
Impact of a ΛCDM extension 
on UHECR propagation

CRPropa Workshop Janning Meinert meinert@uni-wuppertal.de25th of September 



Impact of a ΛCDM extension 
on UHECR propagation

Cosmology

CRPropa Workshop Janning Meinert meinert@uni-wuppertal.de25th of September 



Impact of a ΛCDM extension 
on UHECR propagation

Astroparticlephysics

Cosmology

CRPropa Workshop Janning Meinert meinert@uni-wuppertal.de25th of September 



1

Epochs of the Universe

© Jessie Muir (modified)

Earth



© Jessie Muir (modified)

SU(2) Postulate1
Hofmann 2013    

Nature Phys.

10.1038/nphys2793

1 

1

Epochs of the Universe



2.725

CMB Temperature [K] © Jessie Muir (modified)

SU(2) Postulate1
Hofmann 2013    

Nature Phys.

10.1038/nphys2793

1 

1

redshift [z]
0∞ 11089 

~3000 



2.725

CMB Temperature [K] © Jessie Muir (modified)

Hofmann 2013    

Nature Phys.

10.1038/nphys2793

1 

1

redshift [z]
0∞ 11089 1751 

SU(2) Postulate1

Changed T(z)
~3000 



~3000 

2.725

CMB Temperature [K] © Jessie Muir (modified)

Hofmann 2013    

Nature Phys.

10.1038/nphys2793

1 

1

redshift [z]
0∞ 11089 1751 

SU(2) Postulate1

Changed T(z)



© Jessie Muir (modified)

redshift [z]

2.725

CMB Temperature [K]

0∞ 11089 1751 

Hofmann 2013    

Nature Phys.

10.1038/nphys2793

Planck Collaboration

arXiv: 1807.06209

Riess et al. 2021

arXiv: 2112.04510

1 

3 

2 

1

H0
 ≈ 73 2

  km s−1Mpc−1

~3000 

SU(2) Postulate1



© Jessie Muir (modified)

redshift [z]

2.725

CMB Temperature [K]

0∞ 11089 1751 

H0
 ≈ 74.2 4

Local agreement 5

with SU(2)CMB

Hofmann 2013    

Nature Phys.

10.1038/nphys2793

Planck Collaboration

arXiv: 1807.06209

Hahn et al. 2018 

MNRAS

arXiv: 1810.01253

Riess et al. 2021

arXiv: 2112.04510

Hofmann+JM+Balaji

2023, AdP. 

arXiv: 2205.11450

1 

3 

4 

2 

5 

1

SU(2) Postulate1

H0
 ≈ 73 2

  km s−1Mpc−1

~3000 
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Hahn + Hofmann 2018, MNRAS, arxiv:1810.01253



arxiv.org/pdf/1810.01253

Parameter ΛCDM (TT,TE,EE+lowE) SU(2)

zre 7.68 ± 0.79 6.23 ± 0.41

z
∗

1089.95 ± 0.27 1715.9 ± 0.19

zp - 52.88 ± 4.06

H0 [km s
−1

 Mpc
−1

] 67.27 ± 0.60 74.24 ± 1.46

Ωbh
2

0.02236 ± 0.00015 0.0173 ± 0.0002

Ωm 0.3166 ± 0.0084 0.384 ± 0.006

σ8 0.8120 ± 0.0073 0.709 ± 0.020

S8≡ σ8(Ωm/0.3)
0.5

0.834 ± 0.016 0.8021 ± 0.0227

Ωold - 0.113 ± 0.002

Ωnew - 0.0771 ± 0.0012

Cosmological parameters
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arxiv.org/pdf/1712.08561.pdf

energy density energy pressure

continuity eq.:

Friedmann-Lemaître-Robertson-Walker Universe
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How do we measure T(z)?
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How do we measure T(z)?
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Summary of T(z) effect



CMB Evolution

T(z) = S(z)(z+1) T0

T(z) = 1 (z+1) T0
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UHECR propagation
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• Lower CR source 

density
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ankle

• Higher flux above the 

ankle
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Tanabashi+ PRD 2018
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Motivation for SU(2)

How to exclude it



Isn‘t T(z) measured 
already?



e-Print: 2303.16744 [hep-th]
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σ8 tension

https://kids.strw.leidenuniv.nl/cosmicshear2016.php

global
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Freedman et al. / Astrophysical Journal

Hubble Constant over time

+ ΛCDM
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ladder
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