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• Common envelope evolution
• critical mass ratio for unstable mass transfer
• envelope ejection efficiency

• Metallicity-dependent binary fraction
• Initial binary properties (separations, eccentricity, mass ratios)
• Milky Way star formation history
• White dwarf tides

from Thiele+2023, ApJ

Many uncertainties affect the predicted white 
dwarf binary population

The (currently uncertain) shape of this foreground affects all LISA science!



1. LISA verification binaries
    e.g. ZTF (Burdge+2020), ELM survey (Brown+2020)

2. LISA progenitors (white dwarf+star binaries)
    e.g. SDSS (Zorotovic+2010), Gaia (Yamaguchi+2024)

3. LISA “successors” — white dwarf merger 
outcomes



Final outcomes for different white dwarf merger masses 

Marsh+2004, Dan+2014, Shen 2015, Kremer+2022, Ferrario 2025
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Stable mass transfer 
• Long-lived accreting binaries: 

AM CVn?
(e.g., Tutukov & Yungleson 1996, 
Nelemans+2001, Marsh+2004)

• “Outspiralling” LISA sources?
(e.g., Kremer+2017, 
Breivik+2018, Tauris+2018)

O/Ne WD



Final outcomes for different white dwarf merger masses 

White dwarf remnant
• Fast rotators (P ~ hr), high 

magnetic fields (108 G or more) 
(e.g., Ferrario+2015, Külebi+2010, 
Hollands+2020)
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ZTF J1901+1458 

 Caiazzo+2021, Nature
• Moon-sized white dwarf
• Mass ~ 1.3 
• Spin period ~ 7 minutes
• B ~ 109 G

M⊙
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Type Ia
• Prompt detonation of Carbon 

(requires high 
temperatures+densities)

Iron core collapse?
• maybe for large mass ratios 

(Schwab+2016)
Double detonation scenarios
• Helium shell burning could trigger 

“double detonation” explosion 
(Shen+2018)

Supernova explosion

Prelude to a double degenerate merger 13
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Fig. 14.— Densities and temperatures of the final remnant resulting from the merger of 0.2 + 0.8 M� binary (P1): xy-plane (left) and
xz-plane (right). Color-coded is the temperature (in units of 108 K), the overlaid white contours refer to log ⇢ (⇢ in g cm�3 ). The contours
in the left panel show densities ranging from log10 ⇢ = 4 (innermost contour) to log10 ⇢ = 2 (outermost contour) in steps of 0.5, while the
contours in the right panel range from log10 ⇢ = 4.1 to log10 ⇢ = 2.9 in steps of 0.3.
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Fig. 15.— Evolution of the dynamically unstable system of two CO white dwarfs with 0.6+ 0.9 M�. The panels show three-dimensional
renderings of the density at 16, 27 and 30 times the initial orbital period.
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Fig. 16.— Orbital separation (in 109 cm; left) and mass transfer rate (in units of the Eddington value: right) for the unstable 0.6 + 0.9
M� system, P5 in Table 1.

M� binary system, the donor star is observed to remain close to synchronization during the entire duration of the
mass transfer phase.
The thermodynamical properties of the remnant core are displayed in Figure 20. The peak temperatures now reach

about 5⇥ 108 K at densities of about 106 g cm�3. Under these conditions, carbon burning is observed to occur, but

Dan+2014



Final outcomes for different white dwarf merger masses 

M 1 =
 M 2

   NS

NS

C/O WD

C/O WD

O/Ne WD

SN Ia
NS

SN Ia?
NS?

NS
Stable mass 

transfer expected

Chandra limit

Collapse to neutron star
Electron captures onto O/Ne/Mg? 
(Nomoto+1984)
Carbon flame lifts degeneracy of 
core? (Schwab+2016)

Millisecond magnetars?
• spins < 10 ms, B ~1015 G
• Evidence in globular clusters?

(Boyles+2011, Kremer+2023)

Associated electromagnetic transient?
• How much ejecta mass? 

Dessart+2006
• Fast blue optical transient powered 

by magnetar? (Lyutikov & Toonen 
2019)

• Fast radio bursts? (Margalit+2019)



Computed using COSMIC 
population synthesis code 
(Breivik+2020) coupled 

to Galactic star formation 
history from FIRE-2 

(Wetzel+2016)

Example Galactic population model

White dwarf mergers
past 100 Myr, d < 1 kpc 

(~1000 total)



Kremer+2023, MNRAS
Observable lifetime of a pulsar:
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Evidence from globular cluster pulsars

( ≪ Cluster age ∼ 1010 yr)
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Observable lifetime of a pulsar:
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Evidence from globular cluster pulsars

“Recycled” 
millisecond 

pulsars
Hundreds of millisecond 

pulsars are observed in Milky 
Way globular clusters

Young cluster pulsars 
(ages < 100 Myr)
Tauris+2013, Zhou+2023

All six young pulsars found in core-collapsed clusters, 
consistent with white dwarf merger origin

Spin down time ≈ 108( B
1012 G )

−1

yr

( ≪ Cluster age ∼ 1010 yr)



Bhardwaj et al. 2021
Initial FRB detection (CHIME)

Zoomed-in r’ band image of host cluster 
(Suburu; Hyper Suprime-cam)

• A second globular cluster FRB candidate announced by 
CHIME in February 2025! Shah+2025, Eftekhari+2025, 

• Distance ~ 3.6 Mpc               
(closest extragalactic FRB known)

Digital Sky Survey RGB image of region near M81

Kirsten et al. 2022
Localization to a globular cluster 

(European VLBI Network)

~2 pc offset from 
cluster centerInitial CHIME 

localization

Fast Radio Bursts in Globular Cluster from 
White Dwarf Merger Collapse?



Binary inspiral

Roche lobe overflow

AM CVnX-ray/UV/
optical

stable? unstable?

Merger

Gravitational 
waves (LISA)

(e.g., Amaro-Seoane+2020)

Optical
(e.g., Burdge+2020)

detonation?

SN Ia
no detonation?

Viscous disk        
“Luminous giant”

Optical/Infrared
(e.g., Gvaramadze+2019?)

sub-Chandra?
super-Chandra?

Massive (magnetic) 
white dwarf

e.g., optical
(e.g., Caiazzo+2021)

Neutron star
Radio pulsars?

(e.g., Boyles+2011)
Fast radio bursts?

(e.g., Bhardwaj+2021)

(e.g., Webbink+1984)

(e.g., Smak 1967)

White Dwarf 
Mergers as 
Multimessenger 
Sources

Questions?

LISA


