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Overview

★ White dwarf stars
○ Why study them?
○ Results from the SDSS catalogues

★ Beyond single evolution
○ Extremely-low mass WDs
○ The missing population

★ Where are the missing ELMs?
○ Results from targeted follow-up

★ Conclusions & Perspectives
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3 From:
http://www1.ynao.ac.cn/~zhanwenhan/bps.html
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> 95% of all stars in the 
Galaxy will become

white dwarfs

White dwarfs are abundant
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~1 M
☉

White dwarfs are simple
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White dwarfs are old

Evolution of a 2M
☉

 

star (A-type)

1 Gyr

2 Gyr

7 Gyr



Estimate the age of the Universe to be 10.3 ± 2.2 Gyr 

(much closer than Hubble's estimate!)
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Drop in WD count

Haven't had the time to cool down yet

Limit in age!



Reverse engineering to estimate 
star formation history in the solar 

neighborhood
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Stellar evolution depends highly on 

metallicity!
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Quantum mechanics
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Particle physics

Condensed matter



★ DR1: Kleinman et al. 2004

★ DR4: Eisenstein et al. 2006

★ DR7: Kleinman, Kepler, Koester, Pelisoli et al. 2013

★ DR10: Kepler, Pelisoli et al. 2015

★ DR12: Kepler, Pelisoli et al. 2016

★ DR14: soon!

From 5,000 to over 30,000!
6⨉ increase!
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SDSS WD Catalogues

2.5 m telescope

Imaged ⅓ of the sky

Spectra of over 3M sources
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Flavours for 
every taste
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And even new flavours...

Oxygen dominated 
white dwarf

“Dox”

No H, no He!

Particularly violent very 
late thermal pulse?
Binary evolution?
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Many studies were made possible...

★ DR7 WD catalog (2013): 

178 citations

★ DR10 WD catalog (2015):

70 citations

★ DR12 (2016):
52 citations
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...but something was missing.

Chandrasekhar
mass

?
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50 % of stars ≿ 1.0 M
☉

 = BINARIES
(Duchêne & Kraus 2o13, ARA&A, 51, 269)

25% of binaries interact
(Willems & Kolb 2004, A&A, 419, 1057)
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Beyond single evolution

Binary evolution models from Istrate et al. (2016), 
including diffusion and rotational mixing.

Single evolution models obtained with the LPCODE 
(Althaus et al. 2005) by A. D. Romero



First searches for double-degenerate white dwarfs were carried out to 
find potential SN Ia progenitors
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Hunting for binaries

and yielded no short 
period binaries…

But we do observe SN Ia!



Found 14 stars with M < 0.45 M
☉

Too low for single star evolution!
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Hunting for binaries

Found 5 out of 7 to be 

in binaries! 
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Hunting for binaries

4 new systems

space density?

period distribution?

merger rate?



88 systems

 76 confirmed binaries

<M2> = 0.76 ± 0.25 M
☉

P = 5.4 h

95% are not SN Ia progenitors
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The ELM Survey

...
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So… have we found what we were looking for?
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Known ELMs
(Brown et al. 2016, ApJ, 818, 155)

Evolutionary models
(Istrate et al. 2016, A&A, 595, A35)
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Known ELMs
(Brown et al. 2016, ApJ, 818, 155)

Evolutionary models
(Istrate et al. 2016, A&A, 595, A35)

Where are the 
low-mass ELMs?

Where are the cool 
ELMs?



ELM survey 

selections
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They are where we haven't looked!

WD colour 

selection

log g ~ 4.5

T
eff  < 8000 K

UNEXPLORED TERRITORY



Most systems merge 

within a Hubble time!
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Gravitational wave sources!
Galactic foreground

LISA 

detection 

limit

Kilic et al. 2012, ApJ, 751, 141
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Pulsations in both p and g-modes

Opportunity for probing stellar interiors!

Córsico & Althaus 2016, A&A, 585, A1



Searching for the missing ELM population

Primary goal
★ Catalogue of ELMs 

covering the full space of 
physical parameters – 
critical for testing models 
of binary evolution.

Byproducts
★ Catalogue of 

hypervelocity and 
runaway stars.

