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Spectral Features:
A: Dark Ages: test of

standard cosmological
model

B: Cosmic Dawn: First
stars ignite

C: Black hole accretion
begins

What is the 21-cm Global signal?
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EDGES: Key Features
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Q. How to amplify signal by a factor of 2-3?

1. Increase TR via Dark Matter decay or synchrotron radiation from black holes, 
galaxies.
• Feng & Holder, Ewall-Wice et al., Fraser et al., Mirocha & Furlanetto

2. Alter the cosmology.
• McGaugh, Costa et al., Hill et al. 

3. Decrease TS via baryon-Dark Matter interactions which cools the hydrogen.
• Barkana, Munoz & Loeb, Fialkov et al., Berlin et al., Slatyer & Wu







The Dark Ages Polarimeter PathfindER (DAPPER):
A Space-based SmallSat Testbed 

Mission Overview
• DAPPER will deploy from vicinity of NASA’s 

Lunar Gateway & transfer to a 50×125 km 
low lunar orbit.

• Operates over primary bandwidth of 17-38 
MHz (83 ≥z≥36) and sparse secondary 
sampling from 55-107 MHz (25 ≥z≥12).

• Low noise amplifiers & dual channel 
receiver to measure all 4 Stokes 
parameters.  Based upon FIELDS 
instrument currently flying on Parker Solar 
Probe (TRL = 8).

• Projection-induced polarimetry used to 
independently constrain foreground.

• Baseline mission duration = 26 months.
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