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NASA mission Kepler

©  primary mirror: 1.2-m
© launch on 7 March 2009

*  Earth-trailing heliocentric orbit

*  lifetime ~3.8 years (failure on 14 May 2013)
©  continuous monitoring of 1 star ﬁeld i1

*  about 200,000 stars B @

* roll 90° about line-of-sight Y
every 3 months :
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*  short (I min.) or long (32 min.) cadence

*  broad band photometry with accuracy DBM
of few ppm |
©  main scientific goals
% discover Earth-size planets (transit method) - [REECEECNETEETEETYNETIET

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

Kepler Asteroseismic Science Consortium (KASC)

need for accurate stellar parameters
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Asteroseismology

© science in which stellar (aster) oscillations (seismo) are
studied (logy) to gain information of stars

—T

—T

T

only way known to probe internal structure
derive stellar parameters with unprecedented precision (R, M, age,...)

direct tests to modeling of complex dynamical processes in stellar
interiors (e.g. diffusion, convective overshoot)

improve understanding of stellar evolution

Requirements for asteroseismology?



Requirements for asteroseismology

© large number of pulsation frequencies




Requirements for asteroseismology

© large number of pulsation frequencies
- time series with sufficiently long time base

= high-quality observations: photometry, radial velocities, line-profile variations




Requirements for asteroseismology
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—T

®  identification of the pulsation modes
= Echelle diagram (in frequency for p-modes, in period for g-modes)
= multi-colour photometry
= high-resolution high-SNR spectroscopy



Requirements for asteroseismology

—T

®  identification of the pulsation modes
- Echelle diagram (in frequency for p-modes, in period for )
= multi-colour photometry
= high-resolution high-SNR specgoscopy
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Requirements for asteroseismology

oy
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—T

®  identification of the pulsation modes
- FEchelle diagr AM (in frequency for p-modes, in period for g-modes)
= multi-colour photometry

= high-resolution high-SNR spectroscopy —» in general large

Spectroscopic surveys not
sufficient



Requirements for asteroseismology
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—T

©  accurate stellar parameters
-~ temperature (1 ), surface gravity (ioge), metallicity (m/Hj)

-  projected rotational velocity (vsini)
- abundances



Requirements for asteroseismology

Spectral type
Balona et al. (2011, MNRAS 413, 2403)

© accurate stellar parameters
- , surface gravity (logg), metallicity (m/H))
- projected rotational velocity (vsini)
= abundances

e

one good spectrum needed

* accurate position in H-R diagram
= < ¢ confirmation of pulsating class members
 search for unknown pulsating class members



Requirements for asteroseismology
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© radial velocities can give extra constraints

= multiple systems —»  few spectra needed



Requirements for asteroseismology

oy
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—T

—T

—T

© radial velocities can give extra constraints
= multiple systems {

e age & composition
= cluster membership= one spectrum needed = <* distance
* etc.



Requirements for asteroseismology

oy
|-

- temperature (1 ), surface gravity (ioge), metallicity (m/Hj)

-  projected rotational velocity (vsini)
= abundances

= multiple systems

= cluster membership
what can LAMOST ofier?
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History of LAMOST-Kepler project

20/10/2003: first contact with Jianning Fu (Dubrovnik)
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History of LAMOST-Kepler project

©  since 2008: collaboration with Jianning Fu
- Xinglong observations: 10-13/10/2008 & 11-16/04/2009




History of LAMOST-Kepler project

Large Sky Area Multi-Object Fiber
Spectroscopic Telescope

iy
a

Specifications:
~ Fibers: #4000 -
- Telescope: 4.0-m Guo Shou Jing Telescope >
northern hemisphere (Xinglong Observatory, China)
-  Wavelengths: 370 — 900 nm
- Resolution: 1000-2000 (1ow) / 5000-10000 (medium)
- Field of View: ~20 deg? (52 circular)
- Tar gels: >5, 000, 000 (stars, galaxies, QSOs)

Science case:

