Classification of Ultra-Blue Sources
In the Kepler Field

Caroline Odden!; Sally Seebode?, Joseph Childers?, Cindy Melton4, Matthew McCutcheon®, David Ciardi®, Steve Howell’, Claire Carroll}, James Falese!, Emily Field!, John Frenchl, Harshita Gabal, Sam Khalandovsky?!, Anjali
Krishnamachar!, Heather Meil, Gina Sawayal, Emily Zhu!, Austin Tai2, Mounish Savier?, Jacob Melton?, Karun Koppula®, Sarah Huston>, Brian Lorenz®, and Kevin Ward>

LPhillips Academy (Andover, MA), 2San Mateo High School (San Mateo, California), 3Boonshoft Museum of Discovery (Dayton, Ohio), 4Coral Glades High School (Coral Springs, Florida), °Latin School of Chicago (Chicago, Illinois), eNExScl/Caltech
(Pasadena, California), ’NASA/Ames Research Center (Moffet Field, California)

Abstract Developing the Procedure Identifying White Dwarfs

Our study focused on a sample of 250 ultra blue 22 test objects previously identified and not in the target g\éeDﬁft e?Ch ofithe 200 U]131V so?rce toa hot;nam sequence Staé using a;z O“'h?‘e
sources extracted from. the Ho.V\.re‘ll-Everett UBV . sample were used to evaluate the feasibility of the proposed " 1ticmg program (co egﬁo slan{)nafteo.ed 1.1/ aﬁtronlomy/ csie ksa?bp) ssp}rlrllng
survey of the Kepler Field. Utilizing data from this method and to serve as templates for the various kinds of f,Ot ?Z{n Sequence StariWI 1(())1? y be Ouil 1;1"( edga afﬂc dl'sd’ O ]e;ts Wlllt 4 "
survey, the KIC, 2MASS, GA.LE?@ ar}d WISE, we objects we hoped to find. Fluxes were found for up to 17 1;ct1e38 RN greate; t SHSEDPC ccome W 1}tf ‘gar (;an dl' ates‘. ld(?r LRl
generatefl spectral energy distributions (SEDS) for wavelengths per object: UBVJHK, ugriz, GALEX nearUV & 0. sources, we refit the ‘ assumm.g a white dwar ‘ra ius, yielding a new
every object. We compared these SEDs with known farUV, and WISE infrared W1-W4. distance and te.mperatl‘lre. Using a relation between white dwarf temperature and
SEDs of a variety of standard blue sources as well as absolute magnitude (Limoges & Bergeron 2010, ApJ, 714, 1037), the absolute
visually examining HEASARC, UBV, DSS, 2MASS, White Dwarf WD1940+374 White Dwarf KIC 5352328 magnitude of the candidate white dwarfs were calculated. A separate absolute
and WISE image data. Sources were categorized as o . s . magnitude was calculated from the new fitted distance and the V magnitude.
stars, white dwarfs, cataclysmic variables, active o : 3. A Those objects with temperature-derived and distance-derived absolute
galactic nuclei, x-ray binaries, planetary nebula Ea0{ - el . magnitudes within 0.2 magnitudes of each other were considered to be the most
nuclei, or unknown. 2, . s . likely white dwarf candidates.
o — ) I
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5 Original U‘BV Sample: 250 ObjeCtS
Wavelength (um) Wavelength (pm)
275 '
Cataclysmic Variable MV Lyr Cataclysmic Variable KIC 7446357 l
40.0 2.0
Results o] . sl 250
en . L1 ' 5ot | Main sequence SED distance
Main Sequence Stars 112 220 £ 1.0 estimate >10kpc: 138 objects
: T, o6 ° . 200 -
White Dwarfs 40 oo 5‘2‘ | ' '
Cataclysmic Variables 6 0.00.0 0.5 10 . 1I.5. 2.0 . 2.5 0.00.0 0.5 1.0 15 2.0 2.5 - 175 Absol des f fit SED
: : : avelength (um avelength (um Q solute magnitudes from refit
Active Galactic Nuclei 2 Hoveenst Heveensh e a 150 7 | di d%
. Planetary Nebula Nucleus KIC 2352398 Planetary Nebula Nucleus KIC 7755741 E 1Istance an rom temperature are
Planetary Nebula Nuclei 2 T, o 2 1251 similar: 40 white dwarf candidates
X-Ray Binary 1 e _1s0] 100 |
2 . S 12.5 .
Not Yet Identified 87 - " S 100 : 25 ||
=10 . = gl " Spectroscopically verified
_ o | . o e : 50 - white dwarfs: 6 objects
For a HNOTE Complete IIStlng Of resultsl please 0.00.0 OI.5 ll.O 1I.5 2I.O 2.5 0.00.0 OI.5 110 1I.5 2I.O 2.5
visit: web.ipac.caltech.edu/staff/ciardi/ Wavelength (um) Wavelength (um) 25
UBOKO_WD_Candldateshtml . X-Ray Binary Cyg X-1 ieo X-Ray Binary KIC 5481781 0
) ) 30.0 A & oo .
iz . 2so. . Object Category
E ° 2 20.0 - ° °
X 5 150 : Figure 3: Steps in Identifying White Dwarfs
o ° iC 10.0
The Sample i | . _
o0 ' ' ' ' 00 T Below we present a two-color diagram of all 250 ultra-blue objects in the sample,
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5 : : : : : : : : :
Wavelength (pm) Wavelength (pm) 1 1 1n e apbove steps 1n 1denti 1n e winite WwWaris. e SPectroscopic
highlighting the ab tep dentifying the white dwarfs. The spect P

confirmation of six white dwarfs and the local grouping of candidates provide
confidence for our method.
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= - = e Obtain spectra of all the 40 white dwarf candidates.
= = e [dentify the 87 objects which are neither hot main sequence stars nor white
0L S . = dwarfs nor a cataclysmic variable, planetary nebula nucleus, etc.
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