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What is the 21-cm Global signal?
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Why is this a Challenging Observation?
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How Can Polarimetry Help?

Projection-Induced Polarization (Nhan, Bradley, Burns, 2017, ApJ, 836, 90)
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The Cosmic Twilight Polarimeter (CTP):

Dynamic Polarimetry Testbed
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[nitial Results from the Cosmic Twilight Polarimeter

Nhan, B., 2018, Ph.D. dissertation, U. Colorado
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e Data consist of Stokes [,Q,U,V in frequency channels as a function of time at 82 MHz.
» After extensive RFI editing and averaging, Fourier transform binned data channels to
measure dynamical frequencies (n) for Stokes Q,U.
 n=2is expected twice diurnal signal and is tentatively detected in these data.
e C(aveats:
e Simulation only contains first order models of beam distortions due to ground and
horizon effects.
e Very few clean channels due to severe RFI.




How can we extract the 21-cm signal?

Without polarization
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How much difference does polarization data make?
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Extrapolation into the Dark Ages based upon

EDGES Results
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68 and 95% (dark and light gray)
bands: EDGES measurements of

Black, dashed curve: Example of the
standard astrophysical models
inconsistent with EDGES results.
EDGES results (Bowman et al. 2018,
Nature, 555, 67) require exotic physics
such as e.g. interactions between
baryons and dark matter particles.
Beyond-standard-physics models of the
trough consistent with the

EDGES Cosmic Dawn signal:

Blue curve: Maximum cooling rate is

the adiabatic rate, but occurring

earlier.

Red curve: Cooling rate both lower

and earlier.

Magenta curve: Cooling rate not

monotonically declining (i.e. there is

a ‘preferred epoch’ of excess cooling).




The Dark Ages Polarimetry PathfindER (DAPPER):

A Space-based SmallSat Testbed

DAPPER will be placed in proximity to NASA’s Lunar Orbital
Platform-Gateway to reduce Earth-based RFI.

Operates over bandwidth of 15-30 MHz (93>z2>46).

Dual orthogonal = 7-m tip-to-tip wire dipole antennas
deployed successfully many times (e.g., WIND /WAVES).
Low noise amplifiers & dual channel receiver to measure all
4 Stokes parameters. Based upon FIELDS instrument to be
flown on Parker Solar Probe (collaboration with S. Bale,
Berkeley).
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Summary and Conclusions

 We developed a method which transforms the 21-cm signal
extraction task from one where absolute knowledge of system
parameters is required to one of composing training sets where
knowledge of the modes of variation are used.

e Applying this method to simulated 21-cm experiment data
sets using dual-polarized antennas, we extracted a wide
variety of input signals with a 95% confidence error of <30
mK.

 The CTP ground-based prototype has tentatively detected the
expected dynamic polarization signal from the Foreground.

 We are developing a SmallSat mission concept (DAPPER) to
utilize both polarimetry and Pattern Recognition to detect the
expected turning points in the Global 21-cm spectrum.
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