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E l t i t ll l tiE l t i t ll l tiEarly stages in stellar evolutionEarly stages in stellar evolution
• L15 – General Overview / Pre‐collapse phase I• L15  General Overview / Pre‐collapse phase I

• L16 – Pre‐collapse phase II
L17 C ll h I• L17 – Collapse phase I

• L18 – Collapse phase II
• L19 – Circumstellar disks I

• L20 – Pre‐main‐sequence evolution

• L21 – Circumstellar disks II – debris disks



Observational signs of youthObservational signs of youthObservational signs of youthObservational signs of youth

• Elevated position in H‐R diagrame ated pos t o d ag a
• Atmospheric lithium abundance
• Active chromosphere (X‐ray, emission lines)Active chromosphere (X ray, emission lines)
‐ Variability

• Accretion signature (Hα, veiling…)g ( , g )
• Circumstellar material (IR excess)
• Fast rotator
• By association with other young stars
• Proximity to molecular cloudsProximity to molecular clouds



PMS classificationPMS classification

Schulz (2006)



Adapted from van Zadelhoff 2002, PhD thesis



D
ottter  et al. 2007



ColourColour‐‐magnitude diagrammagnitude diagram

Zuckerman & Song (2004)



Accretion/activityAccretion/activity (2MASS1207)(2MASS1207)



Activity: HActivity: Hαα

Zuckerman & Song (2004)



Activity: XActivity: X‐‐raysrays

Zuckerman & Song (2004)



Lithium burningLithium burningLithium burningLithium burning

Temperature sensitive: ~ 2 5 million K requiredTemperature sensitive: ~ 2.5 million K required



LithiumLithium

Zuckerman & Song (2004)





H iti i tH iti i tHow sensitive is star How sensitive is star 
formation to environment?formation to environment?

Diagnostics:g

• Mass function (stars/BDs?)

• Multiplicity (fraction of multiples?• Multiplicity (fraction of multiples? 
Configurations?)



MultiplicityMultiplicityMultiplicityMultiplicity



Optical binariesOptical binariesOptical binariesOptical binaries



Optical triplesOptical triples



DoubleDouble‐‐lined spectroscopic binarylined spectroscopic binaryDoubleDouble lined spectroscopic binarylined spectroscopic binary

Epoch 1 Epoch 2



Spectroscopic binariesSpectroscopic binaries
SB2SB2 SB2SB2

SB1SB1SB2SB2

RRucinski et aal.



Spectroscopic binary simulatorSpectroscopic binary simulator
http://instruct1.cit.cornell.edu/courses/astro101/java/binary/binary.htm



SensitivitySensitivity

• Adaptive optics: a > 40 mas (6 AU @ 150 pc)p p ( @ p )

• Interferometry: a > 3 mas (0.5 AU @ 150 pc)

• Spectroscopic binary: P < 5 yr (3 AU for 1 Msol)



Binary benefitsBinary benefits

• Calibrators of PMS evolution models
– Caveat: models assume single star – binary 
formation might be different

• Independent distance estimate (for angularly 
resolved spectroscopic binaries)p p )



MainMain‐‐sequence starssequence starsqq

30 AU30 AU

Duqennoy & Mayor  (1991)



Multiplicity fraction as a function of massMultiplicity fraction as a function of mass



Multiplicity fraction as a function of ageMultiplicity fraction as a function of age

Credit:  G. Duchêne