* LEGAS: LAMOST Extragalactic Survey

* LEGUE: LAMOST Experiment for Galactic Understanding and Exploration
— survey of Milky Way stellar structure (halo and disk components)

unique combination of large aperture with wide field of view


http://www.lamost.org/

History of LAMOST-Kepler project
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with KASC subchairs
A

23/10/2009: introduction idea to Jianning Fu

—T

—T

to cover whole Kepler field-of-view

to characterize targets in homogeneous way
*  spectral type

* any peculiarities

x logg, T.q metallicity

with low resolution spectroscopy

*  radial velocity => binaries, cluster membership

*  rotation velocity = restriction on vsini

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

*  brightest targets (Kp < 10.5): with 2-m class telescopes

*  LAMOST: focus on fainter targets



History of LAMOST-Kepler project
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o 17/11/2009: first contact with LAMOST consortium




History of LAMOST-Kepler project

20/02/2010: submission 1st version of LAMOST-Kepler proposal
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History of LAMOST-Kepler project
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14/07/2010: submission 2nd version of LAMOST-Kepler proposal



History of LAMOST-Kepler project

© 12/2010: observation details of LAMOST-Kepler proposal



History of LAMOST-Kepler project

® 05/2011: first observations for LAMOST-Kepler project



History of LAMOST-Kepler project
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05/2012: first spectra distributed and start of analysis
- Agsian team (Fu et al.)
=  FEuropean team (Frasca et al.)
- American team (Gray & Corbally et al.)



History of LAMOST-Kepler project

©  18/08-22/08/2014: 1" LAMOST-Kepler workshop (Beijing)

-  present the LAMOST facility and the opportunities it opens for the international
scientific society

highlight its usefulness for large observational surveys

present results obtained for the targets observed by the Kepler space mission
-~ create/strengthen international collaborations with the LAMOST

( '. lf :ﬁ b
) l =
AW

Beijing — 2014.08.18-22



History of LAMOST-Kepler project
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© 31/07-03/08/2017: 2" LAMOST-Kepler workshop (Brussels)

= evaluation of first regular survey of 5 years

*  Importance of LAMOST as large spectroscopic survey
©  What is current status of LAMOST and the LAMOST-Kepler project?
©  What are the main scientific achievements in different fields based on

LAMOST observations?
*  What can we still expect from 9nd LAMOST-Kepler workshop

LAMOST in the future? | 31/07- 03/08/2017

o, “Royal Observatory of Belgium - Brussels - Belgium
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First round

- selection of targets
*  type of targets
r®  ~250 standard targets (MK secondary standards)
©  ~7,000 KASC targets (KIC10; scientific interest for KASC)
©  ~150,000 planet targets (KIC10; scientific interest for planet search

group)
© ~1,000,000 extra targets (KICI10; no scientific interest)

© o field stars (USNO-B catalog; no scientific interest)
*  brightness of targets
©  brightness intervals of maximum 5 magnitudes
©  bright targets (9.0 < Kp < 14.0)
from faint to bright (avoid saturation)
© faint targets (Kp > 14.0)
from bright to faint (avoid too low flux)

€

A

without parameters
high to low T



Database

Declination (degrees)

First round

= selection of targets
= selection of fields
- observations

standard
kepler

planet

Right Ascension (degrees)

#Fields #Plates #Spectra

1 3 2,543
3 7 19,903
6 14 40,918
7 14 37,722
17 38 101,086

#Objects #Kepler

Total 101,086 55,906
Unique 80,447 42209
1 x 63,333 31,147
2% 14,186 8859
3% 2483 1870
4x 332 258
+5x 113 75

*  21.1% of Kepler stars observed
* 17K objects with multiple observations

=> ideal for validation methods




First round

- selection of targets

= selection of fields
- observations

AO0-type
KIC4373195
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First round

- selection of targets
= selection of fields
- observations

Declination (deg)
IS o)
O o

N
o

280 284 288 292 296 300
Right Ascension (deg)

Magnitude

T, (1000 K)



