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We report the discovery of the first eclipsing detached dewttite dwarf (WD) binary. In a
pulsation search, the low-mass helium core WD NLTT 11748 wageted for fast£ 1 minute)
differential photometry with the Las Cumbres Observatifyaulkes Telescope North. Rather
than pulsations, we discoveredl180s 3%-6% dips in the photometry. Subsequent radial wgloci
measurements of the primary white dwarf from the Keck telpedound variations with a semi-
amplitudeK; = 271+ 3kms! and confirmed the dips as eclipses caused by an orbiting WD
with a massM, = 0.648— 0.771IM,, for M; = 0.1 — 0.2M;. We detect both the primary and
secondary eclipses during tRg, = 5.64 hr orbit and measure the secondary’s brightness to be
3.5%+ 0.3% of the primary at SDS§- Assuming that the secondary follows the mass-radius
relation of a cold C/O WD and including the effects of micragng in the binary, the primary
eclipse yields a primary radius & = 0.043— 0.039R, for M; = 0.1 — 0.2M,, consistent with

the theoretically expected values for a helium core WD withiakt stably burning hydrogen
envelope. Though nearby (@150 pc), the gravitational wave strain from NLTT 11748 ilik

not adequate for direct detection by the Laser Interferentgpace Antenna. Future observational
efforts will determineMy, yielding accurate WD mass-radius measurement of both coemts,

as well as a clearer indication of the binary’s fate once aciris reached.

High Time Resolution Astrophysics (HTRA) IV - The Era of Extremely Large Telescopes
May 5 - 7, 2010
Agios Nikolaos, Crete Greece

*Speaker.
TCurrent address: Department of Physics, University of Wiscoltiwaukee

(© Copyright owned by the author(s) under the terms of the Cre@dmmons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



Discovery of the Eclipsing Detached Double White Dwarf Binary NLTT 11748 David Kaplan

We report the discovery of the first eclipsing detached double white fdMéD) binary,
NLTT 11748 [1]. Originally identified as a likely low-mass WD in a binary systeynKawka
& Vennes [2], our photometric observations with the 2-m Faulkes Telesblopth detected both
primary (6.7%) and secondary (3.4%) eclipses, indicating an orbitalgefis.6 hr. Subsequent
spectroscopy with HIRES on Keck | found a roughly circular orbit wittadial velocity ampli-
tude of 271 kmst. This has since been confirmed by Kawka et al. [3] and Kilic et al. [4]e Th
system consists of as 0.15M., He WD photometric primary, with & 0.7M., CO WD secondary
contributinga 3% of the flux ing’-band. Lensing of the primary by the secondary caused &b
amplification during conjunction. We give our measured and derivedrpeieas in Table 1.

As discussed in Steinfadt et al. [1], these observations lead to geometistraints on the
radii of both objects, including perhaps the first such constraint on ¥Be While the current
constraints are not completely independent of all assumptions (havingetbtaly a single spec-
tral lines, we must assume a mass for the CO WD. The large radit0dd4R, for the He WD
implies that hydrogen is being burned stably, and will require a revisioneobthital evolution of
such systems. NLTT 11748 will likely end up as an AM CVn system, but detadémllations are
still required.

Further constraints on the system will require additional information. Withctiete of the
spectral lines from the secondary, the individual masses will be unigletgrmined. Moreover,
the gravitational redshift from the CO WD will help constrain both its mass adis, since it
can be compared to the systemic rest frame determined from the He WD. Hihalgystem can
be over-constrained by measuring the time delay between the primary antlaececlipses: an
effect like the Romer delay in pulsars will give rise to &ul0s offset between the eclipse times
and 1/2 the orbit, as shown in Figure 1 [5].
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Figure 1: Constraints on individual masses from a single radial \iglamnstraintK, and a light-travel
delay At . We show the constraints from each measurement indivigdialbng with 3 ranges) as the
diagonal lines: red for radial velocity, and black for timelay. The contours showd], 20, and 3 joint
confidence contours oll; and My; their covariance is apparent. This system has paramadtailarsto
those of NLTT 11748, and we assumegh = 1kms ! andgy = 50ms, which is rather optimistic. We also
show possible constraints from measurement of the grauit@tredshiftysr (magenta) and a second radial
velocity amplitudeK; (green), along witht30o intervals. Adapted from Kaplan [5].
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Quantity Value
HIRES spectra:
Rad. Vel. AmplitudeK; (kms™) ... 271(3)
Systemic Radial Velocity (kmg) .. 133(2)
X2IDOF ... i 4.5/6
FTN photometry:
Time of Primary Eclipse (BJD TDB) 2,455,196.87828(7)
Period (days) ..................... 0.2350606(11)
Ephemerix?/DOF ............... 3.5/3
Primary Eclipse Deptld; .......... 0.067(3)
Secondary Eclipse Depthy ....... 0.034(2)
Primary Eclipse Duratiom; (S) .... 180(6)
Secondary Eclipse Duratian (s) .. 185(10)
F/Fi(inSDSS-Q) ............... 0.035(3)
Out of Eclipsex?/DOF ............ 404.8/372
Combined data (assuming Mass of Primiy= 0.15M):
Lin. Limb Darkening Coeffup ... 0.0 0.3 0.5
Mass of Secondaryl, (M) ....... 0.71(2) 0.71(2) 0.71(2)
Inclination (deg) .................. 89.90(11) 89.88(11) 89A8j(
Radius of PrimanR; (R2) ......... 0.0393(9) 0.0406(9) 0.0415(9)
X2IDOF ... 285.1/227 279.5/227 276.5/227
Distance (PC) . ...vvvviii 150(32)
Sys. Kin.(U,V,W) (kms™) ....... (-151(9), -183(41), -34(5))

Table 1: Measured and Derived Quantities for NLTT 11748, adapteah fBteinfadt et al. [1]. Quantities in
parentheses are thedluncertainties on the last digit. Out of eclipgéwas determined excluding0.005
cycles around each eclipse, while eclipgavas derived from fitting phases0.1 cycles around each eclipse.
The distance was scaled from Kawka & Vennes [2] usingRayand the systemic kinematics were calculated
from the proper motion [2] corrected to the local standartest [6] and our updated distance.



