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

Earth-trailing heliocentric orbitEarth-trailing heliocentric orbit
lifetime lifetime ~3.8 years~3.8 years (failure on 14 May 2013) (failure on 14 May 2013)

continuous monitoring of continuous monitoring of 1 star field1 star field in Cygnus-Lyra region  in Cygnus-Lyra region 
about 200,000 starsabout 200,000 stars
roll  90roll  90°° about line-of-sight                                                                                  about line-of-sight                                                                                 
every 3 monthsevery 3 months
short (short (1 min.1 min.) or long () or long (32 min.32 min.) cadence) cadence
broad band photometry with accuracy                                                                  broad band photometry with accuracy                                                                  
of few ppmof few ppm

main scientific goalsmain scientific goals
discover Earth-size planets discover Earth-size planets (transit method)(transit method)
characterizing planet-hosting stars by means of asteroseismic methodscharacterizing planet-hosting stars by means of asteroseismic methods
opportunity for asteroseismic investigation of stars covering H-R diagramopportunity for asteroseismic investigation of stars covering H-R diagram

Kepler Asteroseismic Science Consortium (KASC)Kepler Asteroseismic Science Consortium (KASC)

NASA mission KeplerNASA mission Kepler

need for accurate stellar parameters
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AsteroseismologyAsteroseismology

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

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

direct tests to modeling of complex dynamical processes in stellar direct tests to modeling of complex dynamical processes in stellar 
interiorsinteriors (e.g. diffusion, convective overshoot) (e.g. diffusion, convective overshoot)  
improve understanding of stellar evolutionimprove understanding of stellar evolution

Requirements for asteroseismology?Requirements for asteroseismology?



large number of pulsation frequencieslarge number of pulsation frequencies

Requirements for asteroseismologyRequirements for asteroseismology



GaiaGaia

and K2and K2

large number of pulsation frequencieslarge number of pulsation frequencies
time series with sufficiently long time basetime series with sufficiently long time base

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

Requirements for asteroseismologyRequirements for asteroseismology



Requirements for asteroseismologyRequirements for asteroseismology

large number of pulsation frequencieslarge number of pulsation frequencies
time series with sufficiently long time basetime series with sufficiently long time base

high-quality observations: high-quality observations: photometry, radial velocities, line-profile variationsphotometry, radial velocities, line-profile variations  
identification of the pulsation modesidentification of the pulsation modes

Echelle diagram Echelle diagram (in frequency for p-modes, in period for g-modes)(in frequency for p-modes, in period for g-modes)

multi-colour photometrymulti-colour photometry
high-resolution high-SNR spectroscopyhigh-resolution high-SNR spectroscopy



Requirements for asteroseismologyRequirements for asteroseismology

large number of pulsation frequencieslarge number of pulsation frequencies
time series with sufficiently long time basetime series with sufficiently long time base

high-quality observations: high-quality observations: photometry, radial velocities, line-profile variationsphotometry, radial velocities, line-profile variations  
identification of the pulsation modesidentification of the pulsation modes

Echelle diagram Echelle diagram (in frequency for (in frequency for p-modesp-modes, in period for , in period for g-modesg-modes))

multi-colour photometrymulti-colour photometry
high-resolution high-SNR spectroscopyhigh-resolution high-SNR spectroscopy

Bedding et al., 2010, ApJL 713, L176Bedding et al., 2010, ApJL 713, L176

KIC5006817KIC5006817

Bedding et al., 2015, EPJW 101, 01005Bedding et al., 2015, EPJW 101, 01005

KIC9244992KIC9244992



Requirements for asteroseismologyRequirements for asteroseismology

large number of pulsation frequencieslarge number of pulsation frequencies
time series with sufficiently long time basetime series with sufficiently long time base

high-quality observations: high-quality observations: photometry, radial velocities, line-profile variationsphotometry, radial velocities, line-profile variations  
identification of the pulsation modesidentification of the pulsation modes

Echelle diagram Echelle diagram (in freque(in frequency for p-modes, in perncy for p-modes, in period for g-modes)iod for g-modes)

multi-colour photometrymulti-colour photometry
high-resolution high-SNR spectroscopyhigh-resolution high-SNR spectroscopy in general large in general large 

spectroscopic surveys not spectroscopic surveys not 
sufficientsufficient



Requirements for asteroseismologyRequirements for asteroseismology

large number of pulsation frequencieslarge number of pulsation frequencies
time series with sufficiently long time basetime series with sufficiently long time base

high-quality observations: high-quality observations: photometry, radial velocities, line-profile variationsphotometry, radial velocities, line-profile variations  
identification of the pulsation modesidentification of the pulsation modes

