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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. 



TESTO







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



CONSEQUENCES I: WE CAN TEST FUNDAMENTAL 
PHYSICS WITH COSMOLOGY.



CONSEQUENCES I: WE CAN TEST FUNDAMENTAL 
PHYSICS WITH COSMOLOGY.



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. 
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@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 ?



HUBBLE TENSION
The value of the Hubble 
constant derived by Planck 
assuming LCDM is (at least) 4.4 
sigmas away from the SHOES 
result. 

Di Valentino, Mena, Pan, 
Visinelli et al, arXiv:2103.01183



COSMIC SHEAR TENSION

Heymans et al, arXiv:2007.15632  

A clear tension (about 3 σ) is present between Planck and cosmic shear data from 
CFHTLenS, KiDS-450 and DES on the σ8 vs Ωm plane. This comparison assumes 
LCDM.



S8 TENSION
Cosmic Shear data agree well 
with Cluster Counts data and 
both suggest a smaller value for 
the S8 parameter than what 
derived from Planck primary 
CMB data.

Corasaniti, Sereno, Ettori, arXiv:2103.03283



“JWST” TENSION



THERE ARE TOO MANY HIGH-REDSHIFT 
MASSIVE GALAXIES IN JWST 
OBSERVATIONS?

MICHAEL BOYLAN-KOLCHIN  
NATURE ASTRONOMY 
731–735 (2023)

Efficiency parameter 
(converts baryons in stars)

IVO LABBÉ, ET AL, 
NATURE 616, 266–269 (2023)



THERE ARE TOO MANY HIGH-REDSHIFT 
MASSIVE GALAXIES IN JWST 
OBSERVATIONS?

M. XIAO ET AL. 
ARXIV:2309.02492 
REPORT SIMILAR 
SYSTEMS AT SLIGHTLY 
LOWER REDSHIFT 
(Z~5-6),  
THESE OBJECTS ARE 
CONFIRMED WITH 
SPECTRA. 



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



Bronzino, Allegoria con Venere e Cupido (Aphrodites and Eros), 1545, 
London, National Gallery

Be careful, what may seem 
beautiful and harmonious 
can conceal a terrible truth! 



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



ANOMALIES IN TT SPECTRA ?
Cosmological 
parameters 
derived using data 
in this range of l…

…. are different from those 
derived using data in this 
other range of multipoles…

…. and from those 
obtained using the whole 
range of multipoles !



ANOMALIES IN TT SPECTRA ?
If we estimate LCDM parameters in 
the multipole range 2<l<1000 Planck 
temperature data gives slightly 
different values (1-2σ) than what we 
get when analyzing the whole range 
(2<l<2300). 

(Planck 2015 paper IX, 
arXiv:1507.02704, figure 35, but see 
also  discussion by Addison et al, 
arXiv:1511.00055) 

From where it comes ? 

Unknown systematic or new physics ? 
can an extra parameter solve this ?

http://lanl.arxiv.org/abs/1507.02704


CMB LENSING
CMB photons emitted at 
z=1100 are  deflected by 
the gravitational lensing 
effect of massive cosmic 
structures. 

This affects the CMB 
anisotropy angular 
spectrum by smearing the 
high l peaks. 

Calabrese et al., Phys.Rev.D77:123531,2008



CMB LENSING

A simulated patch of CMB sky – before dark matter lensing



CMB LENSING

A simulated patch of CMB sky – after dark matter lensing



CMB LENSING
CMB photons emitted at 
z=1100 are  deflected by 
the gravitational lensing 
effect of massive cosmic 
structures. 

This affects the CMB 
anisotropy angular 
spectrum by smearing the 
high l peaks. 

This effect is taken into 
account in CMB theory but 
we can anyway parametrize 
the lensing amplitude by an 
effective rescaling 
parameter AL. 

(Calabrese, Slosar, Melchiorri, Smoot, 
Zahn, 2008).

Calabrese et al., Phys.Rev.D77:123531,2008

AL=0,1,3,6,9 

AL=1 is what is 
expected under 
LCDM



THE AL ANOMALY
Planck 2018 analysis prefers AL>1 at 2.8 
standard deviations 

(Exactly 3 sigmas with 1 tail analysis).



TENSION SMALL/LARGE 
SCALE CMB IS SOLVED BY 
AL
When AL~1.2 we 
have the same 
parameters 
constraints from 
2<l<1000 and 
1000<l<2508 !

