PROCEEDINGS

OF SCIENCE

Cosmological constraints from ACT Data Release 6

Adrien La Posta®* and the ACT collaboration
“Department of Physics, University of Oxford, Denys Wilkinson Building, Keble Road, Oxford OX1 3RH,
United Kingdom

E-mail: adrien.laposta@physics.ox.ac.uk

In March 2025, the Atacama Cosmology Telescope (ACT) released its last cosmological analysis,
along with a new cosmic microwave background (CMB) dataset. The sixth data release (DR6),
including data collected from 2017 to 2022, covers 40% of the sky at arcminute resolution
providing the most precise maps of CMB temperature and polarization over a large sky area.
Here I give an overview of the ACT DR6 analysis and describe its constraints on fundamental
assumptions of the standard cosmological model and extensions to it, including constraints on

particle physics.
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1. Introduction

Measurements of the cosmic microwave background (CMB) anisotropies have been crucial
for the establishment of the ACDM paradigm as the standard model of cosmology. In the last
decades, CMB anisotropies have been mapped from space [1, 2], notably by the Planck satellite
which provided precise constraints on the ACDM parameters from temperature and polarization
anisotropies [3]. Ground-based observatories such as the South Pole Telescope (SPT) [4-6] and
the Atacama Cosmology Telescope (ACT) [7, 8] have been providing measurements of CMB
anisotropies at higher resolution with increasing sensitivity, providing today competitive datasets
from CMB anisotropy measurements at intermediate and small scales [9, 10]. Observed tensions
between some late-time cosmological measurements (SHOES [11, 12]) and the CMB motivate
the exploration of beyond ACDM scenarios. Building additional datasets strongly benefits these
explorations and to the robustness of CMB inferred constraints.

This contribution describes results from the ACT sixth data release (DR6), compiling data
collected from 2017 to 2022 by the Advanced ACT camera and covering about 45% of the celestial
sphere. This contribution is based on the set of papers describing the ACT DR6 data release and
the main derived cosmology results [9, 13, 14].

2. Data

The ACT DR6 dataset consists of a set of frequency maps covering three frequency bands,
f090 (77-112 GHz), £150 (124-172 GHz) and 220 (182-277 GHz) which allow us to separate the
cosmological signal from astrophysical foreground emissions. After masking out the most contam-
inated regions of the sky near the Galactic plane, and extragalactic sources, the analysis uses data
on about 25% of the sky collected in the nighttime with an average sensitivity about three times
better than Planck’s in polarization. Below, we will discuss results derived from temperature (TT)
and polarization E-modes power spectra (EE/TE).

In the analysis, we used external datasets to assess consistency between measurements and
to provide combined constraints which further improve our constraining power on cosmological
models. To complement the scales probed by ACT, we use Planck data to build a combined dataset.
First, at the largest scales, we include the Planck Sroll2 likelihood for low-ell polarization data [15],
constraining the reionization optical depth 7 and the Planck PR3 low-¢ temperature likelihood. We
then build our baseline CMB combination (P-ACT), including the PlanckPR3 high-¢ likelihood [16]
with £ < 1000 in TT and ¢ < 600 in TE/EE.

An alternative choice is to build a dataset independent from Planck high-£ data, W-ACT, using
WMAP data from its final release [1], keeping Planck Sroll2 low-¢ EE likelihood for consistency.
To improve constraints on cosmological models, we also combined these CMB datasets with low
redshift observables such as CMB lensing from ACT DR6 and Planck PR4 [17, 18] and baryonic
acoustic oscillation (BAO) measurements from DESI DR1 [19] (or DR2 [20]).



Cosmological constraints from ACT Data Release 6 Adrien La Posta

1037

3 —— P-ACT ACDM

E. 102{ { ACT n

Q /' Planck
10! - :

IAD]T [10%uK?]
0o A O b ©

40
¥ 30
=
20+
i,
Q 10-
0
— 31
S
3 1
e 0_ % 4
W Tt
%§ -1 i
3 2
-3

DJE [uK?]

—100 1

ADJE [uK?]

—20+ . . . : T
0 500 1000 1500 2000 2500 3000

Figure 1: ACT (blue) and Planck PR3 (orange) TT, TE and EE power spectra measurements compared with
the best-fitting prediction on the ACDM model from the P-ACT data combination. This figure shows the
power spectra where the best-fit foreground contribution have been subtracted. Figure from [9]
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3. Results

3.1 Power spectra measurements

Figure 1 shows the TT, TE and EE power spectra measured from the ACT DR6 dataset against
Planck PR3 measurements. It shows that ACT DR6 measurements are in very good agreement with
Planck data at intermediate scales and extend CMB anisotropy measurements to smaller scales,
resolving the acoustic peaks more precisely in the EE power spectrum. As an illustration, ACT
DR6 EE power spectrum is signal-dominated up to £ = 1700 where Planck EE power spectrum
becomes noise-dominated at £ = 800. As part of our suite of consistency tests, we performed a
direct comparison of ACT DR6 TE and EE spectra with Planck PR3 on the same sky area, finding
an overall excellent agreement between the two datasets (see Table 2 from [9]).

