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OUTLINE

e THE NEED FOR ACCURATE ATMOSPHERIC PARAMETERS
AND ABUNDANCES FROM AN ASTROPHYSICAL POINT OF
VIEW

e SPECTRA AS THE IDEAL TOOL

e KASC AND THE CHARACTERIZATION OF ASTEROSEISMIC
KEPLER TARGETS

* MOTIVATION OF THE SPRING SCHOOL
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|. THE NEED FOR ACCURATE
ATMOSPHERIC PARAMETERS AND
ABUNDANCES FROM AN ASTROPHYSICAL
POINT OF VIEW

TEFF
LOGG
CHEMICAL ABUNDANCES
VSINI
MICROTURBULENCE
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FUNDAMENTAL STELLAR PARAMETERS

TO DESCRIBE A STAR: MASS (M)
LUMINOSITY (L)

RADIUS (R)

AGE
CHEMICAL COMPOSITION

ANGULAR MOMENTUM
MAGNETIC FIELD

GENERALLY NOT DIRECTLY OBSERVABLE!
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FUNDAMENTAL STELLAR PARAMETERS

TO DESCRIBE A STAR: MASS (M)
LUMINOSITY (L)

RADIUS (R)

AGE
CHEMICAL COMPOSITION

ANGULAR MOMENTUM
MAGNETIC FIELD

GENERALLY NOT DIRECTLY OBSERVABLE!

EFFECTIVE TEMPERATURE (TEFF)
SURFACE GRAVITY (LOGG)

=2>DEFINE PHYSICAL CONDITIONS OF THE STELLAR
ATMOSPHERE AND DIRECTLY RELATED TO M, L, AND R

L=4 1 R2 0T TEFF4 G =G M/R=2

0= STEFAN-BOLTZMANN CONSTANT G=GRAVITATIONAL CONSTANT



FUNDAMENTAL STELLAR PARAMETERS

TO DESCRIBE A STAR: MASS (M)
LUMINOSITY (L)

RADIUS (R)

AGE
CHEMICAL COMPOSITION

ANGULAR MOMENTUM
MAGNETIC FIELD

GENERALLY NOT DIRECTLY OBSERVABLE!

EFFECTIVE TEMPERATURE (TEFF)
SURFACE GRAVITY (LOGG)

> AGE ESTIMATED THROUGH THEORETICAL
EVOLUTIONARY TRACKS IN (TEFF,L)- OR (L, M)-DIAGRAM
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CLASSIFICATION OF STARS

Schematic Hertzsprung-Russell Diagram
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% TEFF AND LOGG
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CLASSIFICATION OF STARS
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STUDY STELLAR STRUCTURE AND EVOLUTION
OF THE MILKY WAY

REQUIRES DETAILED KNOWLEDGE OF

PROPERTIES OF STELLAR POPULATIONS
(MASS, AGES, KINEMATICS, CHEMICAL
ABUNDANCES,...)

OBSERVATIONS NEEDED FOR STARS OF
ALL AGES AND AT DIFFERENT POSITIONS
IN THE HR-DIAGRAM

>
CHARACTERIZATION OF STELLAR
POPULATIONS

+ TEFF, LOGG, ELEMENT ABUNDANCES, ROTATION

K. UYTTERHOEVEN - INTRODUCTION



IMPROVE STELLAR ATMOSPHERE MODELS

COMPARE OBSERVED SPECTRA WITH SYNTHETIC SPECTRA
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Wavelength (A)

OBSERVATIONS NEEDED FOR STARS OF ALL AGES AND AT
DIFFERENT POSITIONS IN THE HR-DIAGRAM

% TEFF, LOGG, ELEMENT ABUNDANCES, ROTATION, MICROTURBULENCE §
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+TEFF AND LOGG

