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The cosmological HI signal




How did galaxies form?
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Short history of hydrogen
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HI during EoR
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Statistical EoR detection
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Spherical symmetry
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EoR power spectrum
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Power spectrum dynamics




HI

ower spectra evolution
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Dark energy with HI
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Why is this hard? Foregrounds

Galactic emission (polarized and Faraday rotated)
Bright point sources

Faint point sources

Instrumental contamination

Radio recombination lines

RFI

Mode mixing



Foreground symmetry




k-space measurement
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Mode mixing

Frontier of foreground subtraction is
interactions between calibration and
foregrounds

Need measurement fidelity of 104 - 10-°

Effectively a product of the calibration errors
and foreground uncertainty



Examples

e Chromatic array beam (PSF) &
residual source flux, residual ==

frequency ripple

Polarized foreground &
nolarization mis-calibration,
flux leakage from Q & U — |

e Antenna beam dependence &

point sources, decorrelation
of visibilities at different
frequencies
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k-space measurement
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Bright source location error
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HERA

A roadmap for learning how to perform
precision low redshift observations and build
second generation EoR observatories (HERA II).
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Tracking antennas

80-300 MHz



Large N correlator

31 MHz bandwidth

10 kHz frequency resolution
131,072 baselines x 4 polarizations

1.6 Gvis. every 1/2 second



Holographic realtime calibration



Holographic realtime calibration
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Antenna,

receiver, &

correlator
designs
verified




EoR foreground subtraction
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DR ~ 7000
RMS (avg) ~ 140 m]y
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Left: MWA
32T 115
MHz image

Right: MWA
contours
over ACTA+

PKS 1.4 GHz
image




MWA power spectrum sensitivity
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MWA vs. HERA
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MWA sensitivity vs. redshift

x 10 x 10 x 10

15 3 : : : 15

—
o

P [Jy? HZ?]

)]

10 10" 107 10°
k [Mpc™']

k [Mpc™]

Bowman, Morales & Hewitt (2005)



-M"'v,«,w-w s
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Murchison Widefield Array

e 512 16 dipole

antennas
e 30300 MHz

» Radio quiet
Murchison site

o Very wide 20—
40" field of view

o Full cross-
correlation of all
512 antennas




Instrumental calibration

(Gain from one antenna
to rest of array;
simultaneously for all
antennas & 100 sources




Galaxy surveys vs. intensity

mapping
Galaxy survey: select galaxies above noise

threshold, cross-correlate positions

Intensity mapping: correlate density of HI
emission in low resolution measurements

e Include emission from all galaxies (most below
detection threshold)

o All baselines on BAQO scales



k-space Fisher matrixes
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Sierpinski carpet

350-1500 MHz; z = 04



MOUEFEF correlator
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Science

BAO and cosmology parameters, z of 1-3.5

o Gravitational waves via millisecond pulsar
timing

Ephemerides of most southern pulsars every
week

Full-sky pulsar survey



Number of antennas 2500 (steerable)
Antenna element size 1.1 m?

Total collecting area ~2750 m? (freq. dependent)
Field of view 400 sq. deg (~20%wmn)
Instantaneous bandwidth 300 MHz
Maximum baseline 250 m

Angular resolution at z=1 (710 MHz) 6 arcmin

System temperature at z=1, T, 35 K

http: / /www.phys.washington.edu /users /mmorales/ carpe/


http://www.phys.washington.edu/users/mmorales/carpe/
http://www.phys.washington.edu/users/mmorales/carpe/

Performance

Cosmology parameters
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