Primordial
\\ mafgnetlc flelds
' and the matter
powér apet:tgrzu m |

\\ \///
\) PkanjalRaleg\gankar\&_

Pdsfd i cientist, SISSA
S\ \ \ -

e .

Image source: Pauline Vol3 for Quanta Magazine



Fields

IC

tous Magnet

iqui

Ub

North

e o

Magnetic G
Pole -

Pranjal Ralegankar




Primordial: Produced by Big Bang plasma
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Allowed PMF
parameter
space

Durrer and Neronov 2013
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PMFs
generated post
iInflation lie on
the damping
line
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Inflation
generated
PMFs can be
anywhere on
the right of
damping line
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Primordial Magnetic Fields enhance density
perturbations
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Primordial Magnetic Fields enhance density
perturbations
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Primordial Magnetic Fields enhance power
spectrum on small scales
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Backreaction from baryons suppresses baryon
density perturbations below Magnetic damping
(Jeans) scale
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Part 1: Enhanced baryon fraction above jeans scale

—— LCDM
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Part 2: Dark matter minihalos below jeans scale
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Part 1

Enhancing baryon fraction through Primordial
magnetic fields

Arxiv: 2402.14079



Post-recombination Ildeal MHD
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Post-recombination ldeal MHD
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Post-recombination ldeal MHD

Focus on large scales, linear limit
0 K1,v, K aH
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Post-recombination Ildeal MHD linear limit
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Comoving Magnetic fields are frozen
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Baryons driven by Lorentz force and gravity
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Dark matter only influenced by gravity
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Star of the show: §, term
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Star of the show: §, term
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S sources baryon perturbations
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Baryon fraction decreases with time
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Gravity quickly overcomes Lorentz force
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ACDM

redshift = 10

ACDM with PMFs

Simulations

— Initial conditions: redshift = 99
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Baryon fraction in halos: enhanced by PMFs



Baryon fraction in halos: enhanced by PMFs
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Enhancement moves to smaller scales with
smaller PMF strength
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Enhancement moves to smaller scales with
smaller PMF strength
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Enhancement moves to smaller scales with
smaller PMF strength
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Implications for
PMFs
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Part 2

Probing Primordial magnetic fields through
dark matter minihalos

ARXIV: 2303.11861



Part 2: Dark matter minihalos below jeans scale
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Pre-recombination Ideal MHD.. With non-Li terms
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Pre-recombination Ideal MHD.. With non-linear terms
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Pre-recombination Ideal MHD: laminar flow due to

photon drag
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Can analytically solve MHD eqgs: viscous damping

kZ
Pg(k,t) = Pg(k,t;))e *b
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magnetic damping scale Evolution
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Perturbation evolution plot
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Lorentz force enhances baryon perturbations for
modes outside k1
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baryon perturbations asymptote once mode enters
kpt
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baryon perturbations damped by thermal pressure
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baryon perturbations damped by turbulence at
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Dark matter perturbations continues to grow!
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Dark matter perturbations enhanced by orders of

magnltude compared to ACDM
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Parameter Space with Enhanced Power on Small
scales
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Parameter Space with Enhanced Power on Small
scales: THEIA SKA sensitivity
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Parameter Space with Enhanced Power on Small

scales: PTA sensitivity
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Minihalos from
causally

generated
PMFs
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PMFs to explain
cosmic void
observations
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Assuming Batchelor spectrum!
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Universe Maybe
filled with dark
matter
minihalos!!

Assuming Batchelor spectrum!
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Part 2: Summary and Concluding remarks

* Magnetic fields can enhance power £ | oo

on small scale dark matter 1071 — temalpressue

distribution gravitationally. >
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Back to power spectrum
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