ACCURATE VALUES
OF TEFF AND LOGG NEEDED TO DEFINE UNIQUE
ASTEROSEISMIC MODEL

MODELLING 12 LAC (B CEP STAR) ERROR BOX
DESMET ET AL. 2009, MNRAS 396, 1460 /

3.3 '

3.4 | :
3.5 | :

36}

. "0, =0.4
e T -
3 Otov=

38t 4

log g

39 r 4

4 4 d 2
4.5 445 4.4 4.35 4.3 425

log Ty

The error box represents the position of 12 Lac in the log (T,.4)—log g diagram. The positions of the
models which fit exactly f, (being the first overtone) and f; are also shown for different a,, values.
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STUDIES OF THE CHEMICAL EVOLUTION OF THE MILKY WAY

ORIGINAL CHEMICAL COMPOSITION:
H (70%)

HE (28%)

HEAVIER ELEMENTS (2%)

*b
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SUPPORT !
SOLAR CYLINDER o>

CAREFUL ANALYSIS OF CHEMICAL COMPOSITION OF
DIFFERENT POPULATIONS OF STARS

= PROBE GALACTIC CHEMICAL EVOLUTION + TEST ELEMENT
PRODUCTION BY THERMONUCLEAR REACTIONS IN STELLAR
INTERIORS AND BY SUPERNOVAE.

“SELEMENT ABUNDANCES
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STUDIES OF THE CHEMICAL EVOLUTION OF THE MILKY WAY

ADDITIONAL APPLICATIONS

D1SK

( CARK HALO )
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FROM MODELS OF CHEMICAL EVOLUTION:

TEST ABUNDANCE GRADIENTS ACROSS THE MILKY WAY DISK, GAS
INFALL ERPISODES, AND STAR FORMATION RATES

“ELEMENT ABUNDANCES

K. UYTTERHOEVEN - INTRODUCTION



STUDY OF ABUNDANCE SURFACE INHOMOGENEITIES
(sPOTS)

KOCHUKHOV ET AL. 2004, A&A 424,935 (ROAP STAR HR 3831)

* ELEMENT ABUNDANCES AND ROTATION
K. UYTTERHOEVEN - INTRODUCTION



ROTATIONAL SPLITTING OF PULSATION MODES

Power (ppm?/bin)

Rotational splitting (uLH2)

+ ROTATION

100

80

60

- N WO o o

observed
o O O

model
o o o
- N W

I

|

| | I

_a _
eoe A W o deo AN e 90 4N o ¢ o
» |
S0, TR LA Wb LA R Wil LT Wb LA lAhLL Al S LML A i U LA
| | | | I -
b
A g gt }\/1 i
_l | | 1 | i
[ | | | | =
- ¢ \/’ \/ \_. \/_
_l °/°\° 1 °/°\° 1 o‘l/'ho | /\—
160 170 180 190 200
Frequency (uHz)

BECK ET AL. 2012, NATURE 481, 55 (RED GIANT STAR)
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TEST AND IMPROVE PULSATIONAL MODELS FOR
RAPIDLY ROTATING PULSATING STARS

= DEFORMATION OF SURFACE VELOCITY FIELDS

M=23.0M, -0.6 a-0.0 M=25.0M, =0.6 «a-0.0
w=277.7uldz m=1" w:168.5,uplz

REESE ET AL. 2009, A&A 506,189
% ROTATION



TEST AND IMPROVE MODELS OF CONVECTION

MICROTURBULENCE €

* ONE OF BROADING MECHANISMS OF ABSORPTION LINES

* MOST LIKELY CAUSED BY CONVECTION

(SUB-SURFACE CONVECTION ZONES IN CASE OF MASSIVE STARS; OUTER CONVECTION
LAYER IN LESS MASSIVE STARS)

ACCURATE VALUES OF § MPORTANT TO TEST
ATMOSPHERE MODELS
AND MODELS OF CONVECTION

* MICROTURBULENCE
5 K. UYTTERHOEVEN - INTRODUCTION



AND MANY OTHER APPLICATIONS...

eSTUDY OF CIRCUMSTELLAR MATTER

* RELATION BETWEEN CHEMICAL PECULIARITY AND
ROTATION OR MAGNETIC FIELDS

*EFFECTS OF STELLAR ROTATION ON STAR
FORMATION RATES

*ETC.