Database

Second round

= selection of targets
*  focus on stars with

©  Kepler data
©  LAMOST data

#Fields #Plates #Spectra

17,659
39,309
38,516
97,247

*« LAMOST+Kepler ]

‘LAMOST ] 35.139
: 227,870

#Objects #Parameters

Total 227870 173971
Unique 104887 89570
2% 37482 28077
3% 10552 6613
4% 2293 1429
+5x% 1176 483

Declination (degrees)

B
o
L T L L

285 290 295
Right Ascension (degrees)

*  number of observations more than doubled
* 38.2% of Kepler stars observed




European team ROTFIT



European team ROTFIT

goals
©  calculation of stellar parameters with independent method

©  search for active stars

method

© code (e.g. Frasca et al., 2010, A&A 518, 48)
adapted to LAMOST spectra

*  semi-automatic normalisation with IRAF
*  librabry of 1150 stars with known stellar parameters (T , logg, [Fe/H]) from

Indo-U.S. Library of Coude Feed Stellar Spectra
(Valdes et al., 2004, ApJS 152, 251)

* degrading to match low-resolution LAMOST spectra
*  comparison for segments of 50 nm of the spectra

*  stellar parameters derived as weighted mean of parameters from best 10
templates for each segment



Indo—US Coude

[Fe/H]<-1.2

-1.2<[Fe/H]<-0.4
e -0.4<[Fe/H]<+0.2

[Fe/H]>+0.2

goals
© calculation of stellar paran:

©  search for active stars

method
© code (e.g. Frasca et al., 20
adapted to LAMOST spectre
*  semi-automatic normalisation | 2.0x10*  1.5x10*  1.0x10*  5.0x10°
% librabry of 1150 stars with kno Terr (K)

Indo-U.S. Library of Coude Feed Stellar Spectra
(Valdes et al., 2004, ApJS 152, 251)

* degrading to match low-resolution LAMOST spectra
*  comparison for segments of 50 nm of the spectra

*  stellar parameters derived as weighted mean of parameters from best 10
templates for each segment



European team ROTFIT

examples

target SpT Teff logg [Fe/H]
*  KIC4581434 A1V  9307(91) 3.81(12) -0.25(14)

kplr004581434 kplr004581434

3900 3950 4000 4050 4100 4150
A (A)




European team

examples

larget
*  KIC4581434
*  KIC4857678

kplrO04581434
kplrO04857678

. meﬂ /‘M\“MN\WWW W/\MJ\”\W

3900 3950 4000 4050 4100 4150

A (A)

Teff
9307(91)

6464(80)

logg [Fe/H]
3.81(12) -0.25(14)
4.13(11) -0.24(13)

kplrO04581434

ROTFIT




European team ROTFIT

examples
target Teff logg [Fe/H]
KIC4581434 9307(91) 3.81(12) -0.25(14)
KIC4857678 6464(80) 4.13(11) -0.24(13)
KIC8752618 4734(104) 2.60(17) -0.01(12)

kplrO04581434 kplrO04581434
kplrO004857678 kplrO004857678
kplrO08752618 kplrO08752618

A ’”\/w i /\‘ M\f A “/\ W AN _:
. _MM‘ ( F/ M U/\N WJ’V \m \/M NM\WM\/W\/\ / \Av/ VV\/\/\W\\[\A\VPM/\VME
L | .

..\{.I | I S SR N [N S S SR SR NN S TR S SN AN S SR S S |

3900 3950 4000 4050 4100 4150
A (A)




European team ROTFIT

errors

©  single observations
* O T in the range 70-300 K,
depending on S/N and T
* O Tg/Teg =2-3%
* olog(g) =0.2dex
* o[Fe/H] =0.15 dex

gTeff/Teff* 100




European team ROTFIT

L]
b
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errors

single observations
* O T in the range 70-300 K,
depending on S/N and T
* O Tg/Teg =2-3%
* olog(g) =0.2dex
* o[Fe/H] ~0.15 dex

multiple observations

- distributions of differences
repeated observations best
fitted with Laplace function
* bTg/Tyg =~1.3%

