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Outline

● Multi-messenger astrophysics
● LISA
● Ultracompact binaries

» White dwarf binaries
» Low-mass X-ray binaries

● Simulations
● Observations
● Future work

DCC: T1900360-v1
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Multi-messenger Astrophysics

DCC: T1900360-v1
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Multi-messenger Astrophysics

DCC: T1900360-v1
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Image credit: LSC

GW170817
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LISA

Image credit: ESADCC: T1900360-v1

● 3 test masses, 6 laser links
● 2.5 million km arms
● Earth trailing heliocentric 

orbit
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LISA

Image credit: Moore, Cole, 
Berry 2014 (arXiv:1408.0740)DCC: T1900360-v1

Peak sensitivity ~5 mHz
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LISA Verification Binaries

DCC: T1900360-v1 Figure credit: 
Burdge+ 2019
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LISA Verification Binaries

DCC: T1900360-v1

● Identify LISA 
sources in EM
» P ~ minutes - hours

● Predict GW 
waveform
» monochromatic

● Calibrate LISA GW 
signal

Figure credit: 
Burdge+ 2019
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LISA Verification Binaries

DCC: T1900360-v1

White Dwarf 
Binaries

Low-mass X-ray 
Binaries

Image credit: Caltech (L); 
Dana Berry/NASA Goddard 
Space Flight Center (R)
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LISA Verification Binaries

DCC: T1900360-v1

Simulations

- Predict 
verification 
binary 
detections

Observations

- Identify and 
characterize 
verification 
binaries
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LISA Verification Binaries

DCC: T1900360-v1

Simulations

- Predict 
verification 
binary 
detections

Observations

- Identify and 
characterize 
verification 
binaries



LIGO-G09xxxxx-v1

Form F0900042-v1

Olivia Cooper, LIGO SURF 2019 12

Orbital Decay

● Objects in binary orbit 
give off GW

● As energy is lost, period 
decreases

DCC: T1900360-v1
Animation credit: NASA/Dana Berry, Sky Works Digital
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Simulated Light Curves

● Construct eclipsing light curve given binary parameters

DCC: T1900360-v1
Animation credit: space.fm



LIGO-G09xxxxx-v1

Form F0900042-v1

Olivia Cooper, LIGO SURF 2019 14

Simulated Light Curves

● Interpolate light 
curve over time 
given decay rate

● Eclipse mid 
points shift over 
time

● White dwarf 
binary
» -10-11 s/s

DCC: T1900360-v1
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Simulated Light Curves

DCC: T1900360-v1

● Interpolate light 
curve over time 
given decay rate

● Eclipse mid 
points shift over 
time

● White dwarf 
binary
» -10-11 s/s

10 years 
(LSST)

1 year 
(ZTF)
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DWD Simulations

DCC: T1900360-v1

• Gravitational waveform 
catalog

• Light curve corresponding 
to each binary system

Galactic 
Binary 

Population

• Period search simulated 
photometry

• Constrain range of 
inclination and period we 
can detect

Orbital 
Decay Light 

Curves

Quantify 
range of 

white dwarf 
binaries we 
expect to 

detect in EM 
and GW
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LISA Verification Binaries

DCC: T1900360-v1

Simulations

- Predict 
verification 
binary 
detections

Observations

- Identify and 
characterize 
verification 
binaries
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EM Follow-up

DCC: T1900360-v1

Wide field 
surveys 
(ZTF)

• Cadence ~3 
days

• Period search
• HR Diagram 

(Gaia)

Scan and 
cross 
match

• Visually scan 
light curves

• Cross match 
with SIMBAD

Follow up
• High cadence 

photometry
• Spectroscopy
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ZTF Light Curves

DCC: T1900360-v1
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ZTF Light Curves

DCC: T1900360-v1
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Spectroscopy

DCC: T1900360-v1

Data reduction 
and analysis

Animation credit: PLATO 
Figure credit: Burdge+ 2019 (arXiv: 1907.11291)
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Spectroscopy

DCC: T1900360-v1
Figure credit: Burdge+ 2019 (arXiv: 1907.11291)
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KPED Light Curves

DCC: T1900360-v1
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KPED Light Curves

DCC: T1900360-v1
Image credit: Burdge+ 2019
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Conclusions and Next Steps

● Multi-messenger astronomy allows us to further 
constrain a source’s astrophysical parameters

● Ultracompact binaries are needed to verify and 
calibrate LISA
» Simulate Galactic Binary population waveforms and photometry
» Follow up of wide field sky surveys with high cadence photometry 

and spectroscopy

DCC: T1900360-v1
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DCC: T1900360-v1



LIGO-G09xxxxx-v1

Form F0900042-v1

Olivia Cooper, LIGO SURF 2019 27

Additional Slides

DCC: T1900360-v1
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TSpec

● Palomar 200” Hale telescope
● Triple Spec NIR spectrograph

» 1.0 – 2.4 µm

● 2 hours of observing
● 1 × 30 arcsecond slit

DCC: T1900360-v1
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KPED

● WIYN 2.1 m
● EMCCD
● High cadence 

photometry
● frame rates > 1 Hz 

(readout time)
● FOV 4.4’ x 4.4’

DCC: T1900360-v1



LIGO-G09xxxxx-v1

Form F0900042-v1

Olivia Cooper, LIGO SURF 2019 30

J1539: 7 min binary

DCC: T1900360-v1 Image credit:
Caltech/IPAC

● 6.91 min period
● GW freq 4.8 mHz

» LISA SNR ~ 139 in 4 years
● Surface brightness ratio 

0.036
● Quasi-sinusoidal modulation 

» primary star irradiates one 
side of secondary

● -2.365*10-11 s/s
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Ellipsoidal Modulation

DCC: T1900360-v1

Image credit: Niel Brandt, PSU (L);
Reed+ 2011 (arXiv: 1011.0387) (R)

● Ellipsoidal modulation
● Tidal bulges change 

projected area of star
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The Variable Sky

DCC: T1900360-v1

Image credit: 
Palaversa+ 2013 
(arXiv:1308.0357)
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Pulsating White Dwarfs

DCC: T1900360-v1

Animation credit: 
space.fm
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More ZTF Light Curves

DCC: T1900360-v1 Image credit: Ivan L. 
Andronov

V* EK UMa
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ellc

● Builds eclipsing binary 
light curves

● Input binary parameters
» Relative radii
» Inclination
» Mass ratio
» Star spots
» etc

● Pierre Maxted (2016)

DCC: T1900360-v1
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Period Search

● Lomb-Scargle
» Fourier power versus frequency or period

● Conditional Entropy
» 2D histogram, axes are time and magnitude
» Modulate over time bin, minimize scatter

DCC: T1900360-v1
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Period Search

● Lomb-Scargle
» Fourier power versus frequency or period

● Conditional Entropy
» 2D histogram, axes are time and magnitude
» Modulate over time bin, minimize scatter

DCC: T1900360-v1 Figure credit: Graham+ 
2013 (arXiv: 1306.6664)
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Known Verification Binaries

Table: Kupfer+ 2015 
(arXiv: 1805.00482v2)

DCC: T1900360-v1
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AM CVn

Image credit: NASA
DCC: T1900360-v1

● Cataclysmic variable
● Hot blue binary system
● White dwarf accretes H-poor 

material from companion
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Image credit: ESO
Olivia Cooper, LIGO SURF 2019 40

DCC: T1900360-v1

● Stellar evolution 
dependent on 
initial mass
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Stellar Remnants

DCC: T1900360-v1 Image credit: 
R.N. Bailey


