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Outlines
Why do I care about studying binary stars?

L —————

Asteroseismology
of A/F-type Binary stars

Distance measurements
for Binary stars 1. What are stellar global pulsations ( and Asteroseismology)?

: ) 2. What are the type of pulsations I’m interested in (y Dor - 6 Scuti
 Why distance measurements for Binary stars are yP P Y )

important? | | |
3. What are the type of the binary stars that | considered for my studies
« What is the main question we tried to answer in this (Eclipsing, SB2)
field?

4, Some case studies: (KIC 6048105 & KIC 8975515)
 What is the steps we followed to answer this main
question (the methodology)?

Why these individual targets are important?

* Presenting some of the main results and non-
expected issues

Where the data (spectroscopy, photometry) comes from?

 What are our future steps to take to answer the new
questions and the first ones?

The method for driving stellar parameter

 The most important results




;o NUCLEO DE

= ASTRONOMIA udp

Why do | care about studying binary stars?

—— e —S

* Fraction of multiple systems (MF) in main sequence | | -
population: (e.g. from solar type to high mass) varies  We get the opportunity to study the influence of binarity:

from 44x2% to >60%
* possibility of spots (magnetic fields),
 The formation of first stellar systems (multiplicity)

 If we understand their evolution, we understand how * mass transfer (in Algols),

mass is apportioned among younger stars from old
multiple systems * tides (in short-period binaries)

e Some events are the production of a binary star
evolution: e.g. Supernovae of type la, the most  synchronization (rotation and spin)

massive stars ...

* Eclipsing/SB2 binaries can be used to determine ° etc...

precise, model-independent mass and radius
measurements compared to normal/single stars on stellar evolution and the excited oscillation modes.
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Binary stars and the precise stellar parameters

—  — ) —

We want binaries for the Masses

SB2 —> RVs (high precision) —> orbital elements

vsini —> projected semi-major axis asini | '
@b Photometry : precision: 1-2.

Hence SBR with mass ratio only yield projected masses! & LC: well detrended
M, , «ini Spectroscopy: precision: S/N & spectra

free of systematic errors

EBs —> lift the degeneracy of the masses & semi-major axis + adequate stellar modeling codes
We have radii and the Mases of stars!

EBs accurate radii —> Roche geometry
==> photometric mass ratio

1-2% precision

Aug. 20, 2020 anya.samadi@mail.udp.cl Departamento de Astronomia de la Universidad de Chile
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- Binary stars and the precise stellar parameters

R — T

Luminosities
calibrated temperatures
absolute magnitudes <== Parallaxes <== good quality photometry
correct for interstellar reddening ==> precise intrinsic brightness of the star

Finally ages stellar evolutionary tracks and so on

~1/3 all variable stars are EBs
So Gaia’s Binaries (EBs) can make so much advance in astrophysics

Aug. 20, 2020 anya.samadi@mail.udp.cl Departamento de Astronomia de la Universidad de Chile
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Gaia DR2 and distance measurement precision for Binary stars

. - — S

Evaluating the uncertainties in distance measurements
for binary/multiple systems

in comparison to
single stars,
from large spectroscopic surveys (Gaia DRR)

By employing the
least model-dependent spectroscopic method

for determination of stellar distances (Twin method)

Aug. 20, 2020 anya.samadi@mail.udp.cl Departamento de Astronomia de la Universidad de Chile
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Gaia DR2 and distance measurement precision for Binary stars

———————

> 6,000,000 Gaia DR2 > 90,000 targets of RAVE
’7/»§ uncertainties (than Binary
RV calculations (n_RV) >4 - stars)
> 300,000 targets of RAVE Single stars

DR5 spectroscopic survey

Their parallaxes has driven
(Jofre+2017MNRAS) by:

> 11,000 targets of RAVE DR5 /
Gaia DR2 with high RV uncertainties

Twin method (Jofre+2015MNRAS)

 RAVE, the Radial Velocity Experiment, is a
spectroscopic astronomical survey of stars But parallax measurement

 The data from the spectrograph with R~7500 uncertainties better than 20%
* |s delivered for 10 years from 2003 to 2013.

