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Review: Stars vs Cores
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Dense cores and stars are both gravitationally bound, pressure 
supported spheres of gas.

Molecular cores are optically thin to millimeter and infrared 
radiation, they can cool efficiently and maintain a constant 
temperature. They can also be confined (in part) by external 
pressure.

Stars are optically thick.  They are not isothermal and show strong 
temperature gradients that drive radiation transfer and convection. 
Stars must also be very close to hydrostatic equilibrium.
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Question 1: How do we go between 
a collapsing core and a star?

Answer: increase in density.  Whether the 
mass of a collapsing core is constant or 
whether its mass decreases with the Jeans 
mass, as a collapsing cloud shrinks its 
optical depth increases!
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7Low & Lynden-Bell 1976
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Question 2: How does an optical 
thick fragment evolve?

Today we look into pre-main sequence evolution: the contraction of 
optically thick, gravitationally supported objects before the onset of 
Hydrogen burning.

The presumption is that once a core becomes optically thick, it enters 
hydrostatic equilibrium - but this process is poorly understood.

Next lecture we investigate the protostellar phase, where mass 
accretion onto an optically thick fragment sets the initial conditions 
for pre-mains sequence contraction.
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Core Temperatures

The core temperature scales at Tc = k M / R.  Thus as a star contracts, 
1/2 of its potential energy is converted into thermal energy, and the 
core temperature rises.  

Pre-main sequence stars in this sense have negative heat capacities.

Initially core temperature are too low for nuclear fusion.  However, as 
temperatures increase, nuclear fusion starts.  We will discuss in future 
lectures 
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Pre-main sequence 
tracks: Baraffe et 
al. 1998 (from 
Winston et al. 
2007)
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Taken from Vacca 
et al. 2011

Baraffe et al. 1998 D’Antona & Mazitelli 1998

Togneli et al. 2010Siess et al. 2000

Pre-main sequence 
tracks require 
codes that take into 
account both stellar 
interiors and 
atmospheres.

Beware:
Different groups of 
modelers get 
different solutions 
for tracks.

Comparing pre-main sequence tracks

Sunday, May 1, 2011



20

As molecular cores collapse, the density and the optical depth increase.  The core eventually 
becomes optically thick.  

This may eventually prevent Jeans fragmentation (which requires isothermal conditions).  The 
exact mass when this happens is somewhere around 0.01 Msun.

The optically thick fragments then achieve hydrostatic equilibrium as core temperature rises (this 
is not well understood).

Once accretion ends, stars enter pre-main sequence contraction phase.  The core temperature is to 
low to support nuclear fusion. 

Low to intermediate mass stars are initially convective stars.  The strong dependence of the 
atmospheric opacity on temperature ensures that the star maintains a relatively constant 
temperature.  The luminosity decreases as the stars shrink.  They follow Hayashi tracks.  

Stars with masses > 0.5 msun develop radiative zones during their pre-main sequence contraction.  
These stars increase in temperature and luminosity as they shrink. They follow Henyey tracks.

Pre-main sequence stars have a negative heat capacity: the core temperature rises as the star 
contracts. Eventually the temperature is high enough for fusion to occur, and the star enters the 
main sequence. 

Summary
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