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HYDROGEN EPOCH OF REIONIZATION
ARRAY (HERA)

Location: Karoo Desert, South Africa
Science: High sensitivity on
Reilonization and late Dark Ages
Design: 350 14m fixed dishes

Goal: High SNR Power spectra and
first images
Stretch Goal: redshifts 13 to 20

Supported by the NSF Mid-Scale program, construction under |

o

WO Vel ool JSEE B oL L
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HYDROGEN EPOCH OF REIONIZATION
ARRAY (HERA)

Builds on Lesions learned.

1) Builds on MWA and
PAPER

2) Redundancy

3) Reflection Control

4) More Collecting Area

5) Various Instrumental
Improvements

6) Enable Many Analysis
Approaches
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,‘ . Measure reionization 21cm emission at high significance
2. Constrain global parameters of First Astrophysics

3. Direct measurement of CMB optical depth (tau)

-)»

. . .
24
4 First true survey images suitable for cross-comparison .
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" Detect and characterize reionization 21cm emission at high

significance

Observed Frequency (MHz)
200 150 125 100 75

| —  Fiducial Heating
_ CDM Annihilation
| == Large Halos

HERA-331

12 14 16 18
Redshift
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" Detect and characterize reionization 21cm emission at high
significance

Observed Frequency (MHz)
200 150 125 100 75

Instrument

PAPER 128
MWA 128
LOFAR

HERA 37 5.67
HERA 331 | 38.75
MWA 2562 | 2.40
SKA1 Low? | 21.23

Pober, HERA memo #4

Redshift
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2. Constrain global parameters of First Astrophysics

Grieg and Mesinger, MNRAS 2015, arXiv:1501.06576
1.0

— HERA 331

— SKA
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3 Direct measurement ot CMB optical depth (tau)

Tegmeark 1933

Greig & Mesinger (2016)
'Gold Sample' constraints

HERA + Planck priors
mmmm With 25% modeling error on P, (k)
® Lyo emission fraction
%  Quasar near zone
B Lya galaxy clustering

Y Dark Lya forest pixels
Multipole 1

10
Redshift z

ERA

e -

-n . . .
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Direct measurement ot CMB optical depth (tau)

Planck TT,TE,EE+
lowP-+lensing+ext

—  With 21lcm

No modeling
improvements

IllI ]
1 Tegmeark 1993 |

8T = (I(1+1) C /207
o
fe)
T
|

N
<
T I T
|

posb R L A R L
002 004 006 008 010 0.2

10 1 1000
Multipole 1

Liu et al 2015, arxiv:1509.08463" 4
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4. First true survey images suitable for cross-comparison

Declination
28

— I '

z=28.25
Representative HI shells and HIl holes
detectable at SNR>10 after 100 hours
indicate likely locations of ionizing objects

28 24 3:20
Right ascension
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4. First true survey images suitable for cross-comparison

HERA 8" Stripe

GOODS-South
HUDF ¢

Redshift 10

reionization.org loco.lab.asu.edu/danny_jacobs mwatelescope.org eor.berkeley.edu

= T - - — B . I T a2 B 2 '8

T —— - o g I W M o L W - TR & R e . & S - u



http://reionization.org
http://loco.lab.asu.edu/danny_jacobs
http://mwatelescope.org
http://eor.berkeley.edu

DISH CHARACT

-

;)

2% 2y it Daei s S d

: -
Ml "\'!4’-4,-v 2r Yy
’ Ve

-RIZATION




HERA DISH CHARACTERIZATION

Orbcomm Dish Maps T|me Domam I\/Iodelm
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Element (1 of 361) . Karoo Array Processing Building

Switch

(3 of 12/node) (4/node)
Transformer

400 VAC/1kW 3.3kV - 400V
50 kVA
coax pair
fiber clock

copper clock
PP 200 Mbps ==

————— fiber ethernet Public data Data & Analysis Mailod
—————— cable ethernet NRAO alle
products )
Internet disks

— — — — power




Danny Jacobs

HERA uv coverage

v (\)

1000

500}

—500+

~1000

300
. | | 200
{ M™100
| Bd10
000 =500 0 500 1000 '
u ()

18



&

—~
- -

vy R
. OFFICES

KAROO ARRAY

o % o | BT

e ;L ;ﬂ }mkal'&ﬂ

(5l O UARTERS |
iy 4







B et o et
R F 1







2016 2017 2018 2019 2020

Element Construction

Infrastructure

Power spectrum data pipelines/integration -

Imaging pipelines

Observe H37 Observe H128 Observe H240 Observe H350
H37 results H128 results H240 results
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