% TEFF, LOGG, ELEMENT ABUNDANCES, ROTATION, MICROTURBULENCE §

K. UYTTERHOEVEN - INTRODUCTION



Il. SPECTRA AS THE IDEAL TOOL
TO DERIVE ATMOSPHERIC
PARAMETERS



Il. SPECTRA AS THE IDEAL TOOL

SPECTROSCOPY
TEFF
LOGG PHOTOMETRY
(TEFF, LOGG, METALLICITY [M/H])
MICROTURBULENCE ¢
ABUNDANCES SPECTROPHOTOMETRY

(TEFF, METALLICITY [M/H])

VSINI

INFRARED FLUX METHOD
(TEFF)

K. UYTTERHOEVEN - INTRODUCTION



Il. SPECTRA AS THE IDEAL TOOL

SPECTROSCOPY
TEFF
LOGG PHOTOMETRY
(TEFF, LOGG, METALLICITY [M/H])
MICROTURBULENCE ¢
ABUNDANCES SPECTROPHOTOMETRY

(TEFF, METALLICITY [M/H])

VSINI

INFRARED FLUX METHOD
(TEFF)

2>VALUES ALWAYS DERIVED BY COMPARISON
WITH MODEL ATMOSPHERES!!!

(EXCEPT WHEN MASS, RADIUS, AND ANGULAR DIAMETER ARE KNOWN)

K. UYTTERHOEVEN - INTRODUCTION



HOW TO CHOOSE THE IDEAL SPECTROGRAPH?

RESOLUTION
LOW-RESOLUTION (R<5000)

MID-RESOLUTION (5000<R<40000)
HIGH-RESOLUTION (R>40000)

K. UYTTERHOEVEN - INTRODUCTION



normalised flux

1.05
0.94

0.83
0.72

0.61
0.50

1.05
0.94

0.83
0.72

0.61
0.50

ULUSOY ET AL. 2013, NEwW ASTRONOMY 22, 51
(RSS LONGSLIT SPECTROGRAPH (R=3000))
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- observed spectrum

synthetic spectrum HB -
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wavelength A

-

LOW RESOLUTION (R<5000)

MAINLY USE OF BALMER LINES
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LEHMANN ET AL., 2011, A&A 526, Al24
(TAUTENBURG SPECTROGRAPH (R=32000))
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SELECT NON-BLENDED, WELL-RESOLVED LINES
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normalised flux

0.4

llllllllllll'l[llllIllllllll'llllll'lllll[lllllll

4518 4519 4520

Wavelength [A]

4521

HIGH RESOLUTION
R>40000

OPTIMALI!

NOTE:
HIGH-RES IN PARTICULAR
NEEDED FOR SLOW ROTATORS

NIEMCZURA ET AL., 2009, A&A 506, 213
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HOW TO CHOOSE THE IDEAL SPECTROGRAPH?

RESOLUTION

LOW-RESOLUTION (R<5000)
MID-RESOLUTION (5000<R<40000)
HIGH-RESOLUTION (R>40000)

WAVELENGTH RANGE

ARE BALMER LINES WELL-DEFINED?
(NTERORDER GAPS / ORDER DEFINITION)
IS A SUFFICIENT AMOUNT OF ELEMENT LINES

AVAILABLE FOR A RELIABLE ANALYSIS?
(ECHELLE SPECTROGRAPH VERSUS SLIT SPECTROGRAPH)

K. UYTTERHOEVEN - INTRODUCTION



HOW TO CHOOSE THE IDEAL SPECTROGRAPH?