 The wavelength coverage 841.0 to 879.5 nm,

« gives spectra of more than 520000 star Binary stars
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Gaia DR2 and distance measurement precision for Binary stars

R — T

> 50% of RAVE targets have TGAS parallaxes from Gaia DR

For the other half either:
- without parallax values
- with lower parallax precision (uncertainties larger than 20%.) —> Twin method

1.2}

WWW RAVE catalog using t-SNE approach

(t-student stochastic neighbor embedding)

0.2

Y E— | This approach clusters the stars with the same spectrum
morphology in the same region on a 2D map.

1.2
1LOF
0.5
0.6

0.4}
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Table 2. The information on test samples, their selection cuts and sizes.
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Gaia DR2 and distance measurement precision for Binary stars

Sample  Subsample Cuts Size (N)
Total Binary InB>0 & flag = 1 11905
Single InB<0 & flag = 0 99726
' Binary — —
Random Single N= Niinary 11905
‘ Binary Aave = T A, 3774(~32%)’
Offset Single Ape s, 3139(~31%)
» Binary A>50p oo 405 (~3.4%)
gff’fr:;:“ Single A > 50 Gane 307 (~2.6%)

References. [1] percentage of the offset stars in each test sample: [2]
o 1s the width of best-fitting Gaussian to the distribution of each test

sample, Table 1.

Aug. 20, 2020

@ Twin (MAas)

Res. (mas)

Candidate single stars

80 1 —— 090 @, + 0.58 (mas)
PCC =091
60 -
40 -
20 1
U -

anya.samadi@mail.udp.cl

@ Mes = 1.1 mas
RSS = 13447 mas?

@Gaia (mas)

’

Candidate binary stars

e .81 @055 + 1.41 (mas)
o PCC =0.80 14
® .
1.2
104
&
0.8~
3
06 5
W
04
0.2
o
o © Mes = 1.83 mas
o2 o © RSS = 38868 mas?
o ’3 % o
- 1+
° o
0 10 20 30 40 50

@Gaia (mas)

The parallax values from two
methods show larger scatter for
binary stars!
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A

Comparison tools

Wrwin — WGaia

’f e
Best sample Best sample
O Binary offset: chrom. emiss. Binary offsetA > Soa,,
Single offset: chrom. emiss. Single offset A = 5oy
v  Binary offset: SB2
—5.0 Single offset: SB2 +
f
« +
—2.5
v 00
':::
2.5
5.0 1
7.5 1
10.0

2 2
\/GwTwin + ewGaia
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e What is the source of “5¢ difference” In
overall value of two methods?

Colors zero points, distance of the

The parallax differences distribution for both of reference stars ,...
binary and single stars is the the SAME (for ~70% of
each sample)! » What is the nature of the stars for which
spectroscopic distances and Gaia
Most of the targets that have very larger discrepancy parallaxes differ significantly?
between two parallaxes (‘Offset sample’) are flagged
as SB2 or chromospherically active stars by RAVE o Biased observations and cuts in
DRo. catalogues

o Clear evidence of stellar
chromospheric activity , SB2
flagged in RAVE




PHASE 2

1. Repeating Twin
method for these
targets by using
Gaia DR2
parallaxes, AG and
G for the
reference stars

2. Check the
performance of G,
AG from Gaia DR2

Aug. 20, 2020
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Gaia DR2 and distance measurement precision for Binary stars
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Single stars sample (N = 3093 stars Binary stars sample (N = 2084 stars)
08 & 1% 08 y P
TwinDR2-GaiaDR2: TwinDR2-GaiaDR2:
0.7 1 . =1 1=-10 0.7 - £ p=-01
) c=3.1 c=1.5
0.6 1 g TwinDR2-RAVEDR5: 0.6 1 TwinDR2-RAVEDR5:
/ — —
o n=-05 o n=-02
0.5 7 § o =038 0.5 7 o =07
~ TwinDR2-TGAS : ~ TwinDR2-TGAS :
N 04 - O 0.4 -
A~ B3 #=-03 A E8 #=02
0.3 - c=09 0.3 - ‘ c=10
0.2 - 0.2 - ‘
PP ]
0.1 - \ 0.1 1 ,E,FEQK}I“_
0.0 NI . 0.0 . WS SE N . .
—10 -5 0 10 15 —10 -5 0 5 10 15
Single stars sample (N = 3093 stars Binary stars sample (N = 2084 stars)
0.8 & P 0.8 y P
TwinDR1-GaiaDR2: TwinDR1-GaijaDR2:
0.7 - <1 #=29 0.7 - <] n=22
c=23.0 c=39
0.6 1 TwinDR1-RAVEDR5: 0.6 1 TwinDR1-RAVEDR5:
o p=1.0 o 1 =08
0.5 7 o=12 0.5 1 o=14
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0 04 - O 0.4 -
a T #=09 P~ ] #=09
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A
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Asteroseismology of A/F-type Binary stars o
o ASTRONOMIA ud
What are stellar global pulsations? _
non-radial oscillations
ike?
What do they look like  Heat engine (e.g. Kk mechanism)
| | looks like o | Converting thermal energy to mechanical energy
iIn a 3D spherical star — the vibration modes of a 1D string
e Stochastic driving
I ?
How are they excited Convective motions near stellar surface reaches speeds
close to that of the sound excites normal modes of the star to
perturbed from equilibrium=@®>a resorting force takes it back to equilibrium the observed amplitudes
 Convective blocking

