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White dwarfs are
the most common
star corpses

> 95 % of stars
become white dwarfs




The typical white dwartf

 Mass ~ half the mass of the Sun
 Radius ~ that of the Earth

lllustration: Kurzgesagt



The typical white dwarf

Mass ~ half the mass of the Sun
Radius ~ that of the Earth

Hydrogen dominated atmosphere (DA)
Carbon-oxygen core

nearly pure
hydrogen surface

helium
shell

carbon-oxygen core
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Open questlons the atyprcal ones

Masswe wh|te dwarts s o '

'+ What's the composmon of hlgh mass Whlte e ssssiiion o tw |
i dwarfs'? ' iy ' : . . Ty
5 f What is the reIatlon between the |n|t|al mass « i ydrosen SE “ -
_of the progenitor star and the f|naI mass of . D~ E —

SDSSJ1135+5724 '(DC)

gt _ the white dwarf'?

-
SDSSJ0805+3832 (D!

leferent atmosphenc oomposmon
‘DO / DB - helium dominated atmospheres ,
. DQ - carbon dominated atmospheres i

'DZ - poIIuted with metals g e B T
e DC featureless o % Carbon and Oxygen or Oxygen and Neon?-

SDSSJ1237+4156 (DQ)

Magnetlc white dwarfs - - .
> ~20% of white dwarfs are observed to be magnetlc |
I\/Iagnetlc fields range from‘a few tens of kG to almost 1019 G

' -_ Many. theorles |ncIud|ng DOUBLE WHITE DWARF MERGERS

Progenltors of type la supernovae’? |
. Double degenerate mergers? Accretlng WDs? -
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Finding white dwarfs

Before Gaia

« WDs identified through spectroscopy
(SDSS)

« Or through multiple-filter photometry and
reduced proper motions

« Biased and incomplete sample
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After Gaia

» Precise photometry and astrometry for
billions of stars, including white dwarfs

 Now we can identify white dwarfs with
color and absolute magnitude

Babusiaux+ 2018



Gaia white dwarf catalog

Declination [degrees]

Gaia DR2

R.A. [degrees]

“Gentile Fusillo+ 2019

¢ After DR2

.

Before Gala . -
. About 35, 000 WDs known mostly in the northern

Sky -

. ~260,000 photometrloally |dent|f|ed wh|te dwarfs
(Gentlle Fusillo+ 2019) AR .

"_ After eDR3

» Better parallax more Unlform deeper .
- 400 000 wh,lte dwarfs (Gentlle Fusullo+ 2021)
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~ The cooling of massive WDs
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-+ Median uncertainties (10)

Q branch

WDs within 150 pc

0.0 0.5

Q branch GBP S GRP

typical error

WDs within 250 pc

vy >70kms™?

WD mass: mwp
photometric age: Tphot

~ Tremblay+ 2019
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The Coollng of masswe WDs

Montreal thlck Montreal thm 4 La Plata
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An excess ofWhite,d_'warf,s? :

+ Do Whlte dwarfs stay brighter for Ionger than our ', e
models predlct’? a % ; ,
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FIQUry,V 'Caiazzo__& Heyl, 2021 :



The Coollng of masswe WDs
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Corrected Number within 200 pc
Corrected Number within 200 pc
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Mor+20‘|94A' ‘ N . G - R

* Anincrease in star formation - - The increase in SFR explain very mcely the overabundance of
rate between 4 and 2 Gyr _ whlte dwarfs! F o ;
.ago, possibly due to a s | e e R

merger event - e
' , Fleury, Caiazzo & Heyl 2021



Montreal, thick Montreal, thin La Plata

= . 0.95 — 1.05 Me ; ZA - Observed
e e 7| - -- Uniform

Uniform

Mwo € (0.95,1.05) Mg
Cumulative Number

A . The t'w'o l_ow'erimaS}S'l &
- _bins follow the star
formation history.«

: f'"_Th;é::'hjgh'elst mass bin'-»_
. follow a uniform
) Ad_istribUtioh. '
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Mwp €

* The highest bin =
contains a'large
~fraction of white-.
dwarf merger -
~remnants-

Mwo € (1.15, 1.25) My
Cumulative Number

O

Cooling Age [ Gyr] Cooling Age [ Gyr] Cooling Age [ Gyr] .v Fleury, Calazzo &Heyl 2021 ]




How do you find a
merger remnant?

« Massive
« Highly magnetized
« Rapidly rotating

....you search with ZTF!
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:'- Huge f|eId of view:
HSC, 8
1.7 deg? | 47 square degrees .

Iiattiy! e .+ Almostdaily .
oes,  CHIHHH ol T den .~ cadence overthe =
2= A 3 entirre'.northern sky

Hundreds of
Tt; epochstoreach
. source v

PTF/iPTF, 7.3 deg? ZTF, 47 deg? LSST, 9.6 deg?

