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Stellar evolution
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The HR Diagram
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The HR Diagram - PMS
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Star formation — low mass

(Credit: Carbonaro & Beltran)



Star formation — high mass
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Photometric variability in YSOs

THE AsTROPHYSICAL JournarL, 82842 (15pp), 2006 September 1 EESSELI ET AL.

Figure 1. Three-color plots of the star and inner disk region represented by Model 1 having teo hot spots due to accretion that illumdnate 3 trancated disk with an inner
warp (see Table 1 for details). The dizk is inclined at a viewing angls { = 607, and is shown at azimuthal angles & = 0F and 207, The color scale places ¥ band
{055 pom) &5 blue, J band (1.2 jm) a8 green, and IRAC 4.5 ym as red.

(Credit: Kesseli et al.)
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Sample
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Variablility in LCs

Measuring variability

AK = max(Ki)-min(Kj)

Variability conditions:

T median | T * |QR>OO5

smallest 50th largest
value 25th  percentile  75th value ° A K> O . 1 5
(minimum) percentile percentile {maxilrnum}
I |
First Quartile Third Quartile 100th
(Qy) (Q3) percentile

%r_J

Interquartile Range = Q5- Q,

Credit: Kalyan Nandi



Variablility in LCs
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MJD(days)
55000 55500 56000 56500 57000 57500
(=]
g gH : * — - :
ggg I ¥ X ]
M]D(days)
55000 55500 56000 56500 57000 57500
o211 ' B T L T
on -U. - I [ E E -
T 002k i 3 g 3 ;%q i -
g 01if %7 T3 1
_ 0.90 . . ,’\ - -
@ 0.60 : A e
e NV N /\ /\/’\ 3 0.07 g+t i <o = N
o 0.00 — HWU‘G’ Uv_._. B 'I:
102 10 107 10°
Days Days
15.20F (& T . T = 14.19F =
@ 15.49} % | T 14.32} |
g 15.78} ] E 14.44} ]
16.06 L | I | L] I | I ] 14.57 ¢ L I -
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Phase (P=1156.31 d)

Phase (P=18.38 d)



Kmag

Kmag

Kmag

HOOO

0000

b

Variablility in LCs
Aperiodic

MJD(days)
55000 55500 56000 56500 57000 57500
g% : - - il -+ -t e = ° R :
47 : = s & ]
MJD(days)
55000 55500 56000 56500 57000 57500
: - - sl My W# h‘ :
I * ames i ]
MJD(days)
55000 55500 56000 56500 57000 57500
21 i T T T T ]
O]. -_! - ’L [ % -
19 [ . ]
39 L -+ > -




Variablility in LCs

Summary

Table 3: Observed parameters of LC classes, for both EGO and
non-EGO samples.

LC classification EGO non-EGO Total
Periodic 90 (~ 65%) 21 (~ 41%) 111
Aperiodic 49 (~ 35%) 30 (~ 59%) 79
LPV-yso 53 (~38%) 9 (~ 18%) 62
STV 37 (~27%) 12 (~ 23%) 49
Dipper 15(~11%) 5 (~ 10%) 20
Fader 13 (~ 9%) 5 (~ 10%) 18

Eruptive 21 (~ 15%) 20 (~ 39%) 41
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SEDs

Summary
Table 4: SED results by mass bin.

M

Sources L L M., M.,

V eircam —
(Mg ) (%) (Lo ) (Lo ) (Mg, J"'f'_l) (Mg :'-"-r—])

Range Ratio Range Median Range Median Range Median
M <4 ~ 59 [4.0E-1,9.0E2] 5.0El [0,4E-4] 1.3E-5 [6E-1,6E5] 74
4<M<6 ~ 21 [8.8E1,1.2E3] 2.9E2 [0,4E-4] 7.8E-5 [2E0,2E4] 56
6<M<38 ~ 14 [2.9E2,5.1E3] 9.3E2 [0,6E-4] 2.0E-4 [SEO,1E5] 66
8<M ~ 6 [1.3E3,3.7E4] 3.0E3 [IE-4,4E-3] 2.8E-4 [4E1,4E5] 228

Table 5: Summary of the median fit parameters, for both EGO
and non-EGO samples divided by periodicity.