Echelle diagram Echelle diagram (in frequency for p-modes, in period for g-modes)(in frequency for p-modes, in period for g-modes)

multi-colour photometrymulti-colour photometry
high-resolution high-SNR spectroscopyhigh-resolution high-SNR spectroscopy

accurate stellar parametersaccurate stellar parameters
temperaturetemperature (T (T
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)), surface gravity, surface gravity (log (loggg)), metallicity, metallicity ([M/H]) ([M/H])

projected rotational velocityprojected rotational velocity ( (vvsinsinii))

abundancesabundances



Requirements for asteroseismologyRequirements for asteroseismology

large number of pulsation frequencieslarge number of pulsation frequencies
time series with sufficiently long time basetime series with sufficiently long time base

high-quality observations: high-quality observations: photometry, radial velocities, line-profile variationsphotometry, radial velocities, line-profile variations  
identification of the pulsation modesidentification of the pulsation modes

Echelle diagram Echelle diagram (in frequency for p-modes, in period for g-modes)(in frequency for p-modes, in period for g-modes)

multi-colour photometrymulti-colour photometry
high-resolution high-SNR spectroscopyhigh-resolution high-SNR spectroscopy

accurate stellar parametersaccurate stellar parameters
temperaturetemperature (T (T

effeff
)), surface gravity, surface gravity (log (loggg)), metallicity, metallicity ([M/H]) ([M/H])

projected rotational velocityprojected rotational velocity ( (vvsinsinii))

abundancesabundances

one good spectrum neededone good spectrum needed
● accurate position in H-R diagram
● confirmation of pulsating class members
● search for unknown pulsating class members

⟹

Balona et al. (2011, MNRAS 413, 2403)Balona et al. (2011, MNRAS 413, 2403)
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multiple systemsmultiple systems few spectra neededfew spectra needed



Requirements for asteroseismologyRequirements for asteroseismology

large number of pulsation frequencieslarge number of pulsation frequencies
time series with sufficiently long time basetime series with sufficiently long time base

high-quality observations: high-quality observations: photometry, radial velocities, line-profile variationsphotometry, radial velocities, line-profile variations  
identification of the pulsation modesidentification of the pulsation modes

Echelle diagram Echelle diagram (in frequency for p-modes, in period for g-modes)(in frequency for p-modes, in period for g-modes)

multi-colour photometrymulti-colour photometry
high-resolution high-SNR spectroscopyhigh-resolution high-SNR spectroscopy

accurate stellar parametersaccurate stellar parameters
temperaturetemperature (T (T

effeff
)), surface gravity, surface gravity (log (loggg)), metallicity, metallicity ([M/H]) ([M/H])

projected rotational velocityprojected rotational velocity ( (vvsinsinii))

abundancesabundances

radial velocitiesradial velocities  can give extra constraintscan give extra constraints

multiple systemsmultiple systems
cluster membershipcluster membership

● age & composition
● distance
● etc.

⟹one spectrum neededone spectrum needed



Requirements for asteroseismologyRequirements for asteroseismology

large number of pulsation frequencieslarge number of pulsation frequencies
time series with sufficiently long time basetime series with sufficiently long time base

high-quality observations: high-quality observations: photometry, radial velocities, line-profile variationsphotometry, radial velocities, line-profile variations  
identification of the pulsation modesidentification of the pulsation modes

Echelle diagram Echelle diagram (in frequency for p-modes, in period for g-modes)(in frequency for p-modes, in period for g-modes)

multi-colour photometrymulti-colour photometry
high-resolution high-SNR spectroscopyhigh-resolution high-SNR spectroscopy

accurate stellar parametersaccurate stellar parameters
temperaturetemperature (T (T

effeff
)), surface gravity, surface gravity (log (loggg)), metallicity, metallicity ([M/H]) ([M/H])

projected rotational velocityprojected rotational velocity ( (vvsinsinii))

abundancesabundances

radial velocitiesradial velocities  can give extra constraintscan give extra constraints

multiple systemsmultiple systems
cluster membershipcluster membership

what can LAMOSTwhat can LAMOST  offer?offer?
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  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)

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



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

Specifications:Specifications:
Fibers: Fibers: #4000#4000
Telescope: Telescope: 4.0-m Guo Shou Jing Telescope4.0-m Guo Shou Jing Telescope

northern hemispherenorthern hemisphere (Xinglong Observatory, China)(Xinglong Observatory, China)

Wavelengths: Wavelengths: 370 – 900 nm370 – 900 nm
Resolution: Resolution: 1000-20001000-2000 (low)  (low) / 5000-10000/ 5000-10000 (medium) (medium)

Field of View:Field of View: ~20 deg~20 deg22 (5 (5°; °; circular)circular)

Targets: Targets: >5,000,000 >5,000,000 (stars, galaxies, QSOs)(stars, galaxies, QSOs)

