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Introduction and context

(@)

Physics from the spin-flip transition
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- Recent developments

Year I plans
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Big Bang
Recombination

The “Cosmic Dawn”
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“Dark Ages”

First First
stars galaxies
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Robertson et al. (2010)




Reionization
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Studying Reionization: The Spin-Flip Transition
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., Protons and
electrons both
have Spin and Poles Alignex Pol [ ik

thigher energy state) {lower energy stake’

hence magnetic N %
moments = 3 ]L il + B,
- Produces 21 cm

photons (v~1 4
GHz)




The 21-cm line
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- Spectral line
measures entire
history

- Directly
measures
intergalactic gas

- Weak absorption
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The First Stars: Lya Fluctuations
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- Strong absorption
near first galaxies

- Eventually
saturates
Cold, invisible
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The First Black Holes
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. X-ray photons heat

gas around first black
holes

» Supernovae
. Stellar remnants

» Quasars

. Hot IGM near them,
cool IGM elsewhere




©
=
©
=
(8]
L=
-
o
™




30-20 45 X

z
210 8

v (MHz)

100 150

3.0 35 40 45 5.0
logo Nrw

-1.0-0.5 0.0 0.5 1.0
logiofx

2.5 3.0 35 4.0 45
log10Nion

2.53.0 3.5 4.04.55.05.5
log10Tmin
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But can we see 1t?
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. Terrestrial
foregrounds

- lonosphere

o Astrophysical
fC" SN e Je
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Mesinger, Furlanetto, & Cen (2011)
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How discernible is Poplll*?
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How discernible is Poplll*?
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How discernible is Poplll*?
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Unigque Signature?
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Unigque Signature?
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Unigque Signature?
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Unigque Signature?
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Unigque Signature?
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Unigque Signature?
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Unigque Signature?
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Unigque Signature?
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Unigque Signature?
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Unigque Signature?
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Shape Diagnostic
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Unique Signature?
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The 21-cm Signal and Future Instruments
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- Continuing improvement in
galaxy observations

- HST Frontier Fields
- Quasar surveys

- ALMA

JWST (2018+)

o Thirty-meter class telescopes

(¢]

- How do these inform spin-flip
measurements, and vice versa?




Combined constraints
without HERA

s HERA + Planck priors

¢ Lya emission fraction

{' Quasar near zone
®  Lya galaxy clustering
Y Dark Lya forest pixels




Year 1 Plans - UCLA
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- Project #1: Complete models of Pop III star
formation (Mebane)

- Project #2: Complete quantification of Pop Il
signatures in global signal (Mirocha)

o Run through DARE pipeline for detectability
estimate?

- Project #3: Combine global signal, interferometer,
galaxy, and CMB constraints into one framework

(Mirocha)



