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Starsfundamentalparameters

LAMOST Keplerproject round 1
A 101086 spectraacquired between 2011 and 2014 Antonio Frasca
.- (De Catet al. 2015), Anbing Ren,
A T, log g, [Fe/H], and RV derived from 61753 ichard O. Gray 4
- spectreof 51,385stars(Frascat al. 2016). ChrisCorbally
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Thefrequencyof the spectraltypesof 51406 stars for which the

81,171targets,organizedvertically by atmospheric parameters were ; e i e

luminosity clas{Grayet al. 2016). derived with the LAMOST Stellar _ T, (1600 )
Parameterpipeline LASP (Ren et Catet al. (2015)

KIC atmosphericparameters

al. 2016).
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Starsfundamentalparameters

TheKeplerinput Catalogue(KIC) metallicitiesarebiased

mean =-0.04 mean =-0.20

median=-0.03 median=-0.18

mode =-0.06 mode =-0.19
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Metallicity distribution of the sampleof 12000 stars Solid
LAMOST[Fe/H]; dashedKIC[Fe/H] (Dong et al. 2014).

> i

The [Fe/H] distribution of 30,104 starsfor the LAMOST- Kepler
subsamplef starsin common with the Huber et al. (2014) catalog
The metallicities from the KIC catalog are shown with the empty

histogram(Frascat al. 2016). L

*
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Starsfundamentalparameters

LAMOST Keplerproject round 2

A Startedin 2015 when we acquired 97,641 spectraof 86,378 individual stars
(Molenda-t akowiczet al. 2017),

A The missing 14h field and the sparselysampled areaswere scheduledfor
observingin 2016 but they have been postponed for 2017 becauseof bad

: weatherconditions at the Xinglong Observatory

< 29F 28 2 A The LAMOST Keplerround 2 wascompletedin 2017.
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Starsfundamentalparameters

Talk by
RuyuanZhang NASA'S K2 MISSION: WHERE K2 WILL OBSERVE el
i
The search for planets continues today!
May 30, 2014

MILKY WAY GALAXY

LAMOSTobserveshe northern K2 fields
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C16 DDT proposals
Aquarius 7 9 11 2 15 - due Aug 31, 2017

’ Cycle 6 (C17-19) targets
Scorpius W due Oct 12, 2017
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Starsasteroseismology

Types of pulsating stars targeted by

LAMOST:. d Sct chemically peculiar stars,

compact pulsators and many others
Among them therearesolar type stars
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Powerspectrumof KIC2436824. The averagdarge
frequency separation g3, and the frequency of
maximum power, 3., are indicated by arrows
(Stelloetal. 201J).
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A stack of power spectra of nine red giant
pulsators(De Ridderet al. 2009).

Filiz KahramanAlicavus

CerenUlusoy,

Weikai Zong,
Mengqi Jin,
JigYu

Pulsatingred giant star. Warm temperaturesarered
and yellow, while relatively cool temperaturesare
blue and aqua(David Porter, SarahAnderson, and l
Paul Woodward of the University of Minnesota's
Laboratory for Computational Science &
Engineering).



Starsasteroseismology

A Revisedtellarpropertiesfor 197096 KeplertargetsobservedetweenQuarters1d17DR25 (Mathur et al. 2017).

A Thecatalogincludesthe fundamentalparametersdistancesextinctions, radiiand massesf Keplertargets.

LAMOST

*

8000 10000 8000 6000
Teﬂ' (K)

Input surfacegravity and effectivetemperaturefor the full catalog LAMOSTis the largestof the new sourcesof
the input valuegMathur et al. 2017).

Table 4
Output values of the DR25 stellar properties catalog with the updated distances and extinctions.
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: Variable u band sources
A Application of LAMOSTto classificatiorof variableu- bandsources
A 82 u-band variableobjects basedon the u-band photometry datafrom South
Galactic Cap u- band Sky Survey(SCUSSand Sloan Digital Sky Survey(SDSS
(Tian-Wen Caoet al. 2016).

A Themagnitudevariation: largerthan 0.2 mag.

A Limiting magnitudedown to 190 magin u-band
A According to the spectrafrom LAMOST,there are 11quasarsg0 variablestars

and11lunclassifiedargets
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A Thevariablestarsinclude one activeM- type dwarf, sevenHorizontal Branchstars

one giant, one AGBstarandtwo newlydiscoveredRRLyraecandidates

J012240.12-003239.7 J012302.02-024400.3 ]012602,99-000822.5
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J012907.40-033844.3 ]013139,56-025456.2 J013405.10-031012.3

17 18
u_psfmag (mag)

J013515,24-021349.4 J022253.26+033421.1 ]022544,29+012541.7 q q o . .
Diagramof magnitudesversusvariation in u-band Theplussigns

M\\/\‘m (+) representthe standarddeviation (0 ) of magnitude variation.

’ The red dashedine representghe fitting of 3-( errorsby second
J023044.21+025220.0 J023418.41+042322.7 ’ order polynomial. The black dots represent82 u-band variable
objects The dashedinesareselectioncriteria ¥ <19magand Ou >
0.2 mag(Tian-Wen Caoet al. 2016).

