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Where?

“...multiple populations should be expected in at least some young star
clusters, but it is currently not known whether, or to what extent, this
phenomenon occurs in observed YMCs.”

(review S. Portegies Zwart et al. 2010)




Multiple generations: Intermediate (>1200Myr) MC
K\IGC‘ISGQ-A NGC1569-B NGC1705-1 NGC1313-F3-1 NGC5236-F1-1 NGC5236-F1-3 NGC7793-F1-1\
s 6 y - :+‘ ;:‘{'2 i _.""q" + :*' . I' X 1
-4 R B B 4] ATIRNT I BT S PR B = 16
» AL ‘ L';&:.’% —ﬁ*% il ’j"‘%'};:—j* é— =
8 E :3 . . 18}
T R SO s g E
QB , . o
:4‘ _ ) ‘j:‘\\d:?\ % g T A 74‘(.)...0‘;...0...V.AD‘UA...Y;CA.A.‘M..AM
1 S ,‘;-';.;.: . . % F160W-F205W F160W-F205W
Ul OERIRGE| L PRORE| Rk “Moess| Mok Hoos| Hoow|3 NGC604 in M33- Mass: (3.8 £+ 0.6) x 10° M,
3 ..g ‘f‘l‘ A .y ® two populations from distinct formation episodes with ages of
af YL @ 5 .- \',‘ /f§'§'> § q o
L l’g“ 2 O lofee |8 3.2+1.0and 12.4 £ 2.1 Myr - Eldridge & Relafio 2011
7 YMCs in external galaxies:
Mass:10°M_—10°M,
ages 5-50Myr 0 . 0
K age spread~30Myr - Larsen et al. (2011) / . Is s N
- Rl @ 7 -
21 — 21t
GMC Type Observed Signature : ~N O s
= 2 f ¥ @ 22
S oplde b e SR TG,
Type A No Hll regions Miura et al. y “ el
Type B With HIl regions 2010 2 3 s |
Type C With Hll regions and< 10 Myr—old YSGs B 5 0 05 1 15 2 25 ®os 0 05 1 15 2 25 3
B-V (mag) V-I (mag)

Sandage-96 in NGC2403- Mass: ~10° M,
a younger population at ~¥10-16 Myr and an older one at
~32-100 My- Vinko et al. 2009

With Hll regions and 10—30 Myr-old
YSGs

Type D




Al Ll . "V"l Ll L LA "'Y‘ L4 A4 Y‘ v ""‘ L LJ LA ""' L Al Al """ v
’” ”
- * MW open clusters L . 1
B Young massive clusters y a ,
- ” v -1
* Old globular clusters L, a g
” o o o ’ o
. * . %o /. i
R,y . ‘e "
’ ’ o
7’ e o / - ’
- ” . 4 ”
) ’ ° 7.
. - B B ° 7
10 = ™ B . o e . * B /. a LN L7 % -

¥ - ’ a . ’ a a ° ’ °

- o . L ” a 3 ° - )

! . ’ . ° - . * .. : s P ~ > ‘. 4

P\ o *,” RsGCo3 e e
- ” '. :. L ™ ’ ® a /’ © 4
L7 ‘ . *% .. 3 /o * - ae® @ o
hd - - ’
P T2 1% e 2 gemt
-} i ten @t RSGCO2 - o 9g" € o0 ,
- N T <)
é d « o % *%ee ."'o.:O. . ® ’ @ ~.." @

- L} '& . ’ ..~ ". i
E e W T MRS Hone L7 % B 8%t Lt 8t
o ® PETS ’ B o .