——+——1deg g

e And the amazing software developed by Kevrn Burdge Przemek Mroz and aII the"_l"' ;
varlable stars group e , i



How do you find a
merger remnant?

« Massive
« Highly magnetized
» Rapidly rotating

....you search with ZTF!
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Are they magnetlc’?

t

Non magnetlc spectrum
In magnetlc WDs the degeneracy of the hydrogen
_energy levels.is I|fted #= Zeeman splitting

At high fields, the energy of each transmon gets shlfted
by a large amount
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Article

A highly magnetized and rapidly rotating
white dwarfas small as the Moon
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Andrew Drake', Dmitry A. Duev', Matthew J. Graham', George Helou®, Ashish A. Mahabal'é,

« ZTF1901+1458
* 6.94 minperiod
* extremely blue

(ZTF-g)

Normalised flux
I I I
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Normalised flux (ZTF-
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Co added speotrum__'
| :_from LRIS on Keck |

'VI\/Iost features g
|dent|f|ed at a f|eId of.:

. ) ~

. Features changmg

- with phase suggest
changes'in the f|eId '
’.-over the surface o
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AB magnitude

Best fit model
PS1

Swift

Synthetic values
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Teff = 46, ooo K

.R=2140 km -
~ EB(B- V) = 0.044

R+ [1000 km]

Tets = 4. 652‘(1, 933

R« = 2.140%3182
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» Small radius means large
mass .

* Depending on the
.composition, 1.33-1.37
solar masses

Image by Giuseppe Parisi
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¢ *Nathreshold
B Mg threshold
® 2°Ne threshold

The first white dwarf to be coollng
through Urca processes

1500
Radius [km]

i 'The density in the core is 80 high that -
. the sodium S undergolhg eleotron 1
'_oapture- A

. The heutr|ho emrssmhs from this

process (also:called Uroa) S

elgliglellitigle strongly to the ooollhg of ~
p the Whlte dwarf * |

As more sodlum sedlmehts in the ’

core, more eIeotrons are oaptured ahol_» .;'.-_ ;
‘the Whlte dwarf wil keep shrrhkmg .

« The WD mrght be metastable ahol
?headeol tovvarol oollapse '



Fate of the white dwarf

* If the star collapses, depending on the
dynamics of oxygen burning it may explode
in a thermonuclear supernova or collapse
iNnto a neutron star.

* The resulting neutron star would look like
a normal young pulsar, with a magnetic field
of about 2 x 10 G and a period of ~15
ms.

« Very speculative, but if true, also very
common, only 40 pc away.
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A sample of bona f|de merger remnants

Understandlng merger remnants and

“their.propetties E
. -What is the chemlcal composmon of wh|te dwarf

merger remnants? , ..
« Do they evolve dlfferently from whlte dwarfs born -

* from a single star? .

- and magnetlc fields? &
"+ What is the delay time between the formatlon of e - :
wh|te dwarf b|nary progenltor and the merger'? s g

_ -+ What is their dlstrlbutlon in masses ages perlods



A sample of bona f|de merger remnants

Understandlng merger remnants and

the|r properties E
What is the chemlcal composmon of wh|te dwarf

, mergerremnants? , _.
« Do they evolve dlfferently from whlte dwarfs born -

* from a single star? .
and magnetlc fields?

wh|te dwarf b|nary progenltor and the merger'? s

Flndlng the merger rate in the Galaxy
~ « What’s the contribution to the supernova rate?
‘»- How many close white dwarf binaries are in the
» G,alaxy, and how many WI|| we f|nd W|th LISA’?

_ -+ What is their dlstrlbutlon in masses ages perlods

-+ What is the delay time between the formatlon of the B2



A sample of bona f|de merger remnants

Understandlng merger remnants and

the|r properties E
What is the chemlcal composmon of wh|te dwarf

merger remnants? , ..
« Do they evolve dlfferently from whlte dwarfs born -

* from a single star? .

. and magnetlc fields? R
"+ What is the delay time between the formatlon of e - :
wh|te dwarf b|nary progenltor and the merger'? e

Flndlng the merger rate in the Galaxy
~ « What’s the contribution to the supernova rate?
‘»- How many close white dwarf binaries are in the
Galaxy, and how many WI|| we f|nd W|th LISA’?

,Understandlng magnetic f|eIds |n white dwarfs &
- Are magnetic fields the result of the merger? . S .
. How does magnetlc field affect the spectrum of hlghly magnetlzed whlte dwarfs’?

_ -+ What is their dlstrlbutlon in masses ages perlods
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; Janus a tranS|t|on|ng WD’?

. WDs W|th a very smaII hydrogen content
‘appear as DA between temperatures of 50, OOO
K and_»30,»00_0 K, the so-called DB GAP_ |
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At the the low end of the- DB gap, strong mlxmg in the
heI|um layer dllutes the hydrogen: DBs and DBAs appear

+ Ifthereis a magnetic field strong enough to inhibit e
oonveotlon on part of the surface we can st|II see hydrogen | Wavelength (A1
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