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CONCLUSIONS:

• Close white dwarf binaries in the Galaxy will 
dominate the gravitational wave spectrum between 
10 and 1000 microhertz.

• High-mass and high-frequency binaries will be 
individually resolvable throughout the Galaxy.

• These observations will be complementary with 
optical observations of local systems.
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• Gravitational radiation is propagating perturbation of 
spacetime curvature.

• It manifests itself as a variation in the distance 
between inertial masses.

• It is measured as a strain h(t) = dL/L

• Comes in two polarizations.

BASICS OF GRAVITATIONAL 
RADIATION
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MATHEMATICAL INTERLUDE
Invariant distances are measured in spacetime using 
the metric:

Infinitessimal coordinate displacement

Coordinate-dependent metric

Coordinate-independent invariant distance

ds

2 = gµ⌫dx

µ
dx

⌫
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gµ⌫ = ⌘µ⌫ + hµ⌫
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Background metric

gµ⌫ = ⌘µ⌫ + hµ⌫
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Gravitational wave perturbationBackground metric

gµ⌫ = ⌘µ⌫ + hµ⌫

5



Texas A&M CommerceFeb. 28, 2013

Gravitational wave perturbationBackground metric

Choose very specific coordinates so that the perturbation is 
traceless, and with wave propagation along z-axis. (Transverse 
Traceless Gauge)

gµ⌫ = ⌘µ⌫ + hµ⌫
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Gravitational wave perturbationBackground metric

Choose very specific coordinates so that the perturbation is 
traceless, and with wave propagation along z-axis. (Transverse 
Traceless Gauge)

gµ⌫ = ⌘µ⌫ + hµ⌫

hµ⌫ =

0

BB@

0 0 0 0
0 h+ h⇥ 0
0 h⇥ �h+ 0
0 0 0 0

1

CCA ei!t
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Gravitational wave perturbationBackground metric

Choose very specific coordinates so that the perturbation is 
traceless, and with wave propagation along z-axis. (Transverse 
Traceless Gauge)

Plus Polarization

gµ⌫ = ⌘µ⌫ + hµ⌫

hµ⌫ =

0

BB@

0 0 0 0
0 h+ h⇥ 0
0 h⇥ �h+ 0
0 0 0 0

1

CCA ei!t
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Gravitational wave perturbationBackground metric
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Gravitational wave perturbationBackground metric

Choose very specific coordinates so that the perturbation is 
traceless, and with wave propagation along z-axis. (Transverse 
Traceless Gauge)

Cross Polarization

gµ⌫ = ⌘µ⌫ + hµ⌫

hµ⌫ =

0

BB@

0 0 0 0
0 h+ h⇥ 0
0 h⇥ �h+ 0
0 0 0 0

1

CCA ei!t
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INTERFEROMETRIC DETECTION

• Isolate test masses from 
external forces.

• Carefully measure the 
distance/light travel time 
between two test masses.

• Simple interferometry 
detects the variation in 
armlengths.

• Polarization states are usually 
defined in terms of the arms.
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•Space-based inteferometers rely on constellations 
flying in orbit.

•One-way laser and laser-transponders connect 
each arm.
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x

y

zIncoming gravitational wave

Polarization states determined by x, y
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•Motion of the detector influences sensitivity to 
direction of the sources.

•Rotation of the detector
within its plane.
•Precession of the plane.
•Motion of the guiding
center of the detector
plane relative to the
stars.

The “Peanut”



Feb. 28, 2013 Texas A&M Commerce 10

•Motion of the detector influences sensitivity to 
direction of the sources.

•Rotation of the detector
within its plane.
•Precession of the plane.
•Motion of the guiding
center of the detector
plane relative to the
stars.

The “Peanut”



Feb. 28, 2013 Texas A&M Commerce 11

•Tumbling motion of the plane of the detector and 
the orientation of the triangle introduces varying 
responses to each polarization.

• It also introduces sensitivity variations due to sky 
location.

•Orbital motion about the sun introduces frequency 
(or phase) variation due to sky location.

•All this variability permits the estimation of sky 
location and orientation of the source.
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BASICS OF GRAVITATIONAL 
RADIATION EMISSION

• Accelerating masses emit gravitational waves.

• Analogous to accelerating charges and EM radiation.

• Conservation of mass/energy implies no monopole emission.

• Conservation of momentum implies no dipole emission.

•Quadrupoles can emit!

• Binary systems have time-varying quadrupole moments.
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WHY I LIKE WHITE DWARFS
• Because gravitational waves influence the spacetime through 

which they travel, emission from highly relativistic, strong field 
sources is difficult to calculate.

•White dwarfs are low mass systems that come into contact 
before the orbital speeds become relativistic.

• The quadrupole moment is the dominant source of radiation.

• Radiation reaction is easy to compute, using the adiabatic 
approximation.

• The frequency shift due to radiation reaction is linear for all 
reasonable observation times.
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•Quadrupole Formula

• Chirp mass

• Inspiral

GRAVITATIONAL WAVES
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THE GALACTIC POPULATION IN 
GRAVITATIONAL WAVES

•We can estimate the Galactic population of double white 
dwarfs in the frequency band of interest.

