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Relieving the Hubble Tension with primordial magnetic fields
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Primer on magnetic field evolution in the early Universe
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Primordial Magnetic Fields, the CMB, and the Hubble constant
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I spare you details, mention only the main conclusions, but all statements are verified by full numerical MHD simulations 
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Generalities of the evolution of cosmic magnetic fields in the early Universe
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After an epoch of magneto-genesis fields decay freely, no active source
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for most part MHD evolution is incompressible due to the large speed of sound, however …
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epochs where the viscosity is large and MHD is not turbulent but viscous
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magnetic field energy is not conserved, the quantity which is conserved during the evolution is magnetic helicity
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Only the smallest fraction of initial magnetic energy density at very high temperatures may survive to the present
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for phase transition produced fields



Evolution of Cosmic Magnetic Fields

Master equation for relaxation of Integral Scale:

teddy ≈
Lp(T )

v(L)
≈

1

H(T )
≈ tH

v(L) ≈ vA(L) ; Re > 1

in the turbulent case and

v(L) ≈
vA

2(L) L

η
, v(L) ≈

vA
2(L)

α L
, Re < 1

in the viscous case

Karsten Jedamzik, Ascona, June 5th 2009 – p. 22
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Banerjee and Jedamzik 2004
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in viscous MHD different
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Banerjee and Jedamzik 2004, Campanelli 2007,2014 
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Condition for magnetic energy dissipation: 
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The Evolution of the Magnetic Coherence Length
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Karsten Jedamzik, Aachen September 4, 2019 – p. 12/22
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Evolution of the magnetic coherence lengths in the early Universe
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coherence length
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cosmic temperature

karsten
coherence length growth equals dissipation of magnetic energy

karsten
When the photon mean free path becomes large, magnetic field evolution stops temporarily
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Magnetic fields survive Silk damping
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Jedamzik, Katalinic, Olinto 1998, Subramanian and Barrow 1998
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Banerjee and Jedamzik 2004



A Correlation for Primordial Cosmic Magnetic Fields

B0 ! 5 × 10−12Gauss
(

Lc

kpc

)

limit saturated when dynamically relaxed, i.e. vA(L)/L ≈ H0

Karsten Jedamzik, Ascona, June 5th 2009 – p. 28
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Banerjee and Jedamzik 2004
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a particularity: after recombination magnetic fields do essentially not evolve further, until structure formation



Production of density fluctuations before recombination

Viscous MHD evolution with free-streaming photon drag:

dv

dt
+
(

v ·∇
)

· v+c2s
∇ϱ

ϱ
= −αv −

1

4πϱ

(

1

2
∇B

2 −B ·∇B

)

dϱ

dt
+∇

(

ϱv
)

= 0

δϱ

ϱ
≃ min

[

1,

(

v2A
c2s

)]

Karsten Jedamzik, Aachen September 4, 2019 – p. 14/22
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the three important terms 
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back of the envelope estimate: 
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Jedamzik and Abel 2011
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cs = 6.33
km

s

vA =
B√
4πϱ

= 5.79
km

s

(

B

0.04nG

)

Karsten Jedamzik, Aachen September 4, 2019 – p. 22/22
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It doesn’t take much field:
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isothermal speed of sound



Numerical simulations of compressible MHD before recombination
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Karsten Jedamzik, Aachen September 4, 2019 – p. 18/21
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inflationary produced fields
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phase transition produced fields
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clumping factor:
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b = <rho-<rho>^2>/<rho>^2
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Full MHD simulations:
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scale factor (a=1 at recombination)
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Jedamzik and Saveliev 2018
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final field 10 pG



Jedamzik and Abel, arXiv:1108.2517, JCAP (2013)

Inhomogeneities enhance the recombination rate



How does CMB constrain H0?

Lpeak ~ 1/q*

q*

r*

rls

Sound horizon at Last Scattering: r*  = r* (h, Wr h2, Wb , Wm)
Distance to Last Scattering: rls = rls (h, Wr , Wm)

early
ISW effect Baryon

density
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courtesy Levon Pogosian
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physical baryon density, radiation density, and CDM density, well determined from CMB, for given z* sound horizon fixed
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distance to large scattering surface dependant on Hubble constant, i.e. r_ls ~ h^-0.2
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observed angle of CMB peak: smaller sound horizon -> larger Hubble constant



The Hubble tension

Tensions between the 
Early and the Late 

Universe 
L. Verde, T. Treu, A. Riess, 

arXiv:1907.10625 

The tension is between the measurements that require calculating r* and rdrag
and those that do not



Fitting to Planck only

Planck M2
Planck M1
Planck LCDM

• Strong degeneracy between the clumping parameter b and H0
• No preference for a non-zero value of b



Fitting to Planck + H3

a clear detection of clumping!

