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® Master student (physics)

Conny Aerts

Francqui award (2012)
Kavli prize in astrophysics (2022)
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Pineapple

shape and material determines
the sound of the instrument
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logy

® : vibration, pulsation, oscillation,...
® logy: study of,...

use earthquakes to investigate
the interior of the Earth

Earthquake: Jan Mayen Island (71 .84M 1.49W), June 15, 1985, M=5.0
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molog

seismology
® : star
® seismo: vibration, pulsation, oscillation,...
® Jlogy: study of,...

RN N



https://www.youtube.com/watch?v=-I-zdmg_Dno
https://www.youtube.com/watch?v=nBxn6QGWJNM

logy

® : star
® : vibration, pulsation, oscillation,...
® logy: study of,...

— stellar parameters

- Mege 12 / i)

— convection
> size convective layers
> convective overshoot 1
— rotation
> surface versus core =
> rigid versus differential

diffusion

U

internal structure
> layers

A

»  composition
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0@ = frequency

o@ = number of nodesurfaces between =
center and surface
O@ = total number of nodelines on surface

— / =0:radial mode
— /> 0:non-radial mode

@ = number of nodelines perpendicular to equator
on surface

— |m|£/

— > 0:retrograde mode

— n <0: prograde mode . .
3. Theoretical modelling




® Restoring force: pressure
® Short periods
® Cavity near surface

® Amplitude largest component in
radial direction

Pramineance
v Coronal
Streamer

phere
(aranules)

Sunspot—

Chremosphere

Filament =~

® Restoring force: buoyancy
® |ong periods
® Cavity in deep interior

® Amplitude largest componentin
tangential direction




Spectral type

® Restoring force: pressure ® Restoring force: buoyancy

® Short periods ® Long periods

® Cavity near surface ® Cavity in deep interior

® Amplitude largest componentin ® Amplitude largest componentin
radial direction tangential direction

® \\\\ ® ////

og [luminosity (L.

© Péter . Papics (KU Leuven)

48 46 4.4 42 40 38 36 34
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Spectral type

Restoring force: pressure
Short periods
Cavity near surface

Amplitude largest component in
radial direction

A\

B Cephei stars (scep)
O Scuti stars (5sct)

Periods order of hours
(0.3-10 hours)

og [luminosity (L.

© Péter . Papics (KU Leuven)

4.8

4.6
log

4.4 42 40 38 3.6
[effective temperature (K)] (dex)

3.4

Restoring force: buoyancy
Long periods
Cavity in deep interior

Amplitude largest component in
tangential direction

/117

Slowly pulsating B stars (srs)
Y Doradus stars (ybon

Periods order of days
(0.3-3 days)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China




Scientific backg

Spectral type
_ A FG K .

® Master student (physics)
—> Evidence for binarity and multiplicity in the B Cephei star 3 Crucis
._Q‘ > CAT/CES@ESO(LaSilla)/1.4-m 4 Crucis, 1588
N v high-resolution (R=60000), Silll triplet (455.26, 456.78, 457,48 nm)
v time-series: 1193 spectrain 11 nights (1984-1995)
v isolated observations: 14 spectra in 14 nights (1996-1997)

©
@

HID(—2447590)

Multiperiodic pulsator:
- ,=5.2305468d* (2= 1)
- f,=5.958666/d" (/23)
- £,=5.472165d" (/23)
(moment method)

Single-lined binarity

46 44 42 40 38 36 34
log [effective temperature (K)] (dex)

—> Polarimetric detection of
non-radial oscillation
modes in the [3 Cephei

=P, = 1828.0(25)/days star B Crucis
- e= 0:38(9)
- B2V secondary Cotton, Bul\f:ts/-i\ysfznslgtlalq 2021,

4552 4553 4554

Orbital Phase Wavelength (&)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Scientific backg

Spectral type
B i, A FG K =

® PhD student (physics, group astronomy)
— A detailed spectroscopic analysis of € Per |. Determination of the orbital parameters and of the frequencies
> Aurélie@OHP/1.52-m
v high-resolution (R=60000), Silll triplet (455.26, 456.78, 457,48 nm)
v time-series: 464 spectra in 14 consecutive nights (16-29/10/1996)

46 44 42 40 38 36 34
log [effective temperature (K)] (dex)

Multiperiodic pulsator:

Radial Velocity (km s™')
Radial Velocity

- fi= 5.300d*
-f= 5.890d*
-f= 6250d*
Binary Phase O'i'{sriple—s:ar F'has:2 5 f4' = 6'875 d-l
] - £ =10.585d"
Triple system - 14.0/days of{inner binary.confirmed
. . (moment'method)
(Tarsovetall, 1995, A&AS 110; 59) - 14’56 days ofitriple systeminon-conclusive

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Scientific backg

® PhD student (physics, group astronomy)
—> A study of bright southern slowly pulsating B stars

A > Sample
e g v 5well-known SPBs
4 12 candidate SPBs (thanks to Hipparcos data)
Observations
v Spectroscopy: high-resolution CAT/CES@ESO/1.4-m (Sill doublet: 412.8,413.0 nm)
v Photometry: Geneva photometry (U, B1, B,B2,V1,V, G)
Hipparcos photometry (H,)

\%

> Analysis
v Frequency analysis
v Mode identification
2  moment method and photometric amplitude ratios

HIPPHHIIlfS\

ASTROMETRY MISSION

Observational characterisation
oficlass of SPBistars

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Scientific backg

Spectral type
B A FG K
T T

® PhD student (physics, group astronomy)

— A study of bright southern slowly pulsating B stars
I. Determination of the orbital parameters and of the main frequency of the spectroscopic binaries

Star

Singles HD26326
HD74195 =
HD85953 =
HD131120 : g L SN Y
HD138764 £/
HD181558 * 40 | : 5
HD215573 3 i )Y ¥ L 1 ¥ g aa n‘,z 20 38 36

[effective temperature (K)] (dex)

o
g
it

Suspected HD53921
Binaries HD55522

Binaries SB2 e#0 HDI23515%
[ HD140873
SBl e#0 HD24587
HD74560 *
HD177863 *
e=0 HD69144
HD92287
HD169978