8000 4000 -

The quasarsvereidentified by their broad band emissionlines [ CIV] 81549 [CIII]] 21909, Mgll 2800, Ho 24340,
Hi 24861 andHh 26563 Thespectreof 11lvariablequasarsSeverarenewsourceq Tian- Wen Caoet al. 2016).
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Variable uband sources
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Three normalized spectraof one of the RR Lyr stars Theé\ | Thespectraof 10 late ~type or earlyG-type stars The featureof molecule CH (from

bottom paneisshow the Balmerabsorption lines The vertical| | 24295 to 24319 is wide, and shown betweentwo black dashedlines The red lines
black dashedlines show the restframe wavelength of the represenpositionsof other lines(Tian-Wen Caoet al. 2016).

spectrallines The vertical blue dashedine in the right picture
showsthe position of fill -in HU emission(Tian-Wen Caoet al. /’

2016).

a8 fie scientific impact of thg' o/lar astronordy, J 0 a n n -4 akbhock; / hop 1Aug 2017, BrusselBelgium
(A



Openclusters NGC 6866

Bo st etal¢2915 found 31starsin the
; field of NGC 6866 in the LAMOST
4 databasdor which atmosphericparameters
‘ . andradialvelocitiesweremeasured

" * Photometric and astrometric analysiswas
performedfor 1301starswith V <18mag

The CMDsfor the cluster NGC 6866 Black
dots representhe starswith LAMOSTspectra
(Bo steatal20d5).
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Openclusters NGC 6866

The histogram of the membership probabilities estimated for the stars
which arelocatedin a circle with a radiusof 6 arcmin from the center of

NGC6866(B 0 s t i al. 20&5).

Color excesses
V vsB|j VCMD of NGC 6866 for stars E(Uj B)=0.054 + 0.036 mag
which are locatedin a circle of 6 arc min ; =
radiusfrom the center of the cluster Solid E(B] V) =0.07
lines represent the ZAMS. Black dots
denote the most probable cluster stars
Open triangles indicate the stars with
20 25 LAMOSTspectrg B o s t et al 2045).
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Openclusters NGC 6866

KIC

P
(%)

Teyy
(K)

log g
(cgs)

[Fe/H]
(dex)

Vi
(km s—1)

8197761
8264534
8264674
8264698
8264949
8264148
8264581
8264037
8330790
8264617
8265068
8264075
8197368
8330778

00
27
36
61

715377
827083
8232459
7730+£64
772653
69771152
73374113
7244492
766969
T177+139
7570+50
7177152
6622107
72681130

4.02+0.32
3.8710.34
3.8640.32
3.98+0.35
3.8940.34
4.0940.33
3.6640.38
3.97+0.36
4.0540.33
4.1140.32
3.984+0.31
4.11+0.34
4.2440.35
3.9940.47

-0.0440.09
-0.03=0.10
-0.124+0.08
-0.154+0.13
-0.16=0.11
-0.06=0.16

0.6240.10
-0.0440.11
-0.09+0.13
-0.20=0.16
-0.11+0.11
-0.1240.17
-0.08+0.11
-0.09+0.19

-29.12424.47
-6.484+20.51
9.474+20.87
12.92+32.76
11.594-29.85
14.104+22.80
10.254+17.00
5.29+29.05
-22.79432.92
10.90425.28
13.59430.90
10.60+£26.74
4.794£22.63
8.45459.52

Starawith the LAMOSTspectravhich arelocatedin acircle of 6 arcmin radiusfrom
the center of the cluster were usedto derive the mean radial velocity and the
metallicity of the cluster (B o s t atrakt 2015). Six starsout of 14 have the
membership probabilities larger than 50% Using those six starsBo s t aeh al &
(2015) calculatedthe median metallicity and the radial velocity of NGC 6866
[Fe/H] =j 0.10+ 0.13dexandVr=10.58+ 3183kmd !

d (distance)= 118% 75pct (ag9 = 813+ 50 Myr

R,.x (apogalactidist) =9.78 kpc, R, (perigalactiadist) =7.76 kpc

Z.. (maximum verticaldistancefrom the Galacticplané= 160pc.
e (eccentricityof the orbit) =0.12
P,., (galacticperiod) =156Myr
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The Galacticorbital motions (grey dashedlines) of the six
cluster starswith P >50% for which LAMOST spectraare

available,in the X j

Y (@ and X j

Z (b) planes The

¢ | u srearrofit is indicated with a blue line. The black
plus, red circle and green triangle symbols in panel (a)
representthe Galacticcenter, and current locations of the
SunandNGC 6866 respectivelyB o s t etal 2045).
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embers of the Milky Way star clusters

AR S - The LAMOST DR2 catalog contains 4,136482 targets
S : including:

A 3,784 61stars

A 37206 galaxies

A 8,630 QSOs

A 306,185 unknown objects

For 2,207,788 starsthe valuesof T.4, logg, [Fe/H], and
RV havebeenderivedwith LASP

In total, 457 star clusters, including open clusters,
globular clusters,stellar associationsand moving groups,
areincludedin LAMOSTDR2.

Bo Zhang et al. (2015 adopted the Milky Way Star
Cluster(MWSC) catalog (Kharchenkoet al. 2012, 2013)
as the list of target star clusters since it provides
homogeneousparametersof Milky Way star clustersand
iscompletein the volume observedoy LAMOST.

