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RELIC PHOTONS
FROM THE BIG BANG

TEMPERATURE ANISOTROPIES

POLARIZATION

c CMB ANOMALIES: A BRIEF MULTI-EXPERIMENT OVERVIEW

Planck 2018 - 1807.06209
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CMB ANOMALIES

CMB observations have achieved sub-percent accuracy.
While this is a blessing, it also represents a challenge: as precision increases,

any deviations or anomalies may become more statistically significant and
point to tensions in our understanding of the Universe

PLANCK

One notable example is the higher lensing amplitude at about 2.8c
observed in the Planck data.

Since more lensing is expected with more Cold Dark Matter (CDM), the
lensing anomaly immediately recasts a preference for a closed Universe,
which in turn helps to explain other large-scale anomalies in the data, such as
the deficit of amplitude in the quadrupole and octupole modes.

Consequently, the final Planck indication for a closed Universe becomes
very significant, reaching the level of 3.4 standard deviations

E. Di Valentino et al, - 1911.02087
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CMB ANOMALIES

CMB observations have achieved sub-percent accuracy.
While this is a blessing, it also represents a challenge: as precision increases,

any deviations or anomalies may become more statistically significant and
point to tensions in our understanding of the Universe

ACT

ACT (and SPT) data have provided full support for a spatially flat Universe and
a lensing amplitude consistent with ACDM

However, the same ACT data have revealed other relevant deviations from the
standard cosmological model:

- Preference for a unitary spectral index of primordial perturbations (in
tension with Planck at 99.3% CL)

- A smaller effective number of relativistic degrees of freedom in the
early Universe (in tension with the SM at ~2.5 standard deviations)

- Anindication in favour of Early Dark Energy at 3 standard deviations

G CMB ANOMALIES: A BRIEF MULTI-EXPERIMENT OVERVIEW
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e GLOBAL CONSISTENCY

OF CMB EXPERIMENTS

EVALUATING THE GLOBAL CONSISTENCY

What makes CMB anomalies difficult to interpret individually is that different
experiments often point in discordant directions, and none of the most
relevant deviations can be cross-validated through independent probes.

Accurate statistical methods have been developed to quantify the global
agreement between experiments under a given model of cosmology

W. Handley and P. Lemos, - 2007.08496

Dataset combination 1y~ p  tension logS
ACT vs Planck 17.2 0.86% 2.63c —5.60
ACT vs SPT 15.4 1.77% 2.370c —4.68
Planck vs SPT 9.1 16.82% 1.38¢0 —1.55
ACT vs Planck+SPT 18.4 0.52% 2.790 —6.22

RERUM COGNOSCERE CAUSAS

Important to acquire a clear understanding of the limitations of current data
and the uncertainties in the cosmological model.

This becomes a crucial need in relation to the Hubble tension as many
proposed solutions call for a new paradigm shift in cosmology while relying
almost entirely on the resilience of such observations.

W. Handley and P. Lemos, - 2007.08496
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e GLOBAL CONSISTENCY OF CMB EXPERIMENTS

WG et al, - 2210.09018

THE LIMITATIONS OF CURRENT DATA

Assuming a ACDM cosmology, the main source of tension between ACT and Tgs
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THE LIMITATIONS OF CURRENT DATA

Assuming a ACDM cosmology, the main source of tension between ACT and
Planck arises from the measurements of the scalar spectral index and the
baryon energy density

If we believe these differences to emerge from limitations in the data, a logical

step is to identify which (missing) part of the dataset is responsible for the
discrepancy
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Assuming a ACDM cosmology, the main source of tension between ACT and B
Planck arises from the measurements of the scalar spectral index and the o
baryon energy density =
If we believe these differences to emerge from limitations in the data, a logical 0.95 1.00 1.05
step is to identify which (missing) part of the dataset is responsible for the 0.0235 0.0235
discrepancy Planck (£=650)
0.0230 - _ Planck 0.0230
| ' ACT L2
ACT POLARIZATION DATA 0.02251 T 58T 0.0225 | .
The same for polarization. Is the disagreement coming from TE and/or EE ? & 0.02207 0.0220
e ,
G 0.0215+ 0.0215
100 - ACT-DR4 - 2007.07288 0.0210 - | 0.0210
R *\f\ W"“’ PR B ESE 0.0205 - 0.0205
& 100 J! 0.0200 +— : , 0.0200
. 0.95 1.00 1.05 [P/Prmax]
n
40 1NO DATA ;X s
< NATAT:
AT R
W <o
. \ M,
0 ——m— e g s
350 1000 2000 4000



e GLOBAL CONSISTENCY OF CMB EXPERIMENTS

WG et al, - 2210.09018

THE LIMITATIONS OF CURRENT DATA

Assuming a ACDM cosmology, the main source of tension between ACT and QE
Planck arises from the measurements of the scalar spectral index and the N
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THE UNKNOWNS OF THE COSMOLOGICAL MODEL

The value of cosmological parameters inferred from the CMB data clearly
depends on the cosmological model and its assumptions.

Therefore, a possibility usually explored when finding anomalies in the

cosmological parameter values, is to extend the baseline cosmology and
study how the results change.

