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THE REASON BEHIND PRIMORDIAL MAGNETIC FIELDS IMPORTANCE

Primordial Magnetic Fields (PMFs) can provide the seeds to the generation of the 
Cosmic Magnetism observed on cosmological scales in the large scale structure and its 
voids. 
Astrophysical observations keep pointing more and more towards a primordial origin 
for the cosmic magnetism but such primordial magnetism has to leave imprints in all 
the history of the Universe

PMFs to be generated require peculiar conditions in the early Universe, a 
smoking gun of non standard fundamental physics at these energies.
PMFs with their characteristics can shed light and be an unconventional window 
on the secret wonderland of fundamental physics at high energies



BUT PMFs are particularly important for LiteBIRD also for a different reason
PMF can contaminate B-modes with signals very similar to the ones expected from inflation

Paoletti and Finelli 2019

This is your inflation
signal

These are PMFs

PMFs have many different imprints on CMB anisotropies and only putting all the different probes within the CMB we 
can be capable of disentangling the inflationary and PMF signals
THIS IS BASICALLY THE SCOPE OF OUR PSG, PUT TOGETHER ALL THE DIFFERENT PROBES OF 
PRIMORDIAL MAGNETISM IN THE CMB WITH LITEBIRD



MAGNETIC CMB SCENARIO
PMFs have a whole variety of effects on CMB anisotropies affecting both absolute spectrum (not relevant for LB), angular power spectra in 
temperature and polarization, bispectra, trispectra (we will see for this one)+....

GRAVITATIONAL- MAGNETICALLY INDUCED 
PERTURBATIONS
Additional contributions to the angular power spectra 
in all even channels

THERMAL-IONIZATION DISSIPATION EFFECT 
Modifies primary CMB in all channels

FARADAY ROTATION
Generation of B-mode signal from E-
modes through rotation of the pol plane.
Colored!

From Alberto

NON-GAUSSIANTIES non vanishing BBB bispectrum

PMFs are pretty sensitivity to 
whatever strangeness you have in 
you spectra and/or likelihood..are a 
very good diagnostic



MAGNETIC CREW
We are relatively few but collect some of the best world expertise in all aspects of PMFs and CMB
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Our wikipage:
https://wiki.kek.jp/display/cmb/Project+Paper%3A+Primordial+Magnetic+Fields

THE PSG 

2 papers proposed
Original proposal 

Paper I – Constraints on PMFs 
Constraints on non-helical PMFs by using their different effects on CMB anisotropies: 
• Gravitational 
• Impact on the ionization history
• Non-Gaussianities
• Faraday rotation
RELYING ON TT-TE-EE-BB 

Paper II – Constraints on helical PMFs
Focus on the role of helicity, a mandatory condition for causally generated magnetic fields. Apart from Planck 2015 few things are around on 
constraining helical PMFs with CMB.
Some theoretical work still to be done – 6-8 months after first paper  
RELYING ON TT-TE-EE-BB but also TB and EB. Helical PMFs are a good target for odd cross-correlators



PAPER I
INPUTS and METHOD FOR GRAVITATIONAL, HEATING AND NG - Power Spectra - PTEP-like Baseline settings:
• Instrumental white noise:  inverse noise variance weighting of channels from 78 to 195 GHz channels, best FWHM where overlaps, version IMOv1 from 

PTEP. 
• TT and EE are with only instrumental noise (only available option until short time ago). For EE we agreed to provide dedicated results investigating the 

effect of FG residuals for the E-mode paper.
• FG and systematics: provided by FG JSG and Hirokazu (again PTEP-like)
• Planck: mock data realization with boosted noise in different ell ranges in TT and EE to reproduce the same error bars fro LCDM as Planck 2018
• Standard Inverse Wishart likelihood (exact likelihood provided in cosmomc package)

INPUTS FOR FARADAY- Foreground reduced power spectra FOR SINGLE FREQUENCY:
• Produced internally by Diego - Starting from dust and synchrotron maps at 100 GHz (provided by Nicoletta) Diego derived the spectra, applying de-

apodized HFI mask, and rescaled for the frequencies of interest for Faraday (<100 GHz). We mimic the cleaning by CS by reducing of a factor 100 the FG 
contamination.