Addison et al, arXiv:1511.00055



AL IS THE KEY ?
Perfectly consistent with BAO

Increases H0  

by 1.5%

Lowers  S8 

by 3.5%

Suggested by 

Planck+BAO 

at about 3 σ



WHAT IS THE NEUTRINO MASS ?

Di Valentino, Melchiorri, Silk, ApJ letters 2022

No dataset excludes masses above 0.3 eV ! 



BUT … 
WHAT IS AL ?





THE ΩK AND AL ANOMALIES
If we let curvature to vary we have more 
dark matter in a closed universe….

…and more dark matter increases the 
lensing signal at lower redshifts.

Closed Open

Flat

LCDM



THE ΩK ANOMALY
Planck alone data is providing a more than 
3.4σ evidence for a positive curved 
universe:

Di Valentino, Melchiorri, Silk Nature Astronomy 2020



THE ΩK ANOMALY

Di Valentino, Melchiorri, Silk 2020

The parameter shift between large and small scales disappears when we consider 
closed models !



SOME COMMENTS…

Scientific American: 

Efstathiou asked not to be directly quoted, but pointed out in an email to Live Science that if the universe were curved, it 
would raise a number of problems—contradicting those other data sets from the early universe and 
making discrepancies in the  universe’s observed rate of expansion much worse. Gratton said he agreed.

New Scientist: 

“If this is true, it would have profound implications on our understanding of the universe,” says David Spergel at 
Princeton University. “It’s a really important claim, but I’m not sure it’s one that’s backed by the data. In fact, I’d say the 
evidence is actually against it.”

Quanta Magazine: 

Antony Lewis, a cosmologist at the University of Sussex and a member of the Planck team who worked on that analysis, 
said:“is that it is just a statistical fluke.” Lewis and other experts say they’ve already closely scrutinized the issue, along 
with related puzzles in the data.

Salon: 

“The result is intriguing, but only of borderline statistical significance to be believed. There are several independent lines 
of evidence that suggest the Universe is flat, and that this claim is a statistical fluke or a misinterpretation of the data,” 
Avi Loeb, chair of Harvard's astronomy department, told Salon via email.

Neue Zurich Zeitung: 

Martin Kunz von der Universität Genf, wie Melchiorri ein Mitglied der Planck-Arbeitsgruppe, teilt diese Ansicht nicht. 
An der Analyse von Melchiorri und seinen Mitarbeitern hat er nichts auszusetzen. Was ihn stört, ist die Interpretation 
der Planck-Daten. Dass es in diesen Daten kleinere Unstimmigkeiten gebe, sei seit längerem bekannt.

https://www.livescience.com/hubble-constant-universe-expansion-not-make-sense.html
https://cosmologist.info/




CLOSED MODELS



TENSIONS IN A CURVED UNIVERSE
We have a strong constraint for 
a flat universe when we 
combine with BAO. 

BAO are considered in good 
agreement with Planck but this 
result is obtained under the 
assumption of flatness. 

What happens when we let 
curvature to vary ?



TENSIONS IN A CURVED UNIVERSE
When we let curvature to vary…Planck spectra are inconsistent with BAO DR12 
measurements at the level of 3 standard deviations !

Di Valentino, Melchiorri, Silk 2020



H0 TENSION IN A CURVED UNIVERSE
Planck constraint is 
shifted  

towards even smaller 
values 

of H0 !

Cuesta et al, Mon.Not.Roy.Astron.Soc. 448 (2015)



IF YOU ASSUME FLATNESS …

PLANCK

SN-IaBAO



…IF YOU LET CURVATURE  
TO VARY…



RECAP:  

THERE IS SOME MODEL DEPENDENCY IN THE CONSISTENCY WITH 
ΛCDM IN THE PLANCK DATASET. IF YOU INCREASE THE PARAMETER 
SPACE BY CONSIDERING THE LENSING PARAMETER, THE RESULT IS 
AN ANOMALY OF AROUND 3 STANDARD DEVIATIONS.  

THIS ANOMALY CAUSES THE PLANCK DATA TO FAVOR A CLOSED 
UNIVERSE AT 3.4 STANDARD DEVIATIONS.  

HERE, WE ARE NOT ADVOCATING FOR A CLOSED UNIVERSE, BUT 
HOW CAN WE TRUST CURRENT COSMOLOGICAL CONSTRAINTS ON 
NEUTRINO MASSES IF ΛCDM DOES NOT PROVIDE A PERFECT FIT? 
  
ΛCDM CANNOT BE USED AS A LABORATORY TO TEST FUNDAMENTAL 
PHYSICS.





