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EDGES (and DARE) at MRO

EDGES antenna
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Recelver temperature
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3-position switch data N1

PO - sky
P1 - cold
P2 - hot

Frequency [MHZ] 200

http://loco.lab.asu.edu/edges



Example data Or-Nov-2012

28-0ct-2012
21-Oct-2012
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EDGES-1 results

+15 dB

Murchison Radio-astronomy
Observatory (MRO)

Aug 20 — Oct 20, 2009

1440 wall-clock hours on sky
500 hours after RFI cuts

50 hours eff. integration



EDGES-1 results

#1: 21 cm reionization model

#2. For[]eground model
Te=> a,(1+2)”
n=0
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2 science parameters: Az and z, Pritchard & Loeb (2011)

4-19 nuisance parameters: a,




EDGES-1 results

Az,>0.06 for6<z <13
(95% confidence)

Bowman & Rogers, Nature, 468, 7325, pp. 796-798 (2010)



VNA temperature dependence



S11 temperature folding
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VNA temperature fits

Fitting of linear model for real and imaginary parts
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S11 temperature projection

|511| projected to lowest temperature (34.5C)
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EDGES summary

* EDGES-1 successfully demonstrated viable limits on
reionization with only 3-position calibration (no accounting for
reflection terms) and polynomial fitting

* Nearly 2-years of RFI (and other event) monitoring at MRO,
posted at http://loco.lab.asu.edu/edges

e EDGES-2 attempting absolute calibration, expect first
deployment by mid-2013

* Spin-offs including improved calibration and characterization of
temperature-dependence of VNAs at low-frequencies,
calibration of noise diodes, antenna simulator

+ The dependence of S11 on temperature is linear (for real and
iImaginary parts), but different for each value of frequency.

+ STD of the residuals is < 0.01 [dB] for [S11| and < 0.0015 [deg] for
angle(S11).
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\ Long Wavelength Array



LWA-1.:

e 256 dual-pol dipoles (and 1 outrigger)
e 10-88 MHz, 4 beams
e TBN (100 kHz, 100% duty) and TBW voltage capture

20/23






(Loeb 2006)
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Declination

Experiment strategy

* Observations will use four beamformers to make two effective beam,
each spanning ~40 MHz, up to 500 hours of integration

* Science beam targets relatively cold region of the sky
e Calibrator beam targets bright, smooth spectrum source
* Beams are large enough to average over angular variations

Science bheam
Avg. 4200 K

Calibrator beam
Cyg A: 77000 K

0 a 8 12 16 20 24
50 MHz model of northern sky RA (Oliveira-Costa et al. 2008)



Sidelobes

« Chromatic variation of 1.0 — 24 MH
beam couples foreground ;g 38 MHz
structure to spectrum 3

_g 0.6

 Much larger sidelobes S s
(10%) than single dipole  ©
experiments 0.2
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Beamforming

Goal: Prevent frequency-dependent variations in sidelobes from
coupling foreground angular structure into spectrum

Technigues planned for investigation:

1.Defocusing primary beam averages over more foreground, can
lower sidelobe power. Option of heterogeneous beams

2 .Steering sidelobes away from bright sources. Requires
excellent model of the electromagnetic profile of station

3.Sidelob blurring by continuously varying weighting coefficients
to constantly “shimmer” sidelobes

4 .Optimal beamforming by accounting for mutual coupling




Raster Mapping

Use bright source in TBN data to map
structure of sidelobes --- “Pseudo-beam”

2 minutes

74 MHz



Variation with Elevation

Cyg A

-2 hours -1 hour Transit

EL = 65 deg EL =76 deg EL = 83 deg



Variation with Time

Pol 0 Pol 1

2 seconds per frame 60 frames 74 MHz



Blurring with Gaussian weights

standard LWA beam defocused, FWHM = 20m

Acquiring raster maps of customized DRX beams to compare with TBN
predictions, confirm shape
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Status & Next Steps

Adding cross-correlation with outrigger to TBN analysis to reduce
Galactic background

Explore weighting coefficients in TBN data
Just acquired ~10 TB of TBN observations in 4 frequency blocks

to mimic plans for DRX mode observing

55 MHz 87 MHz
Beam 1 48 MHz 80 MHz Beam 2
Tuning 1 41 MHz 73 MHz Tuning 1
Beam 1 39 MHz 71 MHz Beam 2
. 32 MHz 64 MHz .
Tuning 2 25 MHz 57 MHz Tuning 2

Planning first DRX observations for deep RFI testing and starting

beamforming analysis

W WA

Long Wavelength Array



Summary

LWAL1 offers a novel method to detect or constrain the
all-sky 21 cm signal using multiple simultaneous beams
on the sky for bandpass calibration.

Preliminary work on beamforming supporting LWA
community by characterizing beams on the telescope
and developing new capabillities

Wil contribute to overall calibration of LWA1 and
hopefully constrain Cosmic Dawn



Extras
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Candidate target/cal field pairs



