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THE LARGE SCALE UNIVERS

D. Jacobs, 2015 Adapted from Loeb, 2012
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Abel & Kaehler (Stanford)



Credit: M. Alvarez (CITA)
& R. Kaehler (Stanford)



Baryons in the Universe

B Hydrogen
B Helium
B Other
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Parallel spins: higher-energy configuration
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Opposite spins: lower-energy configuration
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IMAGING

signal amplitude ~20mK

first generation sensitivity:
80mK

SKA sensitivity: 4mK

near future: statistical
measures

McQuinn ea 2007 MNRAS 377

D. Jacobs, 2015
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Planck temperature + WMAP polarization
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HUMAN INTERFERENCE
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PAPER

Precision Array for Probing the Epoch of Reionization




PAPER and MWA close up




Western
Australia
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WIDEFIELD
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Antenna dipole phased dipole tiles
antenna positions grid radial
spectrum 100-200MHz 80-300MHz
location Karoo Desert (SKA-South Africa) Western Australia (SKA-Australia)
fleld of view 60 degrees 30 degrees
Strength systematic rejection imaging capability
Weakness imited sensitivity

uneven spectral coverage

MWA and PAPER




— MWA 1600hrs
— PAPER 1200hrs

MWA sensitivity - Beardsley et al 2012

PAPER sensitivity - Parsons et al 2012
Model - Lidz 2009
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PAPER AND MWA

DEEP INTEGRATION VS REMOVING FOREGROUNDS
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Filtering/Covariance Direct Subtraction
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Foregrounds on a single baseline
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Foregrounds

PAPER
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D. Jacobs, 2015
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EXTERNAL CALIBRATOR FOR
HI OBSERVATORIES
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DONALD C. BACKER

PRECISION ARRAY FOR PROBING THE
EPOCH OF REIONIZATION
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PAPER SOUTH AFRICA
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P A P E ReSSeASELLS

2009-2010 — Imaging arrays (early catalogs etc)

Deep Integration Seasons

Year 1 (2011)<— 32 antenna (publisb\ed)

~

Year 2 (2012) — 64 antenna (in prep)

/
./ T Y . < >

Year 3-4 (2012,2013) — 128 (just finishing observing this year)
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MWA SCIENCE

80 degrees

Vela and Pup A |

Offringa + I\/IWA .C.c)mm.issioniﬁg Team Oberoi, et al 2013 Tingay et al 2018


http://gigapan.com/gigapans/141985
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3 0 21
Right Ascension

2014-07 2014-00 2014-11

Sgr A*

PKS 1932-46

PKS 1610C&D B

EORO EORT TOTAL
LOW
(9>7>7.3) 253 322 575
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MWA INTERFERENCE

== | OFAR data (Offringa et al., 2013a) === MWA data (this work)

125 130 135 140
—> Frequency (MHz)

Oftringa et al (in review)
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THE MWA COMPARISON FRAMEWORK

FHD
Cal and Model
subtract

Cotter
Average CHIPS EPPSILON

and Flag Power Power
Spectrum Spectrum

RTS
Cal and Model
Subtract

Time ordered
visibilities
Cubes: Image,
Variance, Weights




Power Spectrum Method
CHIPS
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Jacobs et al (in progress)



PRELIMINARY!

POWER SPECTRUM - 40 HOURS

power spectrum power/error

Beardsley, in prep



FOREGROUND FILTERED SENSITIVITY

Different tforeground scenarios

Instrument Pessimistic Moderate Optimistic
PAPER 1.17 2.02 4.82

MWA 0.60 2.46 6.40
LOFAR NL Core 1.35 2.76 17.37

SNR to fiducial model

D. Jacobs, 2015



HYDROGEN EPOCH OF
REIONIZATION ARRAY

REIONIZATION.ORG




HYDROGEN EPOCH OF REIONIZATION
ARRAY

* 14m transit dish, 331 element array ¢ Fast focus minimizes chromaticity

» PAPER feed * Joint MWA - PAPER enterprise

* MWA-type node architecture * 0.1 kmA2

R 7*‘
UCLARSEENTRENES I e
NRAO



http://reionization.org

HYDROGEN EPOCH OF REIONIZATION
ARRAY

* 14m transit dish, 331 element array ¢ Fast focus minimizes chromaticity

» PAPER feed * Joint MWA - PAPER enterprise

* MWA-type node architecture * 0.1 kmA2
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http://reionization.org
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US

Instrument Pessimistic Moderate Optimistic
E 2.02 4.82
2.46 6.40
LOFAR NL Core 1.35 2.76 17.37
HERA | | 38.20 133.15

SKA1 Low Core 35.95 218.27
=" SNR to fiducial model




HERA
HISTORY

¢ 2010 Decadal white-paper
estimated cost $80M

* Ranked highest in radio projects and
targets multiple top level focus areas

» 2011/2012cost reduced to $20M

* 2013 NSF “Mid-Scale”, funded for

. ) *C'ntero’
two years to begin construction |

Augustih 010 -",‘* - e

* Next proposal cycle Q3 2015

. JVULUNO, LV IV
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HERA SENSITIVITY

Dillon 2013
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HERA CAPABILITIES

JACOBS
|

GREIG ET AL 2015
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LIGHTING UP THE COSMOS

Inthe beginning of the Dark Ages, electrically neutral | ST W - Vv

_hydrogen gas filled the universe. As stars for
lonized the regions immediately around th

les here and there. Eventually these bubt , RN : F
l'\dlmmal'actrl‘c«"_. ecame entirely for . ™ Ty >
'\(‘- “_ .'. \ ' ~ ,_ > . \
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: -
. .
-

’ : A
p \ o

-

Time: 210million years 290 milllon years 370million years 460 millionyears 540millionyears 620 million years 710million years
Widthof frame: 2.4 million light-years  3.0million light-years 3.6 million light-years 4.1 million light-years 4.6 million light-years 5.0million light-years 5.5million light-years
Observed wavelength: 4.1 meters 3.3meters 2.8 meters 2.4 meters 2.1 meters 2.0meters 1.8 meters
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Primary beam uncertainty is the current leading cause of

foreground contamination
ECHO Project (ATl 2013, Jacobs PI)

This uncertainty is identified by simulating only 200 seconds
ot data. More is needed!

NSF CDSE (Prop.)

Time-to-science is currently averaging 2.5 years. Telescope is
half in the computer, but the expertise is still weighted
towards the .

Worktlow industrialization.
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Stability test

Beam map precision:

.\f :,;;;.
m v b i
3.7deg R
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3 |
t t + ,\11,8%3
33.4056  33.40555  33.4055 Longtuce
Latitude
over
dx=4.5m
dy=6.5m

dz=0.422




Seam mapping flight test

 Flight mode 1: Hover

 Flight mode 2: constant beam
contours

 Flight mode 3: Experimental

75

50
Elevation(m)
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