Reionization constraints from HERA 21cm power spectrum limits
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The HERA Telescope
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39 antennas, 18 nights of observation, separated by LST (fields), drift scan
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https://public.nrao.edu/news/2016-hera-grant/

21cm power spectrum

EoR Power Spectrum Limits for 0.05 < k < 0.6 h Mpc™!
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Figure: HERA (http://reionization.org/science/public-data-release-1/)

Image adopted from Reis et al. 2021
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The 21cm signal EoR window
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What do we mean by an “upper limit"?
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— Cosmological signal anywhere
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Seminumerical codes (see Thomas' talk)

Numerical simulations (e.g. Fialkov et al.)

* Evolve density field & identify star-forming halos
(parameterized by Mmin or V.) %

* Model emission of UV, X-Ray, Radio, LyA etc.
* (parameterized by T, fy, f, )

[Mpc]

- Compute 21cm brightnes temperature fields
and derive power spectra

Image adopted from
Reis et al. 2021
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Emulator for semi-numerical simulations
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* 10,000 simulations in 5D parameter space = o
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21cm signal & extra radio background

* Extra background radiation in addition to CMB:

* Homogeneous synchrotron background, strong
at high z (see also Shikhar's PBH talk)

. . . . . 5 1o \s 2:9 5 30 25
* Radio emission from galaxies (inhomogeneous, REDSHIFT

scaling with SFR)
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Extra Radio Background in 21cm Power Spectra

Uniform radio Radio fluctuations
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Figure from Reis et al. 2021
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Intuitive interpretation of HERA limits

(lead by Julian B. Muiioz)

If 21cm PS traces matter power spectrum
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Intuitive interpretation of HERA limits

(lead by Julian B. Muiioz)

If 21cm PS traces matter power spectrum (“bias approach”)
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Comparison to claimed EDGES detection
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Constraints from HERA limits (alone) on models

mmm Posterior PDF
[ Posterior PDF
Excluded region

Rule out cold IGM together with
strong radio background

Posterior PDF value

* Preference for high fxand low f,, models
with both, low fx and high f;
are excluded (fx<25% today's X-ray efficiency,
f>400 times today's radio emissivity)

log1ofx
* Similar constraints: Low fx with synchrotron

radio background > 5xCMB (large, but lower
than ARCADE 2 limits, 50xCMB, Fixsen et al. 2011)

ruled out
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Constraints on Extra Radio Background models
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Standard models, no additional radio background

(lead by Yuxiang Qin, with Andrei Mesinger and Bradley Greig)
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HERA constraints slightly improve constraints over
other constraints (UV LVs, QSOs, CMB)

Especially on the X-ray luminosity (heating)

— Rule out too-cold IGM
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summary

I i 5 i T I Density-driven

* 21cm cosmology will probe a large part of the observable Universe o

* Power spectrum measurements by HERA * T
(14.55mK)* +/- (19.17mK)? at z=7.93, k=0.2 h/Mpc T I -

(+example heating)
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