
Lavinia Heisenberg

        L.Heisenberg@thphys.uni-heidelberg.de

28. June 2022, Kitzbühel Humboldt Conference, Kitzbühel/Austria

Cracks in LCDM

(ITP-Heidelberg) 



In collaboration with

Hector Villarrubia Rojo Jann Zosso



Cosmology

Cosmology describes the Universe with 2 
fundamental pillars



Cosmology

GR General Relativity

Cosmology describes the Universe with 2 
fundamental pillars



Cosmology

GR General Relativity

Cosmology describes the Universe with 2 
fundamental pillars

CP Cosmological Principle 



Cosmology

GR General Relativity

Cosmology describes the Universe with 2 
fundamental pillars

CP Cosmological Principle Homogeneity 
& Isotropy



Cosmology

GR General Relativity

Cosmology describes the Universe with 2 
fundamental pillars

CP Cosmological Principle 

ds2 = �dt2 + a(t)2d~x2
<latexit sha1_base64="6IgrIHiJlZAy1JoLasDcs5CISzU="></latexit><latexit sha1_base64="6IgrIHiJlZAy1JoLasDcs5CISzU="></latexit><latexit sha1_base64="6IgrIHiJlZAy1JoLasDcs5CISzU="></latexit><latexit sha1_base64="6IgrIHiJlZAy1JoLasDcs5CISzU="></latexit>

Homogeneity 
& Isotropy



Cosmology

GR General Relativity

Cosmology describes the Universe with 2 
fundamental pillars

CP Cosmological Principle 

ds2 = �dt2 + a(t)2d~x2
<latexit sha1_base64="6IgrIHiJlZAy1JoLasDcs5CISzU="></latexit><latexit sha1_base64="6IgrIHiJlZAy1JoLasDcs5CISzU="></latexit><latexit sha1_base64="6IgrIHiJlZAy1JoLasDcs5CISzU="></latexit><latexit sha1_base64="6IgrIHiJlZAy1JoLasDcs5CISzU="></latexit>

Homogeneity 
& Isotropy

H =
ȧ
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H0 tension

E. Di Valentino et al. 
arXiv:2103.01183



It is hard to get de Sitter space-time from 
Quantum Gravity!

See Gia Dvali’s Talk:
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Vector Field (Generalized Proca)

L2 = f2(Aµ, Fµ⌫ , F̃µ⌫)
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second order equations of motion 

Lorentz invariant and local 

3 propagating degrees of freedom L.H & J.Beltran, 
Phys.Lett.B757 (2016) 405-411, 

arXiv:1602.03410

L. H., JCAP 1405, 015 (2014), 
arXiv:1402.7026
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CP Cosmological Principle Homogeneity 
& Isotropy

It was believed that a single vector field is in tension with

and therefore not appropriate for dark energy applications.
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Generalized Proca iniated a radiacal change of view!
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Generalized Proca iniated a radiacal change of view!
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At the perturbation level, non-trivial contribution from additional dof.

Vector Field (Generalized Proca)



�8
<latexit sha1_base64="U96K2J0h2YDAvYv+9w5jqahgtEA="></latexit><latexit sha1_base64="U96K2J0h2YDAvYv+9w5jqahgtEA="></latexit><latexit sha1_base64="U96K2J0h2YDAvYv+9w5jqahgtEA="></latexit><latexit sha1_base64="U96K2J0h2YDAvYv+9w5jqahgtEA="></latexit>



How can we measure 
�8

<latexit sha1_base64="U96K2J0h2YDAvYv+9w5jqahgtEA="></latexit><latexit sha1_base64="U96K2J0h2YDAvYv+9w5jqahgtEA="></latexit><latexit sha1_base64="U96K2J0h2YDAvYv+9w5jqahgtEA="></latexit><latexit sha1_base64="U96K2J0h2YDAvYv+9w5jqahgtEA="></latexit>



Cosmology

GR General Relativity

Cosmology describes the Universe with 2 
fundamental pillars

CP Cosmological Principle Homogeneity 
& Isotropy



Cosmology

GR General Relativity

Cosmology describes the Universe with 2 
fundamental pillars

CP Cosmological Principle Homogeneity 
& Isotropy

+ small perturbations



How can we measure sigma8?
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CMB not only yields a lower H0 
but also a higher sigma8
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GR + �1