RESOLUTION

LOW-RESOLUTION (R<5000)
MID-RESOLUTION (5000<R<40000)
HIGH-RESOLUTION (R>40000)

WAVELENGTH RANGE

ARE BALMER LINES WELL-DEFINED?
(NTERORDER GAPS / ORDER DEFINITION)
IS A SUFFICIENT AMOUNT OF ELEMENT LINES

AVAILABLE FOR A RELIABLE ANALYSIS?
(ECHELLE SPECTROGRAPH VERSUS SLIT SPECTROGRAPH)

SIGNAL-TO-NOISE RATIO

AT LEAST SNR=100-150

THE HIGHER THE SNR, THE BETTER!
(NOTE: SNR VERSUS FAINTNESS OF THE STAR)

K. UYTTERHOEVEN - INTRODUCTION



. KASC AND THE CHARACTERIZATION OF
ASTEROSEISMIC KEPLER TARGETS

KASC

(KEPLER ASTEROSEISMIC SCIENCE CONSORTIUM)

K. UYTTERHOEVEN - INTRODUCTION



KEPLER DATA DOES NOT PROVIDE

INFORMATION ON TEFF, LOGG, METALLICITY,

VSINI, CHEMICAL ABUNDANCES

TO CLASSIFY TARGETS

TO PROVIDE INPUT PARAMETERS
FOR ASTEROSEISMIC MODELS

2

GROUND-BASED FOLLOW-UP FOR THE
CHARACTERIZATION OF KEPLER
ASTEROSEISMIC TARGETS

SEE UYTTERHOEVEN ET AL., 2010A,B



LOG (L)

log (Lum)

KIC - KEPLER INPUT CATALOGUE

42

4.0 3.8
log (Teff/K)

LOG(TEFF)

(LATHAM ET AL. 2005; BROWN ET AL. 2011)

MULTI-BAND PHOTOMETRY
(SLOAN FILTERS AND 2MASS
HJK) FOR ALL KEPLER STARS

AlIM:
DISTINGUISH DWARFS FROM
GIANT STARS

FOCUSSED ON F,G,K, AND M
DWARFS

K. UYTTERHOEVEN - INTRODUCTION



LOG (L)

log (Lum)

KIC - KEPLER INPUT CATALOGUE

42

4.0 3.8
log (Teff/K)

LOG(TEFF)

PROBLEM:

(LEHMANN ET AL. 2011, A&A 526, Al24
MOLENDA-ZAKOWICZ ET AL., 2011, MNRAS 412,

1210)

* NO ACCURATE TEFF FOR
HOTTER STARS
(TEFF-7000 K) AS SLOAN
FILTERS + 2MASS HJK DO
NOT INCLUDE BALMER
JUMP

* UNCERTAINTY LOGG = 0.5
DEX

=2>NOT GOOD ENOUGH FOR
ASTEROSEISMIC MODELING

INDEPENDENT AND SYSTEMATIC

CHARACTERIZATION OF KEPLER STARS NEEDED!

K. UYTTERHOEVEN - INTRODUCTION



CHALLENGES...

* SYSTEMATIC CHARACTERISATION OF
S5S000+ KASC TARGETS!!

FACTS:
<14 TARGETS CAN BE OBSERVED PER NIGHT
WITH A 2M-CLASS TELESCOPE

50_ s ar#*i ?‘i *h%‘;%»
i ‘%ﬁ %%&3&% Y‘?f} A |
g;% %, *}%@ | > MANY CLEAR
k. %’ ;3* Qg |
£4 g;;%%%v X %ﬁi A OBSERVING NIGHTS
45— i & . f A
o fﬁ‘*% W@% %g it NEEDED!

40}

<15 I T T S T AN T SR SO N S SO S NN MO S S

1
280 285 290 295 300
RAC

KASC TARGETS ON KEPLER CCDs
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CHALLENGES...