126 124
Bo Zhanget al. (2015)

A sampleclusterNGC 2632 (M 44). Thecircletracedby the green(b/ug solid line representrespectivelythe angularradiusof the core of the cluster
(ro) andthe angularradiusof the clusterand the (r,)) .Eachcircle drawnwith a dashedine hasa radiustwice that of the solid line circle with the same
color. Thered dots indicate UCAC4/Pan- STARRSdatain the circledrawnwith a greendashedine (within 2 r,) and blackdots denote starsobserved
by LAMOST. Thereddotsin the greendashecircleareselectedo highlight the intrinsic stellarlocusof the cluster.

a8 Hfe scientific impact of t /lar astronody, J oanna akmtm,alw,a JAug 2017, BrusseLsBqu’um
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-2
-150 -100 -50 0 50
RV (km s™1)

The kinematic member identification for NGC 2632. The gray and black
dots are starslocated within 2r, of the center of the cluster with and
without CMD selection respectively The candidate members selected
usingthe distribution of RV arerepresentechsred.

Theright panelshowsthe kernel smootheddistribution of [Fe/H] for the
candidategred dots in the bottom panel) smoothed by a Gaussiarkernel
. with a bandwidth of 0.12 dex (typical error). The kinematically selected
candidatemembersshow a significant peakaround the green horizontal
line, which is the metallicity of the clusterfrom the MWSCcatalog (Bo
Zhanget al. 2015).
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RV distribution is the bestdiscriminator of clustermembership
becausdt hasthe smallestrelativemeasurementgerrors

Although [Fe/H] can be used in identification of the
members, it may not significantly improve the performance
sincemost of the open clustershavevery similar metallicity as
the field starsand the measurementerror of 0.1-0.2 dex is
much largerthan the intrinsic dispersion

&
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embers of the Milky Way star clusters

05

e/ H]ywse — (0.11 £ 0.03)

_'_|':| :I_._ -
<250 -200 -150 -100 -50 O 50 100 15 1 -05
RVywse (km s—1) [Fe/H]pwsc (dex)

Bo Zhanget al. (2015) providedalist of clusterswith at leastthree kinematic candidatemembers,which includes21 open clusters;
2 globular clustersand 1 open cluster with nebulosity. They identified 2189 candidate members from the kernel smoothed
distribution of RV and3559from RVz

Thefigure showsa comparisonof RV and[Fe/H] derivedby Bo Zhanget al. (2015) for the clusterwith the literature valuesshows
asystematiooffsetin RV: 0.85km ¢ %, with adispersionof 5.47 kms 1

K

For [Fe/H] the offset and dispersionarej 0.08 dexand 0.13dex The LAMOST [Fe/H] is not consistentwith valuesfrom the
MWSC Thisis possiblydue to both the contributions from contamination of field starsin our candidatemember starsand the
biasedmetallicity estimatedby LASP

3
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Halo starsof the galactic globular clusterM3 and M13

Navin et al. (2016) performeda searchfor membersand extratidal clusterhalo starswithin
andoutside of the tidal radiusof theseclustersin the LAMOSTDataReleasel

trailing tail

Globular clusterdosestarsthrough both internal processeand externalinfluences
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A stellarevolution,
A two-body relaxation,
A tidal disruption,
A dynamicalfriction,
A gravitational shocksdue to passagesloseto the bulge and through the disksof their
host galaxies 230°
ight Ascension (J2000)
Distribution of starsemergingfrom the starcluster
Theexistenceand propertiesof theseextratidalstarscantell us Palomar 5 (white blob). The two long tidal tails
(orange) contain 13 times the massof the cluster
A How aglobular clusterevolvedsinceits formation, and delineate its orbit around the Milky Way

(yellow line). (SloanDigital SkySurveySDS)S

A Helpto understandthe initial propertiesof the Galacticglobular clusterssystem
A Gnedin & Ostriker (1997 concludedthat the surviving population of globular
clusterswasa smallfraction of those originally formed, and that alargefraction

of the stargn the Galacticbulgeandhalo originatedin globular clusters.

’? Palomar 5

A Mackey & Gilmore (2004 ) estimatedthat D100 of the presentMilky Way
globular clusterspopulation wereformed in the Galaxyand calculatedthat at
least50%of the clustershavebeendestroyedoverthe lastHubble time.

A What arethe propertiesof the host galaxy
A Thelost starscontribute to ag a | asteliarfpapulation,
A Thetidal tailsmay be usedastracersof the galacticgravitational potential,
A They can be an indicator of the formation history of the host galaxy(some

globular clustersarebelievedto be partof dwarfgalaxieshat areaccrete
4 e scientific impact of MOnam’y, J 0 a n n-a akbyoct, S ep/eNp 1Aug 2017, BrusseLsBeM’um
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Halo starsof the galacticglobular clustersM3 and M13
Milky Way model stars Navin et al. (201%00 Milky Way model stars
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TheVr histogramsof the starsobservedwithin aradiusof 5°of the clusterécentral positionswith the predictedVr distribution of the Milky
Way model generatedby the Galaxiacode (Sharmaet al. 2011 overplotted asa grayhistogram Theverticaldashedine showsthe GCVr.