4
Fµ⌫F

µ⌫ +G2(�
1

2
AµA

µ) +G3(�
1

2
AµA

µ)r↵A
↵

<latexit sha1_base64="ag01g+TOi4vz1yLtfhikTM+rN70="></latexit><latexit sha1_base64="ag01g+TOi4vz1yLtfhikTM+rN70="></latexit><latexit sha1_base64="ag01g+TOi4vz1yLtfhikTM+rN70="></latexit><latexit sha1_base64="ag01g+TOi4vz1yLtfhikTM+rN70="></latexit>

Embedding into a 
Boltzman codeLinear perturbations

L.H & H. Villarrubia Rojo 
arxiv:2010.00513

At the background level, it gives phantom DE w < �1
<latexit sha1_base64="7HH/viflK+j9gFMgG01E+L65G4o="></latexit><latexit sha1_base64="7HH/viflK+j9gFMgG01E+L65G4o="></latexit><latexit sha1_base64="7HH/viflK+j9gFMgG01E+L65G4o="></latexit><latexit sha1_base64="7HH/viflK+j9gFMgG01E+L65G4o="></latexit>

At the perturbation level, non-trivial contribution from additional dof.

Vector Field (Generalized Proca)
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Vector Field (Generalized Proca)



Could late-time DE 
models solve H0 and 

sigma 8 simultaneously ?
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nor any parametrization
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Fully analytically

Embedding into a Boltzman code is very expensive!
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+ �G(z)
<latexit sha1_base64="tDwxwZaeaLC7VPvGG6WZmo2KGRY="></latexit><latexit sha1_base64="tDwxwZaeaLC7VPvGG6WZmo2KGRY="></latexit><latexit sha1_base64="tDwxwZaeaLC7VPvGG6WZmo2KGRY="></latexit><latexit sha1_base64="tDwxwZaeaLC7VPvGG6WZmo2KGRY="></latexit>

+ �H(z)
<latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit>

. . . . .+ �H0
<latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit>

+ �⌦b
<latexit sha1_base64="EvT9519dn992z0CMZZhJv0VqsCw="></latexit><latexit sha1_base64="EvT9519dn992z0CMZZhJv0VqsCw="></latexit><latexit sha1_base64="EvT9519dn992z0CMZZhJv0VqsCw="></latexit><latexit sha1_base64="EvT9519dn992z0CMZZhJv0VqsCw="></latexit>

+ �⌦m
<latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit>

{H0 ,⌦b ,⌦m }
<latexit sha1_base64="j1Lnpx5wbEnYw/Qx0yX04RTn9K0="></latexit><latexit sha1_base64="j1Lnpx5wbEnYw/Qx0yX04RTn9K0="></latexit><latexit sha1_base64="j1Lnpx5wbEnYw/Qx0yX04RTn9K0="></latexit><latexit sha1_base64="j1Lnpx5wbEnYw/Qx0yX04RTn9K0="></latexit>
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<latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit>

. . . . .+ �H0
<latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit>

+ �⌦m
<latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit>

{H0 ,⌦m , H(z) }
<latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit>

+ �H(z)
<latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit>



Solving H0 and sigma8 simultaneously 

a general deviation from                         
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Consider: ⇤CDM
<latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit>

. . . . .+ �H0
<latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit>

+ �⌦m
<latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit>

{H0 ,⌦m , H(z) }
<latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit>

+ �H(z)
<latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit>

Compute: the variations to first order in the observables

�✓?, ��8, . . .
<latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit>
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Consider: ⇤CDM
<latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit>

. . . . .+ �H0
<latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit>

+ �⌦m
<latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit>

{H0 ,⌦m , H(z) }
<latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit>

+ �H(z)
<latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit>

Compute: the variations to first order in the observables

�✓?, ��8, . . .
<latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit>

Relate: the deviations of the parameters �H0, �⌦m, . . .
<latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit>

with using CMB priors�H(z)
<latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit>
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Consider: ⇤CDM
<latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit>

. . . . .+ �H0
<latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit>

+ �⌦m
<latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit>

{H0 ,⌦m , H(z) }
<latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit>

+ �H(z)
<latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit>

Compute: the variations to first order in the observables

�✓?, ��8, . . .
<latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit>

Relate: the deviations of the parameters �H0, �⌦m, . . .
<latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit>

with using CMB priors�H(z)
<latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit>