* blog(g) =0.05dex
* b [Fe/H] =~ 0.05 dex

ROTEFIT errors overestimated?

gTeff/Teff* 100




European team ROTFIT

validation

Ty — LAMOST vs. Spectr. Literature % comparison with literature

values (468 stars)

©  high resolution spectra
and/or asteroseismology

©  excellent agreement

©  very low scatter in log
scale (~ 0.0151 dex)

© OTg/Tg =3.5%

<Alog(T,)> = 0.0022
rms = 0.0151

effective temperature T 4

[ J)



European team ROTFIT

validation

logg — LAMOST vs. Spectr. Literature % comparison With literature

values (532 stars)
©  overall good agreement

© larger scatter
(~ 0.3 dex)

©  tendency to cluster
around gravity of
RGB stars (= 2.5 dex)
MS stars (= 4.5 dex)

surface gravity logg

)

[ J)

effect of non-uniform density of templates in logg?



European team ROTFIT

validation
[Fe/H] — LAMOST vs. Spectr. Literature % comparison With litel‘dture
values (350 stars)
©  good agreement for
-0.3 < [Fe/H] < +0.2 dex
*  low metallicity star
KIC9206432 has good
[Fe/H] determination
E ©  negligible contamination
S by richer templates
E % for [Fe/H]J rwre > _1.5 dex
. 2 ©  linear fit with slope
S m = 0.428
=
=
)
S

)
(2



European team ROTFIT

[ J)

validation

D)

D)

radial velocity v,,q

[ J)

Vo —  LAMOST vs. Spectr. Literature

by correlation (CC) between
the target spectrum and

best template from list of 20
spectra with different spectral
types from the Indo US
library

©  giving highest CC peak
©  Gaussian fit of CC peak

comparison with literature
values (104 stars)

© agreement within 30

©  one exception

KIC 7599132
HD 180757

ellipsoidal variable in
close spectroscopic

binary (Catanzaro et al.,
2018, MNRAS 477, 2020)



European team ROTFIT

validation

KIC 8740371 (A7 V) — S/N = 50 * alignment of template
§ spectra with v,

*  broadening by
convolution with
rotational profile of
increasing vsini

©  steps of 5 km/s

©  minimum in )}’

= Monte-Carlo simulations
*  LAMOST spectra of slow rotator
*  artificially broadened
*  resampled on LAMOST points
*  random noise added

prjected rotational velocity vsini

)
[J
LJ)
)
| J]

only stars with vsini > 120 km/s can be detected



European team ROTFIT

application

©  search for active stars
> filling/emission of Ha & Call IRT

kplr008752618

6400 6450 6500 6550 6600 6650 6700
A (A)

Templ. = HD204867 — GOI
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European team

application

search for active stars
> filling/emission of Ha & Call IRT

kplr008752618

6400 6450 NB500 #6550 6600 6650 6700
A (A)

=
S
~
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=
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N
=
S
=
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S
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~
X
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S
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-0.2LC L L
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template with mean T o logg, [Fe/H] values

not an active star...

kplr008752618
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European team ROTFIT

application

©  search for active stars
> filling/emission of Ha & Call IRT

—T

detection of 547 active stars

442 GKM stars classified as chromospherically active
from the flux-flux relationship between Ho & Call IRT

discovery of accreting star KIC8749284 (K1V)

—T



European team ROTFIT
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future prospects
ROTFIT

- current version

*  DR3 versus DR5 for sample of LAMOST-Kepler data of first round
= ideas for improvement of ROTFIT

*  evaluation of choice of segments?

* evaluation of template spectra?

* calculation of grid of synthetic spectra?