Science case:Science case:
LEGASLEGAS: : LLAMOST AMOST EExtraxtragagalactic lactic SSurveyurvey
LEGUELEGUE: : LLAMOST AMOST EExperiment for xperiment for GGalactic alactic UUnderstanding and nderstanding and EExplorationxploration  

 ⟶ ⟶ survey of Milky Way stellar structure survey of Milky Way stellar structure (halo and disk components)(halo and disk components)

http://www.lamost.org
Cui et al., 2012, RAA 12, 1197
Luo et al., 2015, RAA 15, 1095

LLarge Sky arge Sky AArea rea MMulti-ulti-OObject Fiber bject Fiber 
SSpectroscopic pectroscopic TTelescopeelescope

  unique combination  of large aperture with wide field of viewunique combination  of large aperture with wide field of view

5°5°

http://www.lamost.org/


  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)

since 2008since 2008: : collaboration with Jianning Fucollaboration with Jianning Fu

23/10/200923/10/2009: : introduction idea to Jianning Fuintroduction idea to Jianning Fu
to cover whole to cover whole Kepler field-of-viewKepler field-of-view  

to characterize targetsto characterize targets in  in homogeneous wayhomogeneous way
spectral type spectral type 
any peculiaritiesany peculiarities
loglogg, Tg, Tefef, metallicity, metallicity

with with low resolution spectroscopylow resolution spectroscopy
radial velocity radial velocity binaries, cluster membershipbinaries, cluster membership

rotation velocity rotation velocity restriction on vrestriction on vsinsinii

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

brightest targets (Kp brightest targets (Kp ≤≤ 10.5): with 2-m class telescopes 10.5): with 2-m class telescopes
LAMOST: focus on fainter targetsLAMOST: focus on fainter targets
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  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)

since 2008since 2008: : collaboration with Jianning Fucollaboration with Jianning Fu

23/10/200923/10/2009: : introduction idea to Jianning Fuintroduction idea to Jianning Fu

17/11/200917/11/2009::  first contact with LAMOST consortiumfirst contact with LAMOST consortium



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)

since 2008since 2008: : collaboration with Jianning Fucollaboration with Jianning Fu

23/10/200923/10/2009: : introduction idea to Jianning Fuintroduction idea to Jianning Fu

17/11/200917/11/2009: : first contact with LAMOST consortiumfirst contact with LAMOST consortium

20/02/201020/02/2010: : submission 1st version of LAMOST-Kepler proposalsubmission 1st version of LAMOST-Kepler proposal

standardstandard
keplerkepler
planetplanet



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)

since 2008since 2008: : collaboration with Jianning Fucollaboration with Jianning Fu

23/10/200923/10/2009: : introduction idea to Jianning Fuintroduction idea to Jianning Fu

17/11/200917/11/2009: : first contact with LAMOST consortiumfirst contact with LAMOST consortium

20/02/201020/02/2010: : submission 1st version of LAMOST-Kepler proposalsubmission 1st version of LAMOST-Kepler proposal

14/07/201014/07/2010: : submission 2nd version of LAMOST-Kepler proposalsubmission 2nd version of LAMOST-Kepler proposal



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)

since 2008since 2008: : collaboration with Jianning Fucollaboration with Jianning Fu

23/10/2009: 23/10/2009: introduction idea to Jianning Fuintroduction idea to Jianning Fu

17/11/2009: 17/11/2009: first contact with LAMOST consortiumfirst contact with LAMOST consortium

20/02/2010:20/02/2010:  submission 1st version of LAMOST-Kepler proposalsubmission 1st version of LAMOST-Kepler proposal

14/07/2010: 14/07/2010: submission 2nd version of LAMOST-Kepler proposalsubmission 2nd version of LAMOST-Kepler proposal

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



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)

since 2008since 2008: : collaboration with Jianning Fucollaboration with Jianning Fu

23/10/2009: 23/10/2009: introduction idea to Jianning Fuintroduction idea to Jianning Fu

17/11/2009: 17/11/2009: first contact with LAMOST consortiumfirst contact with LAMOST consortium

20/02/2010:20/02/2010:  submission 1st version of LAMOST-Kepler proposalsubmission 1st version of LAMOST-Kepler proposal

14/07/2010: 14/07/2010: submission 2nd version of LAMOST-Kepler proposalsubmission 2nd version of LAMOST-Kepler proposal

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

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



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

20/10/200320/10/2003: : first contact with Jianning Fufirst contact with Jianning Fu (Dubrovnik) (Dubrovnik)

since 2008since 2008: : collaboration with Jianning Fucollaboration with Jianning Fu

23/10/2009: 23/10/2009: introduction idea to Jianning Fuintroduction idea to Jianning Fu

17/11/2009: 17/11/2009: first contact with LAMOST consortiumfirst contact with LAMOST consortium

20/02/2010:20/02/2010:  submission 1st version of LAMOST-Kepler proposalsubmission 1st version of LAMOST-Kepler proposal

14/07/2010: 14/07/2010: submission 2nd version of LAMOST-Kepler proposalsubmission 2nd version of LAMOST-Kepler proposal

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

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

          05/2012: 05/2012: first spectra distributed and start of analysisfirst spectra distributed and start of analysis
Asian teamAsian team (Fu et al.) (Fu et al.)

