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I M A G I N G

• signal amplitude ~20mK 

• first generation sensitivity: 
80mK 

• SKA sensitivity: 4mK 

• near future: statistical 
measures

McQuinn ea 2007 MNRAS 377
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Mesinger et al 2014
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Planck temperature + WMAP polarization 
+ ACT + SPT+ 21cm pspec

Liu et al in prep
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PAPER and MWA close up



800km

MWA
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MWA and PAPER

PAPER MWA
Antenna dipole phased dipole tiles

antenna positions grid radial
spectrum 100-200MHz 80-300MHz
location Karoo Desert (SKA-South Africa) Western Australia (SKA-Australia)

field of view 60 degrees 30 degrees
Strength systematic rejection imaging capability

Weakness limited sensitivity uneven spectral coverage
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PAPER
MWA

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



PA P E R  A N D  M W A
D E E P  I N T E G R A T I O N    V S    R E M O V I N G  F O R E G R O U N D S

O N E  M O D E ,  M A N Y  S A M P L E S

M A N Y  M O D E S ,  F E W E R  S A M P L E S

Filtering/Covariance Direct Subtraction
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HI 21cm
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Morales, 2006 AJ 619
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Interferometry 101
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Foregrounds
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Predicted Foreground Limit

First spectral harmonic

Foreground Margin

First antenna sidelobe

Primary Beam

Pober et al 2013 August 23, 2013

PA P E R M W A

http://loco.lab.asu.edu/danny_jacobs
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Thyagarajan et al (acceptance imminent)
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Neben / ORBCOMM MIT/Lincoln Labs

Pober et al 2012 Jacobs 2013



E C H O
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P R E C I S I O N  A R R AY  F O R  P R O B I N G  T H E  
E P O C H  O F  R E I O N I Z AT I O N

D O N A L D  C .  B A C K E R

Parsons (UCB) Aguirre (UPenn) Carilli (NRAO)Jacobs (ASU)

Pober (UWa)

Bradley (UVa)
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MacMahon 
Dexter 
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Cheng 
Liu

Kohn 
Moore Bernardi (SA)



PAPER Construction
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PSA16 2009
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PSA64 2011

PSA32 Grid 2012
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Y E A R  1  PA P E R



PA P E R  S TA T U S

• 2009-2010 — Imaging arrays (early catalogs etc) 

• Deep Integration Seasons 

• Year 1 (2011) —  32 antenna    (published) 

• Year 2 (2012) — 64 antenna  (in prep) 

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

!

!
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Y E A R  1  PA P E R

Parsons 2014, Jacobs 2015
Y E A R 1

Heating from 
 early objects(          )> 0



Omniscope Zheng et al 2014
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Y E A R  2  PA P E R  R E S U LT S

Parsons 2014, Jacobs 2015
Y E A R 1 Y E A R 2

A R X I V. O R G / A B S / 1 5 0 2 . 0 6 0 1 6

Ali, et al 2015

http://arxiv.org/abs/1502.06016
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PA P E R  Y E A R  2  R E S U LT S

Pober et al (imminent)
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M W A  S C I E N C E

http://gigapan.com/gigapans/141985

Tingay et al 2013

D. Kaplan

Oberoi, et al 2013Offringa + MWA Commissioning Team

Vela and Pup A

80 degrees

http://gigapan.com/gigapans/141985
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M W A  I N T E R F E R E N C E

Offringa et al (in review)
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Abraham Neben 
MIT



C ATA L O G I N G
C A R R O L L  2 0 1 4

See poster 144.47 on Monday



T H E  M W A  C O M PA R I S O N  F R A M E W O R K
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Jacobs et al (in progress)



P O W E R  S P E C T R U M  -  4 0  H O U R S
power spectrum power/error

Beardsley, in prep

P R E L I M I N A R Y !

E X C E S S  O F  A B O U T  2  S I G M A
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F O R E G R O U N D  F I LT E R E D  S E N S I T I V I T Y

Different foreground scenarios

SNR to fiducial model



H Y D R O G E N  E P O C H  O F  
R E I O N I Z AT I O N  A R R AY

Parsons (UCB) Aguirre (UPenn)

Morales (UW) Furlanetto (UCLA)

Carilli (NRAO\Cavendish)

Hewitt (MIT-Kavli) Tegmark (MIT)
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Jacobs (ASU)
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R E I O N I Z AT I O N . O R G

SKA -South Africa



H Y D R O G E N  E P O C H  O F  R E I O N I Z AT I O N  
A R R AY

• 14m transit dish, 331 element array 

• PAPER feed 

• MWA-type node architecture 

• Fast focus minimizes chromaticity 

• Joint MWA - PAPER enterprise 

• 0.1 km^2

http://reionization.org

http://reionization.org
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*scale approximate

D E T E C T I O N  O F  R E A S O N A B L E  E O R  M O D E L S  U N D E R  VA R I O U S  
F O R E G R O U N D  A S S U M P T I O N S

SNR to fiducial model
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H E R A  
H I S T O R Y
• 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 
two years to begin construction 

• Next proposal cycle Q3 2015
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H E R A  S E N S I T I V I T Y



H E R A  C A PA B I L I T I E S

Mesinger, Ewall-wice, Hewitt 2014 MNRAS 439M E S I N G E R  E T  A L  2 0 1 3

J A C O B S

H E R A  C O L L A B

G R E I G  E T  A L  2 0 1 5



T H A N K  Y O U !





I S  A  S O F T WA R E  T E L E S C O P E  
H E R A  I S





• Primary beam uncertainty is the current leading cause of 
foreground contamination 
                   ECHO Project (ATI 2013, Jacobs PI) 

• This uncertainty is identified by simulating only 200 seconds 
of 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 i.   
                   Workflow industrialization.







Stability test

Hover 
dx=4.5m 
dy=6.5m 
dz=0.422

Beam map precision: 
3.7deg



Beam mapping flight test

• Flight mode 1: Hover


• Flight mode 2: constant beam 
contours


• Flight mode 3: Experimental
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