Parameter EGO non-EGO Periodic  Aperiodic
AK, (mag) 0.52 1.02 0.58 0.69
Period (days) 312 416 126 -
MM,) 32 3.8 32 3.6

M (M, yr1) 4E-5 6E-6 4E-5 2E-5
Mg My yr1)  3E-7 TE-7 3E-7 6E-7
L(Ly) 125 212 125 190
Age (Myr) 5.0 5.6 5.0 5.0

T (K) 4841 7795 4857 5990

Ay 61 125 71 54

CHPCLINN
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Summary

« 190 MY SO candidates (139 EGOs and 51 non-EGQOs) are NIR
variable (IQR > 0.05 & AK>0.15 mag)

« 111 were classified as periodic and 79 as aperiodic
« SED models show 47 sources as M>4 Msun and 6 as M>8 Msun
 On an HR diagram most low mass EGOs are close to the birth-line

» High rate of variable EGOs implies a NIR variability in MYSOs linked
to accretion phenomena and outflow activity

» Our selection criteria for non-EGOs ensures good MY SO candidates
but may lead to the exclusion of the most luminous FIR sources and
counterparts which will be analized in a future work



Possible models(?)
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Bloated and fluffy protostars
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EVOLUTION OF MASSIVE PROTOSTARS VIA DISK ACCRETION
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About the absence of a proper zero age main sequence

for massive stars

P.A. Bernasconi and A. Maeder
Geneva Observatory, CH-1290 Sauverny, Switzerland
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Abstract. The formation of stars up to 120 M, is computed in
the framework of the accretion scenario. For realistic accretion
rates derived from the observed line width in various molecular
dark clouds, the accretion interlude lasts some 2-2.5 Myr, and
accounts for an appreciable nuclear evolution during the opti-
cally thick MS life. Several new results are found concerning
massive stars at the top of the MS: 1) A newly formed massive
star with M > 40 M, at the time it emerges from its parental
cloud has already burned a substantial fraction of its central hy-
drogen content. 2) As a consequence, the formal MS lifetime is
substantially reduced. 3) A proper ZAMS does not exist, since at
the time it becomes visible, the star has already evolved towards
lower Teysy. 4) As aresult of previous evolution, the size of the
convective core for a given central H content is reduced by about
5-10 %. 5) We find that for realistic accretion rates applicable
to ordinary star forming regions in the Galaxy and Magellanic
Clouds, a truncation of the IMF is naturally established around
85-150 My where the accretion time becomes comparable to
the hydrogen burning time. 6) Since massive stars spend a frac-
tion of their H-burning phase in the parental cocoon, their true
number is larger than estimated and the slope of the IMF is
flatter.

10° — 10* cm™? in the innermost regions, the volume of a cloud
concerned by the formation process of a 1 M, star encompasses
atmost 0.05-0.1 pc, the size reaching 1.5 pc for extreme massive
stars (Myers & Fuller 1992, MF hereafter; see also Sect. 2). It
is within this volume that matter is believed to organize itself
in spatially thin, several hundred AU extended disks, whose
viscous torque eventually leads to a radial, two dimensional
flow supplying the newly formed central protostella core with
unprocessed material.

The early evolution of low to intermediate mass protostellar
cores during the main accretion phase has been thoroughly in-
vestigated by Stahler et al. (1980a, b, 1981) and Palla & Stahler
(1991, 1992, 1993). These authors showed the photospheric
properties of the accreting models to follow a characteristic evo-
lutionary path (the birthline) mainly directed by the thermostatic
action of deuterium burning in an initial fully convective interior.
Contrarily to the hydrodynamical simulations of a spherically
symmetric, collapsing isothermal cloud performed by Larson
(1969, 1972), their birthline well matches the upper envelope
for TTauri stars in the Hertzprung-Russel (HR) diagram (Stahler
1983) and fits correctly the observed position of their intermedi-
ate mass connternarts. Herhio Ae and Re stare (Palla & Stahler
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An IRDC, a neat clump, and highly
varlable YSO
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