European teamEuropean team (Frasca et al.) (Frasca et al.)

American teamAmerican team (Gray & Corbally et al.) (Gray & Corbally et al.)



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

18/08-22/08/201418/08-22/08/2014: : 11stst LAMOST-Kepler workshop LAMOST-Kepler workshop (Beijing) (Beijing)

present the LAMOST facility and the opportunities it opens for the international present the LAMOST facility and the opportunities it opens for the international 
scientific societyscientific society
highlight its usefulness for large observational surveyshighlight its usefulness for large observational surveys
present results obtained for the targets observed by the Kepler space missionpresent results obtained for the targets observed by the Kepler space mission
create/strengthen international collaborations with the LAMOSTcreate/strengthen international collaborations with the LAMOST



  History of LAMOST-Kepler projectHistory of LAMOST-Kepler project

18/08-22/08/201418/08-22/08/2014: : 11stst LAMOST-Kepler workshop LAMOST-Kepler workshop (Beijing) (Beijing)

31/07-03/08/2017: 22ndnd LAMOST-Kepler workshop LAMOST-Kepler workshop (Brussels) (Brussels)

evaluation of first regular survey of 5 yearsevaluation of first regular survey of 5 years
Importance of LAMOST as large spectroscopic surveyImportance of LAMOST as large spectroscopic survey

What is current status of LAMOST and the LAMOST-Kepler project? What is current status of LAMOST and the LAMOST-Kepler project? 
What are the main scientific achievements in different fields based on What are the main scientific achievements in different fields based on 
LAMOST observations? LAMOST observations? 

What can we still expect from                                                                      What can we still expect from                                                                      
LAMOST in the future?LAMOST in the future?
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  DatabaseDatabase



  DatabaseDatabase

First roundFirst round
selection of targetsselection of targets

type of targetstype of targets
~250 standard targets (MK secondary standards)~250 standard targets (MK secondary standards)
~7,000 KASC targets (KIC10; scientific interest for KASC)~7,000 KASC targets (KIC10; scientific interest for KASC)
~150,000 planet targets (KIC10; scientific interest for planet search ~150,000 planet targets (KIC10; scientific interest for planet search 
group)group)
~1,000,000 extra targets (KIC10; no scientific interest)~1,000,000 extra targets (KIC10; no scientific interest)
field stars (USNO-B catalog; no scientific interest)field stars (USNO-B catalog; no scientific interest)

brightness of targetsbrightness of targets
brightness intervals of maximum 5 magnitudesbrightness intervals of maximum 5 magnitudes
bright targets (9.0 < Kp < 14.0)bright targets (9.0 < Kp < 14.0)

from faint to bright (avoid saturation)from faint to bright (avoid saturation)
faint targets   (Kp > 14.0)faint targets   (Kp > 14.0)

from bright to faint (avoid too low flux)from bright to faint (avoid too low flux)
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De Cat et al., 2015, ApJ 220, 19



  DatabaseDatabase

First roundFirst round
selection of targetsselection of targets
selection of fieldsselection of fields
observationsobservations

standardstandard
keplerkepler
planetplanet

standardstandard
keplerkepler
planetplanet

#Objects #Kepler

De Cat et al., 2015, ApJ 220, 19
Year #Fields #Plates #Spectra

2011 1 3 2,543
2012 3 7 19,903
2013 6 14 40,918
2014 7 14 37,722
total 17 38 101,086

21.1% of Kepler stars observed21.1% of Kepler stars observed
17K objects with multiple observations17K objects with multiple observations

  ideal for validation methods ideal for validation methods



  DatabaseDatabase

First roundFirst round
selection of targetsselection of targets
selection of fieldsselection of fields
observationsobservations

De Cat et al., 2015, ApJ 220, 19

A0-type  A0-type     G0 -type     G0 -type         M1-type       M1-type



  DatabaseDatabase

First roundFirst round
selection of targetsselection of targets
selection of fieldsselection of fields
observationsobservations

De Cat et al., 2015, ApJ 220, 19



  DatabaseDatabase

Second roundSecond round
selection of targetsselection of targets

focus on stars with focus on stars with 
Kepler dataKepler data
LAMOST dataLAMOST data

Zong et al., 2018, ApJ 238, 30
Year #Fields #Plates #Spectra

2011
2012 3 7 17,659
2013 6 14 39,309
2014 7 14 38,516
2015 11 32 97,247
2017 6 16 35,139
total 33 83 227,870