Luminosity perturbation is blocked at the base of the
convection zone leading to heating in phase with
compression

—

Driving mechanism
energy fed into the pulsation via driving mechanisms

f, A, n

S
R
Y /

f’!

7
TSR

(/7

Frequency, Amplitude, number of the nodes (overtones)

Departamento de Astronomia de la Universidad de Chile
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fluid elements displacement from
their equilibrium position

5(56” 5¢9 gr) X Ylm(ea ¢) — le(e, ¢)

@: symmetric axis of the modes

Aug. 20, 2020 anya.samadi@mail.udp.cl

Asteroseismology of A/F-type Binary stars

What are stellar global pulsations?

nm ‘ NUCLEO DE

=2 ASTRONOMIA udp

—_ - *

Indicating the nodes of a non-radial mode

(n, [, m)

[: Number of the node lines on the stellar surface

m: Number of nodes line on the stellar surface which
pass through symmetry axis

D¢

£-m=1 L-m=2 I-m=3

|m) =2 |l/m| =1 |lom] =0

Pulsating Stars, Lamers, Henny J.G.L.M. and M. Levesque, Emily (2017)

Departamento de Astronomia de la Universidad de Chile
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Type of the pulsation modes
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g modes r modes
* The resorting force is gravity Coriolis force « Toroidal normal modes only become nonzero in a
(buoyancy) . —_—) rotating star
I g (rotation) Considered
* Internal gravity waves gnore 2 onsidere * Rossby waves
. '  Low-frequency modes
¢, varies mostly close to the core Lorentz force quency
« Low-frequency (magnetism) * Frequencies below the rotation frequency

* The period spacing of consecutive radial order

p mOdeS (n-1., n, n+1) increases with increasing mode
period (1/f)

* The resorting force is pressure
gradient Spheroidal modes

* Acoustic waves / \
» £, varies close to the surface @

* High-frequency modes

Toroidal modes

Aug. 20, 2020 anya.samadi@mail.udp.cl Departamento de Astronomia de la Universidad de Chile
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y Dor - 0 Scuti pulsations (& Hybrid stars)

Spectral type
B A

Time (BJD-2454833)
400 425 450 475 500

' y " KIC10526294 . 50

; v i oy v i [ i ! = '50

Kepler

e Mar. 2009 -
Nov. 2018

<.-.:::'::’.'.'7'.'%

iV

v i

KIC 7760680

iV VUV iy VUTVUVUVY GV Viyuuv

Vitiiiid

ViV

Ig |
§
ey
>
-
—
-
<
-
<
-

* Photometry
data (ppt)

25

AR A E: |

WA WMWY ! /\/\NVV\/\/‘\/\VA‘,;\Q””JJ

Flux (ppt)

* Light curves
are provided
for each
quarter (~93
days)

T

Amplitude (ppt)

ORNWONPOONPPOONPL,POOO N PO & OO PB,O0ON
|

log [luminosity (L )] (dex)

 White band
(430-890 nm)

