
Star formation
Dr Daniel Price

Lecture 7: Star formation intro

Image credit: Matthew Bate (Exeter)

Where did the Sun come from?



Credit:  S. Beckwith, Hubble Heritage Team, ESA, NASA

What kind of stars are in this galaxy?



NGC1232 (Credit: ESO/VLT)

Blackbody spectrum (c.f. Lecture 2)
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• All substances at some 
temperature emit thermal 
radiation in the form of a 
continuous distribution of 
wavelengths

Planck  
Function:

http://hyperphysics.phy-astr.gsu.edu



Wien’s displacement law

• Peak of blackbody spectrum can be 
related to temperature of body 

λmaxT = b

b = const = 2.9 × 10
6
nm K

What is the effective temperature of the Sun?

λmaxT = b

b = const = 2.9 × 10
6
nm K

Hint: yellow = 580nm



• 8,000K


• 10,000K


• 3,000K


• 5,000K

Temperature of the Sun (roughly)

L = 4πR
2
σT

4

σ = Stefan-Boltzmann constant = 5.67 x 10-5 erg cm-2 K-4 s-1

for a spherical blackbody

Luminosity = surface area x flux

Luminosity strongly dependent on T (and R)



Stellar spectral types (Harvard spectral classification)

Type Apparent 
colour Temperature Mass 

(Msun)
Radius

(Rsun)

O blue > 30,000 K > 16 > 6.6
B blue white 10,000-30,000K 2-16 1.8-6.6
A white 7,500K-10,000K 1.4-2 1.4-1.8
F yellow-white 6,000-7,500K 1.04-1.4 1.15-1.4
G yellow 5,200-6,000K 0.8-1.04 0.96-1.15
K orange 3,700-5,200K 0.45-0.8 0.7-0.96
M red 2,400-3,700K 0.08-0.45 < 0.7
L red brown 1,300-2,400K 0.005-0.08 0.08-0.15
T brown 500-1,300K 0.001-0.07 0.08-0.14
Y dark brown < 500K 0.0005-0.02 0.08-0.14

M83 “the southern pinwheel”



• 10 Myr


• 10 Gyr


• 100 Myr


• 100 Gyr

Lifetime of the Sun



Luminosity-mass relation

blatantly nicked from Nick Strobel's Astronomy Notes: www.astronomynotes.com

L ∝ M
p

p ≈ 3.5

Lifetime of a 10 solar mass star

• Assume available energy proportional to mass


• Luminosity = Energy consumption rate = dE/dt


• Lifetime t = E/(dE/dt)


• Work out the relative lifetime compared to the Sun



• 300 Myr


• 10 Gyr


• 30 Myr


• 1 Myr

Lifetime of a 10 solar mass (B-type) star

• 23 Myr


• 23,000 yr


• 230 Myr


• 2.3 Gyr

Orbital period of the Sun around the Milky Way



So where do 
the blue stars 
come from?

• From the Big Bang


• From merging with another galaxy


• They were born close to where they are


• The magical sky fairy sprinkled them there

So where do the blue 
stars come from?



Credit: Serge Brunier / APOD

The Milky Way

“dark clouds” where light is 
blocked by interstellar dust



Interstellar dust

• consists mostly of Silicon, Carbon (“household fluff” 
produced by stars)


• sublimates (ie. melts) at T > 1000K


• at what wavelength do we expect blackbody 
emission?

λmaxT = b

b = const = 2.9 × 10
6
nm K

Recall:

• Optical


• Infrared


• X-ray


• Microwave

At what wavelength do you 
predict emission from dust?



The Milky Way in Infrared

Orion



JMCT Gould’s belt legacy survey (sub-mm): http://www.jach.hawaii.edu/JCMT/surveys/gb/

Gould’s belt

“Most star formation within 0.5 kpc lies in Gould's Belt, a ring around 
the sky containing star-forming molecular clouds centred on a point 
200 pc from the Sun and tilted at 20 degrees to the Galactic Plane”

described by Benjamin Gould in 1879 as a collection of bright and massive stars that formed a ring in a projection on the sky



Extinction mapping

Evans et al. (2008)



Evans et al. (2008)

(Nearby) Molecular clouds: in numbers

• mostly consist of molecular hydrogen, but also other molecules e.g. 
carbon monoxide, ammonia, NH3, methanol, water.


• size ~ 0.1pc - 100pc (0.3ly - 300ly)

• density ~ 103 -104 particles/cm3 ~ 10-21-10-20 g/cm3 

• size + density implies mass ~ 10 to 106 Msun

• temperature ~ 10K

• lifetime? (1 million - 10 million yrs)

• formation?

Orion Nebula

Optical (HST) IR (Spitzer)



T-Tauri and surrounds (optical) 
credit: NOAO

Taurus Molecular Cloud

Taurus molecular cloud in 12CO emission

Goldsmith, Heyer, Narayanan, Snell, Li & Brunt (2008)

– 33 –

Fig. 14.— Locations of young stars in Taurus superimposed on map of the H2 column

density. The stellar positions are from Kenyon (2007). The diamonds indicate di�use or

extended sources (of which there are 44 in the region mapped), the squares indicate Class I

or younger stars (18), and the asterisks indicate T-Tauri stars (168). It is evident that the

di�use and younger sources are almost without exception coincident with regions of relatively

large column density, while the older stars show a much larger probability of being found in

regions of lower column density.