ISPEC?

collaboration with Yang Pan & Jiantao Wang (BNU, Beijing, China)
WOTK 1n progress



American team MKCLASS



American team MKCLASS

goals
©  classification on MK system via direct comparison with MK standards

© identification of peculiar and astrophysically interesting stars

method

© code (http://www.appstate.edu/~grayro/mkclass)

—T

—T

reproduce steps of skilled human classifiers

input:

*  flux calibrated 370 — 900 nm R~1800 (LAMOST spectrum)

* 2 standard libraries (0.8-m telescope @ Dark Sky Observatory; Appalachian State University)
©  normalised 380 — 460 nm R~2200 (GM spectrograph; 1200 g mm’™ grating)
©  flux calibrated 380 — 560 nm R~1100 (GM spectrograph; 600 g mm’” grating)

=> auxiliary program: degrading LAMOST spectra to R~1100 and truncate
output:
*  spectral type: temperature type + luminosity class + peculiarities
* quality evaluation based on ¥’ differences with best MK standard



American team

MKCLASS

examples of output

LAMOST Spectrum Fits File

spec-56094-kepler05B56094_2_sp01-167
6094-kepler05B56094_sp01-167
spec-56094-kepler05B56094_2_sp07-213
spec-56094-kepler05B56094_sp07-213
spec-56811-KP190339N395439V01_sp01-180

spec-56811-KP190339N395439V02_sp01-180
spec-56811-KP190339N395439V01_sp01-181
spec-56811-KP190339N395439V02_sp01-181
spec-56811-KP190339N395439V02_sp01-189
spec-5681 1-KP190339N395439V01_sp01-189
spec-56094-kepler05B56094_2_sp14-028

spec-56811-KP190339N395439V02_sp06-186

“excellent”’
“ngOd”
“gOOd”
“fair”’

“poor”

KIC Number
KIC01865567
KIC01865567
KIC01873552
KIC01873552
KIC0228400

Header ID
SDSS
SDSS
SDSS
SDSS

1275-10742685
kplr002284009
1275-10780735

N6 99

1275-10950670
1275-10950670

g-band S /N
278
319
104
125

Spectral Type

5 O

F7 IV Fe-0.6
GO IV-V
Gl V
K5 III
K5 III
M3 11l
M25 I

Quality

vgood
vgood
vgood
good
good
vgood
vgood
good
vgood
vgood
vgood



American team MKCLASS

examples of output

-0.5 0.0 0.5

BO B5 A0 A5 FO F5 GO KO

MKCLASS Luminosity Class Error

typical error in based on comparison with literature
“excellent”

‘“vgood”  ~0.6 temperature subtype ~0.5 luminosity class
“good”  ~1.2 temperature subtype ~1.0 luminosity class
“fair”  uncertain uncertain
“poor”  unreliable unreliable

depends on temperature type



American team MKCLASS

application

interesting stars in first round of LAMOST-Kepler data

= 32 Barium dwarf candidates (s-process enhanced G-type dwarfs)
=  34.6% of A stars are Am stars

- 132 candidate A Bootis stars

* chemically peculiar stars on upper main-sequence (late-B to early-F)

L]
b

©  fraction in instability stips of & Scuti and 'y Doradus stars
*  surface underabundances of most iron-peak elements (up to 2 dex)
* near-solar abundances of C, N, O and S
accretion of metal-poor material from interstellar medium?
interaction with protoplanetary disks or planets?
*  follow-up VATT spectra
©  confirmation of classification for 15 out of 34 observed candidates

© 8 out of 11 with Kepler data pulsate (including 4 hybrid 8Sct/YDor stars)

Gray et al., 2017, AJ 154, 31
HERMES observations (collaboration with J. Molenda-Zakowicz)



American team MKCLASS

future prospects
© apply MKCLASS to LAMOST-Kepler data of second round

WOTK 1n progress
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Asian team LASP
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goals
statistical analysis of stellar parameters provided by LAMOST

calibration of stellar parameters
comparison with literature (KIC10)

method

code (LAMOST Stellar Parameter Pipeline)

= method: (Wu et al., 2011, RAA 11, 924; Luo et al., 2015, RAA 15, 1095)
*  step 1: Correlation Function Interpolation (CFI)
*  step 2: Université de Lyon Spectroscopic Analysis Software (ULySS)

