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A PERFECT (LCDM) UNIVERSE ?

The recent CMB 
measurements made by the 
Planck satellite are in perfect 
agreement with the 
expectations of the LCDM 
model. Planck collaboration, arXiv:1502.01589



Cosmological Parameters from Planck 2018

The 6 parameters of the LCDM model are measured with incredible 
precision. From these parameters we can also derive precise constraints 
on more parameters (like the age of the universe) that are not directly 
measured by the CMB. 
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CONSEQUENCES I: WE CAN TEST FUNDAMENTAL 
PHYSICS WITH COSMOLOGY.
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CONSEQUENCES I: WE CAN TEST FUNDAMENTAL 
PHYSICS WITH COSMOLOGY.

Harrison Zeldovich 
spectrum is highly 
excluded. Major evidence 
for inflation. 



COSMOLOGISTS

CONSEQUENCES II: WE (COSMOLOGISTS) MAY 
START IN LOOKING FOR ANOTHER JOB …



BUT IT IS TRUE ?

“Cosmologists are often in error but seldom in doubt.”
Lev Landau                                                                   



Cosmology @2023
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THE CURRENT 
COSMOLOGICAL 
SCENARIO IS BASED 
ON “UNKNOWN” 
PHYSICS

Dark Matter: needed to form structure. 

Inflation: needed for primordial homogeneity 

Dark Energy: needed for explaining the current 

state of accelerated expansion. 



D
ar

k 
M

at
te

r

D
ar

k 
En

er
gy

In
fla

tio
n

Cosmology 
@2023



LCDM
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THE CURRENT “STANDARD” COSMOLOGICAL 
MODEL IS ALSO BASED ON SEVERAL 
(QUESTIONABLE) ASSUMPTIONS ! 

WE SHOULD LOOK FOR ANOMALIES NOT BECAUSE 
THEY COULD PROVIDE INDICATION FOR “NEW 
PHYSICS” BUT BECAUSE THEY CAN SHED LIGHT ON 
WHAT ACTUALLY ARE DARK ENERGY, DARK MATTER 
AND INFLATION ! 

LCDM IS NOT THE COSMOLOGICAL EQUIVALENT OF 
THE STANDARD MODEL OF PARTICLES PHYSICS 
(WHERE ALL PARTICLES , CROSS SECTION, ETC 
HAVE BEEN MEASURED IN LABORATORY) ! 



DO WE HAVE 
ANOMALIES ?



CAVEAT: This opinion is NOT shared by other cosmologists !



UROS SELJAK’S CONCLUDING REMARKS AT RECENT COSMOLOGY IN MIRAMARE 2023 CONFERENCE



HUBBLE LAW

Just a reminder: 
– It's not a law in the strict sense. 
– It's valid only at low redshifts (z < 1). 
– It wasn't first discovered by Hubble.
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FRIEDMANN 

The Hubble constant enters in the Friedmann 
equation(s). It may be constrained also with high 
redshift observations.



HUBBLE TENSION
The value of the Hubble 
constant derived by Planck 
assuming LCDM (high redshift!) 
is (at least) 5 sigmas away from 
the SHOES result (low redshift). 

A recent review on the subject: 
Di Valentino, Mena, Pan, 
Visinelli et al, arXiv:2103.01183



Most recent review: Di Valentino et al, https://arxiv.org/pdf/2504.01669

https://arxiv.org/pdf/2504.01669




H0=73.17 +/- 0.86 
km/s/Mpc  

Breuval et al, 2024
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HUBBLE TENSION
In the measurement of the 
Hubble constant (H₀) using 
Cepheid variable stars, it's 
crucial to calibrate their 
intrinsic brightness accurately. 
This calibration relies on using 
“anchor” galaxies or 
systems where the distance is 
already well known by 
independent geometric 
methods.



HUBBLE TENSION
1.  Milky Way (MW) 
Cepheids – Parallax 
Measurements 

• Method: Geometric 
parallax using Hubble 
Space Telescope (HST) 
and now Gaia. 

• Why important: These 
are individual Cepheids 
in our own galaxy with 
direct distance 
measurements. 

• Uncertainty: Improving 
rapidly with Gaia DR3+.



HUBBLE TENSION
2. Large Magellanic Cloud 
(LMC) – Detached Eclipsing 
Binaries 

• Method: Distance to LMC 
determined from 
detached eclipsing 
binary systems (DEBs). 

• Why important: Provides 
an independent and very 
precise measurement to a 
galaxy rich in Cepheids. 

• Uncertainty: ~1.2% 
(extremely precise for 
extragalactic standards).



HUBBLE TENSION
3. M31 (Andromeda) 

– Detached Eclipsing 
Binaries 
- Tip of the Red Giant 

Branch. 
- The Tip of the Red Giant Branch 

(TRGB) is the point where low-
mass stars reach their brightest 
moment before igniting helium in 
their cores. It appears as a sharp 
cutoff in brightness in a galaxy's 
color-magnitude diagram. 