Generate: response functions

��8(z)

�8(z)
=

Z 1

0

dxz

1 + xz
R�8(xz, z)

�H(xz)

H(xz)
<latexit sha1_base64="aUzDZygFomahmXhuT8tEYmQV3r0="></latexit><latexit sha1_base64="aUzDZygFomahmXhuT8tEYmQV3r0="></latexit><latexit sha1_base64="aUzDZygFomahmXhuT8tEYmQV3r0="></latexit><latexit sha1_base64="aUzDZygFomahmXhuT8tEYmQV3r0="></latexit>
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<latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit>

. . . . .+ �H0
<latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit>

+ �⌦m
<latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit>

{H0 ,⌦m , H(z) }
<latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit>

+ �H(z)
<latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit>

Compute: the variations to first order in the observables

�✓?, ��8, . . .
<latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit>

Relate: the deviations of the parameters �H0, �⌦m, . . .
<latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit><latexit sha1_base64="YADKUgN5dHxj0HIVqn5SoW7+MDU="></latexit>

with using CMB priors�H(z)
<latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit><latexit sha1_base64="z/4Tm0dK0WqI3WVa/CeYGws6VJg="></latexit>

Generate: response functions

��8(z)

�8(z)
=

Z 1

0

dxz

1 + xz
R�8(xz, z)

�H(xz)

H(xz)
<latexit sha1_base64="aUzDZygFomahmXhuT8tEYmQV3r0="></latexit><latexit sha1_base64="aUzDZygFomahmXhuT8tEYmQV3r0="></latexit><latexit sha1_base64="aUzDZygFomahmXhuT8tEYmQV3r0="></latexit><latexit sha1_base64="aUzDZygFomahmXhuT8tEYmQV3r0="></latexit>
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Consider: ⇤CDM
<latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit><latexit sha1_base64="/M6GS3SqPtl6uCLkMzgr7+Z4BkI="></latexit>

. . . . .+ �H0
<latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit><latexit sha1_base64="RgzHcjfP3LqfDgIr5DEUwXF8UKY="></latexit>

+ �⌦m
<latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit><latexit sha1_base64="jOdVImD6RWp612cSPb2FVFrU3cI="></latexit>

{H0 ,⌦m , H(z) }
<latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit><latexit sha1_base64="reOGwSfZwvL8nAocO5gfKs+jGuo="></latexit>

+ �H(z)
<latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit>

Compute: the variations to first order in the observables

�✓?, ��8, . . .
<latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit><latexit sha1_base64="nOfY9D36DEgWrzOLU8jHJaWfs3A="></latexit>

Relate: the deviations of the parameters �H0, �⌦m, . . .
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�m(z, k) ⇠
⇣
D(z) + (�D)|�G

⌘
T (k)

<latexit sha1_base64="IIAJk5SC7/jaxVvxxI9ZZyR8tGw="></latexit><latexit sha1_base64="IIAJk5SC7/jaxVvxxI9ZZyR8tGw="></latexit><latexit sha1_base64="IIAJk5SC7/jaxVvxxI9ZZyR8tGw="></latexit><latexit sha1_base64="IIAJk5SC7/jaxVvxxI9ZZyR8tGw="></latexit>

+

Z 1

0

dz

1 + z
G�8(z)

�G

G
<latexit sha1_base64="LOD3Z/3pTeYUK6ipxw2hCfEuaEA="></latexit><latexit sha1_base64="LOD3Z/3pTeYUK6ipxw2hCfEuaEA="></latexit><latexit sha1_base64="LOD3Z/3pTeYUK6ipxw2hCfEuaEA="></latexit><latexit sha1_base64="LOD3Z/3pTeYUK6ipxw2hCfEuaEA="></latexit>

��8

�8
=

Z 1

0

dz

1 + z
R�8(z)

�H(z)

H(z)
<latexit sha1_base64="eCpXctUWCShXfeBktnI2eN/hM+w="></latexit><latexit sha1_base64="eCpXctUWCShXfeBktnI2eN/hM+w="></latexit><latexit sha1_base64="eCpXctUWCShXfeBktnI2eN/hM+w="></latexit><latexit sha1_base64="eCpXctUWCShXfeBktnI2eN/hM+w="></latexit>