- sufficient quality: SNR,>6

- final_class: STAR

= final_subclass: late A, F, G, K

-~ parameters: Test, logg, [Fe/H], vraq



Asian team LASP

validation

©  external calibration
- spectroscopic and asteroseismic parameters (Huber et al., 2014, ApJS, 211, 2)

= giants (log g < 3.5 dex) versus dwarfs (log g > 3.5 dex)

= deviation A = value, ,p — valuey,,,

giants dwarfs

meanA stdA range meanA stdA  range

* Tq(K) 34 131 3800 - 5300 5 104 4000 -7000
* logg (dex) 013 019 1.5-35 -005 0.16 3.6-4.9
I IR a9 -0.04 0.15 -1.0-0.5 -0.01 010 -0.6-0.5




Asian team LASP

validation

© internal calibration
- stars with multiple LAMOST observations
- method of unbiased estimator (Xie et al., 2016, PNAS 113, 11431)
SNR,> 6 | SNR, > 50
*x  Toq(K) 68
* logg (dex) 0.08
* [Fe/H] (dex) 0.06




Astan team

validation

©  statistical analysis of stellar parameters

- mean errors
« Tg  275%

* logg 0.215 dex
* [Fe/H] 0.152 dex
* Vrad 18 km/s



Astan team

validation

[
L
[
L

iy
-

©  comparison with KIC
= conversion relations for giants and dwarfs



Asian team LASP

future prospects

[
L

iy
-

similar analysis with inclusion of LAMOST-Kepler data of
second round (Pan et al., in preparation)

inclusion of missing stars

*  main-sequence stars
*  hot (OB-type)
*  cool (M-type)

- white dwarfs

- hot subdwarfs
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Other teams Refereed papers

Dong et al., 2014, ApJL 789, L3
Deheuvels et al., 2014, A&A 564, A27
Liu et al. 2015, ApJ 807, 4

Bostanci et al., 2015, MNRAS 453, 1095
Chen et al., 2015, RAA 15, 1125

Guzik et al., 2015, AstRv 11, 1

Huang et al., 2015, RAA 15, 1240
Xiang et al., 2015, RAA 15, 1209

Ren et al., 2016, RAA 16, 45

Yu et al., 2016, MNRAS 463, 1297
Wang et al., 2016, AJ 152, 6

Zhang et al., 2016, ApJL 821, 32
Karoff et al., 2016, Nat Com 7, 11058
Xie et al.,, 2016, PNAS 113, 11431
Mulders et al., 2016, AJ 152, 187
Murphy et al., 2016, ApJL 827, L17
Zhu et al., 2016, ApJ 832, 196

Chang et al., 2017, ApJ 834, 92

Wu et al., 2017, RAA 17, 5

Smalley et al., 2017, MNRAS 465, 2662

Lampens et al., 2018, A&A 610, A17



Other teams Refereed papers

Dong et al., 2014, ApJL 789, L3 —» [Fe/H] o = —0.20 + 0.43[Fe/H]; sp1057
Deheuvels et al., 2014, A&A 564, A27 LAMOST metallicities of

12,000 stars
Bostanci et al., 2015, MNRAS 453, 1095 - scatter ~0.25 dex

Validfor _0.3 < [Fe/H]LAMOST < +0.4

Karoff et al., 2016, Nat Com 7, 11058
Xie et al., 2016, PNAS 113, 11431

0 0.5 1

[Fe/H]uosr

Figure 1. Kepler star metallicities as determined by KIC as a function of
LAMOST spectroscopic metallicity. Outer error bars show standard deviations
and inner error bars show standard errors of the mean. Dotted lines enclose the
central 68.3% of the distribution. Solid line is fit to all the data, while dashed
line removes the bins <200 stars. The remaining bins also coincide with the
parameter regime where calibrations of LAMOST [Fe/H] with high-resolution
spectroscopic [Fe/H] determinations are available (—0.4 < [Fe/H] amosT =
+0.4). They are essentially the same. The zero-point and slope are both detected
at high significance, —0.203 &£ 0.002 and 0.434 & 0.011, respectively.

