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Question 1:

What is a binary star system?



“A | is a star system consisting of two stars
orbltmg around their common barycenter

[Wikipedia, Bmar_y star’ .]

https://en.wikipedia.org/wiki/Binary star



“A | is a star system consisting of two stars
orbltmg around their common barycenter

~ [Wikipedia, Bmar_y star’ .]
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Similar masses | Earth/Sun masses ~ Similar masses, elliptical orbit

https://en.wikipedia.org/wiki/Binary star



Some bmarles m med|a

Star Wars Rebels, Season 3 Ep 4 | o ". Star Trek Deep Space N/ne Season 5 Ep 9

e et

https //starwarsfandom com/wiki/File: MontrossSystem Bi. By g ~ https: //memory— : :
naryStars BorR T § . - alpha. fandom com/wiki/File: Rlsan sunsetjpg»_ :




Some real binaries:

Brown dwaffs observed by WISE and Gemini
https://www.nasa. gov/mission_pages/WISE/multimedia/pi
: ' al6872.html .

'Brig.ht Sirius A and.dim companion Siriu's-B
_https://esahubble.org/images/heic0516a/



~ Question:

" What s a binary star system?

~ Answer: 5 G
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Question 2:

Should astronomers care about binary stars?



Question 2:

Should astronomers care about binary stars?

Astro2020 Science White Paper

Stellar multiplicity: an interdisciplinary nexus

Thematic Areas: MPlanetary Systems ¥ Star and Planet Formation

¥f Formation and Evolution of Compact Objects MCosmology and Fundamental Physics
¥ Stars and Stellar Evolution ¥ Resolved Stellar Populations and their Environments
MGalaxy Evolution MMulti—Messenger Astronomy and Astrophysics




Binaries + Stars

1) What can binaries tell us about star formation?



Binaries + Star Formation: Chemistry

Stellar chemistry is
to

the close binary fraction.

More metals

less likely to be in a binary!
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Iron

Af per dex: -119%

—— Our fit
--- MKB 2018 (APOGEE DR13)
H APOGEE DR14

Our sun

Mazzola et al. 2020

Af per dex: -130%



Magnesium

Binaries + Star Formation

Stellar chemistry is
to
the close binary fraction.
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More metals

less likely to be in a binary!

Close Binary Fraction

Mazzola et al. 2020



© Binaries + Star Formation

Giént‘ cold hydrbge?h gas cloud



- Binaries + Star Formation

] sh';c)ck'caUSésf"ragm'entst"O fo.fmf‘-



~ We think .p'lahets may
~ form in these disks!

Fragments cool and coIIapse o L
mto cores and dISkS T e



~ Binaries + Star Formation

DISkS dlsperse and cores
grow dense and hot P



~ Binaries + Star Formation

DISkS dlsperse and cores

“What about binaries?
T grow dense and hOt B



- Binaries + Star Formation

% Nea_rby.f'ragme'nt's can i '
 form wide binaries | D|sks can fragment and

form close bmarles




Bmarles + Star Formatlon Chem|stry

Interpretatlon s
. TrueforFe .
. Fewer chemlcals — Mg, S
~more likely to fragment —

more bmarles

True for S|

e Lots of certam chemlcals —>
'_ cool more effectively - = e 4
~also more likely to fragment —>

more blnarles o P Sy F MonRZcIoudc‘ompIex._-'

Credlt Adam Block, Mt Lemmon SkyCenter, U. Ar/zona



Binaries + Stars

2) What can binaries tell us about stellar evolution?



Binaries + Stellar Evolution: Radius

As a star ages, its radius changes. 1 Mo, [Fe/H]=0
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: grow denser and smaller until
fusion starts
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Binaries + Stellar Evolution: Radius

As a star ages, its radius changes. 1 Mo, [Fe/H]=0
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(like our sun): pretty stable!
[...for now...] Baby
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Binaries + Stellar Evolution: Radius

As a star ages, its radius changes.

: grow denser and smaller until
fusion starts

(like our sun): pretty stable!
[...for now...]

: low on fuel, becomes less
dense and puffs up, increasing its size
up to several 100x
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Binaries + Stellar Evolution: Radius

‘For very close binaries, the
size of the stars
matters a lot.
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TRGB, 4 M,

TRGB, 1 Mg,

| Not likely close binaries Very likely close binaries

Daher et al. (in prep)



Binaries + Stellar Evolution: Radius

‘For very close binaries, the
size of the stars
matters a lot.

ius: much friendlier to
nearby companions

TRGB, 4 M,

TRGB, 1 Mg,

| Not likely close binaries Very likely close binaries

Daher et al. (in prep)
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Binaries + Stellar Evolution: Radius

‘For very close binaries, the
size of the stars
matters a lot.

ius: much friendlier to
nearby companions

: probably alreadiy

evicted its neighbor :(

TRGB, 4 M,

TRGB, 1 Mg,

| Not likely close binaries Very likely close binaries

Daher et al. (in prep)
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Binaries + Stellar Evolution: Rotation

. 2
o

Close binaries have tides that

“tug” on each other, causing
them to rotate fast!

©
Q
)
o
()
c
9
)
©
i)
@)
o

tend to have

fast rotation speeds!
TRGB, 1 Mg

Not likely close binaries Very likely close binaries

Daher et al. (in prep)
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Binaries + Star Formation: Mass

The mass of a star is
to the
close binary fraction.
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More mass

more likely to have binaries!

10
Oursun Primary Mass M, (Mg)

Moe & Di Stefano 2017



Bmarles + Star Formatlon I\/Iass

| Interpretatlon E:
¢ Larger clumps —_
larger stars and more T

“tragmentstoform. <

ifie Smooth functlon of mass —_—
5|m|Iar formatlon mechanlsm _—
across aII sizes of stars i

Mon R2 cloud complex o o )
Credlt Adqm Block Mt Lemmon SkyCenter U. Ar/zona '



Binaries + Stars and Planets

3) What can binaries tell us about planets?



Binaries + Planets: Formation and Detection

Close binaries close o Wide Bright
g Close Binaries Companions
p I an et fO rm at|0 n. Suppress Planets Dilute Transits

e |O O
Bright companions in wide Ml
binaries make e P2eror

to See F-dwarfs 46% + 7% 59% + 8%

Moe and Kratter 2020



Binaries + Planets: Habitability

- Habitability is a balance of a -
(top, gray)and &
a.stab bit (bottom, gray). - -

Green shows where both conditions
are met, though not every system
| “has a solution! =

Jaime, Aguilak, and Pichardo 2014



Binaries + Stellar Evolution: Rotation + Age

We can guess an adult star’s
age based on its rotation
speed...

Rotation speed  Fast

1071 10°
Close Binary Fraction

Daher et al. (in prep)



Binaries + Stellar Evolution: Rotation + Age

We can guess an adult star’s
age based on its rotation
speed...

4 o

..but a binary’s “tug” affects
those age estimates.

Rotation speed  Fast

1071 10°
Close Binary Fraction

Daher et al. (in prep)



Binaries + Stellar Evolution: Rotation + Age

We can guess an adult star’s
age based on its rotation
speed...

..but a binary’s “tug” affects
those age estimates.

slow down over time

keeps spinning faster than
expected, giving wrong age

Rotation speed  Fast

1071 10°
Close Binary Fraction

Daher et al. (in prep)



