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typically yields a success rate of only 13-30. We show that non-
simultaneous multi-band photometry is one of the causes of this
low efficiency as it leads to unreliable colours for cool pulsating
white dwarfs. However, we show that colour selection, combined
with evidence of multi-epoch variability, significantly improves the
quality of the ZZ Cetis candidates, without recourse to spectroscopy,
achieving an efficiency of more than 80 per cent.

Among our candidates we also recover one known pulsating
PG1159 star and one known eclipsing binary. We speculate on the
most likely cause for the observed variability of the remaining candi-
dates. Even though we recommend further observations to confirm
beyond any doubt the variable nature of all our candidates, this pilot
study already reveals the ability of our method to efficiently identify
different types of variable white dwarf from eclipsing binaries to
large amplitude cool pulsating white dwarfs.

SDSS Stripe 82 proved a useful resource for testing our selec-
tion method, but covers only 300 deg? of the sky, with sparse ob-
servations taken under variable observing conditions. Upcoming
time-domain surveys will cover much larger areas of the sky with
more continuous cadence (eg. PTF, Law et al. 2009; Pan-STARRS,
Morgan et al. 2014; Gaia, Walton 2014; LSST, Ivezic et al. 2011).
The application of our selection method to these surveys will lead
to identification of variable white dwarfs on industrial scale and
provide very large samples of high-confidence ZZ Ceti candidates.
In this pilot study, we were aided by the high spectroscopic com-
pleteness of Stripe 82, but given the large-area coverage of future
time-domain surveys, such intense spectroscopic follow-up may not
always be available. The photometric selection method presented
in Gentile Fusillo et al. (2015) will perfectly complement future
searches for variable white dwarfs providing large samples of high-
confidence white dwarf candidates.

ACKNOWLEDGEMENTS

NPGF acknowledges the support of Science and Technology Fa-
cilities Council (STFC) studentships. The research leading to these
results has received funding from the European Research Coun-
cil under the European Union’s Seventh Framework Programme
(FP/2007-2013) / ERC Grant Agreement n. 320964 (WDTracer).
Funding for SDSS-III has been provided by the Alfred P. Sloan
Foundation, the Participating Institutions, the National Science
Foundation, and the US Department of Energy Office of Science.
The SDSS-III web site is http://www.sdss3.org/.

REFERENCES

Abazajian K. N. et al., 2009, ApJS, 182, 543

Alam S. et al., 2015, ApJ, 219, 12

Althaus L. G., Cérsico A. H., Isern J., Garcia-Berro E., 2010, A&AR, 18,
471

Angel J. R. P, Landstreet J. D., 1970, ApJ, 160, L147

Angel J. R. P, Borra E. F,, Landstreet J. D., 1981, ApJS, 45, 457

Barstow M. A., Jordan S., O’Donoghue D., Burleigh M. R., Napiwotzki R.,
Harrop-Allin M. K., 1995, MNRAS, 277, 971

Becker A. C., Bochanski J. J., Hawley S. L., Ivezié 7., Kowalski A. F., Sesar
B., West A. A., 2011, ApJ, 731, 17

Bergeron P, 2001, ApJ, 558, 369

Bergeron P., Wesemael F.,, Fontaine G., 1992, ApJ, 387, 288

Bergeron P., Wesemael F., Lamontagne R., Fontaine G., Saffer R. A., Allard
N. F, 1995, AplJ, 449, 258

Bergeron P., Fontaine G., Billeres M., Boudreault S., Green E. M., 2004,
AplJ, 600, 404

Bramich D. M. et al., 2008, MNRAS, 386, 887

MNRAS 455, 2295-2307 (2016)

Brinkworth C. S., Burleigh M. R., Wynn G. A., Marsh T. R., 2004, MNRAS,
348,133

Brinkworth C. S., Burleigh M. R., Lawrie K., Marsh T. R., Knigge C., 2013,
Apl, 773, 47

Casewell S. L. et al., 2015, MNRAS, 447, 3218

Castanheira B. G. et al., 2006, A&A, 450, 227

Castanheira B. G., Kepler S. O., Kleinman S. J., Nitta A., Fraga L., 2010,
MNRAS, 405, 2561

Castanheira B. G., Kepler S. O., Kleinman S. J., Nitta A., Fraga L., 2013,
MNRAS, 430, 50

Charpinet S., Fontaine G., Brassard P., 2009, Nature, 461, 501

Clemens J. C., 1993, PhD thesis, Univ. Texas at Austin

Drake A., 2014, in Wozniak P. R., Graham M. J., Mahabal A. A., Seaman
R., eds, The Third Hot-wiring the Transient Universe Workshop, p. 37

