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The Many Ages of Neutral Hydrogen 
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PAPER MWA

EDGES LOFAR

Some 21cm instruments

HERA
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D E T E C T I N G  
F L U C T U AT I O N S

• Theoretical fluctuation size: 
20mK 

• First gen instruments: power 
spectrum sensitivity SNR~2 

• Power spectrum evolves with 
redshift

McQuinn



    danielcjacobs.comreionization.org

P O W E R  S P E C T R U M  A N A LY S I S  W I T H  A N  
I N T E R F E R O M E T E R

Morales, 2006 AJ 619
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Morales, 2006 AJ 619
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When we do this. We get this!
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I F  W E  H AV E  P R E C I S I O N  
B E A M  M A P S  W E  C A N  D O  
B E T T E R !

Pober et al. 2015

Subtracting sources in sidelobes 
reduces power in wedge



A N E C H O I C  C H A M B E R  
M E A S U R E M E N T S  O F  M W A  
T I L E



Jacobs et al 2013Analysis by Ben McKinley et al 

see also Sutinjo et al, Rad Sci, 2015

Model Variance Catalog Comparison

Beam Error



U S I N G  S K Y  S O U R C E S  -  L I M I T E D  B Y  E A S T- W E S T  S Y M M E T R Y

Pober et al, AJ, 2012, v143



virone et al IEEE AWPL, 2014

SKA Aperture Array Verification Program

virone et al APS IEEE, 2014



Chang et al arxiv:1505.05885
~1GHz



Neben et al  Radio Science, 2015, vol 50Using ORBCOMM
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O r b c o m m  N u l l  Te s t



Source: VCO synthesizer 
(137-2GHz)

Drone: 3DR X8 

Antenna: Bicolog bowtie 
100-2Ghz

monofilament 
sling

UBlox GPS

ECHO v1 - 2015



HEALPIX Flight Path
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Looking from above
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Looking from above
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Healpix ring flight paths

Polarization locked to cardinal directions*

*does not give equal weight to all pols at all sky locations
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Jacobs et al 2017



Version 1 system: 4x 15 minute flights 
Goal: one 35 minute flight

F u t u r e  I m p r o v e m e n t s :  F a s t e r  M e a s u r e m e n t s



F u t u r e  I m p r o v e m e n t s :  A t t i t u d e  C o n t r o l

L A R G E S T  VA R I AT I O N  AT  D I P O L E  N U L L S S T I F F E R  L I G H T W E I G H T  M O U N T



E C H O  V 2

Larger platform, ~40min flight time, better attitude stability

Rigid mount
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N e x t  S t e p s

Reflection/Refraction
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N e x t  S t e p s

Reflection/Refraction

D I S H  R E F L E C T I O N S



D E L AY  

N e x t  S t e p s :  P h a s e

C O R R E L AT O R

Clock
Pulses

Ref DipoleAUT
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