Veryeccentric double:lined binany: - 2, = 38:927(4) days
- e=0.731(6)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tira
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Photometry: method of photometric amplitude ratios
v Grid: ¥=2-15M,,, Z=0.015, x=0.71, a,,,,=1.75, a,,.,=0.0 , no diffusion + Asplund (2005)
v Selection models in (7,logg) error box
v Each /: selection eigenfrequency closest to observed frequency
v Comparison theoretical-observed amplitude ratios relative to bluest filter

YFTIYVVTIYVT""Y"T YVTIYTV'IYTW'ITVFVITVY'

Inconclusive
. £.= 1 most probable

constraints on £ 400 500 400 500 400 500 400 500
Wavelength (nm)
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tira
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: line-profile variations

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China

4z 40 38 36
g [effective temperature (K)] (dex)

E : <v> (km/s)



Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tlra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: line-profile variations

46 44 4z 38 36 34
g [effective temperature (K)] (dex)

L=3
m=2
£ =80°

v,=50kms"*

. : <v> (km/s)

o =10 kms
£=0.03
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tlra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: line-profile variations

-

46 44 4z 38 36 34
g [effective temperature (K)] (dex)

Z - 3 . <w> [km_f?)
m=2

< =80°
v,=50 kms™
o =10 kms™

£ =0.03

angth A {nm)
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tlra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: line-profile variations

-

46 44 4z 38 36 34
g [effective temperature (K)] (dex)

. : <v> (km/s)

v,=50 kms™
o =10 kms!
£=0.03

angth A {nm)
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tlra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d 7_
> Spectroscopy: line-profile variations N slartie

46 44 42 40 38 36 34
g [effective temperature (K)] (dex)

. : <v> (km/s)
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tlra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

Solar-like

46 44 42 40 38 36 34
g [effective temperature (K)] (dex)

. : <v> (km/s)
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De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tlra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

42 40 38 36 34
g [effective temperature (K)] (dex)

E : <v> (km/s)
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De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tlra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: moment method
v Comparison theoretical - observed velocity moments of line-profiles

]

4z 38 36 34
g [effective temperature (K)] (dex)

E : <v> (km/s)

412.85

413 413.2
angth A {nm)
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De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tlra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: moment method
v Comparison theoretical - observed velocity moments of line-profiles

|
Z;- (1 'Ii) v/ (Vi - vi-l)

Z; (I-1) (v;=v.)

<y'>=

denominator = equivalent width
<y’> ~ radial velocity

~ width
<1’> ~ skewness

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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g [effective temperature (K)] (dex)

E : <v> (km/s)
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tira
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: moment method
v Comparison theoretical - observed velocity moments of line-profiles

44 Vi disc L Vo G
2 -2 | 11.0 | 19 18 12
3 -1 11.1 | 37 Ky 2
2 -1 11.1 | 25 32 3
3 -2 11.2 15 5 2
1 +1 11.3 | 42 31 5

Inconclusive
Continuousiparametersinotwell constraint

: |
2 0.4 06 08
Phase

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(:_tira
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: moment method
v Comparison theoretical - observed velocity moments of line-profiles

44 Vi disc L Vo G

3 -1 11.1 | 37 Ky

-1 11.1 | 25 32 3

1 +1 | 11.3 | 42 31 5

Higherorderevenimomentsiare userul

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Geneva phometry.
Il. The instrinsic frequencies #65 CAT Spe(2_t1ra
1. Mode-identification for singly-periodic targets in spectroscopy /1= 1.15691d

> Spectroscopy: pixel-by-pixel method

TrT
412.27 nm

38 36 34
E temperature (K)] (dex)

<v> (km/s)

o = k) 14

412,75 412.8 412.85 412,75 412.8 -11.?5:'1 412,75 412.8 412.8 412.75 412.8 41;’
A (nm) A (nm) A (nm) A (nm)

Change of amplitude and phase within profile ] ] e

Unique solutionsifor4'monoperiodic SPBistars >

Prograde dipoleimodes: (7= (1;+1) 412G MRS 43 MeR

Wavelength A {nm}

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Scientific backg

De Cat & Aerts, 2002, A&A 393, 965

De Cat, Briquet, Daszynska-Daszkiewicz et al., 2005, A&A 432, 1013

® PhD student (physics, group astronomy) HD24587 = 33 Eridani
—> A study of bright southern slowly pulsating B stars #1317 Genevaiphometry,
#65 CAT spectra

Il. The instrinsic frequencies
lll. Mode-identification for singly-periodic targets in spectroscopy

> Spectroscopy: fourier parameter fit method
v Zero point line-profile
v Amplitude variations across line-profile simultaneous fit
v Phase variations across line-profile

fi=1.1569 d*

46 44 4z 38 36 34
g [effective temperature (K)] (dex)

<v> (km/s)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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® Master student (physics)
® PhD student (physics, group astronomy)
® Post-doctoral fellow

42 40 38 36 34
g [effective temperature (K)] (dex)
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leroseismolog)

® Master student (physics)
® PhD student (physics, group astronomy)

® Post-doctoral fellow
— 2003/10/20: first contact with Jianning Fu (Dubrovnik, Croatia)
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® Scientific researcher




Scientific backg

Spectral type
B A FG K

® Scientific researcher

— A spectroscopic study of southern (candidate) y Doradus stars 1. Time series analysis
>  CORALIE@Euler/1.2-m De Cat, Eyer, Cuypers etal., 2006, A&A 449, 281

> high-resolution spectroscopy (cross-correlation profiles)

single HD 12901, HD 14940, HD 27290, 2 HD110379, HD 112934 4 HD7455,
HD 40745, HD 41448, HD 48501,
HD 65526, HD 112685, HD 135825,
HD 149989, HD 187025, HD 216910,
HD 218225

5Sct + roAp |
- Dbl

2  HDI111829, HD 26298

HD 167858%, HD 209295 HD 126516 HD 85964

SB2 | HD34025 7 HD 10167, HD27377°, HD 35416 B
HD 110606, HD 111709%, HD 147787, ]
HD 214291 10/new bonafideryDorstars

! bf ¢ Sct star; 2 shows no cross-correlation profile variations but was classified as a bf y Dor star before; * ellipsoidal variability instead of 1 new. bona flde 8801:
pulsation cannot be ruled out;  shows cross-correlation profile variations, but was classified as a chemically peculiar star before.
8iconstantstars

a2 4 38 36 34

— Long term photometric monitoring with the Mercator telescope

»  Frequencies and mode identification of variable O-B stars = DeCat, Briquet, Aerts etal., 2007, A&A 463, 243
> Frequencies and multicolour amplitudes of Y Doradus stars ~ Cuypers, Aerts, De Cat et al., 2009, A&A 499, 967

