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Pre Main Sequence: stellar childhood!
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Accretion from circumstellar disc!



Accretion from circumstellar disc!

UV continuum excess!

excess line emission!



Accretion from circumstellar disc!

!  UV and optical continuum excess, from which Lacc can be derived!

!  Strong emission lines in infalling gas (e.g. review by Calvet et al. 2000) 
!Log (Lacc) =   Log (LH!) + (1.72 ± 0.47)  
!Log (Lacc) =  (1.03 ± 0.16)  Log (LPa") + (2.8 ± 0.58)!
!Log (Lacc) =  (1.20 ± 0.21)  Log (LBr#) + (4.16 ± 0.86)!

!  All methods require spectroscopy, very laborious, hence only a few 
    hundred objects currently have measured Lacc and mass accretion rate!

!  All regions studied so far are nearby, have low mass, few stars, loose  
    environment, no massive stars, all with solar metallicity  

!  Conditions not representative of massive starburst clusters!



How about other environments?!

!  Most stars in the Universe formed at redshift z~2, when metallicity was  
    lower, 1/10 – 1/3 solar, like in the nearby Magellanic Clouds, but …!

!  Spectroscopy of individual stars in MCs hampered by crowding,  
    VLT/Flames observations attempted, but limit is angular resolution!

!  New simple method combines broad- (V, I) and narrow-band (H! ) 
    photometry and allows us to:  
!   identify all objects with H! excess emission!
!   derive their accretion luminosity and mass accretion rates!
!   for hundreds of stars simultaneously!   

       (De Marchi, Panagia & Romaniello 2010, ApJ, 715, 1  
        De Marchi, Panagia, Romaniello et al. 2011, ApJ, 740, 11  
        Spezzi, De Marchi, Panagia et al. 2011, MNRAS, submitted)!



H! photometry!

SMC  
(NGC 346)!

LMC  
(SN 1987A)!

9,300 K     5,000 K    3,500 K! 9,300 K    5,000 K    3,500 K!

De Marchi, Panagia & Romaniello 2010!         De Marchi et al. 2011a; 2011b!

gives L(H!) !

(      )0! (      )0!

(  
   

    
  )

0 
!

(  
   

    
  )

0 
!



H! equivalent width !



Stars physical parameters!

!  H! luminosity LH! gives accretion luminosity Lacc via relationship 
    calibrated using spectroscopic data (e.g. Dahm 2008) !

!               Log (Lacc) =  Log (LH!) + (1.72 ± 0.47)!

!  We can study how star formation has proceeded in space and time!

!  Mass M    radius R   and age t    from PMS isochrones in HR diagram!!!!! !!

!  Free fall equation gives mass accretion rate M !•!







Multiple but unrelated generations!
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Multiple but unrelated generations!

30 Dor in LMC!

Younger PMS stars  (< 4 Myr)!
Older PMS stars    (> 12 Myr)!

Massive MS stars     (< 4 Myr)!

De Marchi et al. 2011c!



Multiple but unrelated generations!

NGC 3603 in MW!



Multiple but unrelated generations!

< 10 Myr!
> 10 Myr!

NGC 3603 in MW!
Beccari et al. 2010!

"see poster as well!
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Older stars with NIR excess in M16!

De Marchi, Panagia & Guarcello 2011!

 X-ray detections at  
 log LX > 29.8 erg s-1 !

~5%!

~50%!







Accretion evolution with time!

30 Dor!

De Marchi et al. 2011c!



Accretion evolution with time & mass!



Accretion evolution with time & mass!



Accretion rate and metallicity!

30 Dor  
−4.23 ± 0.02 !

NGC 346  
−4.02 ± 0.02 !

MW 
−4.70 ± 0.08 !

~ 0.1 Z!! ~ 0.3 Z!! ~ Z!!





Photo-evaporation of PMS discs!
De Marchi et al. 2011c!

30 Dor!



Conclusions!

!   Multi-generation pattern always seen, Δt ~ 10 Myr!

!   Star formation episodes not spatially correlated!

!   Younger generation usually more concentrated!

!   Strong mass function variations across star-forming regions!

!    !

!   Mass accretion rate systematically higher at lower metallicity!

!   Effects of photo-evaporation  

! important constraints for theory of star formation!#!


