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The dynamic life of compact objects

• Isolated, Binaries, Cataclysmic variables 

• Compact binaries

➢BNS mergers have been an area of interest in observational searches 

since GW170817

➢DWD mergers will be one of the major signal sources in LISA, TianQin, 

Taiji

R. Hurt/Caltech-JPL 
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What happens to WD binaries?

• Thermonuclear explosion – SN Ia

• Non-explosive outcomes?

• The case of ultra massive WDs X-ray: NASA/GSFC
Optical: DSS

# SNIa  ∼ (2.1–2.6) × 1e4 Gpc−3 yr−1 (Maoz-MNRAS-2018)

<

# DWD ∼ (5–7) × 1e5 Gpc−3yr−1 (Perley-ApJ-2020)
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Fallback accretion - WD remnant

Sousa-ApJ-2023

Energy source: 𝐻 = 𝐻0 1 +
𝑡

𝑡𝑐

−𝛿

Spindown radiation - NS remnant

Ridha Fathima–JHEAP-2026
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Ejecta model

• Density 𝜌 = 𝜌0𝑥𝑚𝑡−3𝑛

• Gray opacity 𝜏 = ∫ 𝜅 𝜌 𝑥, 𝑡  𝑑𝑥

• Photosphere

 Rph = ቊ
𝑟𝑁 1 −  𝜀 𝑟𝑜

2 1/(1−𝑚), 𝜏 < 1
𝑟𝑁 , 𝜏 ≥ 1

m 9

n 1

𝜅 0.2

mej (𝑀⊙) 1e-3

Rej,0 (cm) 1e11

vej (cm/s) 1e9
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Energy equation

𝐿𝑙𝑒𝑎𝑘 = 𝑒−𝜏 𝐻

ሶ𝐸 = 1 − 𝑒−𝜏 𝐻 − 𝑃 ሶ𝑉  − 𝐿𝑡ℎ𝑒𝑟𝑚 

17/07/2026 6th Zeldovich meeting, Pescara 6



Bolometric luminosity
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Fast, faint transients
▪ Peak > -15 mag ▪ Decay rate > 0.1 (mag/d) ▪ Blue at peak (g-r ~ -1 mag)
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DWD MERGERS

Adapted from 
Perley-ApJ-2020
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Predicting the rate

• Assuming 100% of non-explosive cases ( 𝑅𝐷𝑊𝐷  − 𝑅𝑆𝑁𝐼𝑎) becomes a WD

log10 𝑑𝑚𝑎𝑥,𝑝𝑐  =  0.2 × (𝑚𝑙𝑖𝑚  − 𝑀𝑐𝑎𝑑  +  5)

𝑁 𝑑 <  𝑑𝑚𝑎𝑥 = 𝑅𝑒𝑣𝑒𝑛𝑡/𝐺𝑝𝑐/𝑦𝑟 ×
4

3
 𝜋 𝑑𝐺𝑝𝑥

3

Rtra = 𝑘rem RDWD + lDD RSNIa 
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LSST r band: 𝑚lim = 24.7

Cadence Δ𝑡 = 3 days

ZTF r band: 𝑚lim = 20.6

Cadence Δ𝑡 = 1 day

▪ 10–100 yr-1

in ZTF g-band
within
20–70 Mpc

▪ 100–1000 yr-1

in ATLAS o-band
within
40–120 Mpc

▪ 100–10^6 yr-1

in LSST g-band
within
240–760 Mpc

LSST/VROZTF/IPAC ATLAS
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DWD mergers can produce 
detectable fast transients!

LINK TO PAPER
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WD
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Dan-MNRAS-2014
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  H =  H 0    (  1 +  t   t c )  − 𝛿


  𝜌 =  𝜌 0  x m  t  − 3 n


  𝜏 = ∫ 𝜅   𝜌  (  x , t )   d x


   R  ph =  {       r N      (  1 −   𝜀    r o 2 )  1 / ( 1 − m ) ,   𝜏 < 1     r N                                                                     , 𝜏 ≥ 1


  𝜅


  (  M ⊙


   L  l e a k =  e  − 𝜏   H


   E . =  (  1 −  e  − 𝜏 ) H   − P    V .   −  L  t h e r m  


     R  D W D   −  R  S N I a


    log  10    d  m a x ,   p c   =   0 . 2 × (  m  l i m   −  M  c a d   +   5 )


  N    [  d   <    d  m a x ] =  R  e v e n t / G p c / y r ×  4 3   𝜋    d  G p x 3


  Rtra  =  


   m  lim = 24 . 7


  Δ t = 3


   m  lim = 20 . 6


  Δ t = 1