* KEPLER TARGETS ARE RELATIVELY FAINT
(7<V<16; MAJORITY 12<V)

SNR>100 NEEDED FOR CHARACTERIZATION

FACTS: HIGH-RES, SNR=100 WITH 2.5M-TEL.

V=90 TEXP= 20MIN
V=10 TEXP=45MIN
V=11 TEXP >9O0MIN

K. UYTTERHOEVEN - INTRODUCTION



CHALLENGES...

* KEPLER TARGETS ARE RELATIVELY FAINT
(7<V<16; MAJORITY 12<V)

SNR>100 NEEDED FOR CHARACTERIZATION

FACTS: HIGH-RES, SNR=100 WITH 2.5M-TEL.

V=9 TEXP= 20MIN
V=10 TEXP= 45MIN
V=11 TEXP>90MIN

NOT MANY HIGH-RES SPECTROGRAPHS AVAILABLE

AT LARGE TELESCOPES
2

ONLY CHARACTERIZATION OF BRIGHT TARGETS (V<11)
FEASIBLE IN A SYSTEMATIC WAY

OBSERVATIONS OF FAINT TARGETS ARE VERY TIME
CONSUMING

K. UYTTERHOEVEN - INTRODUCTION



KASC GROUND-BASED FOLLOW-UP, SO FAR

40 DIFFERENT INSTRUMENTS AT 35 TELESCOPES
ON 23 OBSERVATORIES IN 12 COUNTRIES
>1000 OBSERVING NIGHTS

SPECTROSCOPY, PHOTOMETRY AND INTERFEROMETRY

K. UYTTERHOEVEN - INTRODUCTION



high-res mid-res low-res

Spain.
List of instruments LAMOST Spectrograph@LAMOST (R=1000 or R=2000) 4 3540 —
Large Sky Area Multi-Object Fibre Spectroscopic Telescope, Xinglong 5900

Below you will find lists of scientific instruments used to gather the ground based observations. Observtory, China

