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Motivation & The Big Picture
● Observational Puzzles: PMFs are a potential explanation for the observed galactic and 

intergalactic magnetic fields.   [Durrer, R., & Neronov, A. 2013,]

● Early Universe Probe: They provide a unique window into the physics of the very early 
universe, potentially linked to baryogenesis, inflation, or phase transitions. 

● The Problem: Generating fields of sufficient strength and coherence that survive until today is a 
major theoretical challenge. 



● Magnetic fields: MicroG in galaxies, possible                in voids  

● Origin still unclear: There broadly are three classes 
○ Inflationary magnetic field generation
○ Generation of magnetic fields during phase transitions
○ Magnetogenesis from second-order cosmological perturbations
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Motivation & The Big Picture

 [Durrer, R., & Neronov, A. 2013]



●                                       [Vilenkin 1980]

● CPI was shown to amplify helical B field  [Joyce & Shaposhnikov 1997] 

● Nonlinear evolution via χMHD simulations   [Rogachevskii et al. 2017, arXiv:1705.00378]                        

[Brandenburg et al. 2017, arXiv:1707.03385]       
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The Chiral Plasma instability (CPI)
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The Chiral Plasma Instability 
● Foundation: This research is continuation of previous work  which established the CPI at 100 

GeV and 1GeV  [Brandenburg et al. 2017]

● Chiral Asymmetry: A net difference between right-handed and left-handed fermions in a 
plasma.

● Chiral Magnetic Effect (CME): This asymmetry sources a helical current parallel to an existing 
magnetic field.   

● The Instability: This current amplifies the magnetic field, leading to an inverse cascade of 
energy to larger scales.
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 Our Model: Introducing a Source Term
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 Our Model: Introducing a Source Term

Evolution of the chiral source with conformal time.
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 Pencil Code
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 Results

Evolution of volume averaged chiral asymmetry:
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 Results

Evolution of magnetic field rms and volume averaged helicity.
*For units to match helicity needs to be multiplied by hiral feedback 

parameter

● mu =0

 

●  mu>0
 

●  mu <0



12

 Results

Evolution of comuving magnetic energy density spectrum

https://docs.google.com/file/d/1LeULE9f1hRQxbs1qAeekLCSIP9kFBDsf/preview
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 Results

Evolution of comoving helicity energy density spectrum

https://docs.google.com/file/d/1oQWcMQ1Xnk6QgxqTfrWahhXz0ygO0cgS/preview
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 Results

https://docs.google.com/file/d/1szQN6d7s0_c9ivlInSQL7qRG1ZKY2pAq/preview
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 Results
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