#Objects #Parameters

number of observations more than doublednumber of observations more than doubled
38.2% of Kepler stars observed38.2% of Kepler stars observed



  European teamEuropean team
Frasca et al., 2016, A&A 594, A39

ROTFIT 



  European teamEuropean team
Frasca et al., 2016, A&A 594, A39

ROTFIT 

goalsgoals
calculation of stellar parameters with independent methodcalculation of stellar parameters with independent method
search for active starssearch for active stars

methodmethod
code code ROTFITROTFIT  (e.g. Frasca et al., 2010, A&A 518, 48)                                                (e.g. Frasca et al., 2010, A&A 518, 48)                                                

adapted to LAMOST spectraadapted to LAMOST spectra                                                                                          

semi-automatic normalisation with IRAFsemi-automatic normalisation with IRAF
librabry of 1150 stars librabry of 1150 stars with known stellar parameters with known stellar parameters (T(Tefef ,  , loglogg, g, [Fe/H]) [Fe/H]) from from 
Indo-U.S. Library of Coude Feed Stellar Spectra                                          Indo-U.S. Library of Coude Feed Stellar Spectra                                          
(Valdes et al., 2004, ApJS 152, 251)(Valdes et al., 2004, ApJS 152, 251)

degrading to match low-resolution LAMOST spectradegrading to match low-resolution LAMOST spectra
comparison for segments of 50 nm of the spectracomparison for segments of 50 nm of the spectra
stellar parameters derived as weighted mean of parameters from best 10 stellar parameters derived as weighted mean of parameters from best 10 
templates for each segmenttemplates for each segment



  European teamEuropean team
Frasca et al., 2016, A&A 594, A39

ROTFIT 

goalsgoals
calculation of stellar parameters with independent methodcalculation of stellar parameters with independent method
search for active starssearch for active stars

methodmethod
code code ROTFITROTFIT  (e.g. Frasca et al., 2010, A&A 518, 48)                                        (e.g. Frasca et al., 2010, A&A 518, 48)                                        

adapted to LAMOST spectraadapted to LAMOST spectra                                                                                          

semi-automatic normalisation with IRAFsemi-automatic normalisation with IRAF
librabry of 1150 stars librabry of 1150 stars with known stellar parameters (Twith known stellar parameters (Tefef ,  , loglogg, g, [Fe/H])[Fe/H])  from from 
Indo-U.S. Library of Coude Feed Stellar SpectraIndo-U.S. Library of Coude Feed Stellar Spectra                                                                                      
(Valdes et al., 2004, ApJS 152, 251)(Valdes et al., 2004, ApJS 152, 251)

degrading to match low-resolution LAMOST spectradegrading to match low-resolution LAMOST spectra
comparison for segments of 50 nm of the spectracomparison for segments of 50 nm of the spectra
stellar parameters derived as weighted mean of parameters from best 10 stellar parameters derived as weighted mean of parameters from best 10 
templates for each segmenttemplates for each segment
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ROTFIT 

examplesexamples
target  target  SpTSpT    Teff   Teff           logg          logg   [Fe/H]  [Fe/H]
KIC4581434KIC4581434 A1VA1V 9307(91)9307(91)         3.81(12)        3.81(12) -0.25(14)-0.25(14)
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ROTFIT 

examplesexamples
target  target  SpTSpT    Teff   Teff           logg          logg   [Fe/H]  [Fe/H]
KIC4581434KIC4581434 A1VA1V 9307(91)9307(91)         3.81(12)        3.81(12) -0.25(14)-0.25(14)
KIC4857678KIC4857678 F3VF3V 6464(80)6464(80)         4.13(11)        4.13(11) -0.24(13)-0.24(13)
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ROTFIT 

examplesexamples
target  target  SpTSpT    Teff   Teff           logg          logg   [Fe/H]  [Fe/H]
KIC4581434KIC4581434 A1VA1V 9307(91)9307(91)         3.81(12)        3.81(12) -0.25(14)-0.25(14)
KIC4857678KIC4857678 F3VF3V 6464(80)6464(80)         4.13(11)        4.13(11) -0.24(13)-0.24(13)
KIC8752618KIC8752618 G8IIG8II 4734(104)      2.60(17)4734(104)      2.60(17) -0.01(12)-0.01(12)
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ROTFIT 

errorserrors
single observationssingle observations

σσ  T Tefef  in the range 70-300 K,in the range 70-300 K,
depending on S/N and Tdepending on S/N and Tefef

σσ  T Tefef/T/Tefef = 2-3= 2-3%%
σσ  log(g)  log(g) ≈ 0.2 dex≈ 0.2 dex

σσ  [Fe/H] [Fe/H] ≈ 0.15 dex≈ 0.15 dex
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ROTFIT 

errorserrors
single observationssingle observations

σσ  T Tefef  in the range 70-300 K,in the range 70-300 K,
depending on S/N and Tdepending on S/N and Tefef

