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Project goal: understand how the Universe was magnetized
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Two magnetic field parameters:

– strength
– length scale

We will measure these parameters.
We will understand how did they 
evolve.

Project goal: nail down cosmological magnetic field evolutionary track
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magnetohydrodynamics 
early universe simulations

radio astronomy, large-scale
structure simulations
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The magnetized team: prior work
EPTA: European Pulsar Timing Array

(gravitational wave detector)

Planck telescope (microwave)
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constraint from 
numerical modelling

2401.0856
9

The magnetized team: prior work
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COSMOMAG: explore full cosmological magnetic field parameter space
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WP1: present-day 
Universe
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WP3: early 
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COSMOMAG: explore full cosmological magnetic field parameter space
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COSMOMAG: explore full cosmological magnetic field parameter space
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COSMOMAG: explore full cosmological magnetic field parameter space
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COSMOMAG: explore full cosmological magnetic field parameter space
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COSMOMAG: explore full cosmological magnetic field parameter space
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Impact 17

– clarify the origin of cosmic magnetism,
– explore the first microseconds after the Big 
Bang,
– unveil connection to puzzling processes in the 
early Universe. 
Enabled by new astronomical observatories

….. and by the synergy 
of the PI’s expertise.

A NEW COSMOLOGICAL 
PROBE with magnetic fields

COSMOMAG

       

 

 

 

 

 

 

 

 

WP1: present-day 
Universe
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evolution
WP3: early 
Universe

  

WP4: 
synthesis



Cherenkov Telescope Array Observatory 
(CTA)

Square Kilometer Array Observatory 
(SKA)

MAGIC (γ-ray) PULSAR 
TIMING ARRAY 
(GW)

South Pole 
Telescope (CMB)

Pierre Auger Observatory
(cosmic rays)

LOFAR (radio)

LiteBIRD

Timelines of telescopes
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Budget
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N=Neronov

C=Caprini

V=Vazza

B=Brandenburg

Gantt chart

Backup 17
B=Brandenburg



O1  Perform multi-messenger measurements of intergalactic magnetic fields in different parts of the 
cosmic web. 

O2  Understand the role of magnetic fields in the structure formation process and probe the 
cosmological origin of the magnetic field in cosmic voids and filaments. 

O3  Establish a relation between the relic magnetic fields and the stochastic gravitational wave 
background in different frequency ranges, derive constraints on magnetic field during the quark 
confinement epoch from the stochastic gravitational wave background. 

O4  Link the parameters of the relic magnetic field in the present-day Universe to its initial 
characteristics in the early Universe. 

O5  Use multi-messenger observational constraints on the primordial magnetic fields to test theoretical 
models of cosmological magnetogenesis and constrain Beyond-Standard-Model processes in the early 
Universe. 

COSMOMAG objectives (B1)

Backup 18



WP1: Constraint on intergalactic MFs in the present-day Universe

Backup 19

Workforce: 4PDs, 2PhDs

Risks and mitigations: Operation and data releases of the new observatories may be delayed: 
(i) tune our methods using simulated data and 
(ii) work with the data and public data products of prototype/pathfinder instruments 



WP1: Constraint on intergalactic MFs in the present-day Universe
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WP1: Constraint on intergalactic MFs in the present-day Universe
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WP2: End-to-end modelling of MF evolution from the early Universe to the present 
epoch 

Backup 22

Workforce: 4PDs, 3 PhDs

Risks and mitigations: we would not be able to determine the decay exponent κ or locations of the endpoints B, 
lB unambiguously for all cosmological epochs: 

(i) rely on previous analytical understanding of the evolution, adding the modelling uncertainty of new 
simulations as systematic error in the synthesis work of WP4. 



WP2: End-to-end modelling of MF evolution from the early Universe to the present 
epoch 

Backup 23



WP3: Observational imprint of magnetic field on past cosmological epochs

Backup 24

Workforce: 8 PDs, 4PhDs

Risks and mitigations: The PTA GW background may be due to supermassive black holes binaries:    
(i) consider other generation scenarios at LISA, and/or derive constraints on (instead of measurements of) the 

early Universe signal component at PTA



WP3: Observational imprint of magnetic field on past cosmological epochs
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WP4: New cosmological probe

Backup 26

Workforce: 3PD

Risks and mitigations: measurements of WP1 and WP3, and the modelling of WP2, give discordant results and 
no self-consistent picture emerges. It may also be that none of the previously proposed MF generation 
processes are consistent with the data. 

