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Supernovae e Inflation

Magnetic fields are
everywhere, but we
don’t know what
generated them

Reionization



Magnetogenesis in
simulations
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Decaying magnetic turbulence +
ambipolar diffusion heat the IGM
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PMFs impact
| the structure
of the ISM
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How PMFs modify the matter power
spectrum (see Kim+ 1996)

Ideal MHD equations: Evolution of baryon density perturbations
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Constraints from Planck
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CMB (and other phenomena) puts strong
constraints on primordial magnetic fields

Principal effect

Upper limit

Spectral distortions

30 - 40 nG [14-17

Anisotropic expansion

3.4nG [18]

CMB temp. anisotropies:

Due to magnetic modes
Due to plasma heating

1.2 - 6.4 nG [19-40]
0.63 — 3 nG [16, 38, 41-44]

""»4"','?\.“’”'!“ W’

CMB polarization

1.2nG [21-23, 40, 45-54

2 - 9 nG (38, 55-64

Non-Gaussianity bispectrum

Non-Gaussianity trispectrum 0.7nG |65

Non-Gaussianity trispectrum

with inflationary curv. mode 0.05nG [66]
0.36 nG [41, 67-70]

Reionization

Jedamzik+ 2018
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Within the
constraints,
the impactis
primarily in the
dwarf galaxy
regime

Katz+ 2021
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Eisenstqin & Hu CAMB, B, = unifrom

N (M) [Mpc—?]

The modified matter power
spectrum can drastically alter
the DM density field
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Spatial resolution at z

Cosmological
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SPHINX-MHD sim
detalils

Almost identical to the original hi-res 1

version of SPHINX (Rosdahl et al. 2018) . &

.\lp(oo

5 Mpc box .
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- — ]

10 pc physical resolution T, [Ms pe

6-species non-equilibrium chemistry and 3-
bin radiation transfer

1,000 Mg, star particles, 3.1e4 M, DM
particles

Constrained transport ideal MHD

Star formation criteria and efficiency
includes the impact of magnetic fields




6 simulations
varying the
strength and
structure of the
primordial
magnetic field

(271.)113 +5 B2

1Mpc
P(k) = Ak"B A = P
o (2B +3 "B +3
2 1Mpc
Magnetic Reheating
—-0.5 4
—~1.0 4
Planck 2015 : CMI
| 5 - {inoda + 2019 21 A
'j . ;'Ii:i..‘_.:x:-‘.;f\;i:'.'xv.\'.'.:u StrOng
2.0 4 = Local Group = N impact on
o ~ structure
2.5 S formation
Hll-'.-".'.
Bli1.29x
309 ®py, ®n ®nn
y T T T T

142 107" 1w-% 1o 107w 107
[;'Zl". - ST 1 (:

Micro-Gauss
Hlustris-TNG level fields from
compression

Biermann
battery level






Magnetic fields
grow due to
compression and
turbulent/rotational
amplification

Expulsion into
the IGM

Strong PMFs

Saturation delay structure

formation
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%  Compression

PMF amplification
follows the p —field

Turbulent + .
. e Rotational P
Compressional amplification: B~p?/3 due Amplification f\'z ,

to flux conservation "X
| ' ' > === Expulsion

Turbulent and rotational dynamos occur
in galaxies

Amplified magnetic fields are expelled NPT
into the IGM |




Star formation depends on the local
properties of the magnetic field
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Our strongest PMFs result in micro-Gauss level B-
fields in galaxies and impact star formation
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Despite the
additional pressure
and number of
dwarf galaxies, star
formation is not
strongly impacted
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Strong PMFs shrink the effective radii of

galaxies and increase their surface

brightness
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To first order, the LyC escape fractions appear
very similar



Strong PMFs
Increase f .
by up to 25%
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Reionization history is strongly impacted by
flat spectral indices
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Do PMFs impact the Lya forest?




Reionization efficiently smooths the density
field




We predict
only a very
minor impact
on the Lya
forest
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Constraining the dOyn _ hion  CQuu
properties of PMFs dt  (ng)  frec(Cum)
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The effective optical depth provides the
strongest constraints on PMFs
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Stronger constraints can

come from 21cm
observations
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Conclusions

Reionization + global 21cm
signal place strong constraints
on the properties of PMFs

Strong PMFs can shrink the
effective radii of by ~44% which
changes the size-luminosity
relation

L

7*

The PMFs that we studied don’t
strongly impact the stellar
properties of reionization era
galaxies or the Lya forest

LyC escape fractions can
increase by up to 25% due to
small changes in star formation
and ISM properties



