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A Schematic Outllne of the Cosmic History

< The Big Bang

The Universe filled
with ionized gas

<The Universe becomes
neutral and opaque

The Dark Ages start

Galaxies and Quasars
begin to form
The Reionization starts

The Cosmic Renaissance
The Dark Ages end

|
<-Reionization complete,

the Universe becomes
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Galaxies evolve

The Solar System forms

Today: Astronomers
figure it all out!

The First Stars

M. Norman, B. O’Shea et al.
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What is the 21-cm Global signal?
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Bowman et al. 2018, Nature, 555, 67
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How to amplify signal by a factor of 2-3?
_ (V. oh? 0.15 1+2)\"? Tk
OTp = 27 Tyt 11 +9) ( 0.023 ) (szm,oh? 10 ) (1 - Ts) mk

1. Increase T, 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 T, via baryon-Dark Matter interactions which cools the hydrogen.
 Barkana, Munoz & Loeb, Fialkov et al., Berlin et al., Slatyer & Wu
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OBJECTIVE 1: OBJECTIVE 2:
* Determine the level of (dis)Jagreement with the standard * Determine the level of excess cooling above the adiabatic limit for Cosmic Dawn.

cosmological model caused by dark matter in the Dark Ages. * Determine when the first stars and black holes formed.
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DAPPER uses the 21-cm all-sky signal to observe redshifts z=83-12 ; ; : AR
9 = ’ differences in spectral shapes, spatial structure, and polarization.

associated with the Dark Ages and the Cosmic Dawn.
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Mission Overview

 DAPPER will deploy from vicinity of NASA’s
Lunar Gateway & transfer toa 50x125 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.

TOTAL Transfer AV
=1,051.7 m/s
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RAE-2 1973

Lunar Farside: No RFl ===

or lonosphere! 1.

MISSION CONCEPT The‘N'Ioor‘\ shields DAPPER from Earth’s RFI noise
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* Deep Space Xplorer bus by Bradford
p Space Industries.
* High impulse, high AV.

Keep-Alive Solar Panels (2) Toroidal Mission Spacecraft
40 cells per panel \ / Antenna

Payload

Radial Antenna

Deployers (4) Antennas

80 cm
Body-Mounted Solar \ * Deployable, spinning, wire boom
Panels (4 Z F )
PP W 3 e ameler antennas arranged in 2 orthogonal, co-
(shown transparent) . .
— Il linear pairs. ) )
el . 3 length deployments to “tune
_ _PAF i instrument.
15-inch Separation Ring pi 1 RCS Thruster Triads (4) | o

Antenna deployments

22-N Thruster —— 7.57 m, 3457 hr, 17.0-21.9 MHz
. —— 5.82m, 926 hr, 21.9-28.7 MHz
' —— 4.41m, 231 hr, 28.7-38.2 MHz
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INSTRUMENT  Thermally robust antennas have been Spectrometer/Polarimeter used for Parker Solar Probe

deployed in near-sun environment
and in deep space. B e oy, gpbeig)

Wire Deploy Assist Device Tip b X " ' |y & o= 2"x2"area 7
Spool  Deployment (Shown Deployed) Mass ‘ 8 . thermally -
Stepper Motor 5 y -, - regulated

. B
~3.3m Fine Wire , <l L« a3 c WY LA
Motor Controller ‘ :

" spool as
" used for

EM resonance antenna -
simplified for DAPPER L 7 - THEMIS: |

DAPPER Instrument

* High heritage from Parker Solar Probe, THEMIS, Van Allen Probes.
* Receiver gain variations:
* Measured with high fidelity by frequency tones.
* Controlled by stabilizing temperatures to +1°C.
* Calibration:
* Pre-launch lab measurements.
* In-flight verification.
 Fitting receiver characteristics using pattern recognition/MCMC pipeline.
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DATA PROCESSING PIPELINE Pipeline uses pattern recognition and training sets to
separate signal from known S/C, foreground, and systemic effects, and then fits cosmological models
to the data.
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Summary MANAGEMENT & ORGANIZATION
* The redshifted 21-cm Global Spectrum at <30

MHz offers the prospect of probing the nature Member Role Institution

& character of Dark Matter in the Dark Ages. | J:Bumns Pl University of Colorado
« These observations need to be conducted in 82 £o- iy

. . .. R. Bradley Co-l NRAO

Space, 1n orbit of the Moon, to eliminate Earth N. Bassett Grad Student | University of Colorado

ionospheric, RF], & ground effects. D. Bordenave | Grad Student | University of Virginia
* Projection-induced polarization provides an J.Bowman | Collaborator | ASU

independent measure of the galactic H. Falcke Collaborator | Radbound University

foreground. S.Furlanetto | Collaborator | UCLA

. i M. Klein-Wolt | Collaborator | Radbound University
We developed a method which transforms the T T F T

21-cm signal extraction task from one where [ irocha | Collaborator | McGill

absolute knowledge of system parameters is B. Nhan Collaborator | University of Virginia
required to one of composing training sets D. Rapetti SOC Lead University of Colorado
Where knowledge Ofthe modeS Ofvariation are \K. Tauscher Grad Student University of COIOfadO)
used.

e DAPPER will differentiate between the Burns, J.O., et al. 2019, “Dark Cosmology: Investigating Dark

. Matter & Exotic Physics in the Dark Ages using the

standard cosmology model & added cooling  Redshifted 21-cm Global Spectrum”, Astr02020: Decadal
models at >50 level. Survey on Astronomy and Astrophysics, science white papers,

no. 6; BAAS, \ol. 51, Issue 3, id. 6.



- MOON GAZING

| Nearly 50 years ago, NASA put a telescope
~on the Moon. Astronomers have been trying to return ever since

By Daniel Clery