Eisenstein D. J. et al., 2006, ApJS, 167, 40

Farihi J., Jura M., Zuckerman B., 2009, ApJ, 694, 805

Fontaine G., Brassard P., 2008, PASP, 120, 1043

Fontaine G., Lacombe P., McGraw J. T., Dearborn D. S. P., Gustafson J.,
1982, ApJ, 258, 651

Fontaine G., Bergeron P., Lacombe P., Lamontagne R., Talon A., 1985, AJ,
90, 1094

Fontaine G., Bergeron P, Billeres M., Charpinet S., 2003, ApJ, 591, 1184

Fontaine G., Brassard P., Dufour P., 2008, A&A, 483, L1

Frieman J. A. et al., 2008, AJ, 135, 338

Ginsicke B. T., Koester D., Marsh T. R., Rebassa-Mansergas A., Southworth
J., 2008, MNRAS, 391, L103

Gentile Fusillo N. P., Gansicke B. T., Greiss S., 2015, MNRAS, 448, 2260

Gianninas A., Bergeron P., Ruiz M. T., 2011, ApJ, 743, 138

Gianninas A., Dufour P, Kilic M., Brown W. R., Bergeron P., Hermes J. J.,
2014, ApJ, 794, 35

GirvenJ., Gansicke B. T., Steeghs D., Koester D., 2011, MNRAS, 417, 1210

Graham J. R., Matthews K., Neugebauer G., Soifer B. T., 1990, ApJ, 357,
216

Green R. F,, Richstone D. O., Schmidt M., 1978, ApJ, 224, 8§92

Greiss S., Gansicke B. T., Hermes J. J., Steeghs D., Koester D., Ramsay G.,
Barclay T., Townsley D. M., 2014, MNRAS, 438, 3086

Hermes J. J. et al., 2013, MNRAS, 436, 3573

Hermes J. J. et al., 2014, ApJ, 789, 85

Holberg J. B., Bergeron P., 2006, AJ, 132, 1221

Holberg J. B., Howell S. B., 2011, AJ, 142, 62

Ivezi¢, Z. et al., 2007, AJ, 134, 973

Ivezic Z., Strauss M. A., Tyson J. A., Axelrod T., Bloom J. S., LSST Col-
laboration, 2011, BAAS, 43, 252.01

Jura M., 2003, ApJ, 584, L91

Kanaan A., Kepler S. O., Giovannini O., Winget D. E., Montgomery M.,
Nitta A., 1998, Balt. Astron., 7, 183

Kanaan A. et al., 2005, A&A, 432,219

Kepler S. O. et al., 2013, MNRAS, 429, 2934

Kepler S. O. et al., 2015, MNRAS, 446, 4078

Kilkenny D., O’Donoghue D., Crause L. A., Hambly N., MacGillivray H.,
2009, MNRAS, 397, 453

Kleinman S. J. et al., 1998, Apl, 495, 424

Kleinman S. J. et al., 2004, ApJ, 607, 426

Kleinman S. J. et al., 2013, ApJS, 204, 5

Koester D., 2009, A&A, 498, 517

Koester D., Schulz H., Weidemann V., 1979, A&A, 76, 262

Kiilebi B., Jordan S., Euchner F., Ginsicke B. T., Hirsch H., 2009, A&A,
506, 1341

Landolt A. U., 1968, ApJ, 153, 151

Lasker B. M., Hesser J. E., 1971, ApJ, 163, L89

Law N. M. et al., 2009, PASP, 121, 1395

Law N. M. et al., 2015, PASP, 127, 234

Lawrie K. A., Burleigh M. R., Dufour P., Hodgkin S. T., 2013, MNRAS,
433, 1599

Liebert J., Bergeron P., Holberg J. B., 2003, AJ, 125, 348

Littlefair S. P. et al., 2014, MNRAS, 445, 2106

McGraw J. T., 1976, ApJ, 210, L35

McGraw J. T., Robinson E. L., 1975, ApJ, 200, L89

GTOZ ‘T Jequiadaq uo Xoimep\ Jo Aisiealun e /B1o'seulnopioixoseluw//:dny wol) peapeojumoq


http://www.sdss3.org/
http://mnras.oxfordjournals.org/

McGraw J. T., Liebert J., Starrfield S. G., Green R., 1979, in van Horn H. M.,
Weidemann V., eds, IAU Collog. Vol. 53, White Dwarfs and Variable
Degenerate Stars. University of Rochester, Rochester, N.Y., p. 377