Planck+H3 M2
Planck+H3 M1
Planck LCDM
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at almost 4 sigma for M1



Does the fit to CMB get worse?
Planck+H3 M2
Planck+H3 M1
Planck LCDM

The LCDM model and the clumping models give comparable fits
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P value without clumping 0.2, CMB only
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P value with clumping 0.17, CMB only



Relieving the S8-Wm tension
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As a byproduct, clumping models also relieve the S8-Wm tension

K. Jedamzik and L. Pogosian, arXiv:2004.09487
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Relieving both tension in one plot

K. Jedamzik and L. Pogosian, arXiv:2004.09487
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Alternative sources of small-scale baryon clumping:
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Enhanced small-scale adiabatic fluctuations do not survive Silk-damping
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Extra baryon isocurvature fluctuations violate BBN constraints
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B-balls or quark nuggets evaporating before recombination also violate BBN constraints 
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Baryon inhomogeneities produced by cosmic strings may not reach high volume filling factors
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Implications:
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A clumping factor of b~0.5 corresponds to post-recombination field strength of ~0.02-0.1 nGauss. If such primordial fields indeed were present, magnetic fields in galaxies, clusters of galaxies, and the extragalactic medium would be entirely primordial !!!!!!! Such fields would likely originate from the electroweak phase transition or less likely from an inflationary scenario. These scenarios may be tested by future CMB missions.



Minor changes in the values and uncertainties of other cosmological parameters
Adding the DES Y1 data pushes the detection of clumping beyond 4s

The effect on other parameters

K. Jedamzik and L. Pogosian, arXiv:2004.09487



Relieving the Hubble tension

K. Jedamzik and L. Pogosian, arXiv:2004.09487



The S8-Wm tension

DES Y1 Results: Cosmological Constraints from Galaxy Clustering and Weak Lensing,  arXiv:1708.01530



Magnetic field evolution through recombination

Jedamzik and Saveliev, arXiv:1804.06115, PRL (2019)
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clumping b = (<rho^2> - <rho>^2)/<rho>^2



MHD Cascades in Fourier Space

EB =
ϱ

2

1

V

∫

d3xvA
2 =

∫

d3k⟨|vA,k|2⟩ ≡
∫

d ln k Ek , (1)

quasi-stationary state (Kolmogoroff, Iroshnikov-Kraichnan)

dEk

dt
≈

Ek

τk
≈ const(k) , (2)

wave vector k

Ek

turbulent direct cascade

Integral scale

dynam
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lly
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axed

Dissipation
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Karsten Jedamzik, Ascona, June 5th 2009 – p. 7



Decay of magnetic energy in MHD

Assume initial small-k spectrum:
El(t0) = E0

(

l
L0

)

−n
for l > L0

Processing on Integral Scale by development of fluid eddies
and cascade of energy to dissipation scale

wave vector k

Ek

L(t1)
L(t2)

L(t3)

relaxation time: τL = t ∼ L/vL ∼ L/
√

EL

Karsten Jedamzik, Ascona, June 5th 2009 – p. 10



Baryon Acoustic Oscillations

The Hubble Hunter’s Guide, L. Knox and M. Millea, arXiv:1908.03663 
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Evolution: The Global Picture

from top to bottom: (a) hg = 1, rg = 0.01, (b) hg = 10−3,
n = 3, rg = 0.01, (c) hg = 0, n = 3, rg = 0.01, (d) hg = 0,

n = 3, rg = 10−5

Karsten Jedamzik, Ascona, June 5th 2009 – p. 24
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Cosmic Magnetic Fields

Image courtesy of NRAO/AUI

o Generated in the early universe – not “if”, but “how much”
• phase transitions
• inflationary mechanisms
• a window into the early universe

o A distinct signature in CMB could prove their primordial origin

o Origin of 1-10 mG fields in galaxies and clusters
•mostly astrophysical? (dynamo, SN, …)
•mostly primordial? (need 0.01-0.1 nG)
• some combination of the two?

o Evidence of magnetic fields in voids?
•missing GeV g-ray halos around TeV blazars


