AY 20 Fall 2010

Interstellar Gas
Formation of Stars

Reading: Carroll & Ostlie, Chapter 12.1,12.3



From last class

In ISM, dust mass ~ 1/100 gas mass

Nevertheless, extinction mainly due to dust
= many non-spherical particles

graphite or silicate cores with icy mantles, PAHSs
sizes ~ few x 0.1 um — A scales (PAHS)

ISM principally hydrogen, HI, H,, HIT
Diffuse HI clouds detected from 21 cm line observations

Absorption at 21cm due to spin-flip transition in H atom
tyr < Nyr in optically thin case and Ay ~ 14,6 < Nyt

Plots of N,; versus A, show good correlation Ny & Ny,
— gas and dust well mixed for A, < 3 — galaxy structure
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Column density of
hydrogen
correlates with A, ¢

HI only
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Ndusf fr'om Figure 2 Correlations between gas-column densities and interstellar reddening for 100 stars from the
uv SPCCTI"G Copernicus atomic and molecular hydrogen survey (Savage et al. 1977, Bohlin, Savage & Drake 1978):

(a) shows the atomic hydrogen column density, N(HI), versus E(B-1), () shows the total hydrogen
column density, N(HI+H;) = N(HI)+2N(I1,), versus E(B-V). Be stars are denoted with the open
symbols. The solid line in (a) gives the average atomic hydrogen to E(I*- V) ratio 4.8 x 10?' atoms cm ™2
mag ~'. In (b) the solid line gives the average total hydrogen to E(B-V) ratio of 38 x 10%! atloms cm ?
mag "~ '. The point for p Oph in (a) and (b) should be moved upward by about a factor of 2.7.

Savage & Mathis 1979, ARAA 17, 86



UV radiation (A < 912 A) from O and B stars ionizes HI
Central star temperatures required > 30,000K

Recombination lines when protons, free electrons
recombine to excited state

photons of different energies emitted in cascade to
ground state

nh = 3—2 transition dominates i.e. Ha (6565 A)
-.emission from HIT regions is red

Lagoon nebula in Sagittarius



Size of HII regions Massive star embedded in dense H, cloud
stellar UV photons dissociate H,, ionize HI

simultaneously, electrons, protons recombine
— more HI

Each ionization removes a photon from beam
& star has fixed possible UV photon output
.. size of region ionized is limited

For uniform density, ionization spreads
isotropically, filling a sphere

— Stromgren sphere

Require that ionization balance holds at each location within sphere

i.e. ionization rate for any parcel of gas =
recombination rate of protons and electrons in same parcel

Also, ionization rate = rate at which ionizing photons emitted by star
= N. (recall: ionizing photons have energy > 13.6 €V; i.e. A < 912A)

For stars with spectral types 04 to B2, masses 70 to 10 M, values of
log N. vary from 49.9 to 44.8/sec 5



Determining the Stromgren radius

Tonization balance requirement:

Number of UV photons/unit time/unit volume =
Number of recombinations /unit time /unit volume

And number of recombinations /unit time /unit volume
x humber density of electrons x number density of atoms

= an.n, (wherea is recombination coefficient =
probability of recombining)

:.N«/4/3TTP3 = an,n, = an,?

~.r3 = 3N./4mma x n, -?/3
1

3N. jB 7

-.Stromgren radius, Rq =( e
Ao

VERY DRAMATIC BOUNDARY!
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Stars form in molecular clouds (H,)

A Nursery for Stars

This optical photograph from the Palomar Oschin
telescope shows many young stars clustered ‘around
an opaque black area n the constellanon of Serpens.
Suct

dark arcas are usually not empty sky. Instead,
resent dense dust condensations ‘where
stars are likely to f

new

The large quantities of dust
prevent the light emitted by any embedded stars from

reaching us.

)

v

By contrast, an image of the same region, taken by
NASA's Infrared Astronomical Satellite (IRAS)
reveals the presence of a strong source of mfrared

radiation. Optical radiation from newly-bom stars 1s
absorbed by the surrounding dust particles but re-
ated by them at infrared wavelengths. The intense
ared emission from the Serpens core is a signpost
that a number of young stars are present.

Lamam:

The Owens Valley millimeter array image provides a much
led picture of star formati ity in the very
heart of the Serpens infrared region. The age above
shows the emission that dust particles emit at a wavelength
of 3 mm. Each bright region indicates the presence of a

more det

dense dust clump that is either about to form a star, prestel-
lar, or already harbors a star nucleus. protos r. We can
count at least 26 such clumps. Most exciting from an
astronomer's point of view - the number of

lumps per

given mass conforms to the same pattern as th
for isolated stars, We are viewing the fragmentation of a

expected
single core to create a cluster of infant stars:

an interstellar nursery!



STiLL A MATSOR PROBLEM FoR 2\ T cmnTory
HOW DO STARS AND PLANETS FoRM?

NEED To CoNNECT THEORY
AND OBSERVATION
THEORY:
FroraaT=m?

STARS ARE BORN FROM GRAVITATIONAL
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WHAT ARE CoNDITIONS FOR CORE Coll APSE ©
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Jeans Criterion also applies to cloud size
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COLLAPSE TIME - SQALE
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pre-main sequence evolution
and planetary system formation

10 5

Disk/wind 105 yr
-

»

Planet building
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