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Magnetic fields are known to pervade the current Universe: galaxies and clusters of galaxies commonly have magnetic
fields of micro-gauss level. However, the origin of large-scale magnetic fields is not fully understood. Here, we focus on
the role of cosmic rays on the magnetic field generation in the early Universe. Cosmic rays (CRs) are high-energy charged
particles and are known to have a significant influence on the plasma environment in the current Universe: they can generate
and amplify magnetic fields and alter the degree of ionization. Although the origin of CRs is also a mystery, a recent study
suggests that the first generation of CRs is produced in supernova remnants of the first stars. Based on this expectation, we
discuss the magnetic field generation induced by CRs at cosmic dawn, that is, the epoch where the formation of astrophysical
objects such as stars and galaxies begins and they start to reionize the Universe.

We propose a new mechanism to generate magnetic fields: the Biermann battery driven by resistive heating induced by
streaming CRs. We estimate the strength of magnetic fields achieved by this mechanism and show that it is sufficient to be
the “seeds” of magnetic fields in the current galaxies. We compare this mechanism to the previously proposed ones. We
conclude that our new mechanism works efficiently in relatively small-scale, low-temperature, and strongly ionized regions.
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