If �h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

and �H(z) < 0
<latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit>

�8 "
<latexit sha1_base64="+gg8JIUsdrdiW2kAA4MWrtPEy1Y="></latexit><latexit sha1_base64="+gg8JIUsdrdiW2kAA4MWrtPEy1Y="></latexit><latexit sha1_base64="+gg8JIUsdrdiW2kAA4MWrtPEy1Y="></latexit><latexit sha1_base64="+gg8JIUsdrdiW2kAA4MWrtPEy1Y="></latexit>



Solving H0 and sigma8 simultaneously 

Solving both tensions requires (Ge↵ 6= G)
<latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit>

H = H⇤CDM(z)
<latexit sha1_base64="X5utms2TGxIXMcpcpkvg5POopHo="></latexit><latexit sha1_base64="X5utms2TGxIXMcpcpkvg5POopHo="></latexit><latexit sha1_base64="X5utms2TGxIXMcpcpkvg5POopHo="></latexit><latexit sha1_base64="X5utms2TGxIXMcpcpkvg5POopHo="></latexit>

Ge↵ = G
<latexit sha1_base64="I2TrqyvPj0rRaVubbN5eoC4NIj0="></latexit><latexit sha1_base64="I2TrqyvPj0rRaVubbN5eoC4NIj0="></latexit><latexit sha1_base64="I2TrqyvPj0rRaVubbN5eoC4NIj0="></latexit><latexit sha1_base64="I2TrqyvPj0rRaVubbN5eoC4NIj0="></latexit>

+ �G(z)
<latexit sha1_base64="tDwxwZaeaLC7VPvGG6WZmo2KGRY="></latexit><latexit sha1_base64="tDwxwZaeaLC7VPvGG6WZmo2KGRY="></latexit><latexit sha1_base64="tDwxwZaeaLC7VPvGG6WZmo2KGRY="></latexit><latexit sha1_base64="tDwxwZaeaLC7VPvGG6WZmo2KGRY="></latexit>

+ �H(z)
<latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit><latexit sha1_base64="NzbhRi1GdeZ0iGPC+ubByRL0+Ho="></latexit>

�m(z, k) ⇠
⇣
D(z) + (�D)|�G

⌘
T (k)

<latexit sha1_base64="IIAJk5SC7/jaxVvxxI9ZZyR8tGw="></latexit><latexit sha1_base64="IIAJk5SC7/jaxVvxxI9ZZyR8tGw="></latexit><latexit sha1_base64="IIAJk5SC7/jaxVvxxI9ZZyR8tGw="></latexit><latexit sha1_base64="IIAJk5SC7/jaxVvxxI9ZZyR8tGw="></latexit>

+

Z 1

0

dz

1 + z
G�8(z)

�G

G
<latexit sha1_base64="LOD3Z/3pTeYUK6ipxw2hCfEuaEA="></latexit><latexit sha1_base64="LOD3Z/3pTeYUK6ipxw2hCfEuaEA="></latexit><latexit sha1_base64="LOD3Z/3pTeYUK6ipxw2hCfEuaEA="></latexit><latexit sha1_base64="LOD3Z/3pTeYUK6ipxw2hCfEuaEA="></latexit>

��8

�8
=

Z 1

0

dz

1 + z
R�8(z)

�H(z)

H(z)
<latexit sha1_base64="eCpXctUWCShXfeBktnI2eN/hM+w="></latexit><latexit sha1_base64="eCpXctUWCShXfeBktnI2eN/hM+w="></latexit><latexit sha1_base64="eCpXctUWCShXfeBktnI2eN/hM+w="></latexit><latexit sha1_base64="eCpXctUWCShXfeBktnI2eN/hM+w="></latexit>

If �h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

and �H(z) < 0
<latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit>

�8 "
<latexit sha1_base64="+gg8JIUsdrdiW2kAA4MWrtPEy1Y="></latexit><latexit sha1_base64="+gg8JIUsdrdiW2kAA4MWrtPEy1Y="></latexit><latexit sha1_base64="+gg8JIUsdrdiW2kAA4MWrtPEy1Y="></latexit><latexit sha1_base64="+gg8JIUsdrdiW2kAA4MWrtPEy1Y="></latexit>

