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Punchlines!

•First eclipsing detached double 
white dwarf! 5.6 hr orbit.

•First (almost) model independent 
radius measurement of a low 
mass (<0.2 Msun) helium white 
dwarf!



He WD formation 
implies binarity

heavier object evolves

first common-envelope: 
lose mass, shrink orbit

lighter object evolves

second common-envelope: 
lose mass, shrink orbit

• He WDs ≤0.2 MSUN 
can only be made in 
binary common 
envelopes

(Marsh et al. 1995, Nelemans et al. 2001)



Observations
• NLTT 11748 was targeted in a 

search for non-radial g-mode 
pulsations at 100-1000 second 
periods

• None detected at 4 mmag 
amplitude

• Faulkes Telescope North/
Merope (LCOGT)

• 2-m Telescope on 
Haleakala, Hawaii

• 45 second exposures, 22 
second readout

• 4-5 mmag differential 
precision

• Data from 3 nights
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We Found Eclipses!
• FTN Photometry

• 5.6 hr period

• 3%-6% depth

• Keck/HIRES Spectroscopy 
(Courtesy G. Marcy)

• Confirmed period

• K1=271±3 km/s, circular (ε<0.06)

(Steinfadt et al. 2010a)
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A. Kawka et al.: The double degenerate system NLTT 11748

Fig. 2. (Top) Periodogram of radial velocity measurements showing, in
inset, an enlarged segment near the best period. (Middle) Radial velocity
measurements folded on the orbital period and compared to a sinusoidal
fit (see text). (Bottom) Residuals of the sinusoidal fit.

We re-evaluated the kinematics of the system with the
new systemic velocity to obtain (U,V,W) = (−163, −252,
−29) km s−1. These updated values clearly place NLTT 11748
in the halo. Two other ELM systems whose kinematics place
them in the halo are LP400-22 (Vennes et al. 2009) and
SDSS J1053+5200 (Kilic et al. 2010) with the remaining sys-
tems (without a neutron star) apparently belonging to the disc
(Kilic et al. 2010).

3.2. Constraints on a white dwarf companion

Although Kawka & Vennes (2009) achieved a satisfactory fit to
the Balmer line profiles, their analysis did not consider a com-
panion. We repeated that analysis using two composite model
grids, DA+DC or DA+DA. We modelled the primary with a
pure-hydrogen model grid (DA) and the secondary with either a
pure-helium (DC) or a DA grid. First, we set the mass of the sec-
ondary to 0.75 M". We fitted the Balmer line profiles (see Kawka
& Vennes 2009, for details of the NTT-EFOSC2 spectrum) vary-
ing three parameters: the temperature and surface gravity of the
primary (Teff,p, log gp) and the effective temperature of the sec-
ondary (Teff,s). The total flux was obtained by combining the
primary and secondary surface fluxes weighted by the emitting
area: R2 ftot = R2

p fp + R2
s fs, where R is the effective radius of

the composite star, and Rp and Rs are the primary and secondary
radii computed using the evolutionary mass radius relations of
Benvenuto & Althaus (1999) and Serenelli et al. (2002). Note
that the flux composition takes into account the calculated orbital
phase of the observed spectrum and the corresponding offset in
velocities between the two stars. The combined spectrum is then
fitted to the observed spectrum with χ2 minimization techniques.

The best-fit parameters from the DA+DA grid are Teff,p =
8580 ± 50 K (1σ) and log gp = 6.18 ± 0.15 for the primary
and Teff,s ≤ 9600 K for the secondary. The flux contribution
from the secondary at 5500 Å (V-band) is ≤5% of the total flux.
But if we used the DA+DC grid we obtained an upper limit
of Teff,s ≤ 7200 K, with a flux contribution ≤2%. Setting the

