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Non-standard features in observed distances
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 Credits: Claire Lamman/DESI collaboration
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Summary
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1. Pitfalls of the CPL parametrization 

2. Cosmological distances 

3. Geometrical tests of the expansion rate
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The Chevallier-Polarski-Linder parametrization
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w(z) = w0 + waz

Simple lineal expansion (Taylor expansion in ) leads to:z



DESIgning distances, David Camarena - UFES

The Chevallier-Polarski-Linder parametrization

4

w(z) = w0 + waz

Simple lineal expansion (Taylor expansion in ) leads to:z

Unbounded values at z → ∞
For  we obtain  but w0 = − 1.05 & wa = 0.05 w(1) = − 1 w(1100) = 53.95



DESIgning distances, David Camarena - UFES

The Chevallier-Polarski-Linder parametrization

4

w(z) = w0 + waz

Simple lineal expansion (Taylor expansion in ) leads to:z

Unbounded values at z → ∞
For  we obtain  but w0 = − 1.05 & wa = 0.05 w(1) = − 1 w(1100) = 53.95

Simple solution, perform Taylor expansion in :z/(1 + z)

w(z) = w0 + wa
z

1 + z



DESIgning distances, David Camarena - UFES

The Chevallier-Polarski-Linder parametrization

4

w(z) = w0 + waz

Simple lineal expansion (Taylor expansion in ) leads to:z

Unbounded values at z → ∞
For  we obtain  but w0 = − 1.05 & wa = 0.05 w(1) = − 1 w(1100) = 53.95

Simple solution, perform Taylor expansion in :z/(1 + z)

w(z) = w0 + wa
z

1 + z
  for  

 for 

w(z) ≈ w0 + waz z ≪ 1

w(z) = w0 + wa z → ∞
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CPL as Quintessence
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Caldwell & Linder, arXiv:astro-ph/0505494

Physical model consists of a minimally coupled canonical scalar field, can be classified as 
by how its EoS evolves with time.

··φ + 3H ·φ = − dV/dφ
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CPL as Quintessence

5
Caldwell & Linder, arXiv:astro-ph/0505494

Physical model consists of a minimally coupled canonical scalar field, can be classified as 
by how its EoS evolves with time.

··φ + 3H ·φ = − dV/dφ
The field has been frozen by Hubble damping at a value 

displaced from its minimum until recently, when it starts to roll 
down to the minimum.  

 
 initially, but grows less negative with time.w ≈ − 1

The field which has been already

rolling towards its potential minimum but which slows down 
and creeps to a halt as it comes to dominate the universe. 

 
Initially,  and .w > − 1 dw/d ln a < 0
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CPL as Quintessence
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Caldwell & Linder, arXiv:astro-ph/0505494

Physical model consists of a minimally coupled canonical scalar field, can be classified as 
by how its EoS evolves with time.

··φ + 3H ·φ = − dV/dφ CPL model well thawing models, but fails to reproduce 
freezing scenarios.

Pantazis, Nesseris & Perivolaropoulos 
arXiv:1603.02164
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CPL as Quintessence
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Although straightforward to use, CPL is not necessarily the 
optimal choice to model canonical Quintessence models!
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Preference for phantom behavior 
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Cortes & Liddle, arXiv:2404.08056

Constraints show a preference for phantom 
behavior ( ) at w < − 1 z ≳ 0.4

 are unphysical within the GR 
framework.

w < − 1

 till  with the expansion of the 
Universe!

ρde z ≈ 0.4
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Preference for phantom behavior 
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DESI collaboration, arXiv:2503.14738

Phantom EoS are preferred regardless of the used parametrization!
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Phantom crossing coincidence
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There is a  where the uncertainty in w(z) is minimized for a given data model.zp
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There is a  where the uncertainty in w(z) is minimized for a given data model.zp

The error in  reflects the ability of a single experiment or a combination of 
experiments to test whether dark energy equation of state is consistent with a cosmological 

constant.

wp ≡ w(zp)
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wp = w0 + wa
zp
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Phantom crossing coincidence

10

wp = w0 + wa
zp

1 + zp

There is a  where the uncertainty in w(z) is minimized for a given data model.zp

The error in  reflects the ability of a single experiment or a combination of 
experiments to test whether dark energy equation of state is consistent with a cosmological 

constant.

wp ≡ w(zp)

DESI+CMB:  = -1.024  0.043wp ±
DESI+CMB+DESY5:  = -0.954  0.024wp ±
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Cosmological distances
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Standard candles (e.g. SNe), allows to 
measure luminosity distances:

DL(z) = (1 + z)DM(z)
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& DH(z) =
c

H(z)
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DM(z) =
c

H0 ∫
z

0

dz′￼

H(z′￼)/H0

Where, in a flat Universe:

Standard candles (e.g. SNe), allows to 
measure luminosity distances:

DL(z) = (1 + z)DM(z)

BAO analysis provides measurements of:

DA(z) =
DM(z)
1 + z

& DH(z) =
c

H(z)

BAO not only complement SNe data, but also provide further geometric information!
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DESI vs Supernovae
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Credits: Kyle Dawson

DM

DM + DH
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CDM fails to simultaneously fit BAO and SNe distances! Λ
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DESI vs Supernovae

12

CDM fails to simultaneously fit BAO and SNe distances! Λ

Credits: Kyle Dawson

DM

DM + DH

Are  from SNe consistent with  from BAO? What about DM DM DH?
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Geometrical test for CDMΛ
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Geometrical test for CDMw0wa
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Conclusions
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Early hints of an anisotropic expansion: there is a systematic preference for lower values of  when 
analyzing  distances, compared to constraints with . 

Non-FLRW feature regardless of DE nature: fluctuations in  determinations for CDM and CDM 

Motivate the study of non-FLRW models.

Ωm
DH DM

Ωm Λ w0wa



Obrigado!