If an instrument (or instrument configuration) does not appear in the lists, please contact Rasmus LAMOST1 Spectrograph@LAMOST (R=1000) 4 1000 3540 -
Handberg. Large Sky Area Multi-Object Fibre Spectroscopic Telescope, Xinglong 5900
Observatory, China
LAMOST18 Spectrograph@LAMOST (R=1800) 4 1800 3540 —
SPECtroscopy Large Sky Area Multi-Object Fibre Spectroscopic Telescope, Xinglong 5900
Observatory, China
Identifier Name Telescope Resolution Yeavelength LAMOST2 Spectrograph@LAMOST (R=2000) 4 2000 3540 -
- Large Sky Area Multi-Object Fibre Spectroscopic Telescope, Xinglong 5900
ALFOSC_SPEC ALFOSC@NOT (low-res spectra) 25 600 3300 - Observatory, China
Nordic Optical Telescope, Roque de los Muchachos, La Palma, Spain 6200 NARVAL_SPEC NARVAL@TBL (high-res spectra) 2 81000 3700 —
ARCES ARCES@ARC (mid-res spectra) 35 33000 3200 — Télescope Bernard Lyot, Observatoire Pic du Midi, France 10000
3.5m ARC telescope, Apache Point Observatory, New Mexico, USA. 10000 RCSPEC RC-spec@Mayall 4 8000
BCSPM Boller & Chivens Spectrograph@2.12m OAN-SPM 212 2000 4000 — Mayall 4m Telescope, Kitt Peak National Observatory, Arizona, USA
2.12m Telescope, Observatorio Astronémico Nacional, San Pedro 5200 REOSC REOSC@Nicolas Copernicus (mid-res spectra) 1.82 20000 3700 -
Martir, Mexico 1.82m Nicolas Copernicus Telescope, Osservatorio Astrofisico di 7300
- Asiago, Asiago, Italy
BFOSC_SPEC BFOSC@Casini (low-res spectra) 1.51 5000 3300 -
1.51m G D. Cassini Telescope, Osservatorio Astronomico di Bologna, 11000 SARG SARG@TNG (high-res spectra) 3.58 57000 3700 -
Loiano, Italy Telescopio Nazionale Galileo, Roque de los Muchachos, La Palma, 10000
BOK Boller & Chivens Spectrograph@BOK 23 550 3620 - Spain
90" BOK Telescope, Steward Observatory, Kitt Peak, Arizona, USA 6900 SES SES@McDonald (high-res spectra) 21 60000 4440 —
Otto Struve Telescope, McDonald Observatory, Texas, USA 5030
CS23 CS23@2.7m McDonald 27 60000 3960 —
Harlan J. Smith Telescope, McDonald Observatory, Texas, USA 9200 SOPHIE SOPHIE@1.92m OHP 1.92 46000 3872 —
X 1.92m Telescope, Observatoire de Haute Provence, France 8943
ESPADONS ESPaDOnS@CHFT (high-res spectra) 386 81000 3700
Canada-France-Hawaii Telescope, Mauna Kea, Hawaii, USA 1050 specWG11 Unspecified WG11 Spectroscopy
Low-resolution spectrospopy obtained with Bok {June-September
FIES_HIGH FIES@NOT (high-res spectra) 25 67000 3700 - 2008, EMG), INT {16 August 2008, CRL/MYV; 5-10 June 2009, ROr,
Nordic Optical Telescope, Roque de los Muchachos, La Palma, Spain 7300 RO, TAO), NOT (20-24 September 2008, ROr; 14 August 2009, JHT,
TL; 7 September 2009, JHT), WHT ISIS_low (11-12 April 2009, CA,
FIES_LOW FIES@NOT (low-res spectra) 25 25000  3700-— NNRAS A, Ja70y 1) puteneg n Gstensen et L, 2010,
Nordic Optical Telescope, Rogue de los Muchachos, La Palma, Spain 7300 Low resolution Spe)clroscopy obtained with NOT (20-21 September
. 2008, JHT, AS; 22-26 September 2008, ROr, 7 September 2009, JHT,
FIES_MID FIES@NOT (mid-res spectra) 25 48000  3700-— JL; 9'une'2010, JHT, AT, 27 September 2010, JHT, SFr, PAW) or
Nordic Optical Telescope, Roque de los Muchachos, La Palma, Spain 7300 WHT (11-12 April 2009, CA, RO; 14-16 July 2009, CA, TAO; 2-6 July
2010, CA, RO} {published in @stensen et al., 2011, MNRAS 414,
FRESCO FRESCO@91cm Catania 0.91 21000 3800 — 2860).
91cm telescope, Catania Astrophysical Observatory, Sicily, Italy 8000
TLS_HIGH Coudé echelle spectrograph@2.0m TLS (high-res spectra) 2 67000 4700 -
HERMES HERMES@Mercator (high-res spectra) 12 90000 3770 — Alfred Jensch Teleskop, Karl Schwarzschild Observatory, Tautenburg, 7400
Mercator Telescope, Roque de los Muchachos, La Palma, Spain 9000 Germany
TLS_MID Coudé echelle spectrograph@2.0m TLS (mid-res spectra) 2 35000 4700 -
HES HES@Shane 3 60000 3800 - -
Shane 3m Telescope, Lick Observatory, California, USA 9000 ég'?'gaﬁn%h Teleskop, Karl Schwarzschild Observatory, Tautenburg, 7400
HIRES HIRES@Keck (high-res spectra) 10 45000 4250 - TWIN TWIN@3.5m CAHA (low-res spectra) 35 10000 3200 -
Keck Telescope, W. M. Keck Observatory, Mauna Kea, Hawaii, USA 8750 3.5m Telescope, Calar Alto Astronomical Observatory, Spain 11000
HRS_HIGH HRS@HET (high-res spectra) 9.2 60000 4200 - UVES UVES@VLT 8.2 47000 4200 —
Hobby-Eberly Telescope, McDonald Observatory, Texas, USA 11000 Very Large Telescope UT2, European Southern Observatory Paranal, 11000
Chile
HRS_MID HRS@HET (mid-res spectra) 9.2 30000 4120 -
Hobby-Eberly Telescope, McDonald Observatory, Texas, USA 7850
IDS IDS@INT 25 1400 3020 - Photometry
|saac Newton Telescope, Roque de los Muchachos, La Palma, Spain 6650
Identifier Name Telescope pjters
ISIS_LOW ISIS@WHT (low-res spectra) 4.2 1600 3100- size (m)
William Herschel telescope, Roque de los Muchachos, La Palma, 5300
Spain ALFOSC_PHOT ALFOSC@NOT (Photometry) 25
) Nordic Optical Telescope, Roque de los Muchachos, La Palma, Spain
I1SIS_MID ISIS@WHT (mid-res spectra) 4.2 20000 3100-
William Herschel telescope, Roque de los Muchachos, La Palma, 5300 BFOSC_PHOT BFOSC@Casini (Photometry) 1.51 Johnson
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GUOSHOUJING (A.K.A. LAMOST)
(SEE POSTER PETER DE CAT)

