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Two paths to measuring 𝑯𝑯𝟎𝟎

• Direct (local) measurements (𝐻𝐻0 ≈ 𝑧𝑧/𝑑𝑑):
• Based on the cosmic distance ladder

• Type Ia supernovae (SNe) to measure distances
• Cepheid variables to calibrate SNe

• Results from recent observations (e.g. SH0ES collaboration) give higher 
values for 𝐻𝐻0

• Indirect measurements:
• Based on CMB (consistent with BBN, BAO and uncalibrated SNe)
• Assume 𝛬𝛬CDM to infer 𝐻𝐻0

• Roughly 5𝜎𝜎 discrepancy between the two methods: Hubble tension
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Figure taken from Poulin et. al. 2023

Riess et. al. 2022

Aghanim et. al. 2018



Lowering the sound horizon to 
increase 𝑯𝑯𝟎𝟎

• What kind of modifications are efficient?
• Both CMB and galaxy surveys constrain an angular scale
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Lowering the sound horizon to 
increase 𝑯𝑯𝟎𝟎

• What kind of modifications are efficient?
• Both CMB and galaxy surveys constrain an angular scale

e.g. for BAO (0.15 < 𝑧𝑧 < 1)

A larger value of 𝐻𝐻0 can be compensated 
by 5-6% smaller 𝑟𝑟𝑠𝑠
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redshift of recombination

energy injection shortly 
before recombination!

sound horizon



Early dark energy (EDE)

• A light scalar field displaced from its minimum
• Initially frozen by Hubble friction: behaves, 𝜌𝜌 ≈ const
• Starst to oscillate before recombination

• AxiEDE model: 
• Data prefers 𝑛𝑛 = 3

Poulin et. al. 2018
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Figure taken from Poulin et. al. 2023



New early dark energy (NEDE)

• First-order phase transition shortly before recombination
• A scalar field is trapped in a false vacuum, decays via bubble nucleation

• Cold NEDE: vacuum PT 
• Hot NEDE: thermal PT

• 𝐻𝐻/𝛽𝛽 ≪ 1 to avoid large-scale CMB anisotropies from bubbles

• Can be achieved via a triggered phase transition in a 
two-field model

• Initially the trigger field 𝜙𝜙 is frozen by Hubble friction
• Starts oscillating around 𝐻𝐻~𝑚𝑚
• This triggers sudden nucleation of bubbles of the 𝜓𝜓 field
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Niedermann, Sloth 2021

Figure taken from Niedermann et. al. 2021

This talk

Talk by Florian on Thursday



Towards a field theory model for NEDE

• Ingredients for NEDE
• trigger field 𝜙𝜙 with a mass around 𝐻𝐻eq~10−27eV
• tunneling field 𝛹𝛹, with 𝛥𝛥𝛥𝛥~eV4

• Concrete realization

• Such potentials can arise in multi-axion models, e.g.
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𝑀𝑀~eV 𝛼𝛼,𝛽𝛽~1 𝛾𝛾~
𝑚𝑚2

𝑀𝑀2

𝑚𝑚~10−27eV

Chen et al, 2109.12920,
Cicoli et al, 2407.03405

Figure taken from Niedermann et. al. 2021



The NEDE fluid model

• Nonlinear physics in the 𝜓𝜓 field on small scales
• effective description on cosmological scales in terms of an ideal fluid.

• Background dynamics:

+ Perturbation dynamics

2nd Nordic Cosmology Meeting, 12-14 March Aleksandr Chatrchyan

Niedermann, Sloth 2021

trigger field

fluid



Cosmological parameter extraction

• The NEDE fluid model is implemented in the Boltzmann code TriggerCLASS
• Interfaced with MCMC sampler MontePython

• In addition to the six 𝛬𝛬CDM parameters  {ℎ, 𝜔𝜔𝑏𝑏, 𝜔𝜔𝑐𝑐𝑐𝑐𝑐𝑐, 𝐴𝐴𝑠𝑠, 𝑛𝑛𝑠𝑠, 𝜏𝜏𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟}, scan over four NEDE 
parameters {𝑓𝑓𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁, 𝑧𝑧∗, 𝑤𝑤∗, 𝛺𝛺𝜙𝜙}, set 𝐻𝐻∗ = 0.2𝑚𝑚.

• Include several datasets:
• CMB Planck NPIPE data, compared to Planck 2018
• BAO measurements from various galaxy surveys (0.106 < 𝑧𝑧 < 0.61), including recent DESI data 
• Pantheon+ catalog of 1550 Type Ia supernovae (0.001 < z < 2.26)
• SH0ES constraint on the absolute magnitude of type Ia supernovae

• Simulated annealing (Procoli) for finding global minimum likelihoods.
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Karwal et. al. 2024



Summary of the results from Bayesian analysis
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Plik + BAO + Pantheon+

2.8𝜎𝜎

NPIPE + BAO + Pantheon+

3.5𝜎𝜎

Plik + BAO + Pantheon

1.4𝜎𝜎

NPIPE + DESI BAO + Pantheon+

2.6𝜎𝜎

Tension



Time-dependence of the NEDE eos

Previous work modeled 𝑤𝑤 as constant

• A time-dependent eos can be parameterized as

Both datasets consistent with a 
mixture of radiation and 
a stiff fluid and a stiff fluid 
decaying into radiation.

No preference over a 
constant 𝑤𝑤 observed.
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Thank you for your attention!
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Extra slides
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Test of the Thawing Assumption 

• What if we drop the 𝐻𝐻∗ = 0.2𝑚𝑚 condition and fit it to data?
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NEDE vs AxiEDE

• Both models are affected by NPIPE in a similar way

• Bounds on 𝑓𝑓𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 slightly weaker 

• In NEDE, the trigger acts as a fuzzy dark matter
component, reducing the value of S8.
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Profile likelihood

2nd Nordic Cosmology Meeting, 12-14 March Aleksandr Chatrchyan



NEDE after the transition

• On small scales (bubble size): strong inhomogeneities

• On large scales: averages to ideal fluid with some 𝑤𝑤(𝜏𝜏)

• Generic expectation: 𝑤𝑤(𝜏𝜏) approaches 1/3, but depends on model details

• Shape of the potential

• Sourcing of scalar and vector metric perturbations (behave as stiff fluid)

• Possible decay of 𝜓𝜓 into another field(s)
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𝑤𝑤𝑛𝑛 = 𝑛𝑛−2
𝑛𝑛+2

, for 𝑈𝑈(𝜑𝜑) = 𝑐𝑐𝑐𝑐𝑛𝑛-type potentials

Xue, Steinhardt. 2011

Turner, 1983



Simple example: a two-fluid mixture

• Two fluids, each characterized by their eos  parameters 𝑤𝑤1 and 𝑤𝑤2
• e.g.  stiff fluid, 𝑤𝑤1 = 1, and radiation, 𝑤𝑤2 = 1/3.

• One can show that

To make an effective fluid approach applicable 
also on the perturbation level, we assume that 
both fluids are tightly coupled, 𝜃𝜃1 = 𝜃𝜃2.
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Two-fluid mixture with decay

• One fluid is converted into the other with some decay rate Γ1→2 𝑎𝑎 ,

• Parametrize the time-dependence as

• One can show that
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Bringmann et. al. 2018
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