M3: 4426 entriesin the DRLCatalogwithin aradiusof 5°of the centralposition of the cluster

A 3879unique stars

A LiteratureV,=j 1476+ 0.2 km s?,
A 50 starsin DR1CataloghaveV, within + 20 of the GCV, andfall insidea radiusof 5°of the GCcentralposition,

M13 8265 entriesin the DRL Catalog within aradiusof 5°of the centralposition of the cluster

A 7355unique stars
A LiteratureV,=j 244.2+ 0.2km s?,
A 6lstarsin DR1CataloghaveV, within * 20 of the GCV, andfall insidearadiusof 5°of the GCcentralposition.

Clustermembersand extratidal halo starsshould sharethe Vr signatureof the GC, propermotions and [Fe/H] werenot
usedto eliminate the candidatemembers

.

SL ep/eNop 1Aug 2017, BrusselsBelgjum
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Halo starsof the galactic globular clustermM3 and M13

Left- hand panel spatialdistribution of DRL Catalogstarsaround M3. Right- hand panel expandedversion
showing the DRL Catalog starsinside the tidal radius Gray crossesshow non-members,and red triangles
denote candidatecluster member starsand candidateextratidal clusterhalo stars The greencrossand solid
circle showthe center position and the tidal radius,respectivelythe dashedcircleis at a 5° radiusfrom the
center position. The black dotted arrow indicatesthe direction of the cluster proper motion, the blue

dashedarrowisthe direction to the Galacticcenter,andthe solid red arrowis the direction perpendicularto
the Galacticplane

Theeight starsoutsidethe adoptedtidal radiusareidentified ascandidateextratidalclusterhalo stars

w
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Declination (degrees)

Declination (degrees)
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1 LK L X | X 1 1 1 1

210 208 206 204 202 200 206.5 206.0 205.5 205.0 204.5
Navin et al. (2016) Right ascension (degrees)
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Halo starsof the galacticglobular clustersM3 and M13

Left- hand panel spatialdistribution of DRL Catalogstarsaround M13. Right- hand panel expandedversion
showing the DRL Catalog starsinside the tidal radius Gray crossesshow non-members,and red triangles
denote candidatecluster member starsand candidateextratidal clusterhalo stars The greencrossand solid
circle showthe centerposition and the tidal radius,respectivelythe dashedcircleis at a 5° radiusfrom the
center position. The black dotted arrow indicatesthe direction of the cluster proper motion, the blue
dashedarrowis the direction to the Galacticcenter,andthe solid red arrowis the direction perpendicularto

the Galacticplane

In this figure thereare12out of 19candidateextratidalclusterhalo stars

(9]
[s2]

Declination (degrees)

Declination (degrees)
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- =

254 252 250 248 251.0 250.5 250.0 249.5 2490
Navinetal. (2016) Right ascension (degrees) Right ascension (degrees)
N -
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Halo starsof the galactic globular clustermM3 and M13

The globular clusterdestruction ratescorrespondingto the observedmassosscalculatedby
Navin et al. (2016) aregenerallysignificantly higherthan theoretical studiespredict

largerthan those calculatedoy Moreno et al. (2014).

This visualization presents a globular cluster
composedof 6,144 stars The width of the frame
representsmore than a hundred trillion miles As
the movie unfolds, the evolution of the clusteris
shown in this time-lapse movie, in which each
secondrepresentghousandsof yearspassingy. As
the starsorbit one other, severalstarsare ejected
from the cluster through close gravitational
encounterswith more massivestars

The starsareshownin a scientificapproximation of
what the human eye would see each star's
brightnessdependsboth on its intrinsic brightness
and on its distanceawayfrom the virtual camera,
while eachstar'scolor is only slightly exaggerated

Thesecalculationswere made with the GRAPE 4,
one of the fastestspecialpurpose supercomputers
in the world, by Simon PortegiesZwart (University
of Amsterdam), FrankSummerg STSgl
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A The estimated destruction rate for M3 is D182 orders of magnitude larger those
calculatedby Gnedin& Ostriker (19973 andMoreno et al. (2014),

A The estimated destruction rate for M13 is D1 order of magnitude larger than the
destruction rates calculatedby Gnedin & Ostriker (1997 but D3 orders of magnitude
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‘ Globular clusteran M31 and M33

Bing- Qiu Chen(2015) presenta catalogof 908 objectstargetedasglobular clusters(GCs) and candidatesobservedwith the LAMOSTin the
vicinity of M31and M33 The purposewasto to build up alarge,systematicspectroscopiclatasetffor GCsand candidatesn this skyarea,and
to searctfor newones

A 3560f them arelikely GCs Theremainingonesare backgroundgalaxies quasarsstars, or H Il regions

A 25 of the GCsarenewdiscoveries
A Thefall at projecteddistancesangingfrom 13to 265kpcfrom M31
A Onebonafide GCislocatednearM33and probablybelongsto M33.
A Onebonafide GCfallson the Giant Streamwith a projecteddistanceof 78 kpcfrom M31
A One GChasa projecteddistanceof about 265 kpcfrom M31andcould be an intergalacticcluster.