• Population Synthesis:

• Belczynski

•Nelemans

• Jeffrey

•…
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•~ 30 million binaries within 0.01 and 100 mHz

•Crowding in frequency-space for frequencies below 
about 3 mHz

•Mass-transferring and Detached systems within the 
band.
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Ruiter et al. 2010
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Nelemans et al. 2004
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•Parameter Estimation of Resolvable Systems:

•Add annual rotation of the “peanut”
•Annual variation of polarization phase
•Annual variation of Doppler phase16 Scientific Objectives
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Figure 2.7.: Level of the Galactic gravitational wave signal as a function of time. Black is the total signal, the red after
removal of the resolved binaries. The yearly variation of the Galactic foreground can clearly be seen. The dashed lines give
the associated SNR for the contribution of the foreground signal to the total signal. For most of the time, the SNR varies
between 1 and 5. The scale on the right y-axis indicates the approximate level of the galactic foreground “noise” at 1 mHz.
Based on the R����� �� ��. (����) Galactic model.

The vast majority will form an unresolved foreground signal in the detector, which is quite di�erent from and
much stronger than any di�use extragalactic background (F����� & P������, ����).

This foreground is often described as an additional noise component, which is misleading for two reasons.
The first is that there is a lot of astrophysical information in the foreground. The overall level of the foreground is
a measure of the total number of ultra-compact binaries, which gives valuable information given the current
uncertainty levels in the normalisation of the population models. The spectral shape of the foreground also
contains information about the homogeneity of the sample, as simple models of a steady state with one type of
binary predict a very distinct shape. In addition, the geometrical distribution of the sources can be detected by
NGO.

Due to the concentration of sources in the Galactic centre and the inhomogeneity of the NGO antenna pattern,
the foreground is strongly modulated over the course of a year, with time periods in which the foreground is more
than a factor two lower than during other periods (E����� �� ��., ����). The characteristics of the modulation
can be used to learn about the distribution of the sources in the Galaxy as the di�erent Galactic components (thin
disk, thick disk, halo) contribute di�erently to the modulation, and their respective amplitude can be used to, for
example, set upper limits to the halo population (e.g. R����� �� ��., ����).

2.3.5. Studying the astrophysics of compact binaries using NGO

By studying the binaries that NGO detected in detail, the physics of tides in white dwarfs and mass-transfer stability
will be constrained. The physics of the actual merger of two white dwarfs is uncertain and will be tested by either
detection or non-detection of this event. NGO will discover the complete Galactic population of short-period neutron
star and black hole binaries and thus determine their local merger rate.

Although the e�ect of gravitational radiation on the orbit will dominate the evolution of the binaries detected
by NGO, additional physical processes will cause strong deviations from the simple point-mass approximation.
The two most important interactions that occur are tides – when at least one of the stars in a binary system is
not in co-rotation with the orbital motion or when the orbit is eccentric – and mass transfer. Because many
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MODEL GALAXY AND DETECTION
EXAMPLE: SNE IA PROGENITORS
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Full 
Galaxy 
model 

with bulge
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GRAVITATIONAL WAVE OBSERVATIONS 
OF WHITE DWARF BINARIES

• No extinction in the Galaxy

• Crowding in frequency space—not physical space

• Massive systems are visible throughout the Galaxy

• We get a good census of the entire Galactic 
population of massive, ultra-compact white dwarf 
binaries.

• Measure orbital period, inclination, sky location.
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• Limiting magnitude: ~20

• Limiting crowding: ~6 x 105 stars/deg2 

• ~ 109 stars in the Gaia catalog

• How many will be white dwarf binaries?

• White dwarf absolute magnitude: ~10-15

• Limiting distance: ~ 100-1000 pc

GAIA CAPABILITIES
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ELECTROMAGNETIC 
OBSERVATIONS OF WHITE DWARFS

•Nearby systems are observable.

• Crowding in physical space — not frequency space.

• Extremely accurate sky locations.

• Biased towards young, hot systems.

• Biased towards interacting systems.
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COMBINING OBSERVATIONS
• Some of the two observed populations will overlap.

• “Verification Binaries” are known through EM observations 
and will be used to confirm the GR analysis.

•Many new binaries will be found in GR with accurately known 
periods and inclination angles.

•Depending on the sky location errors, these can be searched 
for in the EM observations.

• Complementary observations can be used to identify and 
correct for the different biases.
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ASTROPHYSICS PAYOFF

• Determine SNe Ia progenitor population

• Reveal mass transfer stability criteria

• Explore the far side of the Galaxy

• Reveal common envelope physics
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CONCLUSIONS:

• Close white dwarf binaries in the Galaxy will 
dominate the gravitational wave spectrum between 
10 and 1000 microhertz.

• High-mass and high-frequency binaries will be 
individually resolvable throughout the Galaxy.

• These observations will be complementary with 
optical observations of local systems.
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