σσ  T Tefef/T/Tefef = 2-3= 2-3%%
σσ  log(g)  log(g) ≈ 0.2 dex≈ 0.2 dex

σσ  [Fe/H] [Fe/H] ≈ 0.15 dex≈ 0.15 dex

multiple observationsmultiple observations
distributions of differences distributions of differences 
repeated observations best repeated observations best 
fitted with Laplace functionfitted with Laplace function

b Tb Tefef/T/Tefef ≈ 1.3≈ 1.3%%
b log(g) b log(g) ≈ 0.05 dex≈ 0.05 dex
b [Fe/H]b [Fe/H] ≈ 0.05 dex ≈ 0.05 dex 

ROTFIT errors overestimated?ROTFIT errors overestimated?
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ROTFIT 

validationvalidation
comparison with literature comparison with literature 
valuesvalues (468 stars) (468 stars)

high resolution spectra high resolution spectra 
and/or asteroseismologyand/or asteroseismology
excellent agreementexcellent agreement
very low scatter in log very low scatter in log 
scale scale (~ 0.0151 dex)(~ 0.0151 dex)

σσ  T Tefef/T/Tefef  ≈ ≈ 3.53.5%%
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ROTFIT 

validationvalidation
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comparison with literature comparison with literature 
valuesvalues (532 stars) (532 stars)

overall good agreementoverall good agreement
larger scatterlarger scatter                                      
(~ 0.3 dex)(~ 0.3 dex)
tentendency to cluster dency to cluster 
aaround gravity of          round gravity of          
RGB starsRGB stars (≈ 2.5 dex)  (≈ 2.5 dex) 
MS stars   (≈ 4.5 dex)MS stars   (≈ 4.5 dex)

effect of non-uniform density of templates in logeffect of non-uniform density of templates in loggg??
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ROTFIT 

validationvalidation
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comparison with literature comparison with literature 
valuesvalues (350 stars) (350 stars)

good agreement for   good agreement for   
-0.3 < [Fe/H] < +0.2 dex-0.3 < [Fe/H] < +0.2 dex

low metallicity star low metallicity star 
KIC9206432 has good  KIC9206432 has good  
[Fe/H] determination[Fe/H] determination

negligible contamination negligible contamination 
by richer templatesby richer templates

for [Fe/H]for [Fe/H]LiteratureLiterature > -1.5 dex > -1.5 dex
linear fit with slope       linear fit with slope       
m = 0.428m = 0.428

m = 0.428m = 0.428
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ROTFIT 

validationvalidation
by correlation (CC) between    by correlation (CC) between    
the target spectrum and          the target spectrum and          
best template from list of 20 best template from list of 20 
spectra with different spectral spectra with different spectral 
types from the Indo US types from the Indo US 
librarylibrary

giving highest CC peakgiving highest CC peak
Gaussian fit of CC peakGaussian fit of CC peak

comparison with literature comparison with literature 
valuesvalues (104 stars) (104 stars)

agreement within 3agreement within 3
one exception one exception 

KIC 7599132              KIC 7599132              
HD 180757HD 180757
ellipsoidal variable in ellipsoidal variable in 
close spectroscopic close spectroscopic 
binary binary (Catanzaro et al., (Catanzaro et al., 
2018, MNRAS 477, 2020)2018, MNRAS 477, 2020)

su
rf

ac
e 

gr
av

ity
 

su
rf

ac
e 

gr
av

ity
 lo

glo
g gg

m
et

al
lic

ity
 [F

e/
H

]
m

et
al

lic
ity

 [F
e/

H
]

eff
ec

tiv
e 

te
m

pe
ra

tu
re

 T
eff

ec
tiv

e 
te

m
pe

ra
tu

re
 T

efef

ra
di

al
 v

el
oc

ity
 v

ra
di

al
 v

el
oc

ity
 v

ra
d

ra
d



  European teamEuropean team
Frasca et al., 2016, A&A 594, A39

ROTFIT 

validationvalidation
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Monte-Carlo simulationsMonte-Carlo simulations
LAMOST spectra of slow rotatorLAMOST spectra of slow rotator
artificially broadenedartificially broadened
resampled on LAMOST pointsresampled on LAMOST points
random noise addedrandom noise added

only stars with only stars with vvsinsinii > 120 km/s can be detected > 120 km/s can be detected
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alignment of template alignment of template 
spectra with vspectra with vradrad

broadening by broadening by 
convolution with convolution with 
rotational profile of rotational profile of 
increasing vincreasing vsinsinii

  steps of 5 km/ssteps of 5 km/s

minimum in minimum in 22
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ROTFIT 

applicationapplication
search for active starssearch for active stars

filling/emission of Hfilling/emission of H  & CaII IRT & CaII IRT
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ROTFIT 

