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outline 

1. How many WD-WD binaries will eLisa 
detect? 

 

2. How many WD-WD Binaries will gaia & 
LSST detect? 

 

3. How many simultaneous GW & EM  

 wd-wd detections should we expect? 

  

 

 



Why wd-wd are important? 

• WDs represent the most common fate in the Galaxy:  

 ~ 10¹⁰ WDs in total (Napiwotzki et al. 2009)  and  

   ~ 10⁸ in WD-WD binaries (Nelemans et al. 2001) 
 

• 1/2 of WD-WD have P < 8 hours, so that GW emission 
will bring them into contact within a Hubble time 
(Nelemans et al. 2004) 
 

• The most numerous low-frequency (10ˉ⁴ - 1 Hz) GW 
sources in the Galaxy & guaranteed detections for 
the eLISA mission (Amaro-Seoane et al. 2013) 

    

 

 



Formation and Evolution 

• Binary needs at least 2 mass transfer 
phases to form a WD-WD system 

 

• At least one mass transfer needs to be 
a common envelope to form a compact 
binary 

 

• The following evolution of a WD-WD 
binary is driven by GW radiation 

 

• Last stages are determined by tidal 
interaction and mass transfer 

 

• At the end binary will merge or survive 
as mass-transferring binary 

 

Final fate ? 

Merge or… 

survive as MT 
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LASER  
INTERFEROMETER  
SPACE  
ANTENNA 

1 - 5 x 10⁶ km 

• In principle LISA is a 
Michelson interferometer, 
but floating in space!  

 

• It consists of 3 spacecrafts 
in an equilateral triangle 

 

• Connected by laser links in 
triangular (LISA-like) or 

 V-shaped (eLISA-like) 
configuration 

 

• Spacecraft separation of a 
few 10⁶ km sets the range of 
GW frequencies: 

 0.1 mHz – few Hz 

 

 
©ESA-C. Vijoux 



low-frequency GW SOURCES 

(Amaro-Seoane et al. 2013) 

Extreme 
Mass-ratio 

inspirals 

Galactic 
binaries 

Massive BH 
binaries 

foreground 



How many wd-WDs can elisa 
detect? 



New population synthesis model 
 Changes were made to binary 

population synthesis models  

 since earlier estimates for  
 WD-WD binaries detections: 

 
• NEW STELLAR TRACKS 

 

•  WIND MASS  LOSS 

  PRESCRIPTION 

 

• TREATMENT OF THE MASS  

 TRANSFER STABILITY 

 

• UPDATED ACCRETION 
PRESCRIPTIONS 

 
See Toonen et al. (2012) for details 

 

Two different 
Prescription 
For the CE 
 phase 

The result is the different  
Chirp mass distribution 



 For the majority of galactic 
WD-WDs 

        tGW    >> tobs 

 

   MONOCROMATIC SOURCE 

 with 
     Signal at the detector 

 

          
 

 

           modulation of the signal 

            due to the eLISA orbital 
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 GW signal from  
a wd-wd binary 

eLISA visible 

eLISA invisible 

WD-WD 
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4000-5000  
individually 
resolved 
binaries 

with S/R > 5! 
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Properties of 
elisa detections 

eLISA visible 

eLISA invisible 



Impact of design on the number 
of detections  

5 yr mission 

2 yr mission 

A1, A2 & A5 = 1, 2 & 5 Mkm 
arm length 
 
N2 = LISA Pathfinder 
acceleration noise 
 
L4 & L6 = 4 & 6 links design 



How many EM counterparts 
can we detect? 

 

 

RECIPE FOR GAIA & LSST 



Gaia LSST 

SKY COVERAGE OF 
SURVEY 

whole sky half  of the sky 

DEPTH PER 
OBSERVATION 

G ≈ 20 r ≈ 24  

NUMBER OF 
observations 

70 in 5 years 1000 in 10 years 

cadence of 
observations 

True pointing 1 in 3 days 

How many EM counterparts 
can we detect? 
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How well we can reconstruct 
galactic population? 

Gaia vs LSST 
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How many simultaneous GW & EM  
wd-wd detections? 

 

 

• 10³- 10⁴ individually 
resolved sources   
 
• up to 10² EM 
counterparts detected 
with Gaia 
 
• up to 10³ EM 
counterparts detected 
with LSST 
 
• these detections will 
significantly extend the 
sample of verification 
binaries! 
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How many simultaneous GW & EM   
wd-wd detections? 



A bright future! 

  

 

• > 10² eclipsing WD-WDs 
detected with Gaia  

 by 2020 

 

• > 10³ eclipsing WD-WDs  
detected with LSST by 
2030 

 

• > 10⁴ WD-WDs detected 

  with eLISA 

Gaia 
era 

LSST 
era 

 
eLISA 
Era 
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Compared to the few wd-wd eclipsers known by 2011 we 
expect: 
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Thank you for  
your attention 