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China




® Scientific researcher
— 2005/06/20: First contact with Karen Pollard (Rome, Italy)
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Scientific backg

® Rotation and pulsations in main-sequence gravity mode pulsators (SPB and yDor stars)

effect of rotation [ —> isolated spectra for isin/determination sictiun L projct ZUVS2ULL) Dinsan .. 120!
on pulsations? -

Spectroscoplc multl_srte campalgnes Action 1 project (2012-2014): Adam Sodor
> 16 and 1 space-based observatories
» >11,000 high-resolution spectra

60° 0 60° 120°

De Cat, Wright, Pollard et al., 2009, AIPC 1170, 480

5

=

g f@' E

/ / / S g i}

. ] , ) 21 days HD25558 (SPB star) £
: _ o MOST 47 days HD218396 (yDor stan)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China




Scientific backg

® Rotation and pulsations in main-sequence gravity mode pulsators (SPB and yDor stars)

— HD218396 (HR8799; yDor star; planet host) .
> Spectroscopy: SOPHIEQOHP/1.93-m

Wright, Chené, De Cat et al., 2011, ApJL 728, L20

20 AU

© 1 November 2009, L' band

v 650 spectra in time span of 2 weeks
v Frequency analysis — £ = 1.9875d"
v Mode identification (fourier parameter fit method) — prograde sectoral mode (47 = (1,+1), . > 40°
> Photometry: Microvariability and Oscillations in STars
Sador, Chené, De Cat et al., 2014, ARA 568, A106
v Frequency analysis — £, = 1.978 d* ® g

Frequency/f,
69 79 89 99 109 I / 39 14/9 159

-10
Velocity (km 3’1)

Many multiples of 7/9

Misalignment stellarrotational : _ : : _ : : Strongiamplitude descrease and
inclination'and planetanyomit axis Frequency ) phase changes
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Scientific backg

® Rotation and pulsations in main-sequence gravity mode pulsators (SPB and yDor stars)

— HD25558 (sPBstar) = Sedor, De Cat, Wright et al., 2014, MNRAS 438, 3535

> Spectroscopy: ~2000 high-resolution spectra _ —
> Photometry: ground-based and MOST lightcurves Po = 897058

fopp 1 =f; =0.653d" fonpg =2 f1 =1.306d" foups = fZ:’ =1.350 d'j fonps = f3 =1677d" fonps = fAt: = 0.024 g! foup 12 = f; 0813 d"'
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Statusibefore arrival of
asteroseismic space missions

® Time series

® Observed pulsation modes
— Frequency f ——» Frequency analysis

— Degree / T
= Azimuthal b Mode identification
Zimuthal number 7 > Spectroscopy: moment method

fourier parameter fit method

> Photometry: method of photometric amplitude ratios and phase shifts

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China




Status after-arrival of:
asteroseismic space missions

® Time series

® Observed pulsation modes
— Frequency f ——» Frequency analysis
— Degree /

Mode identification
> Spectroscopy: moment method
fourier parameter fit method

Need for accurate stel!ar > Photometry: method of photometric amplitude ratios and phase shifts
parameters for modelling

—> Azimuthal number #

rotational multiplets
échelle diagram in frequency for and in period for (asymptotic regime)

Amplitude (mmag)

18.98 19.00 19.02 19.04 i S ot
> - 0 1000 5000 4000

2000 00
Perlod mod 2280.0 5

Frequency (d™1)
Bedding et al., 2015, EPJW 101, 01005
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— Large Sky Area Multi-Object Fiber Spectroscopic Telescope

Size: 4.0-m telescope

Field of View: circular with diameter of 5° on sky (~20 deg?
Fibers: #4000

Wavelengths: 370 -900 nm

Resolution: ~1800 (low) / ~7500 (medium)

Targets: > 5000 000 (stars, galaxies, QS0s)

— NASA mission Kepler

primary mirror: 1.2-m

launch on 2009/03/07 (lifetime ~3.8 years after failure on 2013/05/14)
continuous monitoring of 1 star field in Cygnus-Lyra region

broad band photometry with accuracy of few ppm

main scientific goals

v discover Earth-size planets (transit method)

v characterizing planet-hosting stars by means of asteroseismic methods
v opportunity for asteroseismic investigation of stars covering H-R diagram

Ter

large multi-fiber
telescope with wide

Unique
combination of

14000
12000
10000
8000
6000

4000

Spectral type

Balona et al. (2011, MNRAS 413,

Need for accurarte stellar

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China
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® Proposal submitted in 2010
( — to cover whole Kepler field-of-view
—> to characterize targets in homogeneous way
> spectral type
> any peculiarities
> T, logg, metallicity
< — with low-resolution spectroscopy
> radial velocity = binaries, cluster membership

Declination (degrees)

Right Ascension (degrees)

> rotation velocity = restriction on vsini

— because it is the only instrument to observe thousands of targets efficiently

AN

»  brightest targets (K, < 10.5 mag): with 2-m class telescopes
\ > LAMOST: focus on fainter targets

Collaboration with subchairs of
Kepler Asteroseismic Science Consortium

Win=win epportunity forboth
® First observations on 2011/05/30 [LAMOST community'and Kepler community

® First reduced spectra distributed in 2012/05
® First publication with introduction of projectin 2015  pecat Fu, Renetal, 2015, Aps 220, 19

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China



gium - China - raly - Poland - usa I.AMOST-Ke lar

NAOC (Beijing)

,F g 'I
r"”\ .

4

BNU (Beijing)

® Asianteam
LASP (rs) — Renetal., 2016, ApJS 225, 28: “LAMOST observations in the Kepler field: Analysis of the stellar parameters measured with LASP based on
low-resolution spectra” (2012/06-2014/09)
temperature type > Detection of 115 candidate metal poor stars (106 with [Fe/H] < -1.0 dex; 9 with [Fe/H] < 2.0 dex)
e @75% > Detection of 18 high-velocity stars (. <-300 kms™)
l0gg (0.215 dex)
[Fe/H] (0.152 dex)
Vg (18 kms™)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China




Connection Belgium = China - italy - Poland - US?