.
-~
.
.
.
.
.
.
.
.
.
.
.
.
.
.
%‘
-~
-
-

| | | RN
5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4
log [effective temperature (K)] (dex) Aerts, C. 2019

| | Frequency (uHz)
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¥ Dor - 0 Scuti pulsations (& Hybrid stars) -
. . classical A/F-type pulsators -
O Scuti variables / b y Dor variables
' - 6900-8900 K o T« 6700-7400 K

e M:1.5t02.5 MQ® HYbPld St'a'PS * M:1.5-1.8 MO
» Mode driving mechanism: heat engine (k ¥ Dor - 0 Scuti pulsations ) E)/:Odlf' driving mechanism: Convective flux

mechanism: opacity of H-He ionization layers) Together OCKINg
- low-degree (I = 1 - 3) and low-radial order (n = | | If Intermediate- to fast-rotators| |+ low-degree (1< 4) and high-radial order (20<

<

0,1,2,3,...) p modes » modes n<120) g modes
 Typical pulsation periods: 0.01 t0 0.25 d may also appear e TJypical pulsation periods: 0.3 to 3 days
e 2 modes occur in the radiative zones close to the stellar core = reflecting chemical gradient of the different near-core

convective structures

e p modes excited near the surface and reflect the physical properties of the stellar envelope

» Studying their rotation = information on their differential rotation (core-to-surface) and the angular momentum transport
between the layers

20
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Individual targets: KIC 8975515

—

What we know of this target

0 HERMES spectra: (Lampens+ 2018 A&A) e A double-lined spectroscopic « Different rotation velocities:

 Twin companions: Are both
pulsating? Are both Hybrid
pulsators?

o similar mass (g = 0.83%0.05)

 dissimilar rotation velocities

the pulsations?
. gimilar Tet (~7400 K) ® Detached P
® The companions are twins
® one/both of companions
(vsini = 32+1, 162+2 km/s)
Period spacing of the high radial-order
low-degree € modes

(Porb - 1603 £9 d, e = 0.41%0.01) In the absence of the rotation (&

Hybrid pulsations
* | ong-period, eccentric orbit
magnetic activity)

o Kepler light curves (4 year):
e Q0-Q17: 1407 4 (LC)

AP = Py — P,y = I /{/I(1 + 1).
e Q2,05:122d (SC)

* The system has hybrid pulsations

July 15, 2020 anya.samadi@mail.udp.cl Joint ALMA/ESO colloquium
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KIC 8975515

—7 S

An 11 day of the light curves with two

different samplings Fourier spectrum of the full light curves
0002 300{ (@ LC, free = 000068 d !
—0.001 1 — SNR>4
| 20 200 -
g 0.000 £
g -
0.001 1
@ \l |
0.002 - 0 .ll ...I P P PR | L l . J
~0002 30l (® SC, foe = 000821 -
~0001 —— SNR>4
gw 0.000 é"zoo-
0.001 B 100 -
M0 s 187 489 491 193 495 0 , . | il | l AL l b |
Time (BKJD) 0 6 8 10 12 14 16 18 20 2 24

fdh
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Pulsation Study: the effect of rotation

; _ 4 ——t+r—rre—re e T T T T
If rotation (& magnetic activity) .; g3
g modes } <2
: g1
] <
mfluencede Rotation ?1> thgr p)eélOd spacing 3500- } L208_ S
Vnem = ML — Ly p 5 30007 s i T iy
N ’ Y - . LO0P 4
2 2500 s AP tistilted P AL
0| < 2000 - 800 Pty ++++ H
AT, , o 0o, ooy L 0o A
VA& +1) 07 08 09 1o 11 12 e RN R T

Period (d)

_ KIC 11721304 van Keeth et al. (2U19)
C2/2r: stellar rotation frequency

C, /s the Ledoux constant for g modes o ¢

» Forthe pmodes C,, , =0

m>0 modes traveling in the direction of rotation:
prograde

« Af. rotational split

m<0 modes traveling in the opposite direction of the
rotation: retrograde

Aug. 20, 2020 anya.samadi@mail.udp.cl Departamento de Astronomia de la Universidad de Chile
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Pulsation Study: |. High frequency region

