
Primordial magnetic fields: what’s new?

Beatriz Ruiz-Granados

Instituto de Astrof́ısica de Canarias

21cmCMBLSS workshop

Madrid, June, 22, 2016

Beatriz Ruiz-Granados (IAC) Primordial magnetic fields: what’s new? 21cmCMBLSS workshop 1 / 24



Outline

1 Magnetic fields in the Universe

2 Primordial magnetic fields

3 Planck 2015 results + other CMB results
Impact on PS
Magnetically-induced non-Gaussianities
Faraday rotation
Magnetically-induced breaking statistical isotropy

4 Summary

5 Conclusions

Beatriz Ruiz-Granados (IAC) Primordial magnetic fields: what’s new? 21cmCMBLSS workshop 2 / 24



Magnetic fields in the Universe

Observational evidence

Magnetic fields (MF) are present in many astrophysical objects: from
smaller (planets) to larger scales (cluster of galaxies)

Nearby galaxies: MF strengths are of tens µG coherent on scales up
to ten kpc (e.g. Beck & Wielebinski 2013)

Also observed in high-redshift galaxies (Bernet et al. 2008)

Cluster of galaxies: MF strenghts of few µG correlated on scales of
ten kpc (e.g. Ferreti et al. 2012)

IGM, low density intracluster regions, voids: MF strengths of
> 10−15 − 10−18 G on Mpc scales (Nerenov & Vovk 2010, Nerenov et al. 2013)

MF in collapsed objects as galaxies or clusters could be explained by a
dynamo but... what about a primordial origin for these fields?
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Primordial magnetic fields

Mechanisms for generating MF

Hydrodynamical proccesses as adiabatic compression and turbulent
shock flows would amplify the primordial seeds during the structure
formation

Possible mechanisms to produce primordial seeds are:

Inflation (Ratra 1992), (Turner & Widrow 1988)
Phase transitions (Vachaspati 1991)
Other processes as: cosmic strings, cosmic defects...

Imprints on: BBN, LSS, ionization history of the Universe, spectral
distortions, CMB
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Primordial magnetic fields

PMF model

Homogeneous PMF → isotropy-breaking → EB, TB modes
predictions
Stochastic PMF background with a non-helical (symmetric) and a
helical part (anti-symmetric)
Two-point correlation function in the Fourier space

〈B∗i (k)Bj(k
′)〉 = (2π)3δ(3)(k− k′)[PijPB(k)− iεijl k̂lPH(k)] (1)

Power spectrum of the magnetic field given by
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with kλ = 2π/λ, Bλ smoothed on a comoving scale λ
(fλ = Nexp(−x2/2λ2))
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Primordial magnetic fields

The τmag
µν sources scalar, vector and tensor pertubations

Magnetic-induced perturbations could be distinghised from other
sources

Three different initial conditions can be considered to solve the
Einstein-Boltzmann equations: passive, compensated and inflationary
modes

Passive-modes: includes the magnetic contribution before neutrino
decoupling. No compensation of the PMF anistropic stress is produced
without neutrino free streaming. It is a logarithmical growing mode.
Compensated-modes: includes the magnetic contribution after neutrino
decoupling. The magnetic metric perturbations are compensated by
the fluid ones to leading order.

Both are independent of the generation mechanism
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Planck 2015 results + other CMB results

Planck 2015 results

Planck Col. XIX: Constraints on primordial magnetic fields
(arXiv:1502.01594)
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Planck 2015 results + other CMB results

Planck 2015 results establish constraints on a stochastic PMF based on:

the impact of magnetic-induced perturbations on CMB temperature
and polarization power spectra

the magnetic-induced non-Gaussianities and non-zero bispectrum

the Faraday rotation of the angular power spectra of CMB
polarization

the magnetic-induced breaking of statistical isotropy (Alfvén waves)
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Planck 2015 results + other CMB results Impact on PS

Behaviour of the compensated/passive modes

For B1Mpc = 4.5nG, nB = −2.9
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Planck 2015 results + other CMB results Impact on PS

nB dependence for compensated modes: scalar and vector

For B1Mpc = 4.5nG
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Planck 2015 results + other CMB results Impact on PS

