapir.caltech.edu/dokuwiki/listwg1a:
homehome
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