Table 2 Positions and Properties of Five Confirmed GCs from the SDSS Sample of Targets

Name RA Dec. X Y R-p g—rnTr-— ¢ lmodel M Vv ipsf — Imodel Vi
(deg) (deg) (kpe) (kpe) (kpe) (mag) (mag) (mag) (mag)  (mag)  (kms™')

LAMOST-1 12.23263 35.56682 —49.75 —60.34 7821 0.77 039 1785 —6.19 1.28 —55
LAMOST-2 24.07521 30.27437 —11.51 -204.43 204.75 0.71 0.33 17.80 —6.18 0.49 175
LAMOST-3¢ 11.18990 43.44303 26.06 14.11 29.63 058 0.28 1697 -7.05 1.09 ~-424
LAMOST-4% 9.03580 39.29165 —31.37 —2.75 3149 056 026 17.12 —6.89 1.18 —230
P LAMOST-5¢ 14.73496 42.46061 38.06 -21.18 4356 055 0.27 1554 844 1.04 —144

@ Identified previously by Huxor et al. (2014) as ‘PAndAS-36’ in their Table 1.

b Identified previously by di Tullio Zinn & Zinn (2014) as ‘D’ in their Table 1.
¢ Identified previously by Huxor et al. (2014) as ‘PAndAS-46 in their Table 1.

-
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Globular clusteran and M33
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Thumbnailsof SDS8 | b aimagesof the five GCs Eachthumbnail isabout 1% 0.7Np
size North isup andeastisto the left.

LAMOST spectraof the five new GCs The observedand
model spectraareplotted in blackandblue, respectively
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Globular clusteran M31 and M33

_I—I—I—I_—I__I—l—l—l—l—l—l__l_

4 2 0
Bing Qiu Chen(2016) A

Spatialdistribution of the studied sampleof star clustersin M31 The large
blackellipseshowthe location of the LAMOSTspectroscopi@latesobserved
sinceJune2014.

Thegreenstarmarksthe centralpositionsof M31

Thegreenellipserepresentshe optical disk of M31of radius /R = 95.¢3 with
aninclination anglei = 77°andaposition angleP.A. = 38".

vand' are respectivelyRA. anddecl offsetsrelativeto the optical centerof
M31(R.A.=00 "42m44s30; DEC=+41°160906 0 )

Bing- Qiu Chen(2016) providesmetallicities agesand massesor
306 massivestarclusterdistedby Bing- Qiu Chen(2015).

A Ages range from severalmillion yearsto the age of the
Universe

A Numbers of clusters younger and older than 1 Gyr are,
respectively46 and 260.

A A precisionof better than 2 Gyr hasbeen achievedfor most
clusters

A Metallicities yielded by full spectralfitting have a precision
betterthan DO.1dex

A Cluster massesrange from ~10® to ~10” M,, peaking at
~10*2 and ~ 10>’ M; for young (<L Gyr) and old (>1 Gyr)
clustersrespectively

a Hfe scientific impact of anamy J 0 a n n-a akbyoct, C ep/eMap 1Aug 2017, BrusselsBelgium
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Globular clusteran M31 and M33

A The most interesting caseis LAMOST-1, a newly
identified GC with LAMOST (Bing-Qiu Chen
2015).

A It fallson the Giant StellarStreamand hasaradial
velocity suggesting its association with the
Stream

A Bing- Qiu Chen( 2016) find a value of metallicity
[Fe/H] =j 0.4 dexandanageof 9.2 Gyr.

A LAMOST1 is the most metaldrich among the
° distantclustersin their sample
L

E A The metallicity and age derived of LAMOST1
SEe suggestthat it probably formed in an earlybtype
o and relatively massive dwarf galaxy, of mass
[ V] comparableto that of the LargeMagellanicCloud

or the Sagittariug Sgy dwarfspheroidal

Bing- Qiu Chen(2016) ot 0 T

Masse®stimatedfor M31star clusters v.s agesof the clusters The vertical dashedine at

agel Gyr separatethe young andold clusters A histogram of masse®f all clustersis also

plotted on the right. Black,red, and greenlinesgive, respectivelythe massdistributions of
’ all, young, andold clustersBing- Qiu Chen(2016).
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Ioblar Iusters'n M31 and M33

4C§ f 7 Ages plotted againstmetallicity for M31 clusters
30E 3 and the respective histograms red (46 young
z I clustery and blue (260 old cluster. The black
20F E histogramshowsthe distribution of all clusters
‘7 ﬂ ; Theold clustershavea peakat [Fe/H] =] 0.7 dex
R R e e et BN R RRARaEaaEl More metaldrich than the peak value of Galactic
S gﬁwq; o ﬁi i % ﬁtﬁ A i GCs Young clustershave metallicities comparable
1@"?@ RIS S i i@ﬁﬁ g to the Sun
R i g TR R S T
o+ B o amnry S (RS _ﬁﬁ o
- T f+++"¥+ f T+ ] The pink dashed line delineates agémetallicity
C \+ + ++ ] relation of (accreted) GalacticGCsassociatedwvith
i \+ o the Sgrand CMa dwarf galaxiesfrom Forbes &
Sr v ety Bridges(2010). The blue line is the samerelation
o S I but shiftedby 4 Gyr. Bing- Qiu Chen(2016).
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Globular clusteran M31 and M33

