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Overview

Late-typestars

How to nd them?

Infraredcolours
Variablility
Chemistry

MSX / 2MASS (Galaxy/ MCs)
Micro-lensingsuneys (GB / MCs)
Narrov-band lter suneys (LG)
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EvolutionaryPhases
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Late-type stars

All stars=7-8M gothroughthe AGB phase

AlternateH andHe shell-lurning

ExactM! S! Csequences uncertain

Dependsn:

-Initial mass
-metallicity
-masgoss
-dredge-up

-Hot Bottom Burning

C-starformation:
WA s >1.5M (Solar),> 1.3M (LMC)
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Late-type stars

Carbonstars(C/O 1)

N-type

“Infrared carbonstars”

R-type

CH-type

carbondwarfs (pollution by present-dayVD)

S-stard0.95< C/O<1)
“Intrinsic”
“extrinsic” (pollution by present-dayVvD)
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Late-type stars

Oxygen-richstars(C/O = 0.95)

Giantsof spectrakypeM, MS

OH/IR stars

Bariumstars(pollution by present-dayVD)
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HOw to Iaentity late-type stars 7

Low effective temperatures masdossrate

Infra-redbroadbanghotometry
Disadantage:

Candidate®nly,
(J K) colouris oftenusedasdiscriminantM/C

Advantage:
Veryredcolourstracesdifferentpopulation

MSX / 2MASS
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MSX

MidcourseSpaceExperiment(SPIRIT111)

LMC (Eganetal. 2001):A (8.3 m) 0.05Jy,
1806! 16642MASS
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MSX

Emn et a-I ] 2001 Cancun 18 April 2005—p.9/43



MSX

MidcourseSpaceExperiment(SPIRIT111)

LMC (Eganetal. 2001):A (8.3 m) 0.05Jy,
1806! 16642MASS

GalacticPlane(j bj< 5°), 320000

Lumsdenretal. (2002;MYSO):
14900MSX AD E, 9000alsolRAS 12 m
also2MASS + Gezarietal. compilation

Ortiz et al.
correlateo
C-starawit

(2005):
catalogsof KNOWN OH/IR,

n CO obsenations,post-AGB, PNe

AND 2MASS:4000bjects
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Youngstars:

HAe/Be=x

MYSO=+

compact
Hil=0

Known
spectral

type:

C-stars=
OH/IR =+
PNe="*
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Youngstars:

HAe/Be=x

MYSO=+

compact
Hil=0

LRS:

4n =
2Nn=+
3n=X
PAH =*
other=.
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2 Micr on All-Sky Survey

FHLC stars:

Liebertetal. (2000),Mauronetal. (2004;2IDR).
Selectionbasedon known C-starsatj bj> 3C°.
Mauronetal.: 200 best'candidate$ 97 spectra
Il 30C-starg(1 known, 1 Fornax,1 Sculptor)

8 have PM. Arguefor N-type, not C-dwarfs
8-80kpc, 50%r relatedto Sgrstream

Cole& Weinbeg (2002)
J K > 2. Arguefor IR C-starscontamination

M-SG, OH/IR
MK — f(J K)
Agebar: likely' < 3 Gyr
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2MASS

Galaxy Cole& Weinbeg (2002)
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LMC. Nikolaer & Weinbeg 2000,2001
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2MASS

Nsre fga 2 Region boundaries DominantSpectralTypes
A 6659 0:15 11< K < 1475, K < 0:2 B-A I-1l, O3-06V
B 77204 0:80 55< K < 135,02<J K <05 F-KV
C 62713 0:80 5< K <135,05<J K<08 KV, KIII
D 440472 0:45 135 K <14.750.< J K <1.2 K-M Il ,F-MV
E 166263 0:05 12< K < 135,0:9<J K<1:2 M lll, RGB, early-AGB , M V
F 22134 O 10:5< K < 12,1<J K<13 M, MS
G 1438 O 8< K<105,1:2<J K<15 M, MS, O-rich LPVs
H 2450 0:05 /< K< 11,1<J K<13 M I-ll, RSG
| 21986 0:55 11< K<13,0:75<J K<1 K-M [-1l ,K-M V, M Il
J 8229 O 9.5<K<115,1:4<) K <2 C 1l
K 2212 O 9<K<13,2<J K <5 C lll, dust-enshoudedAGB stars
L 8940 0:.01 125K <14.75,1.2<J K <25 M lateV

aFractionof Galacticsourcesstimatedrom syntheticW92 model
bBasedonJ K colorandW92; LMC populationsn boldface
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2MASS

LMC 2MASSMarigoetal. 2003 Cancunzs Aot 2005 p 1743



2MASS

LMC simulationsMarigo etal. 2003
Role of molecularopacities. CancundB Apil 2005~ p15ie3



2MASS

Cioni & Habing2003. Metallicity Spreadf 0.75dex.
SMC;NGC6822in Cioni & Habing(2005)
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HOw to Iaentity late-type stars 7

Pulsationalvariables:Mira / SR/ Irr
Variabllity

Disadwantage:
No M/S/C discrimination
Observingime demanding

Advantage:
P L -relation
Distanceestimates

micro-lensingsureys
variability surneys
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Miras / LPVs In MCs

Woodetal. 1999, Wood 2000

(0.25 2 LMC-bar; 1430redvariables;
MACHO + IR)
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Wood (2000)
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History

Woodetal. 1999, Wood 2000

Cionietal. 2001
(0.5 2LMC-OC; 240M+SR; EROS+ DENIS)

