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Overview

• Modelling cosmological magnetic fields and effects

• Effects on the matter power spectrum

• Simulations: modified matter density field induced 21 cm line signal

• Observations

• Conclusions
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Modelling cosmological magnetic fields

• Global isotropy rules out significant homogeneous magnetic field.
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Modelling cosmological magnetic fields

• Origin of magnetic fields in the very early universe

• Stochastic magnetic field
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Dissipation of cosmic magnetic  fields: How and 
Where to

 Before decoupling of photons

 viscous damping

 After decoupling of photons

 decaying MHD turbulence

 ambipolar diffusion

There is also damping around neutrino 
decoupling at around z~        when a 
black body spectrum is always restored. 
(no spectral distortions)
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Effect of magnetic mode on the linear matter power 
spectrum and 21cm line signal

• Total linear matter power spectrum: primordial curvature mode + magnetic mode

•

KK 2021

JCAP11(2021)044

Figure 7. Linear matter power spectrum for three thermal neutrinos (TH) and three non-thermal
neutrinos (NT, z

TH

eq
) with distribution function (2.1) for di�erent choices of the magnetic field

parameters (B0[nG], nB). Upper panel: the total linear matter power spectrum of the adiabatic mode
(ad) and the compensated magnetic mode (CMF) is shown together with data points from BOSS
DR9 Ly-– forrest [42] and SDSS [43]. The light dotted and dashed-dottted lines indicate the three
neutrino thermal magnetic mode and the three neutrino non-thermal pure magnetic mode solutions,
respectively. z

TH

eq
denotes that the cosmological parameters have been adjusted so that the redshift of

radiation-matter equality in the non-thermal model is the same as that in the non-thermal one (see
details in the text). Lower panel: relative change of the linear matter power spectrum w.r.t. to the
three thermal neutrino model (TH).

Moreover, it is found that the amplitude of the linear matter power spectrum of the three
neutrino non-thermal pure compensated magnetic mode is suppressed in comparison to the one
in the three neutrino thermal pure compensated magnetic mode model. This is the opposite
behaviour of the adiabatic, primordial curvature mode where the amplitude is larger in the
case of the three non-thermal neutrino model. The suppression of the matter perturbation
of the three non-thermal neutrino compensated magnetic mode is related to the diminished
coupling to the Lorentz term because of a larger cold dark matter density parameter. Thus
magnetic field spectra with larger amplitudes or stronger tilt can be compensated by light
neutrinos with a non-thermal phase space distribution.
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Effect of magnetic mode on the linear matter power 
spectrum and 21cm line signal

KK 2022

Beyond the 
frozen-in 
approximation of 
the comoving 
magnetic field 

cross correlation between primordial 
curvature and magnetic mode induced 
matter density perturbations

Equal time cross correlation spectral functions at present

Total matter power spectrum 
including cross correlation at present

JCAP09(2022)047

Figure 1. Upper panel: the equal time spectral function at present for magnetic field parameters (B0
[nG], nB) determining the cross correlation function between the matter density perturbations due to
the adiabatic mode and the evolving magnetic field mode (left) and its ratio w.r.t. the total matter
density autocorrelation function (right). In the latter the relative errors �Pm/Pm are included from
BOSS DR9 Ly-– forrest data [26] and SDSS data [27]. Lower panel: equal time spectral function
at present determining the total matter density autocorrelation function. The light black dashed
lines show the autocorrelation function for the adiabatic curvature mode and the mode induced by a
constant comoving magnetic field.

where with the same definitions as above

IÈ�(ad)
b L(1)Í(k) = ≠4

3 + 1
�

1
nB+3

2

2
3

k

km

4nB+3

e
≠

!
k

km

"2 ⁄ Œ

0

dhh
3
e

≠
!

k
km

"2
h2

⁄
1

≠1

dxe
2

!
k

km

"2
hx

◊
1
1 ≠ 2hx + h

2
2 nB≠2

2
1
≠h ≠ 2x + 5hx

2 ≠ 2h
2
x

3
2

. (3.18)

In the numerical solutions background cosmological parameters are chosen to be the
bestfit parameters of the base model using Planck 2018 data only [25]: �bh