This group has the oldest ages and
metallicities poorer than ~ -0.7 dex
with no agémetallicity relation. They
were probably formed in situ in the
halo in the early epoch of M31with a
rapidprocess

This group has metallicities poorer
than Dj 0.7 dex but showsa clear
agdmetallicity relation, The young
clustersare more metaldrich than the
old ones They probably come from
disrupted dwarf galaxiesaccreted by
M31in the past M31 may havebeen
subjectedto substantialmergerevents
more recentlythan the MW .
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Thisgroup hasmetallicitiesricherthan
~-0.7 dex and spansa wide range of
ages A significant fraction of them
have ages about 839 Gyr and are
mainly found in the disk of M31
Theseclustersmight alsoform in situ

in the disk of M31, but at an epoch
much later than those

halo.
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‘Stellar intrinsic colors in the infrared

)| Stellarintrinsic color (the color indeX) is a
y fundamental parameter associatedwith the

propertiesof the stellaratmosphere The color

indicesrevealthe information about spectral
il energy distribution and can be used to

il estimatethe extinction law.

Dueto numerous molecularabsorptionbands
; - : . . 3l in the infrared, theoretical determination of
| ] | APOGEE | stellar color indexes suffers different
: ] 10x10°F il uncertainties Therefore Mingjie Jian et al.
| ]

|

|

|

8000 F

8.0x10° [ il (2017) derived the color indices in the

6000; 6.0x10° | il popularly used infrared bands used by the
4000 | N il Two Micron All - SkySurvey/JHKSWide- field
: 4.0x10° 8 Infrared Survey Explorer, Spitzer/IRAC, and
2000 1 2.0x10° sl AKARI/SOW filters based on spectroscopic

0 . , , surveyshy LAMOST, RAVE,and APOGEE

10000 4x10°*

8000 | A
r 3x10 :
6000 | :

: 2x10* f
4000 | :

‘1><104;

2000 |

IS S S T I S T T T T T [T T T B Y SR A1 Og_lnwnn |w||||w|||||w||||w||||w|E
0 1 2 3 4 5 20 -15 -0 05 00 05

log g Mingjie Jianet al. (2017) [Fe/H]

Distribution of log gand[Fe/H] from spectroscopisurveysBrown dashedinesarebordersusedto
separatelwarfand giant stars TheLAMOSTsampleisthe largest

—
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Stellar intrinsic colors In the infrared

§ + fedoring Pots ¥ Left Colord 75 diagramsof dwarf starsfrom the LAMOST
LBE — Fiting Curve  F 110 survey Gray/black points indicate stars that passeddata
0.8 + J0.8 quality control, blue crossesindicate the selected zero-
T 0.6F + -o.ef reddening stars The red line is the fitting curve The stars
0.4k EF under the dashedine in the J- W, diagramis adoptedfor a
Giok EPPRN linearfitting .
1.2F+ = : ; M : i : EusiFI To determine the intrinsic color indexes Mingjie Jian et al.
1.0k J1.0 (2017) usedthe method of Ducati et al. (2001) assuming
0.8k jos that the bluest star for a given spectraltype hasthe smallest
2 ael 0B !nterstellar ext_mct_lon. If the sampleincludes starswith no
N g IS interstellar extinction, the observedcolor of the bluest staris
0.4¢ ERAM equivalentto the intrinsic color of the giventype.
0.2 — —— 40.2
1.8 B . : : s : ; ; oo .5 With these discrete intrinsic color indexes determined a
3 : - e third- order polynomial function of the intrinsic color index
10¢ FONL - S~ R (C,.°) betweenbandsal and a2 is fitted to the effective
08 . - LI temperature( 7oq):
" oaf R % Jo4 Gul = a0+ 3T + & Ten? + @3 Tegs
0.2¢ I ' ERCI The resultfrom LAMOSTis recommendedfor the dwarf stars
1.4 Freee : | o S | : : peerd 4 4 becauseAPOGEElacksa good sampleof dwarfsand RAVE
gk 1 [P coversasmallerrangeof 7. than LAMOST.
_o7f Jo7 V
- 05f o5 2
7 0a3f s A Jo3
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Active stars

Pt LAMOST- Keplerproject round 1

BacpSw ey VL ]

A Detection of 547 starswhich showHU in missionor filled in,

A 442 GKM starsclassifiedas chromosphericallyactive from the
fluxdflux relationshipbetweenHUand Call IRT,

A Discoveryof anaccréting starKIC 8749284 (K1V).

Boundary ~ between KIC 8749284 (K1V) &
chromosphenc_ emission the only star in the
(below the line) and domain of accerting
accretion as derived by objects

Frascat al. (2015).

log(Fye [erg cm™s7'])

Frascat al. (2016)

4000 5000 7000 4000 5000 6000 7000
Teff (KJ Teff (KJ
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8500 500 2000 4000

The index dSfor eachof thesestarsis calculatedby the difference
betweenits S« valueand the baselinedeterminedfrom veryinactive
stars Theblue filled circlesrepresenthe most inactive 5%of starsin
eachbin. The magentaline is the baselinefor 6i naet ahye 6
fitting thesepoints with a fourth order polynomial. Botftom: dSvs

Tefffor the sampleanalysedy Jing-Kun Zhao et al. 2015. o

a8 fie scientific impact of t
‘

Active dars

/lar astronomdy, J 0 a n n 4 akbyock,

Talksby

YutaNotsu,

Li- Ching Huang

Measurementf the chromosphericactivity index S« (the ratio of the
flux in the core of the Call H&K linesto the nearby continuum) for
11995F, G andK starsfrom LAMOST DRI hasbeen carriedout with
the aim of investigating the chromosphericactivity distribution asa
function of T4, [Fe/H] andkinematicsby Jing- Kun Zhao et al. 2015.

