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Protostars

Gravitational Collapse
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The process starts with cores of M ~ Mg, and R ~ 0.1 pc.
Three phases of collapse

Isothermal Collapse
Adiabatic Collapse

Envelope Accretion



Protostars

Isothermal and Adiabatic Collapse
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T~ KPR, tag ~ 3krp(Ar)?/c, tg ~ (Gp)fl/2

Isothermal Phase: 7 < 1, p = 10_19710_13gcm_3, efficient
cooling, can assume constant temperature (T ~ 10 K).

Adiabatic Phase: 7 2 1, tqig > tg, infrared radiation gets trapped,
can ignore heat term in energy equation.



Protostars

Isothermal and Adiabatic Collapse
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Protostars

Accretion Phase

N — The central part of the core
reaches quasi-hydrostatic
equilibrium while the outer
regions are still in isothermal
collapse.

log rho (g em™)

tkn ~ GM?/RL ~ Myr
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Stahler et al., 1980 Dust sublimates at T ~ 1500 K.



Protostars

Comparissons to Observations

[N
T

11k

\
\ 4
\
\

IRAS 04016+2610 \

log flux density (mly)
log A F, (erg /cm®/s)

nor a2 0 _12[ | Ras o016+2610 4]
TME9=0.3 M,
1.0 M, L
| . | \
3.0 M, . L s . I —
log A (um) log A (um)
Kenyon et al., 1993
25 2 15 1 Bodenheimer, 2011
log Ty (K) Non-thermal spectrum due wavelength
Bodenheimer, 2011 dependent opacity.

Luminosity Problem, for M = 0.5M
Lace ~ 10Lg.



Pre-Main Sequence Evolution

Convective and Radiative Contraction
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Pre-Main Sequence Evolution

Convective and Radiative Contraction

Table 8.1 Evolutionary times (years)

Mass Pre-main-sequence Mass Pre-main-sequence
Mp) time (Mg@) time
0.1 1.2 x 107 1.2 3.4 x 107
0.2 5.1 % 108 1.4 1.6 x 107
0.3 3.8 x 108 1.6 1.1 x 107
04 2.3x 108 1.8 9.0 x 106
0.5 1.5 x 10 2.0 7.0 x 10°
0.6 1.0 x 10% 2.5 4.0 x 10°
0.7 7.5 x 107 3.0 2.0 x 10°
0.8 6.5x 107 4.0 5.0x 10°
0.9 5.5x 107 5.0 2.0x 10°
1.0 4.0 x 107 0.0 1.0x 10°

Bodenheimer, 2011

Stars above 6M are already in the main sequence when the
accretion phase is over.



Pre-Main Sequence Evolution

Deuterium Burning and the Stellar Birthline
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Pre-Main Sequence Evolution

Deuterium Burning and the Stellar Birthline
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Pre-Main Sequence Evolution

Lithium Burning and Substellar Objects
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Pre-Main Sequence Evolution

Degeneracy
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Pre-Main Sequence Evolution

T Tauri Stars
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Ha, high Li abundance (~ 107°H), nearby
dark clouds, X-rays emission, strong
magnetic fields (Zeeman
splitting~kilogauss).

Lada et al., 1999

Infrared excess in CTTS, due to dusty disk.



Pre-Main Sequence Evolution

T Tauri Stars
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Contraction, magnetic star disk interaction, stellar winds.



Conclusions

We have made a lot of progress in understanding the protostar and
pre-main sequence phase of star foramtion.

Many challenges remain: The luminosity problem, the role of
magnetic fields, star disk interaction, stellar winds.
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