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H II Region

* Region of 10nized gas surrounding a
massive young star

* Surrounding gas 1s left over from the star
formation process — molecular cloud

* Only massive stars are hot enough to 10nize
hydrogen
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Physical Conditions

Number density of the gas is typically 10'°
-3

(Note that astronomers still use cgs rather
than SI units so this would be 10% cm™)

The excess energy of photons with E>13.6
eV goes in to heating the gas

Typical T~ 10 000 K



Ionization Equilibrium

* There 1s a balance between photo-1onization
and recombination

H+hve—p+e

e This balance determines the 1nitial size of
the H II region



Stromgren Radius

 If we consider a region with a constant
number density, # (m3), around the central
star 1t will 10nize a sphere with radius, Rq,
called the Stromgren radius



* The number of 10nizing photons (Lyman
continuum) emitted by the star per second 1s

NLy o
NL =f _vdv
S

where L ,1s the luminosity as a function of
frequency (WHz! or Js''Hz!)
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* The number of recombinations of a proton
and electron per unit volume 1s given by
n,n,a,; (m-s)

 Jonization equilibrium gives

Ny, = fnpne aydV

* For tully 1onized material then n, ~ n, so

N =fna nZR3
Ly 3 H'*e''s



HST (Optical) VLA Radio

Credit: and C.R. O'Dell Image courtesy
(Vanderbilt University): of NRAO/AUI


http://www.nasa.gov/

Discussion: What are the main differences the
optical and radio image and why?




Radio Emission

* H II regions emit strong radio continuum
radiation via the thermal free-free or
Bremsstrahlung mechanism
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http://www.nasa.gov/goddard/

Free-Free Opacity

nineg
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* Two-body process, hence < n;n,

* Need to take account of Maxwellian
distribution of electron velocities, hence T
dependance



e Frequency dependance of optical depth
T, o y=21

* So optically thick (z,>>1) at low
frequencies where

2kTv?
I, =B, = = oY

* And optically thin (z,<<1) at high
frequencies where

— 2,.,—2.1 —-0.1



* (ives the typical radio spectral energy
distribution (SED) for an H II region

Orion Nebula
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Spectral Index

* The slope of the radio continuum spectrum
can give information on the optical depth
S, X v
* So for constant density H II regions
— a = -0.1 when optically thin
— a = +2 when optically thick

» (Caution — extragalactic astronomers tend to
use the opposite definition S,, < v~ %)



Evolution of H II Regions

« H II regions expand as they have a higher
pressure than their surrounding molecular
cloud

lonized gas

Hyper Compact Ultra Compact HIl region /
HIl Region HII Region OB Association



Thermal Pressure

PV = anlRT
nmolRT
P =
V
P «xnT

where » 1s number density



So pressure inside H II region 1s ~ 1000
times higher than the surrounding molecular
cloud



Ultra-Compact H II Regions
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Evolved H II Region




OB Star Associations

Optical image Credit:ESO/G. Beccari



Discussion

If the star forming cloud was bound by gravity
initially why do the resulting star clusters
disperse over time?



Latitude (Degrees)

The Galactic Plane

* The plane of our Galaxy 1s full of radio
sources

* Mainly H II regions, supernova remnants
and planetary nebula

GLOSTAR 5 GHz VLA survey of the plane

mJy/Beam
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H II Regions in Nearby Galaxies
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Close-up on Spiral Arm

Radio image
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Yellow — H II Regions
Blue - Supernova Remnants

M33 White et al. (2019)



* Note the different slopes of the radio spectra for thermal
sources like the H II region M42 and non-thermal sources like
the SNR Cas A
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Star Formation Studies

* Although massive stars are rare they can be
used to trace star formation over cosmic
time

» Tracers of massive stars such as H II

regions and supernova remnants are easily
studied at radio wavelengths



Initial Mass Function (IMF)

* Thought that the IMF 1s relatively constant
across time and location

log £&(m)
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Planetary Nebula

* Some stages of evolved stars also have
photo-ionized nebula

» E.g. the 10nized ejected envelopes of
intermediate mass stars form planetary
nebulae (nothing to do with planets)

* Very similar radio properties to H II regions



* Optical images of planetary nebulae




« Radio images of planetary nebulae
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Summary

Spiral galaxies like the Milky Way contain
many extended radio sources

H II regions trace the birth of massive stars

Supernova remnants mainly trace the death
of massive stars

Planetary nebulae trace the death of
intermediate mass stars