CallH&K emissionis a useful marker of the chromosphericactivity in
lower main sequencestars That activity is widely used as an age
indicator for solar type stars In late F to early M stars the Call H&K
emission,magnetic field strength and rotation all decayasthe inverse
squareroot of stellarage However, the viability of this age indicator
can be limited to starsyounger than about 15 Gyr (Paceet al. 2009 ;
Pace2013).
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Active dars

Resultof the analysiof LAMOSTDRL stars

A No evident relation betweenchromosphericactivity and

metallicity among G stars

A Some F stars seem to have stronger chromospheric

activity, perhapsdecausef their lower metallicity.
A Only starswith T4 <5500 K showa correlation with Z.
Active starslie closerto the Galacticplaneand they tend

to haverelativelysmallerUVW velocity.

A In two open clusters M45 and M67, young starsand old

starscanbe statisticallydiscernecby using chromospheric

ThedSdistribution of the sampleanalyzedby Jing- Kun Zhao et al. overplotted activity.
by dSmeasuredn two open clustersM45 (Pleiadesage of D130 Myr) andM67
(ageD 4.05 Gyr). Greendiamonds representthe member starsof M45. The
solid greenline is the leastsquaredit with a fourth order polynomial. Thered
diamondsarethe member starsof M67 and the red solid line is a similar fit for
M67 (Jing- Kun Zhaoet al. 2015).
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Active dars spots on304 Pleiades candidate members

-0.3
6500 6000 5500 5000 4500 4000
Teri (K)

Measurementf EWY,, and TiO2n and their correspondingdeviations(D EW{,, and DTiO,n) to the mean valuesfor entire samplestarsare shownin
left andright panel,respectivelyBlacksolid lines showthe meanrelationsfor inactive counterparts In the upperleft panel,upper3.5s and lower 4s to
mean EWY,, areshownin greendashedines(Xiang- SongFanget al. 2016).

A EW,, measuredor the Pleiadesnembersindicatethat they arechromosphericallyactive

A The DTiO,n measurementsshow that the active starsand Pleiadescandidate members are found to have deeperTiO2 absorption
compareto their inactivecounterparts,indicating the presencef cool spots

A TiO absorption featuresappearin the spectraof activestars,evenhotter starslike G- and early K- type stars,indicating the presenceof
cool starspotson their photospheres :

|

A The spot coverageof G-type membersare generallylessthan 30% while a large fraction of K- and M-type membersappearto be
coveredby verylargecool spotswith filling factorsoverthe rangeof 30% 50%

A Fasterrotating G- and K- type starsarecoveredby largerspots

A Largespotcoveragefiasbeendetectedin many M type membersshowingno or little light variation.
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F{aring M-type dwarfs in the Kepler field

Stellarflares are explosive events becauséhefsuddenrelease of a large amount
of energy in a shortime interval.

M dwarfs @M stars) are knowrto havefrequent flares(especially théate- type M
starsi.e., M33M9).
A Scientificinterests
A it is stilluncertainwhetherthe generation mechanism is similar to that
of solarflares
A relevantto the issueof exoplanetary habitability
A Difficulties: limitations in time coverage andample.
A Remedy long time- series obtained with th&eplersatellite

Classificatiorof flareson dM stars:
A simple flaresgharacterized by a singgeak the time evolution of single peak
events can be further divided into three phases:
A impulsiverise
A impulsive decay
A andgradual decay
A complex flareswith multiple peaks.

Thismorphology istypicalto solarflares, which are generated biye conversion
of magnetic energyto plasmekinetic energy.Thatmeansthat the flare activityof
M stars can be correlated with the level dfiromosphericemission

e
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Artist's View of Dwarf Flare Star

NASA, ESA, and G. Bacon (STScl) » STS¢l-PRC11-02

Do dM stars with high Ha
emissionbrightness produce
strong flare activity?
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Flaring M-type dwarfs in the Kepler field

H.-Y. Changet al. (2017) identified 54 M0 dM3 dwarfswhich have the Kepler
light curves and have beeghe LAMOSTdM startargets

KID_5791720 - M3

.
KID_8507979 - M3 ’(J. ,J'h‘ﬁ//%m ﬂ
WW

'1
KID 11495571 - M3 ’/“ . A/h;/ﬂ%/»]
AN
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Wavelength A Equivalent width Ha:
The LAMOST spectraof four M dwarfsobservedby Keplet The A histogram of the number distributi&n of the 54 M dwarfsasa
Ha line at 65628 A isindicatedwith the verticalline. KIC5791720 function of Ha EW. The emissionEW hasa positive value, and
and KIC8507979 showemissionin the linesHb at 4861A andHg the absorptionEW hasa negativevalue(H.- Y. Changet al. 2017).
at4341A canbeclearlyidentified (H.- Y. Changet al. 2017).
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Flaring M-type dwarfs in the Kepler field
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Thelight curvesof four dM stars Flarescan be found at different phaseof A time profile of a super (or hyper) flare of KIC 5791720with the
the periodic modulations of the light curvesproducedby star spots(H.-Y. peakflux reachingalmostthe samelevel asthe stellarluminosity of this
Changet al. 2017). M3 star. Thetwo red dashedinesindicate the time interval for the flare
energycalculation(H.- Y. Changet al. 2017).
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Flaring M-type dwarfs in the Kepler field