★ Catalogue of metal-poor 
halo stars.
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Data selection
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Data selection
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Spectral fit

"sdA" stars



Data selection
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Reduced proper motion

Definitely two 

populations!



(pre-)ELM or main sequence?
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A star: Mg ~ 0

SDSS bright saturation: g ~ 14.5

m - M > 14.5 ⇒ d > 8 kpc

A stars in the halo?

Many show proper motion suggesting d < 2 kpc!

MS radii
ELM radii

halo

thick disk

thin disk



(pre-)ELM or main sequence?
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A star: Mg ~ 0

SDSS bright saturation: g ~ 14.5

m - M > 14.5 ⇒ d > 8 kpc

A stars in the halo?

Many show proper motion suggesting d < 2 kpc!

MS radii
ELM radii

halo

thick disk

thin disk

Orbital 
parameters

Asteroseismology



SDSS RVs
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SDSS RVs
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Two new ELMs



SDSS RVs
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=

CRTS data

+ new ELM showing ellipsoidal variations



CRTS light curves
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Teff = 8400 K
log (g) = 5.2
P = 3082 s

Teff = 8100 K
log (g) = 5.1
P = 4418 s

Same P as 
δ-Scuti and 

SX-Phoenicis



CRTS light curves
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Teff = 8200 K
log (g) = 5.0

P = 21 h

Teff = 8100 K
log (g) = 5.1

P = 10 h



Archival data 
could not 
solve the 
puzzle...
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Follow-up observations
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OPD

1.6 m

Cam1+ Andor 
iXon CCD

Photometry

Red-blocking 
filter (BG40)

SOAR

4.1 m

Goodman HTS

Photometry

Red-blocking filter 
(S8612)

Spectroscopy

1” slit

1200 l/mm, M1 - 2 Å

2100 l/mm, 410 nm - 1 Å

Gemini

8.2 m

GMOS

Spectroscopy

0.8” slit

B1200, 440 nm - 1.8 Å

VLT

8.2 m

X-Shooter

Spectroscopy

1.0”/0.9”/1.2” slit

300-2480 nm - 1.3 Å



Follow-up observations
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Preliminary Results
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Four new 
ELMs



Preliminary Results

43

P = 3627 s, amp = 26 mmag

One new variable ELM



Preliminary Results
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Preliminary Results
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1-2 freqs
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SOAR
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Preliminary Results
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3-5 frequencies

Spacing suggests it is a δ-Scuti

(Sánches-Arias et al. 2017)

log g and distance consistent



Preliminary Results
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Preliminary 
Results
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Known + new ELMs

Evolutionary models
(Istrate et al. 2016, A&A, 595, A35)



We can't 
observe the 
whole 
sample...
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Probabilistic approach
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MS(pre-)ELM

P1: colours



Probabilistic approach
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MS

(pre-)ELM

P2: velocities



Probabilistic approach
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MS
Bertelli et al. 
2008, 2009

(pre-)ELM
Istrate et al. 2016

P3: evolutionary models



Probabilistic approach
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~70%

~50%



Probabilistic approach
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~93%

~7%



Preliminary Conclusions
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★ Search for ELMs resulted in a population of unknown nature: sdAs

○ Single MS not a satisfactory explanation for 30% of them

○ 7 % most likely (pre-)ELMs

★ 3 new ELMs in SDSS data, 8 from follow up

○ mostly in the cool, low mass end of the distribution

○ One pulsator, one showing ellipsoidal variations

★ 8 probable ELMs, more data required

★ Potentially a 20% increase in the known population of ELMs



Next steps
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★

★ Get a PhD

★ Find a job

Radii estimates



Thanks!
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Any questions?

∙ ingrid.pelisoli@ufrgs.br
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EXTRAS
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From:
http://www1.ynao.ac.cn/~zhanwenhan/bps.html



61

Adapted from Jeffery & Saio (2016)
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Zeeman spliting models 
from Schimeczek et al. 

(2013), Schimeczek & 
Wunner (2014a), and 

Schimeczek & Wunner 
(2014b)
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DA

dA

sdA
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BLUE STRAGGLERS?
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70
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Preliminary Results
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Instability strip by Tremblay et al. (2015)
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...but something was missing.

Single evolution models obtained with the LPCODE 
(Althaus et al. 2005) by A. D. Romero


