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Cosmic Reionization

Years after the Big Bang
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well determined

UV luminosity function
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Schechter function rendition
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Cosmic ionization rate

limiting magnitude
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dMyy ——— SFR

dMyy dV
\ Chabrier IMF
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escape fraction
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HIl fraction and optical depth

Nion  Qnm
iy trec

recombination time
free ~ 3.2 Gyr [(142)/7]7° Cgj;

clumping factor
Cyyp &~ min[1 + 432171 20]

.

Tes(< Z) =coTiiy fﬁ dszg QH[]{Z")(l —|—Z")2 H_l(z")
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free electron number
(minorl correction)

Hubble parameter
H(z) = Ho [Qp (14 2)% + 1 — Q)12

[ FlexKnot (flat  prior)

E= TANH (flat = prior)

y

10 15 20 25 30
Redshift, z

Planck+20 cosmo



« Warm dark matter (WDM)
thermal relics my ~ O(keV)

DM scenarios

non-negligible free-streaming velocities

* Fuzzy dark matter (wDM)
Bose-Einstein condensates of

ultralight axions my, ~ O(1022 eV)

e Self-interacting dark matter (SIDM)

Oy /My~ 0.1-1 cm?/g (cf. ETHOS)
kinetic T, at decoupling

e Sterile Neutrinos (vDM)

non-thermally produced my ~ 7 keV
and lepton asymmetry L, (cf. 3.55 X-ray line)
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Power spectra for fuzzy DM
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Halo mass function

Scenario i’ B v
WDM 1.0 1.0 1.16
DM 1.0 1.1 22
SIDM 1.0 1.0 1.34
vDM 2.3 0.8 1

Schneider+12, Schive+16, Huo+18, Lovell+20
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Galaxy formation constraint
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Bayesian analysis

Observable [units] Redshifts Values Errors
2 2 /42 log Nion [ s~ Mpc—?]
- = Y [M(z;,0) —D(z;)|*/o5(z; {4.0,4.8} {50.86,50.99} {0.39,0.39}
xi = LjiMUz:0) = D)l op(z) (5.1} {51.00} {0.15)
Qun
{7.0} {0.41} {0.13}
(7.6} {0.12} {0.07}
{6.6,6.9,7.3} {0.30,0.50,0.55} {0.20,0.10,0.25}
{7.6} {0.83} {0.10}
L(O)=—Y,x?(0)/2 {73} {049} {0.11}
! (71,75} {0.48,0.60} {0.26,0.22}
{5.6,5.9} {0.04,0.06} (up.lim.)  {0.05,0.05}
Tes
{0} {0.054} {0.007}

free parameters

0 = {fesc, M1, my) MCMC and dynamic nested sampling
of the posterior

flat priors
fese € [0,1] P(6) < L£(6) 7(0)

Mim ¢ [-20,—§]

X € [0,15]
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Results: WDM and DM
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- 0.02
fesc i~ O. 12—1_005

lim A~ +1.1
Miim ~ 14811

Results: SIDM and vDM
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Results: overall

Scenario fesc MUV,lim X

w/o GF 0.1610:03 —15.6137 -
CDM 0.051+0005 —11.4101 -
WDM 0.1270.02 —14.8+12 1.3193
WDM fesc(2) —16.4%03 0.66% 00z
$DM 0.14+002 ~15.8+03 2.09% s
SIDM 0.12+002 —14.8+11 0247073
vDM 0.0685:005 —12.7403 107235

Broad consistency with literature constraints for SIDM
and vDM, marginal tension for WDM, strong for DM

Bayes information criterion:

1. marginal evidence for non-CDM models.
2. no clear preference among alternative CDM scenarios...
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log pser [M o yr—! Mpc—3]

Results: observables

Cosmic SFR
0.0
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Not fitted upon, but pleasingly
consistent with data (cf. Gandolfi+22)
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Results: observables

Reionization history
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altering GF threshold

Results: robustness (WDM)

assessing data
importance
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Posterior-based UV LF

Results: predictions for JWST
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log psrr [M o yr~—! Mpc—3]

Outlook: cosmic SFR as a probe of DM
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Summary

High redshift data on galaxy luminosity functions and cosmic reionization,
analyzed with a simple yet effective empirical model, can provide robust
constraints on dark matter scenarios alternative to CDM.

Relevant astrophysical information on primordial galaxy formation in small halos
at high z can be inferred (even for standard CDM).

Upcoming ultra-faint galaxy surveys in the pre-reionization era via JWST
(elucidating a turnover in the luminosity functions) can constitute a robust probe
for the nature of dark matter.