Slowly rotating: Veq =
46 km/S ‘_‘T\ T [ - 1.65 0
S (al) =
“— “—
Fast rotating : Veq = 182 < 043 4 PO S ® P Y L 0an S
km/s
(vsini = 32+1, 162+2 km/s) 100 - 240
_ bl
80 (b1) 180
o0 0
S 60 S
= . =
P, =12385d 120
40 - l
60
20 -
0 5 1‘ Ll il : 1 1 I|I 1 ‘ |I L —1 1 . | - — | — Ll A
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
(1) | ()
Samadi-Ghadim+ 2020 A&A
Aug. 20, 2020 anya.samadi@mail.udp.cl Departamento de Astronomia de la Universidad de Chile
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Pulsation Study: |. High-frequency region
Slow rotating Fastrotating
= (a) (b) 2
0 a a8
ST o0 e
o a L L]
18 - . . - 18
o 16 4' . ’ . 3 1()';--
W) o o
12 - 0 o o 12
" ; o o
10 4 a e o @ [ 10
® - 0
3 4 . . o L8
s s . :
00 02 04 06 08 0 1 2

Individual targets: KIC 8975515

fmod042d !

Samadi-Ghadim+ 2020 A&A

Aug. 20, 2020 anya.samadi@mail.udp.cl

fmod165d"
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Individual targets: KIC 8975515
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Pulsation Study: Il. Low-frequency region

T T LR TE L
7% R Tm i1 il i

2501 | | | | il Bi
e | | ] il 1
— 150 4= it wiei | | i Bl ‘g ||
- ':1" en | AJ1E§ BE : ]tt

vt ~~1 ~g 1 LR N

- 3 211 § B | 1la
! ! i 1 L

0 sl -———AJ-P.‘—-I——-L.—’-‘ SR 1 ™

1.5

0.le 021 026 031 051 056 06l

INT TR T T

s i e ! '

200 1 R iR ! | '

50 150 "fsi Y '"fs; % = | nfgi == mfgi [
=100 - foi = hy 11 |Eafgt+bfy . |2
1§ | B =

50 1 B : : -

45 | | |

0 - -

185 5.15 545 575 605 635 645

005 035 065 095 125 185 215 245

1.647 £0.0001 d~! ~f,_(1.654+0.018 d71) Samadi-Ghadim+ 2020 A&A
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Pulsation Study: ll. Rossby modes

S

5000 ] T T T T I ! T T T T o
1.50 M, log T,,= 3.849 log L= 0.787 o°
- v, = 1.35 ¢/d o
2000 o° -
— ' 7 . in
g_‘i r modes _ I/rm < myrgl‘
<] .
1000 1  |k| : Even and odd symmetries with respect to the equator
ol  even if k| is zero or an even number
400
* odd if |k| is an odd number
300
— * Forr modes k<—1, while for g modes k=0
T 200
-1
100 e period spacings of r modes —> increase with period
o b

. 04 T s * period spacings of g modes —> decrease with period

Period/P_,

Saio, H.+2018 MNRAS
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Individual targets: KIC 8975515

Pulsation Study: Il. Low-frequency region

— - frot - 1 656 d_l

T modes
f\\ , \\ 8 nodes r modes
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Individual targets: KIC 8975515

A double-lined spectroscopic| [afeit=iilelaf=18ig=Te[F[=1p[e3YA o] [jxd]gle Ko} e W o Wyglolo =1

binary system: SB2
Detached

The companions are twins
They were only different in

rotation

one/both of companions

Hybrid pulsations

Period spacing of g modes
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Prospective
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 Where and how theory fits to the

observation (seismic modeling)... O TR TUeh o/a V. LTa8 ks
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 How rotation influences a pair of twins... - Al V..
» Making the sample of fast rotating SB2
stars larger with the similar targets g
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Take home messages

* Rotation is very helpful in detecting the mode origins in twin binary stars.

e Seismic modeling is needed to join observations in order to understand how rotation can change the pulsation
scenario of a pair of twin stars in a binary system.

* Tidal forces in close binary stars influence the high frequency modes very strongly (tidal splitting).

* For the close binary systems with the short period it is necessary to subtract the contribution of the binary from
light curve to detect the stellar pulsations.

* We detected that excited r modes as a result of fast rotation in stars are agree well with what theory expects
however we are far from understanding exactly what is the limit of rotation rate to excite or not excite r modes

* There is a difference between Gaia calculated distances and Twin distances that is Twin distances are shorter.
* The scatter in distances (parallaxes) from two methods is 61% larger for binary stars than for single stars

* For ~3.4% of both binary candidates and 2.6% of single stars Gaia and Twin parallax show very larger discrepancy
(The “offset” sample).

* We detected star which mostly flagged as Chromospherically active stars and SB2, among the both single and
binary offset samples.



