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21cm intensity mapping with CMB backlight

Transition between two hyperfine (n=1) states of atomic hydrogen
Uy = 142GHZ hV21/k = OO68K <K TCMB

f(ra,dec,v) = femp(v) + fri(z + 1 = 1420MHz /v)

+f(Galactic sychrotron) + f(extragalactic sources)

HI can contribute positive or negative flux according to whether spin
temperature greater or less than CMB temperature

ST(v) o xu (1 - %) (14 0m) (%)

Fluctuation of T along line-of-sight come from fluctuations in xy;
(e.g. from ionizing radiation), Ts, d,, velocity gradiants.
Fluctations perpendicular to line-of-sight come from foregrounds.
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Three temperatures after recombination

(gas kinetic energy, spin, CMB)

200 < z < 1100: Ty = T,
(residual Compton scattering)
Tk = Ts (collisional coupling)

] 40<z<200: Ts=Ti < T,
0 ] (Tk ~1/a%, T, ~1/a)
Ll ] and collisional coupling)
wE 0 A 30<z<40 Tk<Ts > T,
° e . (end of collisions, radiative

coupling)
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0Ty~ Ts— T, vs. time
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0 Ty is in principle measureable but not by interferometers
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Wouthuysen-Field spin cooling

z~40: Ts > Tk
(excess in upper spin state)

UV photons from first stars induce
spin transitions.

Question: why doesn't this heat
up the gas?
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0Ty~ Ts— T, vs. time
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Power spectrum measurements
15t gen: LOFAR, 1
MWA, PER... ‘ _
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Slices are 750Mpc wide and 1.5Mpc thick.
e top: “fiducial” x-ray sources for heating

@ bottom: “extreme x-ray model”: primordial galaxies produce
many more hard x-rays than low-redshift galaxies
(saturating unresolved x-ray background).
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Sources of fluctuations
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Fiducial model fluctuations:

z > 40 gas-density fluctuations

z ~ 25 UV photon fluctuations (W-E effect)

z ~ 15 Temperature fluctuations (depends of x-ray spectrum)
z ~ 10 lonization-fraction fluctuations (UV flux)

z ~< 7 Density fluctuations (emission by gas in halos (DLA's))
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21cm power spectrum evolution
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EoR morphologies

163Mpc_g8.7.1308
163Mpc_g21.7-0

X [h/Mpc]
Slices are 53Mpc on a side, midpoint of reionization.
Left: reionization fueled by UV from light galaxies (M ~ 108M,)
Middle: reionization fueled by UV from heavy biased galaxies
(M ~ 10°M,,)
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