LENSING AMPLITUDE

- Planck measures a larger lensing amplitude which is in disagreement at ~
2.8 standard deviations with ACDM (Aiens=1)

- ACT is instead perfectly consistent with Aiens=1 (despite larger errors)
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Pl anck-2018 vs ACT-DR4 Constraints on Paraneters
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Pl anck-2018 vs ACT-DR4 Constraints on Paraneters

< / i
THE UNKNOWNS OF THE COSMOLOGICAL MODEL Jeol | |
=
The value of cosmological parameters inferred from the CMB data clearly s 70¢
depends on the cosmological model and its assumptions. :ﬁ, 6ol
Therefore, a possibility usually explored when finding anomalies in the ~ 3151 1 1T
cosmological parameter values, is to extend the baseline cosmology and sz 3.05L " | d 1t
study how the results change. = ‘ -
— 2.95¢fF 1t I 1r
1.05F L |
DARK ENERGY < 1.00r é
, e : 0.95} 1+ |
 Planck gives a ~95% CL indication for a phantom equation of state (w<-1) | | : |
0.10f 1t ==
« ACT is in good agreement with the cc value w=-1 (despite larger errors) 3
~ 0.05} : 1F <
o.14—| i L i I
N‘é 0.12} :@ Q 1L
0.10 E 1t E 1F
0.024—| i b i I
30 i | [
0.020 | i 1t E -
O.|75 1.IOO 1.|25 —OI.08 O.IOO —2|.0 —1I.O—(5.3
Alens Qk w



e GLOBAL CONSISTENCY OF CMB EXPERIMENTS

WG - 2305.16919

Pl anck-2018 vs ACT-DR4 Constraints on Paraneters
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Pl anck-2018 vs ACT-DR4 Constraints on Paraneters
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Pl anck-2018 vs ACT-DR4 Constraints on Paraneters
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Q
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OF CMB EXPERIMENTS

e GLOBAL CONSISTENCY

How MANY EARLY-LATE TIME MISMATCHES ARE THERE?

- Planck anomalies always involve parameters associated with the local
Universe such as the lensing amplitude, the spacetime geometry, and the
dark energy equation of state. [Cleaned away by Astrophysical data']

- ACT anomalies always involve parameters associated with the early
Universe such as the baryon energy density, the spectral index, its running,
and Nefi. [NOT cleaned away by Astrophysical data!]

Considering also the large experimental uncertainties obtained when
extending the late-time sector of the theory, the difference between the two
probes remains mostly caused by a mismatch in the early Universe.
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e IMPLICATIONS FOR THE HUBBLE TENSION

S. Galli
‘The Ho debate form a CMB prospective’
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THE HUBBLE TENSION

e IMPLICATIONS FOR

LATE TIME SOLUTIONS

Given the sound horizon and the distance from the CMB we can try to change
the late-time (i.e., post recombination) expansion to get a different Ho:

" <CMB

D,(zeyp) = dz H(z)™!
Jo

H*(z) = Hj [Q,, (1 +2)° + Qpp (1 + 20T + ]

One might expect these solutions to be preferred by data, given the
significant room left by the CMB observations for new physics at late-times.

Instead when including local probes there is very little room to
accommodate new physics at late-times.

In any case, it is unlikely that the tension between ACT and Planck will
have a significant impact on these solutions since these experiments
primarily disagree at early times.

WG - 2305.16919

w

Distance/(rsvVZ)

D
o
o
=
]
o
E
©
hd
L
o

25

N
o
L

—
w
1

10 -

26

24 -

22 4

20 -

18 -

16 -

14 -

BAO (Models vs Data)

—— ACDM
-—- w=-15

¢ D2rsvZ)

$  Du(2)rvz)

b ZDL(2)revZ)

0.5

1.0 1.5
Redshift

2.0

SN (Models vs Data)

25

- NCDM
— W= =1.5
¢ Pantheon+

0.0

0.5

1.0 1:5
Redshift (z)

2.0

2.5



e IMPLICATIONS FOR THE HUBBLE TENSION

WG - 2305.16919

" - = ACT-DR4
- Planck 2018

EARLY TIME SOLUTIONS

Considering new physics in early Universe to change the physical size of

the sound horizon 72
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Many indications of this kind of new early-time physics arise when combining =

multiple CMB measurements (such as Planck and ACT), without finding clear _ 151 _
cross-validation when these experiments are considered separately § 149 |
ACT allows for greater flexibility in accommodating higher values of the sound 147 7

horizon.
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Planck peaks where ACT prefers very low values of Ho.
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Increasing Ho requires moving towards the region of the parameter space K [
where the disagreement becomes more significant. i LY :
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The spectral index and the Hubble constant (and the sound horizon) are all & > m.
positively correlated: increasing Ho naturally pushes ns towards higher values = 143 B 7 T
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CONCLUSIONS

c CMB ANOMALIES: A BRIEF MULTI-EXPERIMENT OVERVIEW

WG, et. al. - 2305.15378

* There is a global “tension” between ACT and Planck that can be quantified at the level of ~2.6 0 1.00 ;
ACT i Starobinsky
Planck |
0.99- g ’
e GLOBAL CONSISTENCY OF CMB EXPERIMENTS |
0.98- 7.
* |t can reflect limitations in the current data or new physics in the cosmological model. & 4 f
. L . . Example 0.97- 4
* |t warrants further investigations if we aim to use these data to study fundamental physiCS T —————l- ;
0.96 / 8
e IMPLICATIONS FOR THE HUBBLE TENSION 4
095 0 100 150 200
* The tension between ACT and Planck is mainly driven by a mismatch in the early Universe parameters A
Possible solutions to Ho ACT PLANCK
Early Universe Deviations from ACDM, in tension with Planck |Adareement with ACDM

Hints for new physics T—>

New physics at early times?

No clear evidence for new physics

Agreement with ACDM

v

Little room when local probes are considered

Late Universe

New physics at late times?

Deviations from ACDM (erased by local probes)

Little room when local probes are considered
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