(i) critically asses systematic uncertainties of each measurement, before reporting a new cosmological 
"tension" providing insight into beyond-Standard-Model phenomena, or possibly multiple cosmological 
sources of MFs. 



WP4: New cosmological probe
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Workforce



APC Team  -  1 PI, 5 Post-Docs, 3 PhDs

PI 2026 2027 2028 2029 2030 2031 work package    activity

PhDN1  WP1 Transients and GRBs with CTA, 
LHAASO; EBL, delayed emission

PhDN2 WP1 Extreme blazars (CTA, LHAASO), 
EBL, extended emission

PDN1 WP1 CTA analysis optimization, search 
for delayed emission

PDN2
WP1

CTA analysis optimization, search 
for extended emission

PDN3 WP1 Galactic magnetic field, UHECR

PhDN3 WP2
(co-supervision Vazza)

Modelling of UHECR and 
gamma-ray signals (CR beam, 
ENZO)

PDN4 WP4 Synethesis of observables and 
modelling of WP1-WP3

PDN5 WP4 Theoretical magnetogenesis 
models

+4 visiting professors  in 2025, 2026, 2027, 2028 Backup 30



CERN Team , 1 PI, 4 Post-Docs, 1 PhD

PI 2025 2026 2027 2028 2029 2030 work package    activity

PDC1  WP3 Study of QCD 
magnetogenesis

PDC2
WP3

Study of EW and 
inflationary 
magnetogenesis

PDC3 WP3 MHD simulations of GW 
production

PDC4 WP3 Pipelines for SGWB 
detection with LISA

PhDC1 WP3
(co-supervision Neronov)

Pipelines for SGWB 
detection with PTA
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UNIBO Team:   1 PI, 5 Post-Docs, 3 PhDs

PI 2025 2026 2027 2028 2029 2030 work package    activity

PDV1       WP1 radio analysis, LOFAR, ASKAP, 
SKA

PDV2      WP2 ENZO simulations: feedback 
testing

PDV3 WP2-WP4 ENZO AMR simulations: 
magnetic effects on  structure 

formation

PhDV1 WP2
(co-supervision Neronov)

ENZO simulations: constrained 
simulation of Local Universe

PDV5 WP2 ENZO simulations & radio: 
validation with radio data 

PhDV2 WP3
(co-supervision Caprini)

CMB constraints and predictions 
for LiteBird

PhDV3 WP3
(co-supervision Brandenburg)

ENZO simulations:
reionisation in local Universe

PDV4 WP3 ENZO simulations:
magnetic effects on reionisation
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UNIST Team, 1 PI, 4 Post-Docs, 2 PhDs

PI 2025 2026 2027 2028 2029 2030 work package    activity

PhDB1 WP2 (w/ Caprini & Neronov) Evolution track and endpoints

PDB1 WP2 endpoints

PDB2 WP3 initial conditions 
(magnetogenesis mechanisms)

PDB3 WP3 SGWB modeling

PhDB2 WP3 (w/ Caprini) Magnetic field effect on 
Recombination, Hubble tension, 
with focus on numerical 
simulations

PDB4 WP3 magnetic field effect on 
Recombination and Hubble 
tension, with focus on magnetic 
effects on CMB

+4 visiting professors  in 2026, 2027, 2028, 2029

Backup 33



Advisory board

Backup 34

- Four senior researchers in the field 
- One of them will play the role of ombudsperson
- Meet yearly to 

- monitor development of the project from scientific and managerial 
sides

- mitigate unlikely conflicts among the team
Meetings

- Yearly COSMOMAG workshops (synthesis work, challenges, PhD and postdoc training, 
outreach)

- 20 kEuro per event
- 2 international PhD schools

- 50 kEuro per event
- 2 topical conferences open to broad community

- 50 kEuro per event
- 2nd edition of program “Generation, evolution and observations of cosmological magnetic 

fields”
- 100 kEuro for the event (co-funding)