BNU (Beijing)
NAOC (Beijing)

® Asian team

LASP (s — Renetal., 2016, ApJS 225, 28: “LAMOST observations in the Kepler field: Analysis of the stellar parameters measured with LASP based on
low-resolution spectra” (2012/06-2014/09)

t;:mperature type — Zongetal., 2018, ApJS 238, 30: “LAMOST observations in the Kepler field: Il. Database of the low-resolution spectra from the five-year regular

4 (2.75%)

survey” (2015/05-2017/05)

l0g£ (0.215 dex)
[Fe/H] (0.152 dex) — Fuetal., 2020, RAA 20, 167: "Overview of the LAMOST-Kepler project” (2011/05-2020/09)

(18 km's) > Update of the statistics of the catalogue

v

rad




gium - China - raly - Poland - usa I.AMOST-Ke lar

BNU (Beijing)

® Asianteam

— Renetal., 2016, ApJS 225, 28: “LAMOST observations in the Kepler field: Analysis of the stellar parameters measured with LASP based on
low-resolution spectra” (2012,/06-2014,09)

t}e_zmg(:;j;cure type — Zongetal., 2018, ApJS 238, 30: “LAMOST observations in the Kepler field: Il. Database of the low-resolution spectra from the five-year regular
eff \&- 1970

1082 (0.215 dex)
[Fe/H] (0.152 dex)
Y

LASP (Lrs)

survey” (2015/05-2017,05)

Fu etal., 2020, RAA 20, 167: "Overview of the LAMOST-Kepler project” (2011/05-2020/09)

\)

(18 kms™)

rad — Zongetal., 2020, ApJS 251, 15: “Phase Il of the LAMOST-Kepler/K2 survey: . Time series of medium-resolution spectroscopic observations”
(2019/01-2019/06)
LASP (MRs) [
&
temperature type 3
T (100K) §
l082 (0.15 dex) E
[Fe/H] (0.09 dex) o
Vg (Lkms?) 8 ;  femined prates

Right Ascension (degrees)
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gium - China - raly - Poland - usa I.AMOST-Ke lar

BNU (Beijing)
—

® Asianteam V’

LASP (RS — Renetal., 2016, ApJS 225, 28: “LAMOST observations in the Kepler field: Analysis of the stellar parameters measured with LASP based on

low-resolution spectra” (2012,/06-2014,09)
temperature type
T (2.75%)

084 (0.215 dex)
[Fe/H] (0.152 dex)
v

— Zongetal., 2018, ApJS 238, 30: “LAMOST observations in the Kepler field: Il. Database of the low-resolution spectra from the five-year regular
survey” (2015/05-2017,05)

Fu etal., 2020, RAA 20, 167: "Overview of the LAMOST-Kepler project” (2011/05-2020/09)

\)

(18 kms™)

rad — Zongetal., 2020, ApJS 251, 15: “Phase Il of the LAMOST-Kepler/K2 survey: I. Time series of medium-resolution spectroscopic observations”
(2019/01-2019/06)
— Wangetal., 2020, ApJS 251, 27: “LAMOST observations in 15 K2 campaigns: I. Low-resolution spectra from LAMOST DR6” (2015/12-2018,/01)

LASP (MRS) . IE:MOST-HQ

temperature type .

T (100K) g

1082 (0.15 dex) £

[Fe/H] (0.09 dex) 3

Vaq (Lkms™)

200 150
Right Ascension (degrees)
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® Europeanteam

ROTFIT (Lrs)

temperature type
luminosity class
T 3.5%)

1082 (0.3 dex)
[Fe/H] (0.2 dex)

Vaq (14 kms™)

¥Sin/ > 120 kms*

lar

)
s

Catania (Italy)
Wroctaw (Poland)
Brussels (Belgium)

" /4
— Frasca etal., 2016 A&A 594, A39: “Activity indicators and stellar parameters of the Kepler targets: An application of the ROTFIT pipeline to
LAMOST-Kepler stellar spectra” (2011/05-2014/09)

> Search for emission line objects
> Detection of 442 chromospherically active stars O PP AN,

Detection of accreting star KIC8749284 (K1V)

\;

KIC8749284
+

KIC8749284

x° = 0.330

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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gium - China - raly - Poland - usa T-Kepler

L ‘/ ER |

9%

Wroctaw (Poland)
L
—
Brussels (Belgium)
A%
i
N

Catania (Italy)

® European team 't - 0
— Frasca etal., 2016 A&A 594, A39: “Activity indicators and stellar parameters of the Kepler targets: An application of the ROTFIT pipeline to
ROTFIT (Lrs) .,
LAMOST-Kepler stellar spectra” (2011/05-2014/09)

temperature type > Search for emission line objects
I;mmosﬂy class > Detection of 442 chromospherically active stars

eft (3:5%) > Detection of accreting star KIC8749284 (K1V)
l0g£ (0.3 dex)
[Fe/H] (0.2 dex — Frasca et al., 2022, A&A 664, A78: “Characterization of Kepler targets based on medium-resolution LAMOST spectra analysed with ROTFIT”
Vaq (14 kms™) (2017,/09-2018/05) KIC 10274200
18N/ >120 kms* > Detection of 327 chromospherically active stars

> Detection of 98 double-lined spectroscopic binaries (SB2) and 7 triple systems (SB3)
ROTFIT (MRs) »  EW measurement Lil L6708 line for 1657 stars ———
v 187 Li-rich giants (153 new ones) P{JI;O . omsoos M2

temperature type v fraction of 4-5% Li-rich giants Pogy (d) " 4218+0.001 [l
luminosity class . . . e 0.04+0.04 [~
T.. 25% v no relation between rotation and Li abundances w(®) 200+05 M &

off 1= (merging scenarios) y (kms™) —11+3
1082 (0.25 dex) 21 :l;mi])) g?i i
[Fe/H] (0.15 dex) My sin’ i (M) 1232008

V.4 0.7kms? Ma sin’ i (M) 1.06 +0.05

ra My/M, 0.86+0.03
¥8in/ >8 kms?! asini (Ry) 14.6+0.2

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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gium - China - raly - Poland - usa LAMOST-Ke '

(USA)
Arizona (USA)

North Carolina
=
>

® American team

MKCLASS — Greyetal., 2016, AJ 151, 13: “LAMOST observations in the Keperl field: Spectral classification with the MKCLASS code” (2011/05-2014/09)
> Classification on MK system (direct comparison with MK standards)
temperature type (0.6) >

e Identification of peculiar and astrophysically interesting stars
luminosity class (0.5)