Nodaetal. 2002
(14 ?LMC; 146LPV; MOA + DENIS)

Lebzelteretal. 2002
(0.25 2 LMC-bar;470redvariables;
AGAPEROS+ DENIS)

Cioni etal. 2003
(0.25 ?1SO-sampleSMC-bar
458redvariablesMACHO + DENIS/2MASS)
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History

Ita etal. 2003
(1.0 % SMC-centre; 1800redvariables;
OGLE + SIRIUS)

Kiss & Bedding2003
( 23000redvariablesMC,;
OGLE + 2MASSwithd K > 0:9)

Groenavegen(2004)
SMC+LMC; OGLE + 2MASS/DENIS
(2277spectroscopicallgon rmed M,S,C-stars)

Fraseretal. (2005)
(22000LMC MACHO + 2MASS)

Raimondoetal. (2005)
(1000known C-staran SMC; MACHO +
2 MAS S/D E N I S) Cancun 18 April 2005 p.24/43



Ita etal. (2003)
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Fraseretal. 2005
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0.00 <= Amp < 0.03 0.08 <= Amp < 0.15

T T T T ‘ T T T T
0.15 <= Amp < 0.45 o A 0.45 <= Amp < 9.99

LMC LPVsfrom Groenevegen(2004)
PL (K )-relationfor differentcutsin amplitudes
Known C/M-starsin lled/open symbols
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LPVs in the Galactic Bulge

Alard etal. (2001)
MACHO, 332ISOGAL sourcesn NGC 6522
andSgrl Baadesvindows (V; R and[7],[15])

Schultheis& Glass(2001)
extendedAlard etal. by DENIS and2MASS.

Glass& Schultheig2002)
174 M-giantsin NGC 6522Baadesvindow;
MACHO; DENIS + ISOGAL

Glass& Schultheig2003)
MACHO, NGC 6522Baadesvindow, DENIS.
10850f 1661starsarevariable.

Wray etal. (2004)13 000smallamplitudered
glantsvariablesn a sub-sebf 33 OGLE elds.

Groenevegen& Blommaert(2005)  carcuneapil 2005-p2sia3



LPVs in the Galactic Bulge

Groengvegen& Blommaert(2005)

2691 Mirasin 49 OGLE elds:
mk = ( 337 0:.09)logP + (1547

Viewing angleof theBar: 43 17de&g

DistanceGC: 8.6- 9.0kpc

0:03)

rees

Perioddistribution at variousb indicate

differencesn population
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Theoreticaperioddistribution of optically visible starsinsidethe
obsenredinstability strip for massed.1,1.2,1.5,2.0(1.2 Gyr),
2.5,3.0M (200Myr) (left to right, top to bottom) CancunteApril 2005-p31i43



Redvariablesin the Galaxy

CIOAVAS
AAVSO, AFOEV

ASAS (All Sky AutomatedSurwey)
http://sirius.astrouvedu.pl/ gp/asas/

< +28° 3yearsV = 5 14 1510° stars
40 000variables2500Miras

NSVS (NorthernSky Variability Surney)
http://skydot.lanl.ga/

> 38, 1yr,V =10-15.5,10’ stars
Wozniaketal. (2004):8600evolvedstars
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HOw to Iaentity late-type stars 7

Chemicalpeculiarities

Narrov-band lters

Richeretal. (1984);Aaronsonetal. (1984)
broad-band/,R,I + narrov-band7800,8100

adwantagespectroscopiaenti cation
disadantage foregroundM-stars

Speci C surneys
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Spectra of AGB stars with different chemistry
+ Wing-type narrow-band filters

Nowotny & Kerschbaum =
2002, Hvar Obs. Bull. 26, 63 TiO-Filter
778 nm

CN-Filter

——  Fluks: intrinsic M5 1|
van Eck: Henl101
van Eck: Henl135
Schultheis: C3.2 11l
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Synthetic Photometry
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Recentnarr ow-band surveys

Battinelli/Demers/Ledrte:

NGC 205(525),NGC 3109(446),WLM (149)
NGC 147(288),NGC 185(145),1C10 (676)

Nowotny etal. (2003):NGC 147(146),
NGC 185(154)
Kerschbaunetal. (2004): And 11 (7)

Harbecketal. (2004):NGC 147 (155),
CetusDSph(1), And 111 (0), Vv (0), vI (1), VII (3)
Harbecketal. (2005):And X (17?)

Rowe etal. (2005):M33 (7900)
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Demersetal. (2003)for NGC 205
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Rowe etal. (2005)for M33
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Rowe etal. (2005)for M33
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Theory

Mouhcine& Lancon(2003)

Evolutionarypopulationsynthesisnodels,
Including chemicalevolution.

Semi-analyticatreatmen®f thethird dredge-up,
with ef ciency parametersetto valuesthat t
the LMC carbonstarLF.

Assumetypical SFRscharacteristiof Sa,Sbh, Sc
andlrr typegalaxies.

( Sa= solid ; dashed=Sb; dot-dash= Sc; dot=Irr )
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Mouhcine& Lancon(2003)
[datapointsfrom Groenevegen(1999)!]
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Conclusions

Narrov-bandsuney very powerfull
Quantitatve theoreticalnterpretations lacking

-Dredge-upasa functionof metallicity
-Mass-lossasa functionof metallicity

Micro-lensingsuneys have hada hugeimpacton
variablestarresearch

ASAS/NSVScouldgive completepictureof
solarneighbourhood

2MASS.:
- Galactic/MC Structure
- IR photometryfor Miras (Cepheids)
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THE END
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