• The TRGB has a nearly constant absolute 
magnitude (especially in the I-band).

• It serves as a standard candle to measure 
accurate distances to galaxies, especially 
those without Cepheids.

• It is especially reliable in old stellar 
populations and low-metallicity 
environments.



HUBBLE TENSION
3.  NGC 4258 – Megamaser 
Galaxy 

• Method: Very Long 
Baseline Interferometry 
(VLBI) observations of 
water masers orbiting the 
central black hole. 

• You measure velocity of 
the masers (from 
redshift/blueshift and 
angular size of the disk) 

• Uncertainty: ~3% in 
distance, highly reliable 
and independent of stellar 
models.



HUBBLE TENSION
Step 2: You use Cepheids 
to calibrate SN-Ia



CROWDING AND JWST

Crowding happens when multiple stars appear very close together on the sky, especially in the dense regions of 
distant galaxies. 

In this case: 

• The telescope can’t resolve them as separate stars 

• The light from neighboring stars blends with the Cepheid 

• This makes the Cepheid appear brighter than it really is 

If a Cepheid looks too bright, you: 

• Underestimate the distance to the galaxy 

• Overestimate the Hubble constant (H₀) when building the distance ladder 

This is a systematic error that affects the reliability of cosmological measurements using Cepheids. 



CROWDING AND JWST

JWST (James Webb Space Telescope) dramatically improves this situation: 

1. Higher spatial resolution 

• JWST has ~2× better angular resolution than Hubble in the near-infrared (especially with NIRCam) 

• This means it can separate individual stars in crowded fields that were previously blended 

 2. Better photometric precision 

• More accurate brightness measurements of Cepheids 

• Less contamination from background stars → more reliable light curves 

 3. Longer wavelengths (IR) 

• Infrared observations are less affected by dust, and also: 

• Reduce the effect of crowding, because the surrounding population is dimmer in the IR.



HUBBLE TENSION
Step 3: You use SN-Ia to 
measure Hubble law and 
determine H0





Most recent review: Di Valentino et al, https://arxiv.org/pdf/2504.01669

Several other methods  

agree with HST shoes. 

But this recent one  

seems to disagree. 

What’s that?

https://arxiv.org/pdf/2504.01669


Using J-band Asymptotic Giant Branch (JAGB) stars to determine the Hubble constant (H₀) is a 
new and promising method for building the cosmic distance ladder, independently of Cepheids 
or TRGB. 

Here’s how it works: 

• The brightest AGB stars (JAGB) in the J-band (∼1.2 µm) have a nearly constant absolute 
magnitude (like standard candles) 

• These stars appear in old stellar populations (e.g., halos of galaxies, elliptical galaxies) 

• Their brightness cutoff can be measured in color–magnitude diagrams (CMDs) 

• Less affected by dust than optical methods 

In practice, the absolute magnitude of the JAGB tip in the J-band is approximately: 

M_[JAGB] ≈−6.2±0.1 

J-band Asymptotic Giant Branch (JAGB)

















HUBBLE TENSION
Primary CMB anisotropies DO 
NOT measure the Hubble 
constant ! 

Geometrical degeneracy with 
Dark Energy and Curvature. 

Current CMB H0 constraints 
come from the assumption of 
LCDM 



SOLVING HUBBLE TENSION 
MODIFYING LCDM

Most recent review: Di Valentino et al, https://arxiv.org/pdf/2504.01669

https://arxiv.org/pdf/2504.01669


Theoretical solutions (in pills)



Theoretical solutions (in pills)

MODIFY THE EARLY UNIVERSE  
(I.E. EARLY DARK ENERGY,  

RECOMBINATION, ETC). 
THIS AGREES WITH PLANCK+BAO, 

BUT NO EVIDENCE FROM PLANCK ALONE!



Theoretical solutions (in pills)

MODIFY THE LATE UNIVERSE  
(I.E. EVOLVING DARK ENERGY,  
MODIFIED GRAVITY ETC). 
THIS AGREES WITH PLANCK+HST, 
BUT DISAGREES WITH BAO!



If you want to 
have Planck in 
agreement with 
HST you need 
w<-1.

But this disagrees 
with Planck+BAO

Then you may 
think of an EDE 
component that 
changes the 
acoustic horizon 
at CMB.

This may help a 
bit but there is no 
sign of it in CMB 
data (just 
disappeared also 
from recent ACT).



PLANCK

BAO HST

No way to combine all three!  

One of them has to go…



This is the solution favored by the majority of 
cosmologists specializing in the CMB (and Inflation). 

the HST



But even BAO are starting to fall out of favor...


