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O PhySiCS Ofthe 2] cm TrClnSitiOFZ (the very, very short

version; see Furlanetto, Oh, & Briggs 2006 for more detail)

o The Pre-reionization Signal
o The First Stars and the UV Background

o Conclusions




The Spin- th Transition
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The 21 cm Signal
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o Four factors:
o Neutral fraction
o Density
o Excitation temperature

o Velocity (redshift-space distortions)




Reionization

Ty =Tyt \(H@D/1+ 2))
N, 10r B P s

1+Z 1/2
_57;z23x,,,(1+5)( 10) ( 2

o First stars and
galaxies produce
lonizing photons

o lonized bubbles
grow and merge




| The Wouthuysen-Field Mechanism
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IGM Heating: X-rays
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o X-rays scatter
through the IGM and
deposit energy as...

o lonization

o Collisional
excitation

o Heating




o Four Phases

o Dark Ages ...

o First Stars ="

o First Black Holes

o Reionization -
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Early Star Formation Is Unique

v : - ity o I B3 SR Uy e WYY o
SRR b B 4, Tt AT P G DT A P45 = Jigres P Bt et S 2 ORS00

o Gas in dark matter halos
must cool to form stars

* o Usual coolant (“metals”)
; absent!

z=18.2

o Cooling occurs via collisional
excitation and radiative de-
excitation of H>

o First halos too cold for
atomic H

o Different thermodynamics:
first stars are and
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The Lyman -Werner Background
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o UV photons between
11.5-13.6 eV

dissociate H»
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The End of Very Massive Stars
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o Amplitude required to suppress H> cooling depends on size
of halo

o Pop Il halos will gradually shift to higher masses over
time

o “Self-regulation” to maintain LW background at just
the right threshold

o Tvir=10¢ K allows atomic hydrogen cooling: normal
stars!

o Roughly, threshold sits at ~0.1 photons/baryon
o WEF threshold also ~0.1 photon/baryon!




How Far Does Lyman-Werner Radiation Reach?
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fo Lyman-a Holzbauer & Furlanetto (in prep)
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Conclusions
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o HI 21 cm line promising probe of astrophysics of first
sources

o First stars: UV background
o First black holes: X-ray background
o High-z galaxies: reionization

o UV background also crucial for transition from very
massive to “normal” stars

o Background quite uniform

o Global 21-cm background measurement, as from DARE,
provides robust estimate of this transition