{

4
\

\,]y“ |5, II‘I l LBy

=N

W
S

.

2.7M & 2.1M MCDONALD

HRS@HET SOPHIE@1.9M OHP
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SARG@TNG

NARVAL@TBL

B&C@2.3M BOK

FIES@NOT

ESPADONS@CFHT
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SONG NETWORK OF 1M
ROBOTIC TELESCOPES

HIGH-RES SPECTROGRAPH (R~110000)
DUAL-COLOUR LUCKY IMAGING CAMERAS

SEE POSTER BY ANDREA TRIVINO HAGE!
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KASC WG3
MAIN SEQUENCE
PULSATORS
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KASC WG3
MAIN SEQUENCE PULSATORS

HUGE OBSERVATIONAL EFFORT FOR
SYSTEMATIC CHARACTERISATION OF

(B CEP, SP

S-A-F TYPE STARS

3,0 SCT, Yy DOR, ...)

SPECTRA FOR 1014 OUT OF 3119 CLASSIFIED STARS! =33%

LACK OF MANPOWER WITH EXPERTISE TO
PERFORM SPECTRAL ANALYSIS

2

SPECTROSCOPIC SCHOOL
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LOW-RESOLUTION SPECTROGRAPHS (R<5000)

BFOSC (1.5M CASSINI, LOIANO, |)
BOLLER & CHIVENS SPECTROGRAPH (2M SPM, MX)
IDS (2.5M INT, ORM, E)

MULTI-OBJECT SPECTROGRAPH (4M LAMOST, XINGLONG, CN)

MID-RESOLUTION SPECTROGRAPHS (5000<R<40000)

ARCES (3.5M, APO, USA)
FIES (2.5M NOT, ORM, E)
FRESCO (0.91M CATANIA, |)

HRS (9.2M HET, MCDONALD, USA)
TWIN (3.5M, CAHA, E)

HIGH-RESOLUTION SPECTROGRAPHS (R>40000)

CSsS23 (2.7M, MCDONALD, USA)
ESPADONS (3.6M CHFT, MAUNA KEA, USA)
FIES (2.5M NOT, ORM, E)

HERMES (1.2M MERCATOR, ORM, E)
HES (3M SHANE, LICK, USA)

HRS (9.2M HET, MCDONALD, USA)

NARVAL (2M TBL, Pic bu MIDI, F)
SARG (3.6M TNG, ORM, E)

SES (2.1M, McDONALD, USA)
SOPHIE (1.2M, OHP, F)

SPECTROGRAPH (2M, TLS, D)
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B-TYPE STARS (#48)

