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Tracers of Star Formation Rates  



Initial Stellar Mass Function  
(GA) 



Ionization of H atom  
requires that it  

absorbs a Lyman 
continuum photon of 

l <= 912 A  or 
Energy >=13.6 eV



Blackbody Spectrum for different T  

As temperature T of  blackbody rises, amount of flux at l <=912 A or 91.2 m rises



Left :  Spectrum of intermediate temperature (~4000 K),  mass (M~3 Mo)  star 
Right:  Note the large amount of flux at l <=912 A from high M>10 Mo stars 

when stellar population is less than 10^7 yr

(EAC) 



Far UV = 750 A  to 1650 A    Near-UV = 1700 to 3500 A
Atmospheric transmission  drops sharply at  l <=2800 A 
FUV imaging only possible from Space e.g. using GALEX 

Credit:GU



Visible light image of M81
UV/ASTR0-1 image on M81

UV continuum (l <3000 A) from high mass 
stars



Visible image of NGC 1291
GALEX  UV image of NGC 1291

UV continuum  from high mass stars



Recombination lines of 
hydrogen 

Emission lines from electronic 
transitions from higher to lower  
levels: 

Lyman series ; UV   
Balmer series ; optical e.g Ha
Paschen series; NIR
Brackett series ; NIR 
etc



Purple = H aaaa emission line

Archetypal starburst galaxy 
M82. It shows the horizontal 
stellar disk of the galaxy, which 
harbors its active star formation,  
+ a perpendicular supergalactic
wind of ionized gas powered by 
the energy released in the 
starburst.

Credit: Mark Westmoquette
(University College London), Jay 
Gallagher (University of 
Wisconsin-Madison), Linda 
Smith (Un. College London), 
WIYN//NSF, NASA/ESA 
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Multi-Wavelength view of M81

UV/ASTR0-1
UV continuum 
from high mass 
stars

Visible light

NIR/Spitzer
3.6 mu

Underlying low 
mass stars

Mid-IR/ 
Spitzer
at 24 mu = 
hot dust 
heated by  
massive 
young stars



Movie:  From optical to IR view of M81  (Courtesy: NASA/Spitzer)
à Near-IR at 1-3 micron: penetrates dust & shows low mass stars 
à Mid and far-IR  from 10 to 100 micron  shows dust heated by massive young stars

Infrared Wavelengths



(EAC)

distance =

Star formation is obscured at optical wavelengths by dust in gas-rich region,

but revealed in mid-infrared images that trace hot dust



Top SFR is from UV continuum
Bottom SFR is from UV + total 
IR luminosity from 8 mu to 1000 
mu.

Out to lookback times of  7 billion 
years (half of  age of Universe) , 
the average SFR of strong/y 
disturbed galaxies is enhanced 
by a factor of a few  w.r.t that of 
normal undisturbed galaxies.

Cosmic SFR history over last 7 Gyr

(Fig from Jogee et  al.  2008)
(http://xxx.lanl.gov/abs/0802.3901
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Condon (1992)

- At FIR wavelengths,  FIR 
continuum emission is  
dominated by warm dust at  
T ~30 K 
(100 micron = 0.01 cm)

- At mm wavelengths radio 
continuum emission is 
dominated by thermal  free 
free emission  
(2.7 mm = 115 GHz )

- At cm wavelengths  radio  
continuum emission is 
dominated by non-thermal  
synchroton emission

(20 cm = 1.4 Ghz)



SFR estimates based on UV or Halpha <  SFR estimates from FIR  or radio continuum
à Due to extinction

EAC



Astro 358/Spring 2008

(49520)

Galaxies and the  Universe 

Figures + Tables  for Lecture 16 on Th Mar 27



The simulation shows a molecular 
cloud of  mass 50 Mo, with initial 
diameter of 0.37 pc , temperature 
of 10 K.