applicationapplication
search for active starssearch for active stars

filling/emission of Hfilling/emission of H  & CaII IRT & CaII IRT
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not an active star...not an active star...
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ROTFIT 

applicationapplication
search for active starssearch for active stars

filling/emission of Hfilling/emission of H  & CaII IRT & CaII IRT

detection of 547 active starsdetection of 547 active stars
442 GKM stars classified as chromospherically active                                                           442 GKM stars classified as chromospherically active                                                           
from the flux-flux relationship between Hfrom the flux-flux relationship between H  & CaII IRT & CaII IRT

discovery of accreting star KIC8749284 (K1V)discovery of accreting star KIC8749284 (K1V)
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ROTFIT 

future prospectsfuture prospects
ROTFITROTFIT

current versioncurrent version
DR3 versus DR5 for sample of LAMOST-Kepler data of first roundDR3 versus DR5 for sample of LAMOST-Kepler data of first round

ideas for improvement of ROTFITideas for improvement of ROTFIT
evaluation of choice of segments?evaluation of choice of segments?
evaluation of template spectra?evaluation of template spectra?
calculation of grid of synthetic spectra?calculation of grid of synthetic spectra?

iSPEC?iSPEC?

collaboration with Yang Pan & Jiantao Wangcollaboration with Yang Pan & Jiantao Wang (BNU, Beijing, China) (BNU, Beijing, China)

work in progresswork in progress
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MKCLASS 

goalsgoals
classification on MK systemclassification on MK system via direct comparison with MK standards via direct comparison with MK standards

identification of identification of peculiarpeculiar and  and astrophysically interesting starsastrophysically interesting stars

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

reproduce steps of skilled human classifiersreproduce steps of skilled human classifiers
input: input: 

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

2 standard libraries 2 standard libraries (0.8-m telescope @ Dark Sky Observatory; Appalachian State University)(0.8-m telescope @ Dark Sky Observatory; Appalachian State University)

normalised        380 – 460 nm   R~2200normalised        380 – 460 nm   R~2200 (GM spectrograph; 1200 g mm (GM spectrograph; 1200 g mm-1-1 grating) grating)

flux calibrated  380 – 560 nm   R~1100flux calibrated  380 – 560 nm   R~1100 (GM spectrograph;   600 g mm (GM spectrograph;   600 g mm-1-1 grating) grating)  

  auxiliary program: degrading LAMOST spectra to R~1100 and truncate auxiliary program: degrading LAMOST spectra to R~1100 and truncate

output: output: 
spectral type: temperature type + luminosity class + peculiaritiesspectral type: temperature type + luminosity class + peculiarities

quality evaluation based on quality evaluation based on 22 differences with best MK standard differences with best MK standard
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MKCLASS 

examples of outputexamples of output

““excellent”excellent”

““vgood”vgood”

““good”good”

““fair”fair”

““poor”poor”

peculiaritiespeculiaritiestemperature typetemperature type luminosity classluminosity class
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MKCLASS 

examples of outputexamples of output

peculiaritiespeculiarities

““excellent”excellent”

““vgood”vgood”

““good”good”

““fair”fair”

““poor”poor”

                typical error in based on comparison with literaturetypical error in based on comparison with literature

~0.5 luminosity class~0.5 luminosity class

~1.0 luminosity class~1.0 luminosity class

uncertainuncertain

unreliableunreliable

~0.6 temperature subtype~0.6 temperature subtype

~1.2 temperature subtype~1.2 temperature subtype

uncertainuncertain

unreliableunreliable

depends on temperature typedepends on temperature type

temperature typetemperature type luminosity classluminosity class



applicationapplication
interesting stars in first round of LAMOST-Kepler datainteresting stars in first round of LAMOST-Kepler data

32 Barium dwarf candidates (s-process enhanced G-type dwarfs)32 Barium dwarf candidates (s-process enhanced G-type dwarfs)
34.6% of A stars are Am stars34.6% of A stars are Am stars

132 candidate 132 candidate   Bootis stars Bootis stars
chemically peculiar stars on upper main-sequence (late-B to early-F)chemically peculiar stars on upper main-sequence (late-B to early-F)

fraction in instability stips of fraction in instability stips of   Scuti and  Scuti and   Doradus stars Doradus stars
surface underabundances of most iron-peak elements (up to 2 dex)surface underabundances of most iron-peak elements (up to 2 dex)
near-solar abundances of C, N, O and Snear-solar abundances of C, N, O and S

accretion of metal-poor material from interstellar medium?accretion of metal-poor material from interstellar medium?
interaction with protoplanetary disks or planets?interaction with protoplanetary disks or planets?

follow-up VATT spectrafollow-up VATT spectra
confirmation of classification for 15 out of 34 observed candidatesconfirmation of classification for 15 out of 34 observed candidates