Comparison non-helical vs helical PMFs

For B1Mpc = 4.5nG, nB = −1
Beatriz Ruiz-Granados (IAC) Primordial magnetic fields: what’s new? 21cmCMBLSS workshop 11 / 24



Planck 2015 results + other CMB results Impact on PS

Constraints with compensated scalar and vector
contributions

Results: B1Mpc < 4.4 nG, nB < −0.31 (95% CL)
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Planck 2015 results + other CMB results Impact on PS

Constraints with compensated + passive contributions

Results: With P: B1Mpc < 6.5 nG (95% CL). C+P: B1Mpc < 4.5 nG (95%
CL)
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Planck 2015 results + other CMB results Impact on PS

PMF parameters
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Planck 2015 results + other CMB results Impact on PS

Helical part

Constraints on the helical part: generates TB and EB modes

PMF strength B1Mpc < 5.6 nG
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Planck 2015 results + other CMB results Impact on PS

Others results: BICEP2/Keck/Planck

BICEP2/Keck-Planck

PMF strength
B1Mpc < 4.7 nG

PMF strength
B1Mpc < 2.2 nG for
nB = −2.9
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Planck 2015 results + other CMB results Impact on PS

POLARBEAR

Only for compensated modes

Magnetically-induced vector
modes: B1Mpc < 3.9 nG (nB
unconstraint)

POLARBEAR, PRD (2015), 92, 123509 (arXiv:1509.02461)
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Planck 2015 results + other CMB results Magnetically-induced non-Gaussianities

Magnetically-induced non-Gaussianities

They are generated by the quadratic terms of MF strength in the
energy-momentum tensor

Allow to provide constraints on PMF by computing the passive-mode
bispectrum as well as the compensated-mode bispectrum

Three results are presented by fixing nB = −2.9:
1 Magnetically-induced passive tensor bispectrum: B1 Mpc < 2.8 nG (95%

CL)
2 Magnetically-induced directional bispectrum: B1 Mpc < 4.5 nG (95%

CL)
3 Magnetically-induced compensated scalar bispectrum:

B1 Mpc < 2.97 nG (95% CL)
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Planck 2015 results + other CMB results Faraday rotation

Faraday rotation behaviour
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Planck 2015 results + other CMB results Faraday rotation

FR of CMB polarization

FR convert B-modes into
E-modes and vice versa

No helical contribution

λ4-dependece of B-modes and
E-modes

Results: B1Mpc < 1380 nG
(95% CL) for ` < 30 at 70 GHz

POLARBEAR: B1Mpc < 90 nG
(95% CL) for ` > 500 at 148
GHz
WMAP9 results: B1Mpc < 1700
nG, nB < 0.58 (95% CL)
Ruiz-Granados & Rubiño-Mart́ın, 2016, in preparation
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Planck 2015 results + other CMB results Magnetically-induced breaking statistical isotropy

Magnetically-induced breaking statistical isotropy

Stochastic PMF as source of primordial vector perturbations

Alfvèn waves produces observables imprints on CMB via Doppler and
the ISW effects

Constraints are provided on the amplitude of the Alfvèn velocity:
B2

1Mpcv
4
A/B̄

2 < 1.7× 10−5 (95% CL) → no evidence of Alfvèn waves

Beatriz Ruiz-Granados (IAC) Primordial magnetic fields: what’s new? 21cmCMBLSS workshop 21 / 24



Summary

Summary of constraints

Subramanian (2016),
arXiv:1504.02311
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Conclusions

Conclusions

Magnetically-induced modes do not modified the cosmological
parameters of the standard ΛCDM model

High-` T+P measurements allow to constrain the stochastic PMF
background with high precision

Main contribution comes from the vector perturbations in T

Magnetically-induced modes are a natural source of non-Gaussinity
that complement the constraints coming from the APS

No Alfvén waves are observed

Polarized PS at small scales and low frequencies are required to
constrain the Faraday rotation. QUIJOTE+Planck(LFI) would be
crucial for detecting this effect

An additional CMB tool for detecting PMF is their impact on the
ionization history as published in Chluba et al. (2015,
arXiv:1503.04827) which obtain B < 0.9 nG and show the impact on
the APS
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Conclusions

THANK YOU VERY MUCH!
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