2 = 0.022383,
�mh

2 = 0.14314, As = 2.101 ◊ 10≠9, ns = 0.96605 and H0 = 67.32 km s≠1Mpc≠1. In
figure 1 the equal time power spectrum determining the cross correlation 2-point function
(cf. equation (3.17)) is shown for di�erent choices of magnetic field parameters at present. In
figure 1 (upper panel on the left) it can be seen that the adiabatic and magnetic modes are
anticorrelated. For small wave numbers it is completed dominated by the decaying behaviour
of the adiabatic curvature mode until it reaches a minimum and rises again for large wave
numbers due to the behaviour of the magnetic mode. As can be appreciated from figure 1
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Figure 2. Contour plots of the cross correlation spectral function of the matter density perturbations
due to the adiabatic mode and the evolving magnetic field mode for B0 = 4 nG and nB = ≠2.2 at the
present epoch, P

È�(ad)
b

L(1)Í
m (k, za, zb). It is shown for redshifts za = 0 and zb = z (left) and the general

case for varying redshifts za and zb (right).

(upper panel on the right) there is a local maximum in the ratio of the absolute value of the
cross correlation spectral function over the auto correlation spectral function of the total
matter power spectrum. This is located around the wave number when the magnetic mode
starts dominating over the adiabatic mode matter power spectrum. For comparison relative
errors �Pm

Pm
(k) of data from the BOSS DR9 Ly-– forrest [26] and the SDSS [27] are included.

However, these do not provide constraints for the choice of magnetic field parameters used
here. Since the cross correlation spectral function is negative it lowers the contribution of
the constant comoving magnetic field mode. This is best visible for magnetic fields with
B0 = 4nG and nB = ≠2.2 in the lower panel of figure 1 in the distinct lines around the
wavenumber of equality between the adiabatic and magnetic mode contributions to the total
matter power spectrum without (black dashed line) and with the cross correlation term
(magenta dashed-dot-dot line).

In figure 2 the cross correlation function is shown with varying redshift for present day
magnetic field strength B0 = 4 nG and spectral index nB = ≠2.2. for which figure 1 indicates
the largest e�ect on small scales. As can be seen in figure 2 the cross correlation spectral
function is negative across the redshift space spanned by za and zb.

The baryon density perturbation evolves according to (e.g., [16])
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Solving equation (3.19) together with equation (3.8) shows that the amplitude of the growing
mode of the baryon component follow in general an evolution di�erent from the total matter
perturbation. The growing mode of the total baryon density perturbation yields the auto
correlation function of the total baryonic density perturbation at redshifts za and zb. This
can be written as
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Unequal time (redshift) cross correlation 
spectral functions at present
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Effect of magnetic mode on the linear matter power 
spectrum and 21cm line signal

Pritchard, Loeb (2012)

21 cm line signal: change in brightness 
temperature of CMB due to hyperfine 
transition in neutral hydrogen atoms 

along line of sight
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Simulations: matter density field

• Linear density matter field

Simulations with modified 
version of Simfast21 

(Santos et al.)

B=0 B=5 nG, nB=-2.9

KK 2019

Initial total linear matter power 
spectrum: primordial curvature 
mode + magnetic mode
(standard frozen-in comoving B) 
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Simulations: matter density field

• non linear density matter field z=32

B=5 nG, nB=-2.2
B=5 nG, nB=-1.5
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Simulations: matter density field

• non linear density matter field

B=5 nG, nB=-2.9

z=32
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Simulations: 21cm line signal

z=32

B=5 nG, nB=-1.5 B=5 nG, nB=-2.2

KK 2019
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Simulations: 21cm line signal

z=32

B=5 nG, nB=-2.9

KK 2019
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Observations

• Average 21 cm line signal

KK 2019
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Observations

• Average 21 cm line signal

DeBoer et al. PASP 2017

Hydrogen Epoch of 
Reionization Array 

(HERA)

HERA currently observing in 
the band 100–200 MHz in the 
Karoo Radio Quiet Preserve 
in South Africa [DeBoer et 
al., 2017] at a latitude of 
−30.73◦. 

17



Estimated power spectrum

KK 2019
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Estimated power spectrum

KK 2019

B=0 B=5 nG, nB=-2.9
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21 cm line observations seem to provide a new interesting possibility to 
constrain primordial magnetic fields.


21cm line tomography might be used to constrain magnetic field evolution.

Conclusions
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