Maoz D., Mazeh T., McQuillan A., 2015, MNRAS, 447, 1749

Markiel J. A., Thomas J. H., van Horn H. M., 1994, ApJ, 430, 834

Montgomery M. H., Winget D. E., 1999, ApJ, 526, 976

Montgomery M. H., Williams K. A., Winget D. E., Dufour P., De Gennaro
S., Liebert J., 2008, ApJ, 678, L51

Morgan J. S., Burgett W., Onaka P., 2014, in Stepp L. M., Gilmozzi R., Hall
H. J., eds, Proc. SPIE Conf. Ser. Vol. 9145, Ground-based and Airborne
Telescopes V. SPIE, Bellingham, p. 91450Y

Mukadam A. S. et al., 2004, ApJ, 607, 982

Mullally F., Winget D. E., Degennaro S., Jeffery E., Thompson S. E.,
Chandler D., Kepler S. O., 2008, ApJ, 676, 573

Nitta A. et al., 2009, ApJ, 690, 560

Nordhaus J., Wellons S., Spiegel D. S., Metzger B. D., Blackman E. G.,
2011, Proc. Natl. Acad. Sci., 108, 3135

Orosz J. A., Wade R. A., 1999, MNRAS, 310, 773

Parsons S. G. et al., 2015, MNRAS, 449, 2194

Reid I. N., Liebert J., Schmidt G. D., 2001, AplJ, 550, L61

Robinson E. L., 1979, in van Horn H. M., Weidemann V., eds, IAU Colloq.
Vol. 53, White Dwarfs and Variable Degenerate Stars. University of
Rochester, Rochester, N.Y., p. 343

Rocchetto M., Farihi J., Gansicke B. T., Bergfors C., 2015, MNRAS, 449,
574

Romero A. D., Cérsico A. H., Althaus L. G., Kepler S. O., Castanheira B.
G., Miller Bertolami M. M., 2012, MNRAS, 420, 1462

Sako M. et al., 2008, AJ, 135, 348

Schmidt G. D., Smith P. S., 1995, ApJ, 448, 305

Schmidt G. D. et al., 2003, ApJ, 595, 1101

Sesar B. et al., 2007, AJ, 134, 2236

Variable white dwarfs in SDSS Stripe 82 2307

Sorahana S., Yamamura I., Murakami H., 2013, ApJ, 767, 77

Steele P. R., Burleigh M. R., Farihi J., Gansicke B. T., Jameson R. F., Dobbie
P. D., Barstow M. A., 2009, A&A, 500, 1207

Tout C. A., Wickramasinghe D. T., Liebert J., Ferrario L., Pringle J. E.,
2008, MNRAS, 387, 897

Tremblay P.-E., Bergeron P., Gianninas A., 2011, ApJ, 730, 128

Voss B., Koester D., @stensen R., Kepler S. O., Napiwotzki R., Homeier D.,
Reimers D., 2006, A&A, 450, 1061

Walton N., 2014, in Wozniak P. R., Graham M. J., Mahabal A. A., Seaman
R., eds, The Third Hot-wiring the Transient Universe Workshop. p. 41

Warner B., 1995, Cataclysmic Variable Stars. Cambridge Univ. Press,
Cambridge

Wickramasinghe D. T., Ferrario L., 2000, PASP, 112, 873

Wilson D. J., Giansicke B. T., Koester D., Raddi R., Breedt E., Southworth
J., Parsons S. G., 2014, MNRAS, 445, 1878

Wilson D. J., Gansicke B. T., Koester D., Toloza O., Pala A. F.,, Breedt E.,
Parsons S. G., 2015, MNRAS, 451, 3237

Winget D. E., Kepler S. O., 2008, ARA&A, 46, 157

Winget D. E., Robinson E. L., Nather R. D., Fontaine G., 1982, ApJ, 262,
L1l

Winget D. E. et al., 1991, ApJ, 378, 326

Winget D. E. et al., 2003, in Deming D. Seager S. , eds, ASP Conf. Ser. Vol.
294, Scientific Frontiers in Research on Extrasolar Planets. Astron. Soc.
Pac., San Francisco, p. 59

Woudt P. A., Warner B., Zietsman E., 2012, MNRAS, 426, 2137

Xu S., Jura M., 2014, ApJ, 792, L39

This paper has been typeset from a TX/IATEX file prepared by the author.

MNRAS 455, 2295-2307 (2016)

GTOZ ‘T Jequaaa uo 3oimme Jo Alsealun e /B1o'seulnofpiojxoseluw;/:dny woly papeojumod


http://mnras.oxfordjournals.org/