Smalley et al., 2017, MNRAS 465, 2662



Other teams

Refereed papers

Dong et al., 2014, ApJL 789, L3

Deheuvels et al., 2014, A&A 564, A27 —»| © estimation of core rotation rates and
upper limits to rotation in convective

Bostanct et al., 2015, MNRAS 453, 1095 envelope for 6 Kepler subgiants and

young red giants
LAMOST stellar parameters of 1 star

rotation contrast between core and
envelope increases during subgiant
branch

evidence for spin up of core of
subgiants with time, while their
envelope spins down

Karoff et al., 2016, Nat Com 7, 11058
Xie et al., 2016, PNAS 113, 11431

Smalley et al., 2017, MNRAS 465, 2662



Other teams Refereed papers

Dong et al., 2014, ApJL 789, L3
Deheuvels et al., 2014, A&A 564, A27
Liu et al. 2015, ApJ 807, 4

Bostanci et al., 2015, MNRAS 453, 1095 —»

Chen et al., 2015, RAA 15, 1125
Guzik et al., 2015, AstRv 11, 1
Huang et al., 2015, RAA 15, 1240
Xiang et al., 2015, RAA 15, 1209
Ren et al., 2016, RAA 16, 45

Yu et al., 2016, MNRAS 463, 1297
Wang et al., 2016, AJ 152, 6

Zhang et al., 2016, ApJL 821, 32
Karoff et al., 2016, Nat Com 7, 11058
Xie et al.,, 2016, PNAS 113, 11431
Mulders et al., 2016, AJ 152, 187
Murphy et al., 2016, ApJL 827, L17
Zhu et al., 2016, ApJ 832, 196
Chang et al., 2017, ApJ 834, 92

Wu et al., 2017, RAA 17, 5

Smalley et al., 2017, MNRAS 465, 2662

comprehensive study of open cluster
NGC 6866

LAMOST stellar parameters of 31

F- and G-type stars in cluster
[Fe/H] = —0.10 = 0.13 dex
v ., =10.58 £ 31.83 km/s




Other teams

Refereed papers

Dong et al., 2014, ApJL 789, L3

Deheuvels et al., 2014, A&A 564, A27 observational evidence for enhanced

magnetic activity of superflare stars

analysis of 5,648 LAMOST spectra of
solar-like stars, including 48
superflare stars

Bostanci et al., 2015, MNRAS 453, 1095

superflare stars have larger
chromospheric emission than others

superflare stars with activity levels
lower than Sun exist

= solar flares and superflares same
origine?

Karoff et al., 2016, Nat Com 7, 11058 —»
Xie et al., 2016, PNAS 113, 11431

— All stars
— Stars with flares

Relative fraction

Smalley et al., 2017, MNRAS 465, 2662



Other teams

Refereed papers

Dong et al., 2014, ApJL 789, L3
Deheuvels et al., 2014, A&A 564, A27

Bostanci et al., 2015, MNRAS 453, 1095

©  exoplanet orbital eccentricies

LAMOST stellar parameters of 698
Kepler planet host stars

singles are on eccentric orbits (e=0.3)

multiples are on nearly circular and
coplanar orbits (cf. solar system)

Karoff et al., 2016, Nat Com 7, 11058
Xie et al., 2016, PNAS 113, 11431 ———»
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Smalley et al., 2017, MNRAS 465, 2662
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Refereed papers

Dong et al., 2014, ApJL 789, L3

Deheuvels et al., 2014, A& A 564, A27 pulsation versus metallicism in Am stars

revealed by LAMOST and WASP
Bostanci et al., 2015, MNRAS 453, 1095 LAMOST spectral types of