Fig. 3. Orbital period versus mass of the visible component in binary
systems containing a white dwarf and a neutron star (open triangles)
or another white dwarf (open circles, this includes systems where the
unseen is unknown, but has a high probability of being a more massive
white dwarf). NLTT 11748, HD 188112, and SDSS J1023+0038 are
marked with a filled square, circle, and triangle, respectively. These val-
ues are compared to theoretical period-mass relations for NS+WD sys-
tems of Nelson et al. (2004) and Tauris & Savonije (1999) drawn with
thick and thin lines, respectively.

secondary mass to 1 M" did not affect our solution for the pri-
mary, but allowed a higher secondary temperature (+400 K).
In summary, the best-fit parameters are identical to the single
star solution obtained by Kawka & Vennes (2009), and we con-
clude that the secondary star is much fainter than the primary
star.

4. Discussion
If the maximum mass of a white dwarf is 1.35 M", a white dwarf
companion would be expected for inclinations i > 51◦. Ultra-
massive white dwarfs have been found to be either single or in
close binary systems (Vennes & Kawka 2008), as in the pecu-
liar binary system RX J0648.0−4418 (Mereghetti et al. 2009).
Constraining the secondary mass between 1.35 and 0.75 M",
the system is not expected to merge before 5.1 to 7.8 Gyr. In the
low-mass range the merger would create an ultramassive white
dwarf, while in the upper mass range the system would consti-
tute a type 1a supernova candidate.

Figure 3 shows the locus of the ELM binary systems in a
period versus ELM mass diagram. The data from Table 3 are
compared to the mass-period relations from the WD+NS bi-
nary evolutionary scenarios of Nelson et al. (2004) and Tauris
& Savonije (1999). Similar trends are also predicted for the
brighter star in binary systems with two white dwarf stars
(Nelemans et al. 2001). Figure 3 also includes the long period
WD+NS system PSR B0820+02d (Koester & Reimers 2000).
This particular system extends the apparent correlation toward
higher mass (0.60 ± 0.08 M") and longer period (1232.5 d).
Table 3 first provides the parameters of NLTT 11748, followed
by the parameters of systems containing white dwarfs with a
neutron star companion (NS+WD), and double white dwarf sys-
tems (WD+WD). Finally, we list the parameters of the pos-
sible progenitors of ELM white dwarf binary systems. Some
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K1 = 274.8±1.5 km/s

We Found Eclipses!
• FTN Photometry

• 5.6 hr period

• 3%-6% depth

• Keck/HIRES Spectroscopy 
(Courtesy G. Marcy)

• Confirmed period

• K1=271±3 km/s, circular (ε<0.06)

• Confirmed radial velocities by:

• Kawka et al. 2010 - K1=274.8±1.5 
km/s

• Kilic et al. 2010 - K1=273.4±0.5 
km/s
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Fig. 1.— Radial velocity of NLTT 11748 (black dots) observed in 2009 September (left
panels). The right panel shows all of these data points phased with the best-fit period. The
solid line represents the best-fit model for a circular orbit with a radial velocity amplitude

of 273.4 km s−1 and a period of 0.23503 days.

(Kilic et al. 2010)

K1 = 273.4±0.5 km/s

We Found Eclipses!
• FTN Photometry

• 5.6 hr period

• 3%-6% depth

• Keck/HIRES Spectroscopy 
(Courtesy G. Marcy)

• Confirmed period

• K1=271±3 km/s, circular (ε<0.06)

• Confirmed radial velocities by:

• Kawka et al. 2010 - K1=274.8±1.5 
km/s

• Kilic et al. 2010 - K1=273.4±0.5 
km/s



Results from eclipse modeling

• Parameters: M1, R1, (M2, R2), P, i (fixed 
limb-darkening)

• Assumed R2(M2) for C/O WD

• Good fits for M1=0.1-0.2 MSUN

• For M1=0.15 MSUN:

•R1=0.0406(9) RSUN

• M2=0.71(2) MSUN

➡ a=0.007 AU 

➡ R2=0.0108(2) RSUN

• i=89.88(11)o

• Secondary eclipse depth gives C/O WD 
temperature and age ~1.5-3 Gyrs
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Lensing by the Massive C/O WD

