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Figure 2: (a) Evolution of the 21 cm power spectrum at k = 0.1 Mpc�1 as a function of
redshift. The three peaks prominently shown by the fiducial model fXf? = 10�1 correspond
to the epochs of Ly↵ pumping, X-ray heating, and reionization (from highest to lowest z).
As the X-ray e�ciency is decreased, the X-ray peak shifts towards lower redshifts, thereby
putting it in a regime detectable by first generation observatories. The largest 21 cm signal
possible is achieved at low X-ray e�ciency where the X-ray peak merges with the reionization
peak (e.g. fXf? = 10�3 & 10�4). (b) Same as (a), but modulating the ionization e�ciency,
⇣ion, while keeping fXf? = 10�1. Each model’s optical depth is calculated using equation
(10), and all optical depths are measured at z = 7. The degeneracy between the ionization
and X-ray e�ciency can be broken by noting the qualitative di↵erence between the curves
of (a) and (b): changing ⇣ion will not change the location of the X-ray peak. One can use
either the X-ray peak’s redshift or the value of the power spectrum at the peak to uniquely
determine the X-ray background fXf?.

there are three peaks in the signal corresponding to epochs of Ly↵ pumping, X-ray heating,
and reionization (from highest to lowest z). As one decreases the X-ray e�ciency, the X-ray
peak is shifted towards low redshifts. At low enough X-ray e�ciency (e.g. fXf?  10�3), the
X-ray peak enters a redshift regime that is uncontaminated by the strong foreground [18]
and thus is accessible by first generation experiments.

The 21 cm power spectra and thermal noise for 1000 hours of MWA observation is shown
in figure 3. The sensitivity of this first generation array is high enough to place constraints
on the X-ray background at redshift z = 8 � 14. For example, at k = 0.1 Mpc�1, a non
detection at z = 8 will rule out reionization models with an X-ray background corresponding
to fXf? = 10�4 (dotted curve). A detection could be checked against the same set of
simulations to ascertain the value of fXf? at the signal’s redshift. As such, the 21 cm power
spectrum could be used to measure the cosmic X-ray background at a given redshift during
the EoR - making it an X-rayometer.

Note that one does not need to measure the amplitude of the 21 cm power spectrum
in order to measure the X-ray background. Figure 2 implies that the location of the X-ray
peak is uniquely determined by the X-ray e�ciency. The X-ray background is measurable
from the redshift of this peak. Of course, measuring the actual value of the 21 cm power
spectrum will allow us a more precise determination of the X-ray background, and the best
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