30,282 A-type to early F-type stars &
67 Am stars in LAMOST DRI

o0Sct pulsations in Am stars are mostly
confined to 6900 < T < 7600 K

incidence of pulsations in Am stars
decreases with increasing degree of
chemical peculiarity

maximum amplitude of pulsations in
Karoff et al., 2016, Nat Com 7, 11058 Am stars does not appear to vary
Xie et al., 2016, PNAS 113, 11431 significantly with metallicism
amplitude distributions of principal

pulsation frequencies for A and Am
appear very similar

evidence that suggests turbulent
pressure is main driving mechanism in

Smalley et al., 2017, MNRAS 465, 2662 —»~ pulsating Am stars




Other teams

Refereed papers

Dong et al., 2014, ApJL 789, L3
Deheuvels et al., 2014, A&A 564, A27

Bostanci et al., 2015, MNRAS 453, 1095

<— Lampens et al., 2018, A&A 610, A17

multi-technique investigation of binary
fraction of A-F type candidate hybrid
variable stars discovered by Kepler

LAMOST T of 22 A-F stars

high-resolution HERMES and ACE
spectra of 50 A-F stars

orbital solutions for 7 new systems

"

multiplicity fraction of ~27 %

*  Smalley et al., 2017, MNRAS 465, 2662
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Molenda-Zakowicz et al., 2014, IAUS 301, 457
Molenda-Zakowicz et al., 2015, IAUGA 225, 0365
Fu et al., 2015, IAUGA 225, 5363

De Cat et al., 2015, EPJWC 101, 01011
Molenda-Zakowicz et al., 2016, IAUFM 29B, 514
Fu et al., 2016, IAUFM 29B, 686
Molenda-Zakowicz et al., 2016, pas conf, 59
Fuetal, 2017, AAS 229, 305.02
Molenda-Zakowicz et al., 2017, EPJWC 152, 04002



Other teams Proceeding papers

Molenda-Zakowicz et al., 2014, IAUS 301, 457
Molenda-Zakowicz et al., 2015, IAUGA 225, 0365
Fu et al., 2015, IAUGA 225, 5363

De Cat et al., 2015, EPJWC 101, 01011
Molenda-Zakowicz et al., 2016, IAUFM 29B, 514
Fu et al., 2016, IAUFM 29B, 686
Molenda-Zakowicz et al., 2016, pas conf, 59

Fuetal, 2017, AAS 229, 305.02 —® | = LAMOST observations in the K2 fields
Molenda-Zako (R

......................................................................................................................................................................................................






Medium resolution LAMOST spectra
©  495—-535 nm & 630 - 680 nm
© V<I15mag
© R~7500

= improvement of accuracy

= abundances of individual elements

Mulitple observations of plates
©  Time-series analysis
©  radial velocity variations (binaries, pulsations, rotation)

Ground-based follow-up for space missions

L ongoing: K2 (Fu, Smith, et al.)
©  future: TESS, PLATO....



The LAMOST-
Kepler project ==

Past, present and future

Peter De Cat

Royal Observatory of Belgium
Ringlaan 3

1180 Brussels
Belgium

&
LAMOST-Kepler consortium

J.N. Fu, et al. (BNU, Beijing, China)
Shi J.R., Luo A.L., Zhang H.T., et al. (NAOC, Beijing, China)
A. Frasca, G. Catanzaro (INAF, Catania, Italy)
J. Molenda- Zakowicz (University of Wroctaw, Wroctaw, Poland)
R. O. Gray (Appalachian State University, Boone, North Carolina, USA)
C. J. Corbally (Steward Observatory, Tucson, Arizona, USA)




Take away messages



Take away messages

LAMOST is an excellent tool

©  for a homogeneous spectroscopic determination of basic
stellar parameters (T.q, logg, metallicity, v, vsini)

- in an efficient way

= for fainter objects than most ground-based facilities (4-m telescope)
©  for the detection of astrophysically interesting objects

©  for follow-up observations of space missions
- e.g. Kepler/K2 (past), TESS (present), PLATO (future)

Kepler field is an excellent tool

©  for validation/calibration of LAMOST results
- KIC
-  APOGLEE
- individual objects
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