M=M! > 1 because they provide the best agreement with ob-
servational constraints (Luhman et al. 2003b).

Following Briceño et al. (2002) and Luhman et al. (2003b), I
quantify the relative numbers of brown dwarfs and stars and
the relative numbers of low-mass and high-mass stars with
these ratios:

R1 ¼ N (0:02 # M=M! # 0:08)=N (0:08 < M=M! # 10);

R2 ¼ N (1 < M=M! # 10)=N (0:15 < M=M! # 1):

The new Taurus IMF exhibits R1 ¼ 19=106 ¼ 0:18 $ 0:04
and R2 ¼ 10=77 ¼ 0:13 $ 0:04, which are higher than, but
statistically consistent with, the values of 0:14 $ 0:04 and
0:08 $ 0:04 for field 1 (Luhman et al. 2003b). Because of the
potential incompleteness at masses of 0.3–0.6 M! (x 3.4),
these measurements of R1 and R2 could be overestimated.

5. IMPLICATIONS OF NEW TAURUS IMF

Measurements of mass functions in Taurus and other star-
forming regions can be used to test the predictions of models for
the formation of stars and brown dwarfs. In this section, I first

summarize recent observational work in star-forming regions
and then examine the implications of these data for theoretical
models.

5.1. Recent IMF Measurements

5.1.1. Brown Dwarfs

As reviewed in x 1, recent spectroscopic surveys of Taurus
(Briceño et al. 2002; Luhman et al. 2003a) and IC 348 (Luhman
et al. 2003b) have reported brown dwarf fractions R1 that are
a factor of 2 lower than the values derived from luminosity
function modeling in the Trapezium cluster in Orion (Luhman
et al. 2000; Hillenbrand & Carpenter 2000; Muench et al.
2002). However, upon spectroscopy of a large sample of brown
dwarf candidates in the Trapezium, Slesnick et al. (2004) found
a population of faint objects with stellar masses, possibly seen
in scattered light, which had contaminated previous photomet-
ric IMF samples and resulted in overestimates of the brown
dwarf fraction in this cluster. After Slesnick et al. (2004) cor-
rected for this contamination,R1 in the Trapezium was a factor
of %1.8 higher than the value in Taurus from Luhman et al.
(2003a). This difference would be reduced further (%1.4) if the
newmeasurement ofR1 in this work is adopted. However, as dis-
cussed in the previous section, the estimates ofR1 in Taurus could
be overestimates as well because of possible incompleteness at

Fig. 11.—H-R diagram for different samples of Taurus members. The IMF
from Luhman et al. (2003a) corresponds to an extinction-limited sample
(AV # 4) for field 1 from Luhman (2000, 2003a) and Briceño et al. (2002)
(top). The two new members found in this work in field 1 are shown with that
sample. Taurus members in field 2 from this work and within this extinction
limit (middle) have been combined with the upper sample to produce the IMF
in Fig. 13. Young sources in field 2 that are beyond the extinction threshold
of AV ¼ 4 and new members from the 225 deg2 survey of all of Taurus that
are outside of fields 1 and 2 are not included in the IMF (bottom). These data
are shown with the theoretical evolutionary models of Baraffe et al. (1998;
0:1 < M=M! # 1) and Chabrier et al. (2000; M=M! # 0:1), where the mass
tracks (dotted lines) and isochrones (solid lines) are labeled in units of M! and
Myr, respectively.

Fig. 12.—Distributions of spectral types for objects in the IMFs for Taurus
(this work) and for IC 348 (Luhman et al. 2003b) that are shown in Fig. 13.
These samples are extinction-limited (AV # 4) and apply to fields 1 and 2 in
Taurus (Fig. 1) and to a 160 ; 140 field in IC 348. At late types, these samples
are nearly 100% complete for spectral types of #M9 and #M8, respectively,
while the sample for Taurus may be incomplete at M2–M4 (x 3.4). Because
the evolutionary tracks for young low-mass stars are mostly vertical, spectral
types should be closely correlated with stellar masses. As a result, these
distributions of spectral types should directly reflect the IMFs in Taurus and
IC 348.

LUHMAN1228 Vol. 617

Hertzsprung-Russell diagram (for Taurus MC)
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Why do young stars lie above the main sequence?

• They are hotter than main sequence stars


• They are bigger than main sequence stars


• They are cooler than main sequence stars


• They are smaller than main sequence stars



T-Tauri stars

Why is there a “bump” on top 
of the blackbody curve?



Molecular cloud appearance and structure is strongly 
dependent on mass of stars formed

Taurus Ophiuchus Orion
most massive star ~ 1 MSun

most massive star ~ 3 MSun

most massive stars ~ 15-30 MSun