4 32 candidate Barium dwarfs (s-process enhances G-type dwarfs)
v 34.6% of A stars are Am

v 132 candidate A Bootis stars (chemically peculiar late B to early-F stars: surface underabundances of most iron-peak elements, near-solar abundances of C, N, 0, and S)

0.0 05
BO B5 A0 A5 FO F5 GO KO

MKCLASS Luminosity Class Error

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China




Connectl

jon Belgium -

® |RS and MRS LAMOST spectra have shown to be useful in many different scientific fields, including:

-

N
-
N
=
N

Stellar parameter determination
Asteroseismology

Binary stars

Stellar activity

Peculiar stars

Exoplanets

2024/05/21-24
Third LAMOST-Kepler/TESS workshop (Beijing, China)

China - raly - Poland - USA LAMIOS [-Kepler

"Synergies between ground-based spectroscopic surveys and space-based photometric missions”

The 3rd LAMOST—KepIer/T ESS Workshop

Beijing, 2024.05.21-24




Outline
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Connection Belgium - India

— 2014/01/27: first contact with Santosh Joshi (e-mail)

Subject: Re: KASC WG3: K2 mission and other updates (reminder) Subject: Indo-Belgian Research and Technology Cooperation
Date: Mon, 27 Jan 2014 09:25:19 +0530 (IST) Date:  Tue, 28 Jan 2014 10:59:37

From: Dr. Santosh Joshi <santosh@aries.res.in> From: Peter De Cat <Peter.DeCat@oma.be>

To: Peter De Cat <Peter.DeCat@oma.be> To: Dr. Santosh Joshi <santosh@aries.res.in>

Hi Peter, Dear Dr. Santosh Joshi,

Please let me know if you are interested in the following programme:

http://www.dst.gov.in/whats new/whats new13/cop belcall2014.pdf Thank you very much for your message! Unfortunately it ended up in the spam
mail so I didn't see it immediately! (to be on the safe side, please also send a
copy to my private e-mail: peter-ke@telenet.be)

Regards
Santosh
Yes, we would be very interested to submit such a proposal! We already o
submitted a proposal last year in collaboration with Prof. Ram Sagar in view of

the DOT telescope (and the Belgian guaranteed time) but unfortunately our

(http://www.aries.res.in)

TIBET
AUTONOMOUS

it would be very nice to collaborate with you!

| 1] d 0- B e | g| an tele SCO pe S proposal was not successful... However, we would like to try again this year so AT

. " From the Belgian side, two institutes are participating:
Constructadin BelZiLuamm = v * Royal Observatory of Belgium (Patricia Lampens, Yves Frémat and myself),
Located in Indid 5 7 . ; * Université de Liege (Jean Surdej).
i i ; Is there anybody else from your institute that would like to join our team? Do
£ you know colleagues from other Indian institutes that would be interested?
3,6:m, DOT = . What are the main scientific topics you are working on? What kind of network
(BELSEO investme L activities would you like to introduce in the proposal?

Thanks again for your proposition. We still have one month to prepare a
proposal. Let's hope we will have the opportunity to start a fruitful - BAY OF BENGAL
collaboration!

ARABIAN Nl = it
. SEA
Kind regards, WZoBAR
% L ISLANDS
Peter
e Sy INDIA OCEAN
4:m ILMT- % o . . .
ean Surdej cc. Patricia Lampens, Yves Frémat, Jean Surdej

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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® BINA-1 (2014-2018)

Belgian partners (PI: Peter De Cat)

>
>

gium - India

Network activities
Belgian Science Policy Office

Focus on instrument development por+ivm (BELSPO; Govt. of Belgium)

International Division,
Department of Science and Technology
(DST; Govt. of India)

—> Indian partners (PI: Santosh Joshi)

ARIES (Aryabhatta Research Institute of Observational Sciences; Nainital)
l1A (Indian Institute of Astrophysics; Bangalore)

IIST (Indian Institute of Space Science & Technology; Trivandrum)

IUCAA (Inter-University Centre for Astronomy and Astrophysics; Pune)
PRL (Physical Research Laboratory; Ahmadabad)

SNBNCBS (S.N. Bose National Centre for Basic Sciences; Kolkata)

TIFR (Tata Institute of Fundamental Research; Mumbai)

YVVVYVYY

ROB (Royal Observatory of Belgium; Brussels)
ULiége (Université de Liége; Liége)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China
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Network activities

Belgian Science Policy Office

® BINA-1 (2014-2018) Focus on instrument development por+ivm (BELSPO; Govt. of Belgium)
. . . International Division,
® BINA-2 (2018-2023) Focus on scientific projects getescopes of interest) Department of Science and Technology

Belgian partners (PI: Peter De Cat)

YVYVVYY

(DST; Govt. of India)

—> Indian partners (PI: Santosh Joshi)

ARIES (Aryabhatta Research Institute of Observational Sciences; Nainital)
DU (Delhi University; Delhi)

HBCSE (Homi Bhabha Centre for Science Education; Mumbai)

l1A (Indian Institute of Astrophysics; Bangalore)

IIST (Indian Institute of Space Science & Technology; Trivandrum)
ISRO (ISRO Satellite Centre; Bangalore)

IUCAA (Inter-University Centre for Astronomy and Astrophysics; Pune)
KU (Kumaun University; Nainital)

NCRA (National Center for Radio Astrophysics; Pune)

PRL (Physical Research Laboratory; Ahmadabad)

RSU (Pt. Ravi Shankar University; Raipur)

SNBNCBS (S.N. Bose National Centre for Basic Sciences; Kolkata)
TIFR (Tata Institute of Fundamental Research; Mumbai)

ROB (Royal Observatory of Belgium; Brussels)

KU Leuven (Katholieke Universiteit Leuven; Leuven)
UAntwerp (Universiteit Antwerpen; Antwerp)
UGent (Universiteit Gent; Ghent)

ULB (Université Libre de Bruxelles; Brussels)
ULiége (Université de Liege; Liége)

VVVVVYVYVVVVVYVYY
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gium - India

Network activities
Belgian Science Policy Office

® BINA-1 (2014-2018) Focus on instrument development por+ivm (BELSPO; Gowt. of Belgium)

International Division,

. BINA'2 (2018-2023) FOCUS on SC'ent'f'C DFOJeCtS (telescopes of interest) Department of Science and Technology
(DST; Govt. of India)

