
Lecture 12:  The Initial 
Mass Function (and a 

little more about 
debris disks)



Summary
• Young pre-main sequence stars are surrounded by disks of 

gas and dust.  Small dust grains make disks optically thick.
• Disappearance of gas disks happens quickly, 1/2 of stars 

lose their disks in 2-3 Myr, almost all in 10 Myr.  
• Evolution of disks includes settling of dust and collision of 

dust to form larger grains.
• Evidence of dust settling and growth apparent in SEDs, 

silicate features, and sub-millimeter part of the spectrum.
• Holes and gaps are observed in disks, these may be 

created by planets, binaries or photoevaporation.
• After the gas disk is dispersed, we are left with debris 

disks, which are disks of small dust grains (which produce 
IR-excess) produced in collisions of large planetesimals 
(which aren’t observed).



The Size of Dust Grains



Poynting Robertson Drag
Drag due to photon 
momentum. Dust 

grains in orbit 
around star will 

have a small torque 
placed on them.



The Epsilon Eridani Debris Disk 

The disk appears as 
a ring at 350 μm

Backman et al. 2009



SED of the K2 V Star Epsilon Eridani



Model for Epsilon Eridani



The Salpeter IMF



What Stellar Masses dominate the 
Integrated Mass and Luminosity?



Systems or Single Stars?
Most IMFs are actually system IMFs.  

Fraction of systems 
that are a single star

Lada et al. 2006

Multiplicity hard 
to correct for, 
since need to 
know fraction of 
stars that are 
systems and the 
mass ratio of 
that systems.



A general view of the IMF



Determination of Initial Mass 
Function from Field Stars



Luminosity Function

Mass vs Luminosity



MV vs H

f(MV)



The 
Field 
Star 

PDMF



Converting the PDMF into an IMF



The Field Star IMF



Analytic Forms of the IMF





Γ vs Mass



Using Young Clusters to  
Determine the IMF



IC 348 in Perseus



Taurus Molecular Cloud



Converting 
Photometry and 
Spectroscopy of 
young  stars into 
masses and ages:

Pre-Main Sequence 
Tracks

Luhman et al. 2003



Distribution of 
spectral types in 
Taurus and IC348

Luhman et al. 2004



 IMFs from star 
forming regions

Taken from 
Luhman et al. 2004

Trapezium IMF 
originally from 
Muench et al. 2002



Variations in the IMF?



The Origin of the IMF



The Pipe Molecular Cloud

Pipe Nebula, Yuri  Beletsky



30

The Pipe Molecular 
Cloud



The Core Mass Function

31Alves et al. 2007



Some explanations of 
the IMF

• Outflow stops accretion.  Log-Normal 
shapedue to central limit theorem.

• Originates from core mass function

• Competitive Accretion

• A bit of everything



Competitive Accretion (i.e. 
Bondi-Hoyle Accretion)







2005

MJ = 1 solar mass MJ = 0.33 solar mass



A Bit of Everything