Jean mass M_J = 1 Mo 
for T=10 K,  n=10^5 atoms cm-3 

High density regions within the 
cloud gravitationally collapse and 
fragment to form stars 

Surrounding some of these stars 
are swirling discs of gas which 
may go on later to form planetary 
systems like our own Solar 
System.

Collapse of a cloud to form  star



(Kennicutt 1989
rises sharply insde the ring of SF. 

Evidence for suppression of  SF at large radii in d isk of spirals



(Kennicutt 1989

Evdence of a threshold gas density for SF in disk of  spirals



(Kennicutt 1989

Using the gravitational instability 
model to account for the  

threshold gas density for SF disk 
of spirals

Scrit= a  (k s /3.36 GS) = a Sc

Plot (Sgas/Sc ) vs radius R
Its value at the threshold radius for 
star formation  gives  a



(Kennicutt 1989

Using the gravitational instability model to account for the threshold gas 
density for SF disk of spirals

a ~ 0.7 for all galaxies  !

SSSScrit = a  (ka  (ka  (ka  (k ssss /3.36 GS) = S) = S) = S) = a  a  a  a  SSSSc
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(Kennicutt 1998)

Schmidt Law relating SSSSgas and SSSSsfr

SSSSSFR prop to   ( SSSSgas )n

Composite star formation law for 
the normal disk (filled circles) and 
starburst (squares) samples. 

Open circles show the SFRs and 
gas densities for the centers of the 
normal disk galaxies. 

The line is a least-squares fit with 
index N = 1.40. The short diagonal 
line shows the effect of changing 
the scaling radius by a factor of 2.



(Jogee, Scoville & Kenney 2005)

In the central kpc
of NGC 4314, 

the Toomre Q   
parameter is a 

minimum (~1-2) in 
regions of SF 

and 
rises sharply insde
the ring of SF. 

Is there a critical 
density for SF in 
the inner kpc
controlled  by
gravitational 
instabilities?

SF in the 
central kpc



(Jogee, Scoville & 
Kenney 2005)

In the central kpc of both 
NGC 4314 and  NGC 4102 
the Toomre Q parameter is a 
minimum (~1-2) in regions of 
SF 

SF in the 
central kpc



Purple = Ha emission line

Starburst galaxy M82.

Note  perpendicular starburst  
wind of ionized gas powered 
by the energy released in the 
starburst.

Credit: Mark Westmoquette
(University College London), 
Jay Gallagher (University of 
Wisconsin-Madison), Linda 
Smith (Un. College London), 
WIYN//NSF, NASA/ESA 

Feedback on SF frrom SNe driven winds 



Feedback on SF from Black Holes  

Di Matteo et al 2005
This computer animation visualizes the time evolution of a merger simulation of two spiral 
galaxies that host supermassive black holes at their centres. Only the gas distribution is shown. 
Brightness represents gas density, whereas the colour hue indicates gas temperature. 



Ultra Luminous Infrared Galaxies (ULIRGs)

L_IR > 1e12 Lo   à SFR  >  few 100 Mo yr-1
Most are strongly distorted systems: interactions/mergers



Cosmic SF history : The Madau plot

(EAC)



Decline in  frequency of galaxy mergers and interactions 

Decline in cold gas content due to gas consumption/removal by SF/AGN

Decline in accretion rate from filaments
Transition of SF to lower mass 

What drives decline in cosmic SFR density over z =1  to 0



Madau plot  revisited : normal vs interacting galaxie s

Cosmic SFR density over z=0.2 to 
0.8  is dominated by undisturbed  

galaxies, which contribute >70% !! 

Cosmic SFR density over the last 
7 billion years is primarily shaped 
by SF activity of  non-interacting 
galaxies, rather than  by the 
decline in the frequency of 
mergers and  interactions  !

Similar results at z~0.7: Wolf et al  
(2005), Bell et al (2005); Noeske et 
al (2007)

(Jogee, Miller, Penne & GEMS 
collaboration (arXiv:0802.3901)
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Similar  results using CAS method to identify inter acting galaxies 