�G(z)

G
< ↵(z)

�H(z)

H(z)
< 0

<latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit>

�8 ###
<latexit sha1_base64="DPUGf9eHsqqwSWJiayrUNwHA3Dc="></latexit><latexit sha1_base64="DPUGf9eHsqqwSWJiayrUNwHA3Dc="></latexit><latexit sha1_base64="DPUGf9eHsqqwSWJiayrUNwHA3Dc="></latexit><latexit sha1_base64="DPUGf9eHsqqwSWJiayrUNwHA3Dc="></latexit>



Solving H0 and sigma8 simultaneously 

Solving both tensions requires (Ge↵ 6= G)
<latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit>

If �h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

and �H(z) < 0
<latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit>

�G(z)

G
< ↵(z)

�H(z)

H(z)
< 0

<latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit>

1 10 100
1 + z

0

1

2

3

4

5

6
G(z, 0)

↵(z)



Summary

Solving H0 tension

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>



Summary

Solving H0 tension

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

9z|�H(z) < 0
<latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="rwZGPN2J7r7dHgOaCAhL1iYEwXo="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit>

9z|w(z) < �1
<latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit>



Summary

Solving H0 tension

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

9z|�H(z) < 0
<latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="rwZGPN2J7r7dHgOaCAhL1iYEwXo="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit>

9z|w(z) < �1
<latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit>

Solving both tensions

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

��8 < 0
<latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit>

(Ge↵ = G)
<latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit>



Summary

Solving H0 tension

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

9z|�H(z) < 0
<latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="rwZGPN2J7r7dHgOaCAhL1iYEwXo="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit>

9z|w(z) < �1
<latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit>

Solving both tensions

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

��8 < 0
<latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit>

�H(z) changes sign
<latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit>

w(z) crosses � 1
<latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit>

(Ge↵ = G)
<latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit>



Summary

Solving H0 tension

�H(z) < 0
<latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit>

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

9z|�H(z) < 0
<latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="rwZGPN2J7r7dHgOaCAhL1iYEwXo="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit>

9z|w(z) < �1
<latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit>

Solving both tensions

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

��8 < 0
<latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit>

�H(z) changes sign
<latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit>

w(z) crosses � 1
<latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit>

(Ge↵ = G)
<latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit>

Solving both tensions (Ge↵ 6= G)
<latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit>



Summary

Solving H0 tension

�H(z) < 0
<latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit><latexit sha1_base64="fsVRnnV1OfimJR96jTFFAGSMKo4="></latexit>

�G(z)

G
< ↵(z)

�H(z)

H(z)
< 0

<latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit><latexit sha1_base64="VW7bA3X+Xo0LIJDTdZghIXDqMcs="></latexit>

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

9z|�H(z) < 0
<latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="6NfJmR0aJ3mStUW336w9+8zsKQc="></latexit><latexit sha1_base64="rwZGPN2J7r7dHgOaCAhL1iYEwXo="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit><latexit sha1_base64="2UmEMowODYseCsMqBu6S0yZ731M="></latexit>

9z|w(z) < �1
<latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit><latexit sha1_base64="6FuBBaMesPj+pLujJlD99M6S55U="></latexit>

Solving both tensions

�h > 0
<latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit><latexit sha1_base64="A7N5fgbC6AZAmorPNapQZNNjUEA="></latexit>

��8 < 0
<latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit><latexit sha1_base64="Z7C2AYv1pQHva7VIq2y3jsrEFPM="></latexit>

�H(z) changes sign
<latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit><latexit sha1_base64="7Zg7IGiyXjczq8sEpy147ZFLScw="></latexit>

w(z) crosses � 1
<latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit><latexit sha1_base64="zS/DXTvi7RXtROddE3RZxUCtmlw="></latexit>

(Ge↵ = G)
<latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit><latexit sha1_base64="Y7YSna00M6kQ1xClKUTTysxMqoM="></latexit>

Solving both tensions (Ge↵ 6= G)
<latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit><latexit sha1_base64="vM6pTBsUQd574iPUidu8+OVRZIc="></latexit>