• Chisqr likelihood



CURRENT STATUS OF PAPER I

COMPLETED

SINCE END OF MARCH 2023



We kept a tight schedule since DP contract was expiring on May 1st 2023 and OAS director refused to renew it. New 
«concorso» was pending with delays, problems,  issues, all possible. 
DP choice was to complete everything before the end of contract.  

Due to this hard deadline we tried from the beginning of PSGs to have feedback on issues as what to do with 
temperature...E-mode residuals etc.... but it was too early to have a full coordination..

So we sticked to what requested: PTEP-like

Beginning of April we have been asked to include the 1/f in temperature for all analyses...Unfeasible since paper I 
burned about 1M cpu hours of DP personal HPC projects on CINECA and now just few tens K left..

Trade off agreement: delay the paper of a couple of months for the new allocation of cpu hours and include the 1/f as 
additional worst case scenario in just the main analyses



CURRENT STATUS OF PAPER I

HANGING

WAITING FOR 1/f*

Recent developments on 1/f seem to indicate it is very low so we agreed to first perform a test and on the basis of the results decide if go on with original 
plan or with the trade off agreeement





PAPER I HIGHLIGHTs

GRAVITATIONAL EFFECT
Depends an all even channels TT-TE-EE-BB
TT and EE are instrument noise. Progressive complexity for B-modes 
• instrument white noise
• PTEP like
• Lensing in signal cofitted
• Lensing and FG bias 
• Lensing, FG and systematic bias
• TBC 1/f in temperature
SEVERAL SCIENTIFIC CASES CONSIDERED 



FIRST TIME EVER IN LITERATURE



EFFECTS ON THE IONIZATION HISTORY

Only instrument noise for TT 
and EE



FIRST TIME IN LITERATURE – Effects on B-modes
B-modes in PTEP like mode



FARADAY ROTATION
Signal much brigther at lower frequencies, trade off with FG contamination we combine all 
channels with optimal weighting of channels below 100 GHz



NON GAUSSIANITIES

1 sigma error on the magnetic bispectrum 
amplitude vs the tensor to scalar ratio,
Includes all realistic bias (non-delensed 
lensing B-mode signal and residual 
foregrounds + instrumental noise ) in the 
covariance and set fsky = 0.495.

BBB with LiteBIRD improves by 3 order of 
magnitude current constraints on the 
bispectrum amplitude breaking the nGauss 
level for the PMF amplitude.



PAPER II NOT FOLLOWING ORIGINAL PROPOSAL

LiteBIRD made the big mistake to put together some of the main experts in the PMF field discussing every other week..

Paper II will go much beyond inclusion of helicity which already is a breaktrhough in many analyses and LiteBIRD is 
one of the very little possibilities to improve on this side

We are now discussing extensions for all analyses including very cutting edge theoretical developments 

We will include completely new approaches 

Timescale will shift but we it will worth it!



PMFs CONTEXT IN ITALY AND BEYOND
Just two days after making DP sign a 1 year contract INAF selected DP proposal for a 10-year long program in the 
«NEW IDEAS» (7 selected in the whole INAF) presented at the INAF-GIORNATE NAZIONALI  

It is a program which aims at reconstructing the history of Universe 
Magnetism from the Big Bang to our days and the implications this has for 
the fundamental physics in the early Universe

The new Idea is stricly related to the scheda INAF, 10 y  
program, «Good OMENS: Good Old Magnetism in the Early 
uNiverse». In March 2023 I submitted the proposal for a 
minigrant (20K over two years) «Gathering Good OMENS» 
crossed between the Good OMENS and the LiteBIRD scheda
If won (very bad omens) it will be dedicated to have visiting 
scientists in Bologna for developments crucial for LiteBIRD 
activities on PMFs.



THIS IS NOT THE END....
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