® BIPASS (2022-2025) Focus on spectroScopy (ata products and science)

—> Indian partners (PI: Sashikiran Ganesh)

ARIES (Aryabhatta Research Institute of Observational Sciences; Nainital)
DU (Delhi University; Delhi)

HBCSE (Homi Bhabha Centre for Science Education; Mumbai)

l1A (Indian Institute of Astrophysics; Bangalore)

IIST (Indian Institute of Space Science & Technology; Trivandrum)

ISRO (ISRO Satellite Centre; Bangalore)

IUCAA (Inter-University Centre for Astronomy and Astrophysics; Pune)

Belgian partners (PI: Laurent Mahy)

ROB (Royal Observatory of Belgium; Brussels)

KU Leuven (Katholieke Universiteit Leuven; Leuven)
UAntwerp (Universiteit Antwerpen; Antwerp)
UGent (Universiteit Gent; Ghent)

ULB (Université Libre de Bruxelles; Brussels)
ULiége (Université de Liege; Liége)

VUB (Vrije Universiteit Brussel; Brussels)

KU (Kumaun University; Nainital)

NCRA (National Center for Radio Astrophysics; Pune)

PRL (Physical Research Laboratory; Ahmadabad)

RSU (Pt. Ravi Shankar University; Raipur)

SNBNCBS (S.N. Bose National Centre for Basic Sciences; Kolkata)
TIFR (Tata Institute of Fundamental Research; Mumbai)

UOC (University of Calicut; Calicut)

VVVVYVVYVYVVVVVVYYVYY

YVVVVYVYY
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Connection Belgium - India

® |Indo-Belgian telescopes
— 3.6-m Devasthal Optical telescope (DOT) (operational since 2017,/04/01)

> IMAGER optical imaging 2017A-Early-Science
> TIRCAM2 near-infrared imaging (permanent side-port1) 2017A-Early-Science
> ADFOSC low-resolution spectroscopy + camera (main port) DOT-2020-C1
> TANSPEC medium-resolution spectroscopy + camera (main port) DOT-2020-C1

Y

\%

> Rotating container with liquid mercury r

»  Zenithal telescope
> Nominal phase: 5 years of scientific operations

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China




Connection Belgium - India

® Indo-Belgian telescopes
® Telescopes of interest
— Access through Indian partners

>

>

Y

India’s first dedicated >
multi-wavelength space
telescope

1.04-m@ARIES = 1.04-m telescope (Nainital, India)
v CCD & polarimeter

1.3-m@ARIES = 1.3-m Robotic Telescope (Devasthal Observatory, Devasthal, India)

v multi-colour photometry

2.01-m@IIA = 2.01-m Himalayan Chandra Telescope (Indian Astronomical Observatory, Leh, Ladakh, India)
v Himalaya faint object spectrograph, near-IR imager & optical CCD imager

2.5-m@PRL = 1.2-m Infrared Telescope (Mount Abu Observatory, Rajasthan, India)

1.2-m@PRL = 1.2-m Infrared Telescope (Mount Abu Observatory, Rajasthan, India)

v NICMOS Infrared Camera and Spectrograph, Imaging Fabry-Perot Spectrometer, high time resolution Infrared Photometer, Optical Polarimeter, Fibre-
linked Grating Spectrograph & high resolution optical spectrometer ‘PRL Advanced Radial-velocity All-sky Search’

GMRT@NCRA-TIFR= Giant Metrewave Radio Telescope (Pune, India)
v 30 parabolic 45-m dishes spread over up to 25 km for radio interferometry
ASTROSAT@ISRO = Satellite (Space)

v Ultra Violet Imaging Telescope, Soft X-ray imaging telescope, Large Area X-ray Proportional Counter, Cadmium Zinc Telluride Imager, Scanning Sky
Monitor, Charged Particle Monitor (observations from far Ultraviolet to hard X-rays)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Connection Belgium - India

® Indo-Belgian telescopes

® Telescopes of interest

— Access through Indian partners
— Access through Belgian partners

Transiting Planets and
Planetesimals Small
Telescope

Search for habitable
Planets Eclipsing Ultra-
¢00I Star

1

>

>
>

Y V VY

>

1.2-m@KULeuven = 1.2-m Mercator telescope (Roque de los Muchachos Observatory, La Palma, Canary Islands, Spain)

v HERMES: high-resolution spectroscopy

0.6-m@ULiege = 0.6-m TRAPPIST-North telescope (Oukaimeden Observatory, Maroc)

0.6-m@ULiege = 0.6-m TRAPPIST-South telescope (European Sourthern Observatory, La Silla, Chile)

v Multiband photometry (Johnson/Cousins BVRclc, Sloan z, NIR exoplanet filter, Nal, H,0+/0H, NH, CN, CO+, C3, BC, C2, GC, RC)
1.0-m@ULiege = 4x1.0-m SPECULOOS-North telescope (Teide Observatory, Tenerife, Canary Islands, Spain)
1.0-m@ULiege = 1x1.0-m SPECULOOS-South telescope (European Southern Observatory, Paranal, Chile)
1-0-m@ULiege = 1x1.0-m SAINT-EX telescope (National Astronomical Observatory of Mexico, San Pedro Martin, Mexico)
v Camera sensitive in the very-near-infrared

many@ESO = European Southern Observatory (Chile)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Connection Belgium - India BIMNA

Belgian partners Indian partners

® ROB (Peter De Cat & Laurent Mahy) ® ARIES (SantoshJoshi) @ KU
® ULiege (Michaél De Becker) ® DU ® NCRA
® UAntwerpen ® HBCSE ® PRL (Sashikiran Ganesh)
® KULeuven ® |IA ® RSU
® UGent ® |IST ® SNBNCBS
® ULB ® |[SRO ® TIFR
® VUB ® |UCCA ® UOoC
Belgo-Indian Network for Astronomy and astrophysics
/\
— Gather all joint Indo-Belgian initiatives related to astronomy and space science I

Network actvities PhD students Post-docs

BINA-1

BINA-2

BIPASS Mrinmoy Sarkar (ARIES) Nikita Rawat (ARIES) Bharti Arora (ULiége)

(DST/BELSPO) Athul Dileep (ARIES) Anindya Saha (lIST) Priyanka Jalan (Warsaw)
Bhavya Ailawadhi (ARIES)
Naveen Dukiya (ARIES) Brajesh Kumar (ULiége)
Outreach Vibhore Negi (ARIES) Bikram Pradhan (ULiége)
in . Kumar Pranshu (ARIES i ing?
Citizen Science Monalisa Dubey((ARIES)) Otto Trust (Mbarara, Uganda) Joint funding?

