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Measure the statistics of fluctuations in the
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What were the first stars and galaxies like?

How did Reionization unfold?
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Observation Strategy
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Observation Strategy

RERERBBENY

-

°
~ & ° o L i
® °
= o
1 1 * 1 L
o o (@) o o
o o (@) o
< o~ o~ <
(w) uolyisod | |

0 200 400
Baseline (m)

—200

—400

0 200 400
on

—200

—400

(m)

Pos

1)
~N

DeBoer+ 2017

doi

log1o(Simultaneous Redundancy)

10.1088/1538-3873/129/974/045001



https://doi.org/10.1088/1538-3873/129/974/045001

Observation Strategy
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Observation Strategy
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Observation Strategy
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Liu, Parsons, Trott 2014

Observation Strategy doi: 10.1103/PhysRevD.90.023018

SpectrallResolution limited
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Detect the 21-cm signal by
avoiding the foregrounds in
cosmological Fourier space
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Later, we'll look at HERA's latest
upper limits, but how are things
looking now?



We’'re analyzing two seasons of data in parallel...
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We’'re analyzing two seasons of data in parallel...

The 2020-2021 season was the first real test of the Phase
Il system.

The 2022-2023 season brought with it a big increase in the
number of antennas.

What can we expect?
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Current Status
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Current Status

2020-2021 Season
e 24 nights of data
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Current Status

2020-2021 Season
e 24 nights of data
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Current Status
2020-2021 Season Sensitivity Forecast (24 nights)
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Current Status

2022-2023 Season
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Current Status

2022-2023 Season

e Up to ~140 nights
(~1300 hours) of
data
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Current Status

2022-2023 Season

e Up to ~140 nights
(~1300 hours) of
data
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Current Status
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Current Status
2022-2023 Season Sensitivity Forecast (14 nights)
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Current Status

2022-2023 Season Sensitivity Forecast (full season)
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Recent Challenges
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Challenges
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Similar to other experiments,
we see excess power at
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Challenges

We see excess structure in the visibilities...
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Challenges ...which we can reproduce with mutual
coupling simulations. (Rath & Pascua+ 2024)

(70, 71, 'nn") (65, 66, 'nn") (94, 112, 'nn") (5, 16, 'nn") 10
_3 .
_.2 .
c -1 1
P . - -1
- 0- - . . 1‘llr 10
z 1- .
m E‘ 2 i
E S
] - 1072
.;‘al E
o
o —3 1 [
2 I
T =2 A
[ L
_1 - = o =
3 - 2 - 10—3
o) | - |
1] [
2 .
34 \/' 10~4
=500 0 S10]0] =500 0 500 -500 0 S10]0] =500 0 S10]0] 19

Delay [ns]

V1/1V]max



Challenges We can mitigate these features with
the help of fringe-rate filters.
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Challenges
We see evidence of mutual
coupling in the data.
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Challenges
We see evidence of mutual
coupling in the data.
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Challenges
We see evidence of mutual

coupling in the data.

We can mitigate it with
fringe-rate filters.

(70, 71, 'nn") (65, 66, 'nn')

1 We've carefully studied the
effects of these filters on
power spectra.
(Pascua+ 2024)
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Challenges

Simulation

Data

Fringe-Rate [mHz]
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We see evidence of mutual
coupling in the data.

We can mitigate it with
fringe-rate filters.

We've carefully studied the
effects of these filters on
power spectra.
(Pascua+ 2024)

We're actively investigating
iImproved mitigation
techniques.
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L atest Results

(HERA 2023)
doi:10.3847/1538-4357/acaf50



https://iopscience.iop.org/article/10.3847/1538-4357/acaf50
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Data Description
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Data Description z ~ 10.4 z2~T7.9
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Data Description

T [K]
102 103 104 10°
<I 1 i PO T ST T S T | . n :||||| | ||||
30°
= B
b=
= ] - R
g -30° [ _ ] Field A |_ JField B]_ _ _[Field CJ Field D ] Field E | _ HERA Stripe_|
S ‘
- -~
-60°
-90°
21 ! B 6" gh 12" 154 18h

Right Ascension

25



Upper Limits

Adapted from HERA 2022
HERA Public Data Release

EoR Power Spectrum Limits for 0.05 < k < 0.6 h Mpc™*
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21-cm power spectrum to-date

Y MWA (Dillon+2015)
o MWA (Li+2019)
B MWA (Barry+2019)

LOFAR (Patil+2017)

LOFAR (Mertens-+2020)

GMRT (Paciga+2013)
MWA (Dillon+2014) HERA (HERA + 2023)

¢ MWA (Beardsley+2016) = = Mesinger+2016 (k = 0.05)

* MWA (Trott+2020) — - Mesinger+2016 (k = 0.2)
PAPER (Kolopanis+2019) = Mesinger+2016 (k = 0.5)

44+ 4

26


https://reionization.org/science/public-data-release-1/

Astrophysical Constraints
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Astrophysical Constraints
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Assuming the X-rays come
from HMXBs in a single
population of galaxies,
X-rays were produced more
efficiently in the past.
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With 94 nights of data from the Phase | instrument...

We can say that the IGM must have been heated above the
adiabatic cooling limit as early as redshift 10.4,

and early galaxies were likely more efficient at producing
X-rays than local galaxies.

We’'re currently working on obtaining even more sensitive
upper limits, so keep an eye out for what's next!
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Summary

HERA aims to probe CD/EoR through statistical detections of
fluctuations in the cosmic 21-cm signal

We build the requisite sensitivity through redundant averaging
and stacking observations over nights

We deal with foregrounds by targeting the EoR window in our
delay spectrum estimates

We've already placed interesting constraints on the
astrophysics of reionization

Upcoming analyses could potentially be sensitive enough to
detect the 21-cm signal around z ~ 7

Check out our paper register: reionization.org/science/papers/
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