SPECTRA FOR 45 STARS (94%)
LOW RES: #13 ; MID-RES: #15 ; HIGH-RES: #39

NOTE: BIAS TOWARDS V<11 STARS
AS FAINT TARGETS ARE TIME-CONSUMING

ACCESS TO LARGE TELESCOPES WITH HIGH-RES
SPECTROGRAPHS NEEDED!
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B-TYPE STARS (#48)

SPECTRA FOR 45 STARS (94%)
LOW RES: #13 ; MID-RES: #15 ; HIGH-RES: #39

0 SCT STARS (#1607)

SPECTRA FOR 513 STARS (32%)
LOW RES: #389 : MID-RES: #37 : HIGH-RES: #151



Kepler candidate dsct stars
l [ ] [ ] [ l

] = all dsct

3 - * highres
- e midres

% lowres
*
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B-TYPE STARS (#48)

SPECTRA FOR 45 STARS (94%)
LOW RES: #13 ; MID-RES: #15 ; HIGH-RES: #39

0 SCT STARS (#1607)
SPECTRA FOR 513 STARS (32%)

LOW RES: #389 ; MID-RES: #37 ; HIGH-RES: #151
YyDOR STARS (#1205)

SPECTRA FOR 331 STARS (27%)
LOW RES: #281 ; MID-RES: #12 ; HIGH-RES: #70



Kepler candidate gdor stars
] ) ) ) ) ] ) ) ) 1 |

. = all gdor
3 * highres

. e midres
% lowres
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B-TYPE STARS (#48)

SPECTRA FOR 45 STARS (94%)

LOW RES: #13 ; MID-RES: #15 ; HIGH-RES: #39
0 SCT STARS (#1607)

SPECTRA FOR 513 STARS (32%)
LOW RES: #389 : MID-RES: #37 : HIGH-RES: #151

YyDOR STARS (#1205)

SPECTRA FOR 331 STARS (27%)

LOW RES: #281 ; MID-RES: #12 ; HIGH-RES: #/70
HYBRID 0 SCT /YDOR STARS (#259)

SPECTRA FOR 125 STARS (48%)
LOW RES: #84 : MID-RES: #10 : HIGH-RES: #67
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Kepler candidate hybrid stars

* highres

e midres

* lowres
*

|
6000
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TO CONCLUDE

ACCURATE VALUES OF ATMOSPHERIC PARAMETERS ARE
IMPORTANT FOR SEVERAL ASTROPHYSICAL STUDIES
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TO CONCLUDE

ACCURATE VALUES OF ATMOSPHERIC PARAMETERS ARE
IMPORTANT FOR SEVERAL ASTROPHYSICAL STUDIES

SPECTRA ARE A POWERFUL TOOL TO DERIVE
ATMOSPHERIC PARAMETERS

HIGH-RESOLUTION SPECTRA ARE IN PARTICULAR VERY
USEFUL, BUT WE NEED HIGH-RES SPECTROGRAPHS AT
LARGER TELESCOPES (>4M) TO OBSERVE FAINT STARS
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TO CONCLUDE

ACCURATE VALUES OF ATMOSPHERIC PARAMETERS ARE
IMPORTANT FOR SEVERAL ASTROPHYSICAL STUDIES

SPECTRA ARE A POWERFUL TOOL TO DERIVE
ATMOSPHERIC PARAMETERS

HIGH-RESOLUTION SPECTRA ARE IN PARTICULAR VERY
USEFUL, BUT WE NEED HIGH-RES SPECTROGRAPHS AT
LARGER TELESCOPES (>4M) TO OBSERVE FAINT STARS

WE NEED MANPOWER TO HELP ANALYSING SPECTRA FOR
>1000 B-A-F KEPLER ASTEROSEISMIC TARGETS!!!
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ENJOY THE SPECTROSCOPIC
SPRING SCHOOL!