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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gium - India

€)

® |nstumentation

~ — Prospects of pulsating star studies with the 4-m ILMT  De Cat, Surdej & Kumar, 2024, BSRSL 94, in press
o ) > Assumptions time series

Jean Surdej (ULig;

v 5years of observations

v Targets: declination 29h22m26s + 13m30s passing through meridian (1 obs/night) %
v Integration time: 102 sec (should be at maximum 5% of pulsation period) 2
v Filters: g', 1", i' E
v Observing strategy: filter selection sequence (i', g', i', t',i', g',i', r',...) :
or randon filter selection B i )
Random filter selection
"4 Weather statistics Devasthal 01 23 4 56 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

Right Ascension (hours)

v Random selection of nights within month
Filter selection sequence

> Estimated error in magnitude
v Pulsation amplitudes above 0.01 mag

Best prospects for v Magnitude range roughly 16-22 mag
RA around 6h > Period analysis $
Eainttargets v Longest detectable period ~ 10 years £
Long pulsation periods v Shortest detectable periode ~ 2 days
(Cepheids, Mirajvariables; Semi- .. ' .
regularvariables) v Strong aliasing for filter selection sequence SR SR S S S
Randon selection filters Magnitude Beoquoncy (&)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Connection Belgium - India

® Chemically peculiar stars (main-sequence BAF-stars stars with abnormal surface abundances)
— CP1 (Am/Fm stars)

> Overabundance iron group elements
> Underabundance He, Ca, Sc

AN

»  Magnetic field: weak or non-detectable
—> CP2 (Ap stars)

AN

»  Overabundance Si, Cr, Sr, and rare-Earth elements (Sr, Cr, Eu, Nd, Pr,...)
> Magnetic field: strong (up to tens of kG)

—> CP3 (HgMn stars)
> Overabundance Hgll and/or Mnll
> Underabundance light elements (He, Al, N)

> Magnetic field: weak or non-detectable

og [luminosity (L ..

> Slow rotators

—> CP4 (He weak stars)

> Underabundance Hel W :
- o Nainital=Cape survey project
< Magnetlc field: moderate (order 1kG) (Ashiokaletial’ 20005 Martinezet al. 2004 Joshilet all 2003,

. = | 4.4 4.2 4.0 3.8 3.6 3.4
> Slow rotators 2006}2009) 2010, 2012} 2016, 2017) [effective temperature (K)] (dex)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Connection Belgium - India

® Chemically peculiar stars (main-sequence BAF-stars stars with abnormal surface abundances)

Santosh Joshi (ARIES)

Joshi, Trust, Semenko et al., 2022, MNRAS 510, 5854

® High-resolution spectroscopy and K2 photometry of Am stars in the region of M44 (5 stars)
— All targets now identified as (potentially) variable

AN

» HD73045 : ,iD{iGlS //l,"/,/,ll
v Rotational variable with period of about 12.5 days (at least two dominant starspots) ) G

L HD 73574

4 Pulsationally stable (previously reported dSct-like frequencies not confirmed)
> HD73574
v Periodic variations of unknown origin with period of about 14 days
> HD73618
-_x_m/\; - v Periodic variations of unknown origin with period of about 4 days
> HD73619
v Orbital variations with period of 12.91 days
2>  Heartbeat system without tidally induced pulsations

2 Two components with similar properties
v No magnetic field above 200G

e  Published

> HD76310 r’ W v s
v Rotational variable with period of about 5 days

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Connection Belgium - India

TR

Marc-Antoine Dupret
(ULigge)

® Chemically peculiar stars (main-sequence BAF-stars stars with abnormal surface abundances)

Mrinmoy Sarkar
_ogEa oy
A i ‘é
Santosh Joshi (ARIES)

Sarkar, Dupret, Semenko et al., 2024, MNRAS, submitted

® Asteroseismology of the Am dSct star HD118660 : TESS photometry and modelling
— Mild Am star
—> 0Sct pulsations (near red edge of instability strip)
—> TESS time series (sectors 23 and 50)
-

Identification of pulsation modes
> Echelle diagram
> Peterson diagram

Radialimodes
ordery from 3it0)6

775 780 785
Time [BJD] - 2458900 days

— Overshooting parameter

M [onlar i
=3 [solar] Veq (kms )

Similarresults for : 0.20 114
0.20 115

0, Values 0.20 114

f=1.091d" 0 2 & 4

Frequency mod 4.31d~"

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Connection Belgium - India

Trust, 2022, PhD thesis (co-supervisors: Jurua, Joshi & De Cat)

® “Hump-and-spike” stars (observed for normal A and Am/Fm stars)
— hump: unresolved Rossby modes (curly bracket)

— spike: rotational frequency (dashed line)

NS
”

theoretical evindence for this interpretation

Trust, Jurua, De Cat & Joshi, 2020, MNRAS 492, 3143

® Kepler photometry (170 normal A and Am/Fm stars)
— determination of

>

rotational velocity
spot radius
rotational frequency

decay-time scale

from frequency spike + radius via Gaia parallaxes
from assumption dark spot + amplitude spike
from frequency spike

from autocorrelation funcion
from autocorrelation function }

underdamped simple
harmonic oscillator

Nosignificantidifferencesiin spot radii
Significant difference inidecay-time scale

Spotsiare smallerthan GKM-type stars— weakimagnetic fields?

