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We present new bounds on the cosmic abundance of magnetic monopoles based on the survival of
primordial magnetic fields during the reheating and radiation-dominated epochs. The primordial
magnetic fields accelerate the monopoles and the process of monopole acceleration extracts
energy from the fields. The energy that the monopoles extract from the primordial magnetic field
is consequently transferred to the primordial plasma through scattering processes with relativistic
charged particles of the plasma. With a monopole number density large enough, this can cause the
disappearance of the field. The new bounds can be stronger than the conventional Parker bound
from galactic magnetic fields, as well as bounds from direct searches. We also apply our bounds to
monopoles produced by the primordial magnetic fields themselves through the Schwinger effect,
and derive additional conditions for the survival of the primordial fields. The discussion on this
paper is based on [1].
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Parker Bound and Monopole Production from Primordial Magnetic Fields

1. Monopole dynamics in primordial magnetic fields

By noting that a population of monopoles would short out the magnetic fields inside galaxies,
Parker obtained upper bounds on the flux of monopoles [2]. We show that, depending on the early
cosmological history, the survival of primordial magnetic fields imposes bounds on the monopole
abundance that are more stringent than the Parker limit from galactic magnetic fields and the bound
presented in [3].

The equation of motion of a monopole with charge 𝑔 and mass 𝑚 in a Friedmann-Robertson-
Walker metric from the time of the primordial magnetic field generation, 𝑡𝑖 , to the epoch of 𝑒+𝑒−

annihilation is:
𝑚

𝑑

𝑑𝑡
(𝛾𝑣) = 𝑔𝐵 −

(
𝑓p + 𝑚𝐻𝛾

)
𝑣. (1)

Here − 𝑓p𝑣 is the frictional force due to the interactions of the monopoles with the particles of the
primordial plasma and:

𝑓p ∼ 𝑒2𝑔2N𝑐

16𝜋2 𝑇2, (2)

with N𝑐 the number the charged relativistic degrees of freedom.
The evolution of the magnetic field energy density can be derived by solving the equation:

¤𝜌B
𝜌B

= −Πred − Πacc, (3)

where we define the dissipation rates due to redshifting and monopole acceleration as:

Πred(𝑡) = 4𝐻 (𝑡), Πacc(𝑡) =
4𝑔
𝐵(𝑡) 𝑣(𝑡)𝑛(𝑡). (4)

If Πacc/Πred � 1, the magnetic fields completely lose their energy and eventually disappear.
If Πacc/Πred � 1, the back-reaction of the monopoles on the magnetic fields is negligible and the
fields simply redshift as 𝐵 ∝ 𝑎−2, where 𝑎 is the scale factor.

2. Bounds from the survival of primordial magnetic fields

From the condition Πacc/Πred � 1, we obtain upper bounds on the average monopole number
density in the present universe. From the evolution during radiation domination, the result is
the same of [3]. From the evolution during reheating we obtain new bounds that depend on the
temperature at the end of reheating, 𝑇dom. We assume thermal equilibrium for the particles of the
plasma during the reheating epoch, but stronger bounds can be obtained without this assumption.

For a process of magnetogenesis that ends sufficiently in the past, the bound for the monopole
flux today is:
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Figure 1: Upper bounds on the magnetic monopole flux today. Here 𝑔 = 2𝜋/𝑒, 𝐵0 = 10−15 G and
𝑣0 = 10−3. Blue: bounds from primordial magnetic fields during reheating in Eq. (5), for reheating
temperatures 𝑇dom = 100 MeV (solid curve), 100 GeV (dashed curve), 105 GeV (dotted curve). Red: bound
from primordial magnetic fields during radiation domination derived in [3]. Orange: original Parker bound
[2]. Pink: extended Parker bound [4]. Black: direct search limit from the MACRO experiment [5]. Dashed
grey: cosmological abundance bound.

where 𝑚̄ is given by:

𝑚̄ ' 1014 GeV
(

𝐵0

10−15 G

)3/5 ( 𝑔
10

)7/5
(N𝑐,dom

100

)2/5
. (6)

Here 𝐵0 is the amplitude of the intergalactic magnetic field today.
In Fig. 1 we show the previous bounds on the monopole flux together with our new results. For

a sufficiently low reheating temperature, our new bound is stronger than the original Parker bound
and the limits from direct searches, even for GUT-scale monopoles.

3. Monopoles produced by primordial magnetic fields

Even in the absence of any initial monopole population, in the early universe the magnetic
fields could have been strong enough to produce monopole pairs through the magnetic dual of the
Schwinger effect [6, 7]. Hence we also apply our generic bounds to such pair-produced monopoles,
in order to obtain the most conservative condition for the survival of primordial magnetic fields.

The rate of monopole-antimonopole pair production at arbitrary coupling in a static magnetic
field has been derived through an instanton method:

Γ =
(𝑔𝐵)2

(2𝜋)3 exp
[
−𝜋𝑚2

𝑔𝐵
+ 𝑔2

4

]
. (7)

In the case of strong coupling, 𝑔 � 1, this result is valid under the following weak field condition:

𝐵 .
4𝜋𝑚2

𝑔3 . (8)
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Figure 2: Lower bounds for the monopole mass as a function of the Hubble scale at magnetic field generation,
comparison between the weak field condition (dashed curves) and the bound from requiring negligible back-
reaction on the primordial magnetic fields (solid curves). Here 𝑔 = 2𝜋/𝑒 and 𝐵0 = 10−15 G. The results are
shown for three different values of the reheating temperature 𝑇dom; red: 1015 GeV, orange: 109 GeV, pink:
103 GeV. (a) During radiation domination; (b) during reheating.

We found that the condition Πacc/Πred � 1 applied to the pair-produced monopoles reduce to
Eq. (8) on the initial strength of the primordial magnetic fields. This translates into lower bounds
on the monopole mass as a function of the Hubble scale at magnetic field generation 𝐻𝑖 , as shown
in Fig. 2.

The bounds we derive are comparable to those obtained in [8] for the survival of the primordial
magnetic fields to the Schwinger-production of monopole pairs. Thus, as long as the initial amplitude
of the primordial magnetic field is sufficiently below the bound of the weak field condition in Eq. (8),
any back-reaction from Schwinger-produced monopoles can be safely ignored.

References

[1] T. Kobayashi and D. Perri, Phys. Rev. D 106, (2022) 063016.

[2] M. S. Turner, E. N. Parker and T. Bogdan, Phys. Rev. D 26, (1982) 1296.

[3] A. J. Long and T. Vachaspati, Phys. Rev. Lett. D 91 (2015) 103522.

[4] F. C. Adams, M. Fatuzzo et al., Phys. Rev. Lett. 70, (1993) 2511.

[5] The MACRO collaboration, Eur. Phys. J. C 25 (2002) 511–522.

[6] J. S. Schwinger, Phys. Rev. 82 (1951) 664.

[7] I. K. Affleck and N. S. Manton, Nucl. Phys. B 194 (1982) 38.

[8] T. Kobayashi, Phys. Rev. D 104 (2021) 043501.

4


	Monopole dynamics in primordial magnetic fields
	Bounds from the survival of primordial magnetic fields
	Monopoles produced by primordial magnetic fields