Einstein radius

−0.01 −0.005 0 0.005 0.01
0.9

0.92

0.94

0.96

0.98

1

 

 
lensed
no lens

Phase

• Must include effects of microlensing in 
binary (Maeder ’73; Marsh ’01; Agol ’02)

• RE=√(4GM2a/c2)≈0.003 R☉≈ 0.3 R2

• Actual magnitude is ~2(RE/R1)2≈1%

• But eclipse is (R2/R1)2≈6%, so lensing is 
~2(RE/R2)2≈18% effect on eclipse depth

max deflection: ≈0.03°
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Implications

• Model independent M/R 
constraints for two WDS

• Still need to break C/O 
WD mass function 
(double lined binary?)

• He WD evolutionary 
models (Serenelli et al. 
2002, Panei et al. 2007) are 
now constrained
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Implications

• Model independent M/R 
constraints for two WDS

• Still need to break C/O 
WD mass function 
(double lined binary?)

• He WD evolutionary 
models (Serenelli et al. 
2002, Panei et al. 2007) are 
now constrained

Expectations: Panei et al. 2007, Serenelli et al. 2002
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Light-Travel Delay:
q=M2/M1=0 case

phase=0

phase=½

Another Way to 
Get Masses

(Kaplan 2010)
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½ C/O WD emits
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q=M2/M1=0 case

Delay between star emit & star 
absorb: Δt=½+2a/(Pc)

phase=0

phase=½
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Another Way to Get Masses
• Light travel delay: ruins phasing 

between primary/secondary 
eclipses (Fabrycky 2010)

• Tells you size of orbit - like 
Römer delay for pulsars

•ΔtLT=PK1(1-q)/πc=4.5s

• Need high precision: eclipse times 
to ≲0.1s will constrain masses to 
±0.02 M☉

•But eccentricity ε~10-3 gives 
similar signal: get ε from 
spectra (& expect circular 
orbit from CE?)

• See Kaplan (2010, ApJ, 717, 108)
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Implications: Binary Evolution
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Implications: Binary Evolution
• Binary contact in ~8 Gyr

• Sub-Chandrasekhar
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Implications: Binary Evolution
• Binary contact in ~8 Gyr

• Sub-Chandrasekhar

• Stability of mass transfer

• Definitely stable for M1≈0.1 
MSUN

• Questionable stability for 
M1>0.1 MSUN

• However, likely stable until 
at least M1≈0.2 MSUN since 
R1 may be ≈50% larger 
than what Marsh et al. 2004 
used (Panei et al. 2007, 
Steinfadt et al. 2010b)

• Stable transfer ➞ AM CVn

• Unstable transfer ➞ R CrB, 
other

Stability of mass transfer

(Marsh et al. 2004)



Next Steps
• Fast photometry (FTN, WHT/ACAM, NTT/Ultracam, much w/ T. Marsh...)

• Explore shape of eclipse ingress/egress, constrain limb-darkening, look for 
color effects 

• Improve ephemeris

• Ingress/egress last 20s

• Even faster + more area (ELT,TMT,GMT): lensing signature?

• Slow photometry (FTN, ...)

• Measure variation over orbit, confirm K from Doppler beaming (Maxted et 
al. ’00; Loeb & Gaudi ’03; Zucker et al. ’07; van Kerkwijk et al. ’10)

• IR photometry (Gemini)

• Precision timing of eclipses

• measure T2 by comparing depth of secondary eclipse

• Keck spectroscopy

• Look over whole orbit, try to find lines from secondary: measure K2, γGR!
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Danke!
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Searching for the First 
He-Core Pulsator
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(Steinfadt et al. 2010b)

NLTT 11748: log g = 6.20,  Teff = 8500 K
M1=0.17 MSUN, (Kawka & Vennes 2009)

log g = 6.54, Teff = 8700 K, M1=0.18 MSUN, 
(Kilic et al. 2010)

g’ = 16
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