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The Many Ages of Neutral Hydrogen

Pre-Relonization

First stars activate 21cm line with Lyalpha

Oppositz spins: lower-2nergy configuration

Visible in absorption

Relonization
Tau, As, > m,,

first galaxies, supermassive blackholes

Post-Reionization

dark energy equation of state
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Pre-Reionization Reionization Post-Reionization

Tau, As, > m,, dark energy equation of state
first galaxies, supermassive blackholes
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Inflation, exotic matter, first stars
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Some 21cm instruments
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DETECTING
FLUCTUATIONS

Z=11.1

Theoretical fluctuation size:
20mK

First gen instruments: power
spectrum sensitivity SNR~2

Power spectrum evolves with

redshift

McQuinn
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POWER SPECTRUM ANALYSIS WITH AN
INTERFEROMETER

Image Cube Native Interferometer 3D Power spectrum

Image FT Skv
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When we do this. We get this!

3D Power spectrum

FT Fourter
Frequency . Representatign
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Beam Maps necessary for foreground subtraction

Source straight up (at zenith)
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Same source far off axis ‘
218

e Sls 21cm signal

t (MHz)

spectrum

reionization.org danielcjacobs.com



'lF WE HAVE PRECISION
BEAM MAPS WE CAN DO
BETTER!

2013-08-23 18:04:40 183.04 MHz

Pober et al. 2015



ANECHOIC CHAMBER
MEASUREMENTS OF MWA
TILE

190 MHz

Scale in dBi



Sine Zenith Angle

Analysis by Ben McKinley et al Jacobs et al 2013
see also Sutinjo et al, Raa Sci, 2015



USING SKY SOURCES - LIMITED BY EAST-WEST SYMMETRY




SKA Aperture Array Veritication Program

Received R Power (dBDm)
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hang et al arxiv:1505.05885
~1GHz




USihg ORBCOMM Neben et al Radio Science, 2015, vol 50
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Orbcomm Beam Ratio Map
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Looking from above ) Healpix r;g flight paths
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Polarization locked to cardinal directions



L ooking from above ]

' Healpix ring flight paths
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Polarization locked to cardinal directions*

*does not give equal weight to all pols at all sky locations
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Gridded Power Standard Deviation Sample Count
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5 Gridded Power

Gridded Power
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ECHO Null Test

50m

HERA dish

Orbcomm Beam Ratio Map ECHO Beam Ratio Map
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Future Improvements: Faster Measurements
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MY ARGEST VARIATION AT DIPOLE NULLS ' -
- w , | STIFFER LIGHTWEIGHT MOUNT
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Future Improvements: Attitude Control
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FCHO V2

Rigid mount

Phoenix Cobetat
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Larger platform, ~40min tlight time, better attitude stability
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DELAY

Ret Dipole

CORRELATOR

Next Steps: Phase
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