. o, WA - ® I < 5.7
.. o m* é b - L ‘ B ” ® a a 7’ /,
2 "‘ *' .’ k.. » ° ,. o /./ J.(/ ]
o ek s ?", . - psceo il . - .3
L - | I “ b : ’ ‘
PULTE SR AR D 20N L " y
AR RS T wdill e ® -
s L N p ’ 7
] :- ® :. ‘ .? : ? g *, B ’ —

R R, A NGC 3603 I ; ]

b. .. * . % o ! . }'/. . 7’ r

b LR J - P . ’ §

. . L) Trumpler1i4 i} ; o,
. . 7 ¥ h
o ' ’” ‘e A
| e * .~ I Arches ey |
/. ’”
) p & P
- - k2 ” -~ i
fﬁ/ - ’; g
- 2 g s ¥ ;o : /O 1
s 0 s Qo o
e s’ &' (2 7
A A A LA‘LL! A A A A LA‘:I A A Aood ‘LAAl A A A AALAAL A A A A AAAAl A
10! 102 10% 104 105 104
Mass (M)

(review S. Portegies Zwart et al. 2010)



HST WFC3 * - NGC 3603
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Young (~5-10Myr) MC:
tracing the SF through the PMS

Pre-Main Sequence

NGC 3603
I { 1 1 I".\ 1 1 1 1 1 LI 1 . I- HST WFC3 e
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i How old and massive are PMS stars?
£ . How much do they grow in mass as they
16 - [ RSP al approach the MS (infall rate)?
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=How?=(1) Photometry

Typical signature:
UV, IR and Ha excess emission
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=How?=(2)

‘ Stars with no Ha excess

‘ Stars with Ha excess
(distance in V-Ha from
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V and Ha color error
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Gives EW(Ha)

" Weg(Ha) =RW x [1- 10704 HasHe)
- De Marchi, Panagia & Romaniello 2010
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EW(Ha)>20AA 'no chromosphere activity (CA)!




=How?=(3)

‘* PMS (Ha excess emitters) Solid line: age distribution with
constant log steps (factor of 2)
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Stars physical parameters for more that 1000

PMSs

@uminosity LHq gives accretion luminosity Lgcc via relationship
calibrated using spectroscopic data (e.g. Dahm 2008)

Log (Lgce) = Log (LHe) + (1.72 £ 0.25)

® Mass M, radius R« and age t« from PMS isochrones in HR diagram

]
® Free fall equation gives mass accretion rate V/

GM, M R,
Lyoo ~ —2— (1 —

0\Wecan study how star formation has proceeded in space and time

~




Results (1):10-30Myr age spreads
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Older stars with NIR excess in M16

De Marchi et al. 2013
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Results (2):Different generations have

different spatial distribution



18

20 -

22

24

26

28

!

T T l T T T T I T T T T I T T T T
i - oMyr NGC602
I ; AN
i SN ® PMS(<10Myr)
I ¥ N ® PMS(>10Myr)
eMyr . N

vn-lo

B 9520K 7200K 5770K  4500K 3850K - 3240K
- A0 FO G5 K4 MO M5
0 1 2




Young and Old generations

do not share the same spatial
distribution

- Tr 14 (r<5’)
young PMS (<10Myr) &
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IRAC excess

Age [Myr]

Results (3):Evo|utic[)n of Macc(t,M.,Z)

t = ~“0OMyr to ~30 Myr
M.="~0.8Msun to ~3 Msun
Z =0.002 (SMC) - 0.007 (LMC) - 0.019 (MW)

logMaCC =a X logt+b xXlogm+c
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Accretion evolution with time & mass
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[ Accretion evolution with time & mass
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Accretion rate and metallicity

30 Dor
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Accretion rate and metallicity
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Accretion rate and metallicity

NGC 346
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Accretion rate and metallicity

De Marchi, Panagia & Beccari (2014)
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Conclusions

)
—

® Multiple generations always seen, At ~ 10 Myr

LMC: 30 Dor, SN 1987A, NGC 1850

SMC: NGC 346, NGC 602
MW: NGC 3603, M16, Trumpler 14 (Carina Nebula)
Star formation episodes not spatially correlated

Younger generation usually more concentrated

@ At low Z accretion process stronger and longer

: 3 1 1
log Mace =~ 3 1ogm—§ logt —3 log Z —4.9

important constraints for theory of star formation

=) We have 24 HST orbits (WFC3) and 7 nights at 2.2ESO/MPI (WFI)+ FLAMES spectra to
perform a survey of YMC in the Ha