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

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



future prospectsfuture prospects
apply MKCLASS to LAMOST-Kepler data of second roundapply MKCLASS to LAMOST-Kepler data of second round
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Gray et al., 2016, AJ 151, 13

MKCLASS 

work in progresswork in progress



  Asian teamAsian team
Ren et al., 2016, AJ 225, 28

LASP 



  Asian teamAsian team
Ren et al., 2016, AJ 225, 28

LASP 

goalsgoals
statistical analysis of stellar parameters provided by LAMOSTstatistical analysis of stellar parameters provided by LAMOST
calibration of stellar parameterscalibration of stellar parameters
comparison with literaturecomparison with literature (KIC10) (KIC10)

methodmethod
codcode e LASP LASP (LAMOST Stellar Parameter Pipeline) (LAMOST Stellar Parameter Pipeline) 

method:method:  (Wu et al., 2011, RAA 11, 924; Luo et al., 2015, RAA 15, 1095)(Wu et al., 2011, RAA 11, 924; Luo et al., 2015, RAA 15, 1095)

step 1: Correlation Function Interpolation (CFI)step 1: Correlation Function Interpolation (CFI)
step 2: Université de Lyon Spectroscopic Analysis Software (ULySS)step 2: Université de Lyon Spectroscopic Analysis Software (ULySS)

sufficient quality: sufficient quality: SNRSNRgg > 6 > 6

final_class: final_class: STARSTAR

final_subclass: final_subclass: late A, F, G, Klate A, F, G, K  
parameters: parameters: TTefef, , loglogg, g, [Fe/H], [Fe/H], vvradrad
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LASP 

validationvalidation
external calibrationexternal calibration

spectroscopic and asteroseismic parametersspectroscopic and asteroseismic parameters (Huber et al., 2014, ApJS, 211, 2) (Huber et al., 2014, ApJS, 211, 2)

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

deviation deviation   = value = valueLASPLASP – value – valueHuberHuber            
                                                                          giants                                      dwarfsgiants                                      dwarfs

                              meanmeanstdstdrange        meanrange        mean     std    stdrangerange
TTefef  (K)(K)               

loglogg (dex)       g (dex)       
[Fe/H] (dex)[Fe/H] (dex)

3434 131131 3800 - 53003800 - 5300 55 104104 4000 -70004000 -7000

0.130.13 0.190.19 1.5 – 3.51.5 – 3.5 -0.05-0.05 0.160.16 3.6 – 4.93.6 – 4.9

-0.04-0.04 0.150.15 -1.0 – 0.5-1.0 – 0.5 -0.01-0.01 0.100.10 -0.6 – 0.5-0.6 – 0.5
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LASP 

validationvalidation
external calibrationexternal calibration
internal calibrationinternal calibration

stars with multiple LAMOST observationsstars with multiple LAMOST observations
method of unbiased estimatormethod of unbiased estimator (Xie et al., 2016, PNAS 113, 11431) (Xie et al., 2016, PNAS 113, 11431)

                                                        SNRSNRg g   6      6     SNRSNRgg    50 50
TTefef  (K)(K)               

loglogg (dex)       g (dex)       
[Fe/H] (dex)[Fe/H] (dex)

9191 6868

0.120.12 0.080.08

0.090.09 0.060.06
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LASP 

validationvalidation
external calibrationexternal calibration  

internal calibrationinternal calibration
statistical analysis of stellar parametersstatistical analysis of stellar parameters

mean errorsmean errors
TTefef 2.75%2.75%

logloggg 0.215 dex0.215 dex
[Fe/H][Fe/H] 0.152 dex0.152 dex
vvradrad 18 km/s18 km/s
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LASP 

validationvalidation
external calibrationexternal calibration  

internal calibrationinternal calibration
statistical analysis of stellar parametersstatistical analysis of stellar parameters
comparison with KICcomparison with KIC

conversion relations for giants and dwarfsconversion relations for giants and dwarfs
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future prospectsfuture prospects
similar analysis with inclusion of LAMOST-Kepler data of similar analysis with inclusion of LAMOST-Kepler data of 
second roundsecond round (Pan et al., in preparation) (Pan et al., in preparation)

inclusion of missing starsinclusion of missing stars
main-sequence starsmain-sequence stars

hot (OB-type)hot (OB-type)
cool (M-type)cool (M-type)

white dwarfswhite dwarfs
hot subdwarfshot subdwarfs
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R ~ 7500R ~ 7500

improvement of accuracyimprovement of accuracy
abundances of individual elementsabundances of individual elements

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

Ground-based follow-up for space missionsGround-based follow-up for space missions
ongoing: K2ongoing: K2 (Fu, Smith, et al.) (Fu, Smith, et al.)

future: TESS, PLATO,...future: TESS, PLATO,...
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