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A flat LCDM model is in agreement with 
most of the data

Among the various cosmological models proposed in literature, 
the Lambda cold dark matter (LCDM) scenario has been adopted 

as the standard model, due to its simplicity and its ability to accurately describe 
a wide range of astrophysical and cosmological observations. 
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A flat LCDM model is in agreement with 
most of the data



In a Bayesian framework, all models can, in principle, agree with the data.
What matters is whether they are disfavoured due to a poor fit 

or because another model is preferred.
Therefore, to me, this means that LCDM provides a good fit to the data 

and shows no clear signs of deviation, even when extended.

 
However, currently the cosmological parameters inferred 

from different probes are not the same.

So LCDM appears different for the different data!
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But what does it mean that LCDM 
agrees well with each probe?
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Tensions and Disagreements in LCDM

CamSpec CamSpec

The same LCDM cannot fit 2 datasets together!

DESI collaboration, Abdul Karim et al., arXiv:2503.14738

See also Ye & Lin, arXiv: 2505.02207
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CMB tension in LCDM

ACT collaboration, Louis et al., arXiv:2503.14452

CamSpec CamSpec
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Consequences? Indication for DDE

DESI collaboration, Abdul Karim et al., arXiv:2503.14738
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Consequences? Indication for DDE

DESI collaboration, Abdul Karim et al., arXiv:2503.14738
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Consequences? Indication for DDE

DESY5 collaboration: Abbott et al., arXiv:2401.02929
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Consequences? Indication for DDE

Giarè et al., Phys.Dark Univ. 48 (2025) 101906
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DESI collaboration, Abdul Karim et al., arXiv:2503.14738

Consequences? Neutrino mass tension
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Consequences? Neutrino mass tension

Jiang et al., JCAP 01 (2025) 153

The level of tension between cosmological and 
terrestrial experiments for NO is around 2.5σ, 
and increases to approximately 3.5σ for IO, 

when excluding the most extreme cases 
involving SH0ES and XSZ.
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DESI collaboration, Elbers et al., arXiv:2503.14744

Consequences? Indication for negative 
neutrino mass



What about the CMB problems?
14

There is a lot of literature trying to dissect BAO and SN 

data looking for possible problems.

There is a selection bias in our community:
we tend to trust data only when they agree with Planck LCDM.



The preference for a high AL is not merely a volume effect in the full parameter space; 
the best fit improves by Δχ² ≈ 9 when adding AL for TT+lowE, 

and by ≈ 10 for TTTEEE+lowE.

Plik PR3 AL problem 

Planck 2018, Astron.Astrophys. 641 (2020) A6
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AL > 1 to 2.8σ



Di Valentino, Melchiorri and Silk, Nature Astron. 4 (2019) 2, 196-203
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This excess of lensing affects the constraints on the curvature of the universe:

leading to a detection of non-zero curvature, 
with a 99% probability region of −0.095 ≤ ΩK ≤ −0.007.

Planck 2018, Astron.Astrophys. 641 (2020) A6

Plik PR3 ΩK problem 



Allowing curvature to vary reveals a significant disagreement 
between the Planck spectra and BAO data. 

Plik PR3 - SDSS tension in kLCDM

Di Valentino, Melchiorri and Silk, Nature Astron. 4 (2019) 2, 196-203

CamSpec PR3
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Handley, Phys.Rev.D 103 (2021) 4, L041301



Rosenberg et al., arXiv:2205.10869

This new likelihood does not truly resolve 
the problem of AL/ΩK, 

which originates primarily from the TT power spectrum.
Moreover, the constraints from TT remain essentially 

unchanged between the two releases. 18

CamSpec PR4



Rosenberg et al., arXiv:2205.10869

The constraints derived from the EE power spectrum are the ones pulling all parameters 
toward ΛCDM, thereby alleviating the tensions.
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CamSpec PR4

However, this change in EE induces a significant shift in the acoustic scale parameter θ, 
leading to an internal tension of 2.8σ between TT and EE, 

which increases to over 3.2-3.3σ when AL/ΩK are allowed to vary.



Moreover, the reduced χ2 values reveal a >4σ tension 
between the data and the ΛCDM best-fit from TTTEEE.

Rosenberg et al., arXiv:2205.1086920

CamSpec PR4



Addison et al, arXiv:2310.03127

AL for different data releases
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The excess of lensing observed in the CMB affects the inferred total neutrino mass:
Planck alone (CamSpec PR4) prefers a negative neutrino mass,

a trend already seen in Plik PR3 combined with SDSS.

Negative total neutrino mass
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Elbers et al., arXiv: 2407.10965

eBOSS collaboration, Alam et al.,  
Phys.Rev.D 103 (2021) 8, 083533



The role of the optical depth

When the lowE data are excluded, the results become 
consistent with ΛCDM, and the Planck anomalies disappear.

Giarè, Di Valentino, Melchiorri, Phys.Rev.D 109 (2024) 10, 103519



We should stop fitting the data to our beliefs.

We shouldn’t interpret observations through personal, theoretical, or historical priors.
If data agree with our beliefs, we call them “robust.”

If they don’t, we dismiss them or question their reliability.

