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As part of the SSERVI Network for Exploration
and Space Science (NESS) team, we are
developing a for a low-
frequency radio antenna concept designed to
observe for the first time the redshifted 21-cm
signal of neutral hydrogen
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We utilize the latest theoretical frameworks to
model the
on the 21-cm spectrum.
Using sky data to describe the
and lab data to
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spatial/spectral variations and polarization (see
companion poster by Tauscher et al.); and it
succeeds in constraining the signal at the level
required to
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Hydrogen seen in absorption against the CMB.  CMB photons and UV photons from first stars interact with cold hydrogen First acereting black holes begin Beginning of Reionization, corresponding to ¢ Intergalactic medium (IGM) is completely ionized
: + ¢ afoms producing a deep absorption trough in the observed spectrum. i°4 heating hydrogen via X-Rays. redshifted 21cm heated hydrogen in emission. s by stars.

A. Hydrogen gas adiabatically cools faster than the CMB after
decoupling so 21-cm signal is in absorption against the CMB.
DARE will probe the end of the Dark Ages close to ‘3

B. Magnetic interactions of p* and e spins produce hyperfine splitting of ground state. } " (. By measuring the onset and rate of heating, DARE will D. DARE will constrain the early phases of reionization E. Once reionization is completed and neutral hydrogen is
Absorbtion of ultraviolet photon induces spin-flip via excitation to n=2 level followed 1+ detet the first accreting black holes via X-ray heating of by measuring the neutral hydrogen fraction. destroyed, the 21cm signal disappears.

In Burns et al. (2017; arXiv:1704.02651), we
show that our pipeline extracts the 21-cm signal
down to a band-averaged RMS of ~17 mK.

by decay to other hyperfine level. ; - neutral hydrogen in the IGM.
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Physical sighal models available as part of our pipeline v (MH2)
have been generated with the ares! code (Mirocha, The pipeline separates the signal (~100 mK) from the
2014): https://bitbucket.org/mirochaj/ares. large foregrounds (~few x 10° K).
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Left panel: the same black line is the input 21-cm signal; blue bands are the pipeline reconstructions of the signal for
a given number of SVD signal and systematic parameters/modes. Right panel: BPIC statistic proposed to blindly select
a model capable of fitting the data well. The chosen model (white rectangle) is the one with the minimum BPIC.

100

— input — input
—200¢ total error 68% total error 68%
I statistical 68% o statistical 68%

Brightness temperature (mK)

40 50 60 70 80 90 100 110 120
Frequency (MHz)

The extracted 21-cm spectra with 68% confidence
intervals for models with primordial Pop Il (red) and
Pop Il (black) stars expected from using a low-
frequency radiometer in lunar orbit for 800 hours of
observation. The dark bands represent thermal
(statistical) noise from the sky. The total uncertainty,
including statistical and systematic effects from the
instrument and foreground, is shown by the lighter

bands.
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The panels illustrate examples of constraints on the
global 21-cm extrema frequencies (left), UV photon
production efficiency (§,) and X-ray heating
efficiency (&,) between models with Pop Il and Pop
Il stars (top right) using the calibrated 21-cm
spectrum. Dotted black lines indicate the “true”
input values, and contours the 68% confidence
intervals using 23 (black) and 30 (blue) mK average
RMS uncertainties over the observed band.
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