3.2 Constraints on ACDM

We then extract cosmological parameter constraints using a Gaussian likelihood, in which we
jointly fit for cosmological parameters, nuisance parameters and parameters describing the astro-
physical foreground emissions (act_dr6_mflike !). 2. More details about the likelihood and the
assumptions made in the modeling of astrophysical components can be found in [9, 21]. Figure 2
shows constraints on the A CDM model from the ACT DR6, Planck and W-ACT data combinations
as described above. We found that ACDM provides a good description of ACT DR6 data with
-2InLL = 1591 for 1617 degrees of freedom corresponding to a PTE of 67.34%. We also found a
good agreement between ACT DR6 and Planck PR3 constraints, with a 4 dimensional parameter
distance of 1.60.

We confirm a low value of the Hubble constant Hy = 66.11 + 0.79 km/s/Mpc from ACT
DR6 + Sroll2 low-¢ EE compared to local measurements of the Hubble constant, which remains
in significant tension with the SHOES measurement Hy = 73.17 + 0.86 km/s/Mpc [12] (6.00,
5.80, 5.60 for ACT, W-ACT and P-ACT respectively). We also showed in [9] the good stability of
the Hubble constant measurement and other cosmological parameters against data selection and in
particular a 1.1% determination of Hy from the TE power spectrum alone.

From our baseline data combination P-ACT, we provide predictions on lower redshifts ob-
servables such as the CMB lensing power spectrum or BAO distance measurements. Our P-ACT
best-fitting model agrees with CMB lensing measurements and DESI DR1 BAO measurements with
a PTE of 35% and 6.9% respectively, with a slight improvement of the CMB-DESI consistency
with respect to Planck alone. For DESI DR2, we also report a good agreement with the measured
distance-redshift relation with a PTE of 13.1%. We reach a similar conclusion comparing parameter
constraints from the two datasets in the Q,,,-hr; plane, where r is the size of the sound horizon. We
then built a combined data combination from P-ACT and low redshift probes, P-ACT-LB, yielding
improved constraints on cosmological models, finding e.g. Hy = 68.22 + 0.36 km/s/Mpc from

Ihttps: //github.com/ACTCollaboration/act_dr6_mflike
ZNote that we also used and released a version of the likelihood pre-marginalised over foreground and some nuisance
parameters, the CMB-only likelihood ACT-1ite (https://github.com/ACTCollaboration/DR6-ACT-1lite)
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Figure 2: (Triangle) Constraints on a subset of the ACDM cosmological parameters estimated from ACT,
ACT combined with WMAP large-scale data (W-ACT), and Planck PR3 power spectra. We show the Hubble
constant, Hy, the baryon density, h2, the cold dark matter density Q. h2, and the scalar spectral index, ng.
All constraints include the large scale polarization data from Sroll2. (Top right) 2D posterior distributions
of matter density €2, against the lensing anomaly parameter Aj.ps and the curvature Qg as extensions to
ACDM. Figure from [9]

DESI DR1 or Hy = 68.43 + 0.27 km/s/Mpc for DR2.

3.3 Constraints on ACDM extensions

Figure 2 also displays constraints on two of the simplest extensions to the ACDM model,
allowing for spatial curvature (Qg) or for a change in the effect of gravitational lensing on the
CMB power spectra (Ajens). The Planck PR3 analysis [3] previously showed a small departure
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from ACDM using CMB data alone to constrain these parameters. From ACT DR6 data, we find
a good agreement with ACDM expectations for these parameters with Ajeps = 1.01 £ 0.11 and
Qg = —0.004 + 0.010, further improved by the addition of CMB lensing and BAO data to break
degeneracies in parameter space.

We explored a large variety of beyond standard model scenarios in [14], including constraints
on primordial perturbations, modified physics at recombination, constraints on particle astrophysics
and late-time modifications to ACDM. Our main conclusion is that, among the tested models, we
did not find any model preferred over ACDM. This includes models that are designed to provide a
solution to the Hubble tension, e.g. by changing the physics at recombination like the Early Dark
Energy model.

A highlight from this analysis is our new constraint on additional relativistic species. In the
standard cosmological model, assuming three neutrino species decoupling from the primordial
plasma yields an effective number of relativistic species Neg = 3.044 [22]. We tested for the
presence of additional relativistic species by allowing for a deviation from this expected value of
Negr: ANeg > 0. From the P-ACT-LB dataset, we provide the tightest upper limit on the existence
of additional light relativistic particles in the early universe ANeg < 0.17 (95%), providing a factor
of 2 improvement with respect to Planck ANeg < 0.36 (95%) (Planck-LB).

4. Conclusions

In this short contribution, we introduced the recent ACT DR6 dataset, providing high precision
small-scale measurements of CMB temperature and polarization anisotropies. We give an overview
of the main characteristics of this new CMB dataset, showing that ACT DR6 is in good agreement
with both Planck CMB data and low-redshift data, allowing for powerful data combinations to
constrain a variety of cosmological scenarios. A recent analysis of the latest SPT high resolution
data [10] also follows the same strategy, combining CMB datasets to exploit their complementary
strengths in a joint cosmological analysis. New high resolution measurements are expected to come
in the next few years from the Simons Observatory [23, 24] and will allow us to map small-scale
CMB anisotropies with an unprecedented precision. Finally, data products, including maps and
power spectra, as well as the likelihoods and codes used in the analysis, are publicly available °. A
detailed description of data and codes is provided in the ACT DR6 papers [9, 13, 14].
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