I’m not saying we need new physics: 
but we’ve become too precise and not accurate enough. 

We’re cherry-picking datasets based on convenience:
Plik PR3 or CamSpec PR4? Pantheon+ or DESY5? DESI or SDSS?

Depends on which agrees better with “our” preferred results.

The same is happening with BAO: once considered a gold standard, is now questioned.
And we cannot just go back to using older data like SDSS only when it supports our 

narrative.

That’s arbitrary and it’s undermining scientific objectivity.

We should let the data breathe. 
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Latest H0 measurements

And finally we’re ignoring 
the elephant in the room.

All the discussions so far 
focus on possible signs of 
new physics in the data, 

yet none of them can 
account for the high value 

of H0.

25
CosmoVerse, Di Valentino et al., arXiv:2504.01669



ACT-DR6: 
H0 = 66.11 ± 0.79 km/s/Mpc in ΛCDM 

ACT-DR6 + WMAP: 
H0 = 66.78 ± 0.68 km/s/Mpc in ΛCDM

ACT-DR6 2025

Ground based CMB telescope

On the same side of Planck, i.e. 
preferring smaller values of H0 we have:

ΛCDM - dependent
26



SPT-3G:
H0 = 66.81 ± 0.81 km/s/Mpc in ΛCDM 

Ground based CMB telescope

On the same side of Planck, i.e. 
preferring smaller values of H0 we have:

ΛCDM - dependent SPT-3G collaboration, arXiv:2411.06000
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In ΛCDM the tension between 
the DESI+BBN and SH0ES H0 

results now stands at 4.5σ 
independent of the CMB

DESI+BBN:
H0 = 68.51 ± 0.58 km/s/Mpc in ΛCDM 

DESI collaboration, Abdul Karim et al., arXiv:2503.14738ΛCDM - dependent

On the same side of Planck, i.e. 
preferring smaller values of H0 we have:



Latest H0 measurements

Cepheids-SN Ia:

H0 = 72.9 ± 2.4 km/s/Mpc
Kenworthy et al., arXiv:2204.10866 
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H0 = 73.17 ± 0.86 km/s/Mpc
Breuval et al., arXiv:2404.08038

H0 = 73.4 ± 2.1 km/s/Mpc
Riess et al., arXiv: 2408.11770

CosmoVerse, Di Valentino et al., arXiv:2504.01669



Latest H0 measurements

H0 = 73.9 ± 3.0 km/s/Mpc
Pesce et al. arXiv:2001.09213

The Megamaser Cosmology 
Project measures H0 using 

geometric distance 
measurements to six 
Megamaser - hosting 

galaxies. This approach 
avoids any distance ladder by 
providing geometric distance 
directly into the Hubble flow.
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CosmoVerse, Di Valentino et al., arXiv:2504.01669



Latest H0 measurements

The Tip of the Red Giant 
Branch (TRGB) is the peak 
brightness reached by red 
giant stars after they stop 
using hydrogen and begin 
fusing helium in their core.

H0 = 73.22 ± 2.06 km/s/Mpc
Scolnic et al., arXiv:2304.06693
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H0 = 70.39 ± 1.94 km/s/Mpc
Freedman et al., arXiv:2408.06153

H0 = 71.5 ± 1.8 km/s/Mpc
Anand et al., arXiv: 2108.00007

CosmoVerse, Di Valentino et al., arXiv:2504.01669



Latest H0 measurements

Surface Brightness 
Fluctuations

(substitutive distance ladder 
for long range indicator, 

calibrated by both Cepheids 
and TRGB)

H0 = 73.44 ± 3.0 km/s/Mpc
Blakeslee et al., arXiv:2101.02221
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H0 = 73.2 ± 3.5 km/s/Mpc
Blakeslee et al., arXiv:2101.02221

H0 = 73.8 ± 2.4 km/s/Mpc
Jensen et al., arXiv:2502.15935

CosmoVerse, Di Valentino et al., arXiv:2504.01669



Latest H0 measurements

H0 = 72.37 ± 2.97 km/s/Mpc
Huang et al., arXiv:2312.08423]

MIRAS 
variable red giant stars from 

older stellar populations
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CosmoVerse, Di Valentino et al., arXiv:2504.01669



Latest H0 measurements

H0 = 67.96 ± 2.65 km/s/Mpc
Lee et al., arXiv:2408.03474

JAGB 
The J-regions of the 

Asymptotic Giant Branch is 
expected from stellar theory 

to be populated by thermally-
pulsing carbon-rich dust-

producing asymptotic giant 
branch stars. 34

H0 = 74.7 ± 3.1 km/s/Mpc
Li et al., arXiv: 2401.04777

H0 = 73.3 ± 2.4 km/s/Mpc
Li et al., arXiv: 2502.05259

CosmoVerse, Di Valentino et al., arXiv:2504.01669



Latest H0 measurements

Spectral modeling-based 
Type II supernova distances: 
for each of these supernovae 

distances were measured 
through a recent variant of 

the tailored Expanding 
Photosphere Method using 
radiative transfer models.