(a) Period vs. maximum flare amplitude (a) Ha vs. maximum flare amplitude

o
u

coefficients =—0.121x* +1.07x

o
o

v
-
5
5
£
]
v
L
@
x
@
£
A
v

Log (A F/ <F>)max flare amplitude

10 20 30 40

Period (days) 20 30

Period (days)
H.-Y. Changet al.(2017)

A Thereisan apparenicutoff at PD20 daysfor flareswith largeamplitude (>3%) to appear
A M dwarfswith strong chromosphericemissionin Ha havelargeflareactivity.

A A highermagneticactivity is detectedin faster rotating M dwarfs(rotation periods<20 days.
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Superflaresn solartype stars

A Superflarearedefinedasflareswith energiegangingfrom 10%3to 10%8 erg

A Kepler observations 365 superflareson 148 solartype stars (Maeharaet al. 2012) and 1,547
superflare®n 279 G- type stars(Shibayamaet al. 2013). »

A Karoff et al. (2016) usedLAMOSTto showthat superflarestarsare generallycharacterizedy larger

chromosphericemissionghan other starsincluding the Sun

2
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Superflaresn solar type stars

Superflareson solar like starsmay result from at leastthree

The Sun — All stars different mechanisms apart from coronal magnetic
: reconnection

Stars with flares A sta®star interactions (a RSCVn-type stalstar interaction
isunlikely)

A staBdiskinteractions (difficult to evaluate,
A sta®planet interactions (none of the superflarestarsare
known to host hot Jupiter9
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The study of Karoff et al. (2016) provides observational
support for the coronal magnetic reconnection hypothesis
The coronal magnetic reconnection hypothesis can explain

- L : —_— the observationsviathe notion that superflaresnd solarflares
0.0 0.1 0.2 0.3 0.4 0.5 0.6 sharethe sameorigin.

S index Karoff et al.(2016)

Superflaresmainly take placeon starswith activity levelslarger

Histogramsof the activity distribution of solar like stars(main-sequence thanthe Sun
starswith Tz between5,100 and 6,000 K) in black comparedwith those A 11500ut of 1547 superflaresccurredon fastrotating stars
of thesestarsthat showsuperflaresn their Keplerlight- curve in red. (Shibayamat al. 2013)

A Studiesof 14C in Japaneséree rings indicate that the Sun
hosted a superflarewith an energy larger than 10% erg in
AD 775andAD 993 (Miyakeet al. 2012, 2013). ' -

The blue shadedregion marksthe rangeof the Sindex of the Sunbetween
solarcycleminima and maxima

The two distributions are different at a 6s level clearly showing that the -~
superflarestarsgenerallyhavehigher activity levelsthan averagesolar like '
stars The green curve showsthe distribution of superflarestarswith total
energiedargerthan 2 1034 erg.

T e
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Solarsuperflaresn 775 and 9947?

N Nl Radiocarbon'“C is producedin the E a r fatimdspghereby nuclearinteractions with
\ M galacticcosmicrays,most of which are chargedparticles The flux of cosmicraysis
modulated by the solarmagneticactivity andthe geomagneticfield.

Radiocarbonoxidizesin the atmosphereto form 4CO, and is taken up by treesasa
partof the global carboncycle

‘ | As 11C is aradioisotopewith a half-life of 5,730 years,the 1“C content in tree rings
o], {hleonl} 0 provides a record of cosmic ray intensity and solar activity over a few tens of

e— : : millennia.

Thelargesolarproton eventscan producealargenumber of cosmicraysall at once.

Then, if such events have occurred in the past, the 14C content in tree rings is

# possibleto recordthe rapidincreasalueto the events (from Miyake et al. 2013).

LRD-Moudon 201
& Tres A Our data AD ‘775
Timber from the Holy Crosschapelof the O Tree B INIGKHI00 :
convent St John the Baptistin Val Miistair,
Switzerland Wackeret al. 2014).

P

Year A ear AD

Theconcentration of 14C is expressedsqd4C, which s the deviation (in A) of the 14C/*C ratio of
asamplewith respecto modern carbon(Miyake et al. 2012, 2013).
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Emission line stars

A catalogueof early-type emission line starsand HU line profiles(Wen Hou et al. 2016, RAA, 16 139.

11204 spectraor 10,436 early-type emission line starsfrom LAMOSTDR2 (9,752 newdiscoveriep

The spatialdistribution of the sampleobservedwith LAMOST. The blue and red points represent 200,000 O, B,A
starsand 11204 earlybtype H emission line starsrespectively Thesetwo samplesare concentratedin the region of
GalacticAnti dcentredueto the observationaktrategy Thecyanboxesrepresentll regions
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