
GW from the CME

Relativistic EoS

Chiral chemical potential

Chiral MHD

GWs sourced by stress

Roper Pol et al. (2020, PRD 102, 083512

New data points
Different parameters
Two different regimes



Observability of relic GWs

• GWs driven by magnetic stress, B ~ 1 mG
• 1 mG would have decayed to 0.3 nG at 30 kpc

• Lower limits from Fermi LAT (Large Area Telesc)
• 10-15 G at 1 Mpc (Neronov & Vovk 2010)

• Already well above chiral B-field limit of 10-18 G

• B-fields driven at hoc (no magnetogenesis)

NANOGrav = North American nHz Obs for GWs
Neronov et al. (2021, PRD 103, 041302)
Brandenburg et al. (arXiv:2102.12428)

LISA = Laser Interferometer Space Antenna
Roper Pol et al. (2020, PRD 102, 083512
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Spectral correspondence

• B spectrum E(k) = Sp(B) ~ k–5/3

• Stress spectrum Sp(Bi Bj) ~ k–5/3

(Brandenburg & Boldyrev 2020)

• Therefore Sp(k2hij) ~ k–5/3

• So EGW(k) ~ Sp(khij) ~ k–2 Sp(k2hij) ~ k–11/3

• and WGW(k) = kEGW(k) ~k–8/3

• B spectrum E(k) = Sp(B) ~ k4

• Stress spectrum Sp(Bi Bj) ~ k2,

• not k4 (Brandenburg & Boldyrev 2020)

• Therefore Sp(k2hij) ~ k2, not k4

• So EGW(k) ~ Sp(khij) ~ k0, not k2

• and WGW(k) = kEGW(k) ~k1, not k3

Turbulent intertial range Subintertial range
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Simple example

Example

Traceless-transverse

s

s

s

Polarization in turbulent cases:    
Kahniashvili et al. (2021, PRR 3, 013193)

GW energy dependence on magnetic 
energy and wavenumber k0.  

Roper Pol et al. (2020, GAFD 114, 130)



Different efficiencies

• Efficiency q between 1 and 30

• Acoustic turbulence more efficient 

• Is TT projection different for 
acoustic turbulence?

• How is q related to temporal 
properties?

• Need to study GWs from 
selfconsistent magnetogenesis

• Chiral magnetic effect one 
example (studied previously)

• Even if looking under a 
lampost



Scalar-Vector-Tensor decomposition

• Trace L

• traceless Hessian of scalar

• Symmetrized gradient 
tensor

• Pure tensor mode

• Acoustic turbulence:  
small tensor mode

• Except small k 

• How import is 
contribution from 
frequencies w ~ ck ?



Time dependence from chiral magnetic effect (CME)

• Exponential growth 
at one k

• Subsequent inverse 
cascade

• Always fully helical

Growth at one wavenumber

Then: saturation caused by 

initial chemical potential

Brandenburg et al. (2017, ApJL 845, L21)



CME introduces pseudoscalar

• Mathematically identical to a effect 
in mean-field dynamos

• Comes from chiral chemical 
potential m (or m5)

• Number differences of left- & right-
handed fermions

• In the presence of a magnetic 
field, particles of opposite 
charge have momenta

• → electric current

• Self-excited dynamo

• But depletes m

B=curlA2kk ms −=



Many details are known by now

• Instability just  dependant

• Saturation governed by l

• Regime I is when turbulent 
subrange is long

• In regime II, just inverse 
cascading



Strength of chiral magnetic effect

• Dimensional arguments give

• Inserting T=3K gives 10–18 G on 1 Mpc

• But starting length scale very small

• → 12 cm

• Compared with horizon scale at that 
time (electroweak) of ~1 AU 

• Other dimensional argument:
• Would like something like:



Regime I
Regime II

m2/l
m2/l



Time trace of magn & GW energies

• For Runs B1 → B10,  increase 10-6
→ 10-3

o Therefore, growth rate g=m2/4 increases

• Peak magnetic energy reached when gt=20
oDepends on initial & final EM=m2/l

• EGW saturation depends on regime
oRegime I (B1-B5), EGW saturates at peak

oRegime II (B6-B10), EGW saturation prolonged

• m depletion also different
o Faster in Regime I, when linear growth fast

• What prolonged saturation behavior?
→ Change of slope at late times 



Regime I



Regime II



Early kinematic growth phase

Saturated phase: scaling





Saturated phase phase

Saturated phase: scaling



Code & data public

• JOSS = Journal of Open 
Source Software



Conclusions

• Remarkably 2 different slopes for GW spectra

• Energy small, but may be different if active at early times



Early universe: use conservation law
Conseration equation

Maximally helical:



Inserting actual numbers
Magnetic helicity

Inverse length scale



Inserting actual numbers (cont’d)

Magnetic diffusivity



Inserting actual numbers (cont’d)

Extent of cascade



Inverse cascading

Conseration equation



But initial length scale is very small

Starting point further to the left



How to boost primordial helicity

Limit on magnetic energy can be much larger

Problem: we need to constrain magnetic helicity

Another possibility (e.g. if length scale = Hubble scale)

e.g. if length scale = Hubble scale