H0 = 74.9 ± 1.9 km/s/Mpc
Vogl et al., arXiv:2411.04968
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CosmoVerse, Di Valentino et al., arXiv:2504.01669



Latest H0 measurements

HII galaxies calibrated using 
Giant Extragalactic HII 

Regions (GEHRs) in local 
galaxies with Cepheid-based 

distances.

H0 = 71.5 ± 2.5 km/s/Mpc
Chávez et al., arXiv:2404.16261 

36
CosmoVerse, Di Valentino et al., arXiv:2504.01669



Latest H0 measurements

H0 = 75.5 ± 2.5 km/s/Mpc
Kourkchi et al. arXiv:2201.13023

Tully-Fisher Relation 
(based on the correlation 

between the rotation rate of 
spiral galaxies and their 
absolute luminosity or 
total baryonic mass, 

and using as calibrators 
Cepheids and TRGB)

H0 = 75.10 ± 2.75 km/s/Mpc
Schombert et al. arXiv:2006.08615
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H0 = 76.3 ± 2.6 km/s/Mpc
Scolnic et al. arXiv:2412.08449 

CosmoVerse, Di Valentino et al., arXiv:2504.01669



DESI measured relation 
between H0 and the distance 
to the Coma cluster using the 
fundamental plane relation of 

early-type galaxies.

Latest H0 measurements
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H0 = 76.5 ± 2.2 km/s/Mpc
Scolnic et al., arXiv: 2409.14546

CosmoVerse, Di Valentino et al., arXiv:2504.01669



• We obtained a 
decorrelated, 
optimized, multi-
method mean.

• The final uncertainty 
on H0 decreases by 
25% compared to 
SH0ES, reaching 1% 
precision.

• Excluding Cepheids or 
some of the distance 
anchors does not lead 
to significant changes 
in the result.

• Replacing Pantheon+ 
with CSP removes 
40% of the SN, 
causing H0 to 
decrease by ~0.7 km/
s/Mpc.Casertano et al., in preparation

Towards a consensus value on the local 
expansion rate of the Universe

The Hubble tension doesn’t depend on any one source!



If all data must agree with Planck LCDM to be trusted,
then we’re no longer testing models, we’re protecting them.

ΛCDM is a remarkably successful fitting model,
but it was never meant to be untouchable. 

It’s built on ingredients (dark matter, a cosmological constant, and inflation) 
none of which have a fundamental theoretical explanation or direct detection.

We use them because they work phenomenologically,
not because we understand what they are.

Clinging to ΛCDM as the final word in cosmology 
risks mistaking convenience for truth, 

and turning precision cosmology into confirmation bias dressed as science.

We must stay open to what the data are really telling us,
let’s not always dismiss deviations and anomalies as systematics and statistical flukes,

and be ready for a reassessment of both our methods and assumptions.

Concluding
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Thank you! 
e.divalentino@sheffield.ac.uk

https://cosmoversetensions.eu/
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mailto:e.divalentino@sheffield.ac.uk
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Tang et al., arXiv:2412.04430
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Vincenzi et al., arXiv:2501.06664

44



Efstathiou, arXiv:2505.02658
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46Giarè & Di Valentino, in preparation
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Ye & Lin, arXiv: 2505.02207
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DESI collaboration, Abdul Karim et al., arXiv:2503.14738
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By using different combinations of 
Planck temperature and polarization 

data at l > 30, ACT and Planck 
reconstructions of the lensing potential, 


BAO measurements from BOSS and 
eBOSS surveys, and Type-Ia 

supernova data from the 

Pantheon-Plus sample, we can 

constrain τ independently. 


The most constraining limit 

τ = 0.080 ± 0.012 comes from 

TTTEEE+lensing+low-z. 


Using only ACT- based temperature, 
polarization, and lensing data, from 

ACT(DR4+DR6)+low-z we got 

τ = 0.076 ± 0.015 which is entirely 

independent of Planck.

lowE independent optical depth

50

Giarè, Di Valentino, Melchiorri, Phys.Rev.D 109 (2024) 10, 103519



To simplify let’s consider an ensemble of galaxy pairs at a specific redshift z. 

When the pairs are oriented across the line-of-sight, 
a preferred angular separation of galaxies ∆θ can be observed. 

This allows us to measure the comoving distance DM(z) = rd/∆θ to this redshift, 
which is an integrated quantity of the expansion rate of the universe. 

The angular diameter distance will be DA(z) = DM(z)/(1 + z).

Conversely, when the pairs are aligned along the line-of-sight, a preferred redshift 
separation ∆z can be observed. This measures a comoving distance interval that, for 
small values, provides a redshift dependent measurement of the Hubble parameter, 

represented by the equivalent distance variable DH(z) = c/H(z) = rd/∆z. 

Hence BAO measurements constrain the quantities DM(z)/rd and DH(z)/rd. 
This interpretation holds under standard assumptions and models similar to ΛCDM. 

For measurements in redshift bins with low signal-to-noise ratios, 
the angle-averaged quantity DV(z)/rd can be constrained, 

where DV(z) is the angle-average distance that represents the average of the distances 
measured along and perpendicular to the line-of-sight. 

BAO measurements

DESI collaboration, arXiv:2404.03002
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