PLANCK 2018 SPECTRA

LOW L TT

HIGH L TT

HIGH L TEEE
LOW L EE



REMINDER: THE LOWE 
POLARISATION IS CRUCIAL IN 

DETERMINING THE OPTICAL DEPTH
Universe reionize around this epoch

Neutral 
Idrogen after 
recombination

Ionised Idrogen 
after 
reionization

First structures 
formation



REMINDER: THE LOWE 
POLARISATION IS CRUCIAL IN 

DETERMINING THE OPTICAL DEPTH



LOW E POWER SPECTRA

Pagano et al, 2020



LOW E POWER SPECTRA



HOW MUCH SHOULD WE TRUST 
LOWE FROM PLANCK ?

4 datapoints!!!! optical depth could be even lower without prior >0.04 !



TROUBLES WITH LOWE?
POLARIZATION OF THE CMB AT LARGE ANGULAR 
SCALES IS PRIMARILY INFLUENCED BY GALACTIC 
FOREGROUNDS. HISTORICALLY, ITS VALUE HAS 
UNDERGONE SIGNIFICANT CHANGES.



TROUBLES WITH LOWE?
ONE COMMONLY PERFORMED TEST TO ASSESS FOREGROUND REMOVAL IS 
ANALYZING MAPS WITH DIFFERENT GALAXY FRACTION REMOVALS.

THE RESULT FOR THE OPTICAL DEPTH IS NOT SIGNIFICANTLY AFFECTED. 
DIFFERENT GALAXY FRACTIONS ONLY IMPACT POLARIZATION AT L>10.  
BUT MY CONCERN IS, WHY????



LOW L TEMPERATURE 
POWER SPECTRA

ANOTHER CONCERN IS THE 
TEMPERATURE SPECTRUM, WHICH 
EXHIBITS SEVERAL ANOMALIES 
(SUCH AS A LOW QUADRUPOLE 
AND A DIP AROUND L=22).  
THE CROSS TE SPECTRUM AT 
THESE SCALES FAILS SEVERAL 
TESTS AND HAS BEEN EXCLUDED 
FROM THE PLANCK ANALYSIS.



LOW L TEMPERATURE 
POWER SPECTRA
AND LET’S NOT FORGET 
THE LONG STANDING 
PROBLEM OF THE 
CORRELATION 
FUNCTION… 



ARE YOU READY FOR A 
BIG SURPRISE?



NO AL ANOMALY WITH NO 
LOW L TT AND EE DATA!

GIARÈ ET AL., IN PREP.



THERE ARE TOO MANY HIGH-REDSHIFT 
MASSIVE GALAXIES IN JWST 
OBSERVATIONS?

MICHAEL BOYLAN-KOLCHIN  
NATURE ASTRONOMY 
731–735 (2023)

Efficiency parameter 
(converts baryons in stars)

IVO LABBÉ, ET AL, 
NATURE 616, 266–269 (2023)



THERE ARE TOO MANY HIGH-REDSHIFT 
MASSIVE GALAXIES IN JWST 
OBSERVATIONS?

IVO LABBÉ, ET AL, 
NATURE 616, 266–269 (2023)

Reionization 
starts in this 
region according 
to Planck data

Red galaxies 
with M>10^10 
solar masses 
detected by 
JWST



IF YOU REMOVE PLANCK LOW E 
POLARISATION DATA YOU HAVE A 
BETTER CONSISTENCY WITH JWST

FORCONI, RUCHIKA ET AL., ARXIV:2306.07781



WITHOUT POLARISATION: 
PLANCK+JWST GIVES HIGHER S8 
AND HIGHER…H0!

FORCONI, RUCHIKA ET AL., ARXIV:2306.07781



CONCLUSIONS
- With the increase in the precision of cosmological data, tensions between 

datasets and the ΛCDM model are starting to emerge. 

- These tensions can indicate the possible presence of additional physics 
and the need for modifications to the ΛCDM model.  

- However, another important aspect of these tensions is that we can't use 
the ΛCDM model as a laboratory to place constraints on fundamental 
physics, such as the neutrino sector and inflation. 

- Planck polarization data, especially at large scales, is in tension with the TT 
data. Planck low L data (both polarization and temperature) are anomalous 
and contribute to the Al anomaly.  

- Without the low L data, Planck is compatible with High-z JWST galaxies. 
This shifts H0 to 69-70 km/s/Mpc but also changes Sigma8 to 0.9.”


