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PMFs as a messenger from the early universe

Messengers from the early universe
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PMFs as a messenger from the early universe

Messengers from the early universe
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+ and primordial magnetic field

We will see that primordial magnetic fields serve
as a messenger from the early universe.
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PM FS in the present (after recombination) universe
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If one has a magnetogenesis model, ...
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If one has a magnetogenesis model, ...
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Issues at the EWSB

‘magnetic field” betore the electroweak symmetry breaking
U(1)y hyper-magnetic field (rather than U(1)gpm)

Issues on U(1)y to U(1)g\ conversion at the electroweak symmetry breaking

- baryon OverprOdUCtiOH prOblem [Fujita, Kamada, 2016] [Kamada, Long, 2016]
- baryon isocurvature problem (kamada, Fu, Yokoyama, 2021]

— strong constraint on primordial hyper-magnetic fields



Baryon (over)production from PMF helicity

[Kamada, Long, 2016]
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Log1o(B/Gauss)

Constraint to avoid baryon overproduction

realizability condition: |e| <1

Constraints on primordial magnetic fields at EWSB
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Baryon fluctuation from PMF helicity fluctuation

At the electroweak symmetry breaking..
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Large-scale fluctuation affects BBN

real space configurations

magnetic helicity density baryon number density at EWSB  baryon number density at BBN

n2
‘)/ <i_B§ < 0.016

Inomata+, 2018]

Small-scale ( < 10~° Mpc) fluctuations
damped by neutron free-streaming, no effect on the BBN

L arge-scale fluctuations
survive and enhance primordial deuterium abundance « (dnj) o B*&L



Small-scale PMF — large-scale fluctuation

real space configurations

Inomata+, 2018]
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Constraint to avoid baryon isocurvature problem

_5 Constraints on primordial magnetic fields at EWSB
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MHD governs PMFs evolution

INn terms of comoving quantities,
electromagnetism + interaction with plasma fluid = hard to solve

- Induction equation electric conductivity
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Homogeneous and isotropic PMF

Only a few parameters %
B(7), om(7) ( v(7), and ¢k (7)) B

trials of analytic understanding

[Banerjee, Jedamzik, 2004] « inconsistent with numerical studies
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[Hosking, Schekochihin, 2021] « resolved the inconsistency

Hosking, Schekochihin, 2023]
FU, Fujiwara, Kamada, Yokoyama, 2023]
FU, Fujiwara, Kamada, Yokoyama, ongoing]




Analytic understanding of MHD decay

conservation law + decay time scale

magnetic helicity (woliar, 1958 reconnection time scales
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strongest non-helical
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_5 Constraints on primordial magnetic fields at EWSB
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Non-helical PMF

_5 Constraints on primordial magnetic fields at EWSB
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strongest non-helical
PMF at the EWSB
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Non-helical PMF

Evolution examples of strength
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Maximally helical PMF

_5 Constraints on primordial magnetic fields at EWSB

strongest maximally helical
PMF at the EWSB ~_ §-10

baryon overproduction

(€ = 1)

Log1o(B/Gauss

—15 —10 —5

Log1o0(Em/Mpc)



Maximally helical PMF

_5 Constraints on primordial magnetic fields at EWSB
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Maximally helical PMF

Evolution examples of strength
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Origin of the void magnetic field?

magnetogensis before the EWSB
— the blazar lower bound Is not explained at recombintaion

magnetogensis after the EWSB?
a possibility: inflationary magnetogenesis with a low reheating temperature

generating U(1)gy field from the beginning ¥ D QFF,
- no baryon overproduction problem ’

- NO baryon isocurvature problem \/ V(@)

Yanagihara, FU, Fujita, Tsujikawa, 2023]



Origin of the void magnetic field?

Evolution examples of strength
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Summary

Primordial magnetic fields serve as a messenger from the early universe.

Blazar observation suggests non-zero void magnetic fields, which may be
identified as primordial magnetic fields.

Primordial hyper-magnetic fields suffer from lbaryon overproduction and baryon
iIsocurvature problem.

Quantitative discussion by the latest understanding of MHD suggests that
magnetogenesis before the electroweak symmetry breaking does not
explain the origin of the void magnetic fields.