Otto Trust (Mbarara)

(c) KIC 011443271, Normal A-type

0
14 15 16 17

0.04
Normal A

Time lag (d)

Am)/Em stars Normal A'stars

101(13) RE 116(12) RE Normal A i
3.6(2)days 1.5(2)days *
: 06 07 08

Frequency (d™1)

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China




Connection Selgium - India

Trust, 2022, PhD thesis (co-supervisors: Jurua, Joshi & De Cat)

Otto Trust (Mbarara)

® “Hump-and-spike” stars (observed for normal A and Am/Fm stars)
— hump: unresolved Rossby modes (curly bracket)

— spike: rotational frequency (dashed line)
> theoretical evindence for this interpretation

Trust, Jurua, De Cat et al., 2021, MNRAS 504, 5528

® HERMES spectroscopy (9 stars)

— determination of
> atmospheric parameters from photometric indices (zbvy3, 2MASS, Striimgren)
from spectral energy distributions —
from spectroscopy : n
— individual chemical abundances RECIECEEVERY
Ozz Normal A i
0.01 i
0.00 09 10 11

2 N\l sl s

L inarginel A stelr
6 /NON-Am|stars: j 1818496, KIC* _ i 7667560, KICO272082

Frequency (d™1)



Connection Belgium - India

Trust, 2022, PhD thesis (co-supervisors: Jurua, Joshi & De Cat)

Otto Trust (Mbarara)

® “Hump-and-spike” stars (observed for normal A and Am/Fm stars)
— hump: unresolved Rossby modes (curly bracket)

— spike: rotational frequency (dashed line) :
> theoretical evindence for this interpretation - ».T,?D »

TESS (sector 14)

Trust, Jurua, De Cat et al., 2023, MNRAS 524, 1044

® HD180347

—> TESS sectors 14, 15, and 26
> Rotational variable with P, = 4.1(2) days o | : 2 on

0
lays 14 15 16 1.7

0.04
Normal A

> No evidence for pulsations

— HERMES spectrum
> Determination of stellar parameters

> Determintation of abundances of 25 chemical elements
v LTEforall

v NLTEforC, O, Na, Mg, Si, K, Ca, Sc, Ti, Zn, Sr, Zr, Ba

=4.10 £0.17 days

0.0

log(Ni/Ngor

5
0.00

NLTE improves accuracy ofiderives abundances
Classification as/Am (KAThABmAS) star:

Atomic Number

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)
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Connection Belgium - India

Yogesh Joshi (ARIES)

® ORBIT (0ptical characterisation and Radial velocity monitoring with Belgian and Indian Telescopes) | Joshi, De Cat, Panchal etal, 2019, BSRSL 88, 82

— Study of exoplanet and eclipsing binary candidates
> Detection and characterisation of exoplanets (by determining accurate physical parameters through constraining the orbital inclination)
> Alleviation of the mass-radius problem of the low-mass stars (by significantly increasing the number of low-mass eclipsing binaries with accurate masses, radii

and metallicities)

— Observations
> Photometry: TIRCAM2@DOT/3.6-m (Devasthal, India), DFOT@ARIES/1.3-m (Nainital, India), ASAS-3, K2
> Spectroscopy: HERMES@Mercator/1.2-m (La Palma, Spain), HESP@HTC/2-m (Hanle, India

— Analysis EPIC211982753 and EPIC21191547  panchal, Joshi, De Cat etal., 2019, BSRSL 88, 82

> No evidence for orbital period changes over a timespan of 3.2 years

> Modelling with PHOEBE
j v Spot on both components needed for EP|C21 191547 EPIC211982753 EPIC211915147 EPIC 211915147 (P, = 3.62154 d)

EPIC 211982753 (P, = 5.3901 d)

v Characterisation of the components Primary | Secondary | Primary | Secondary
2 Both stars are high mass-ratio eclipsing binaries (q > 0.85) |Mass (M) |1.69(2)| 1.59(2) |1.48(1)| 1.27(1)

Radius (R.) |1.66(2)| 1.53(2) |1.80(5)| 1.42(5)

Distance 238(4) pc 199(5) pc
Age 100-224 Myr 1.6-2.5 Gyr

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China



Connection Belgium - India

® Summary of publications

— Refereed: #38 published + #3 in press
— Proceedings: #18 published + #27 in press
> Instrumentation ULiége - ROB - ARIES
> Solar physics ROB - ARIES
> Solar system objects ULiége - PRL
> Exoplanets ROB - ARIES and ULiége - PRL
> Peculiar stars ROB - ULiege - ARIES
> Multiple systems ROB - ARIES |
> Abundances ULB - UOC Scientﬁ‘;poggtﬁfﬁtrgnagiiﬂggmﬁon
> Massive stars ULiége - IIST
> Star forming regions
> Compact objects
> Transients ULiége - ARIES
> Extragalactic astrophysics

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China
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Connection China - India - russia

® C(Context

® Goals

® Partners

U

VA

-

U

Ali Luo (NAOC)

Explosion of the amount of incoming data from new generation of instruments (including LAMOST and ILMT)
Beyond the capacity of researchers to manually process, manipulate and explore these massive data sets

Santosh Joshi (ARIES)

S /~ Deep Learning

. . apn _n . . . Artificial Intelligence \§ " el ;c i;e ;;ni;
Create machine learning and artificial intelligence based methodologies for LIS e

- - - pu - - - g \/
automated searching, identification, and classification of galitic and s T
Learning Learning

extragalactic transients and variable sources . ,
Classification Regression Clustering

Produce catalogues for indexing and fast retrieval of transients (public domain)
Follow-up science

SVM SVR Hierarchical

K-medoids, K-
Means, Fuzzy
C-Means

1 Naive Bayes ANN

Nearest o
1 ighb. | Decision Tree
Neighbor Hidden Markov

India (incl. Santosh Joshi: Pl and coordinator) [ Discriminant -

- Linear Regression
Analysis 8

Gaussian
Mixture

China (incl. Ali Luo: Col) oM
Neural Network

=
2
£
@
o
=
e=)
)
5]
8
©
o

Russia

GPR

Ensemble
Methods

SDSS VISTA LSST

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

Reinforcement
Learning

Simulated
Annealing

| Estimated Value
Functions

1Genetic Algorithms
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Conclusions and future prospects

® Network activities are extremely important
—> New collaborations
> Coincidental encounters can lead to the start of new scientific endeavours

— New scientific ideas
> Deepen your view
> Broaden your view

— Meet your peers
> It might open opportunities in the future

> Present your results (write papers, progress results for collaborators, talks at international conferences)

— Treat your colleagues as your collaborators (not as your opponents) because 1 + 1 > 2

® Know your own strengths and weaknesses

— Use your strong points and keep them strong

— Search for collaborators to improve your weak points
® Work to live (not live to work)

— Take time to reload and relax

Peter De Cat (Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium; Peter.DeCat@oma.be)

2024/06/04, National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China



Open question

Are there possibilities to strengthen the scientific connections
Between China, Belgium, and India
by starting a joint international network project?  thankyouforyourattention!
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