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Probing primordial magnetic fields using cosmological
weak lensing shear and Lya effective opacity
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Abstract. In this article we present our results of upper bounds on pri-
mordial magnetic fields coming from two cosmological observables, the
cosmological weak lensing shear and the Ly« effective opacity.
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1. Introduction

From previous studies it is known that the presence of primordial magnetic fields
during prerecombination era could generate additional matter perturbations (over and
above inflationary matter perturbations) in the universe. In the matter power spectrum
this can contribute appreciably as an additional power at smaller scales (k ~ 1 - 10
h Mpc™!; for magnetic field strength By of the order of nG; for details see Gopal &
Sethi (2003); Pandey & Sethi (2012, 2013) and the references therein; Figure 1a).

Primordial magnetic fields are assumed to be tangled magnetic fields with a power
law energy power spectrum: Py (k) = Pgo(k) k™ on large scales, k > kp, where kp is a
cut-off wave number set by the Alfvén wave damping scale.

In the recent past, cosmological weak lensing and the study of Lya clouds in the
redshift range 2 < z < 5 have emerged as reliable methods to precisely determine the
matter power spectrum on scales below 10 #~! Mpc. In particular, these methods can
estimate the matter power spectrum at small scales which are not directly accessible
to other methods e.g. galaxy surveys. Since these are the scales which are highly
affected by the existence of primordial magnetic fields, a careful analysis of these
cosmological observables can actually probe the existence of these magnetic fields.

*email: kanhaiya@rri.res.in



330 Kanhaiya L. Pandey and Shiv K. Sethi

-2.82

Lya analysis
WL analysis --------

103 | -2.84
10% [ -2.86
10t [ -2.88
1 1
Iy 1¥ £ 29
=

-2.92

-2.94

-2.96

-2.98

1075 ; ‘mm{'"'mmu/‘/mmu vl s vonl vl vl b
10° 10 10 102 107! 1 10! 10® 10°®

k (h Mpc™') -

02 04 06 08 1 12 14 16 1.8 2
By (NG) -

Figure 1. The plot on the left side (1a) shows the mater power spectrum for various cases. For
magnetic cases there is a cut-off at magnetic Jeans scale due to magnetic pressure. The plot on
the right side (1b) shows the constraints on magnetic field parameters By and ng coming from
our weak lensing shear and Ly effective opacity analysis, the lines are 1, 3 and 5 o contours
over By and ng plane.

2. The work and the results

In this work we simulated the observables, [1] cosmological weak lensing (2-point)
shear correlation functions (g, £p) and [2] Ly« effective opacity (for details see Pandey
& Sethi (2012, 2013)). We also did y? analysis of our simulated values for the ob-
servables with the observed values for those taken from Fu et al. (2008) and Faucher-
Giguere et al. (2008). From our x? analysis we get one of the best upper bounds on
primordial magnetic field strength (By < 0.6 nG for ng = —2.9 with 507; see Fig 1b)
known till date for nearly scale invariant models of primordial magnetic fields, i.e.
ng =~ —3 (see Pandey & Sethi (2012, 2013) and references therein).
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