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The latest data release from the ACT CMB experiment (in combination with previous WMAP data) 
shows evidence for an Early Dark Energy component at more than 3 standard deviations. The same 
conclusion has been recently shown to hold when temperature data from the Planck experiment limited 
to intermediate angular scales (l ≤ 650) are included while it vanishes when the full Planck dataset 
is considered. However, it has been shown that the full Planck dataset exhibits an anomalous lensing 
component and a preference for a closed universe at the level of three standard deviations. It is therefore 
of utmost importance to investigate if these anomalies could anti-correlate with an early dark energy 
component and hide its presence during the process of parameter extraction. Here we demonstrate that 
extended parameters choices as curvature, equation of state of dark energy and lensing amplitude AL

have no impact on the Planck constraints on EDE. In practice, EDE does not solve Planck angular spectra 
anomalies. This indicates that current CMB evidence for an EDE component comes essentially from the 
ACT-DR4 dataset.

© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons .org /licenses /by-nc -nd /4 .0/).
1. Introduction

The past twenty years have revolutionized the field of cos-
mology. The measurements of luminosity distances of Type Ia 
Supernovae have provided a surprising evidence for an acceler-
ated expansion of our Universe (Perlmutter et al., 1999; Riess et 
al., 1998). The precise measurements of Cosmic Microwave Back-
ground anisotropies have spectacularly confirmed the predictions 
of acoustic oscillations in the primordial plasma as expected in 
a perturbed Friedmann-Lemaitre expanding universe with infla-
tionary, adiabatic, initial conditions (see e.g. de Bernardis et al., 
2000; Spergel et al., 2003; Ade et al., 2016). Finally, observations 
of Baryon Acoustic Oscillation in the galaxy distribution have not 
only provided a wonderful confirmation of the model of structure 
formation but also have significantly increased the constraints on 
its parameter (Eisenstein et al., 2005; Alam et al., 2017). Thanks to 
these progresses, a cosmological model has emerged, the so-called 
�CDM model, that provides an excellent fit to most of current 
observations (see e.g. Aghanim et al., 2020a). While the �CDM
model has been clearly one of the most important achievements 
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in modern cosmology, it is based on several simplifications. Cur-
rent models of structure formation are generally based on three 
assumptions, i.e. the existence of dark matter, dark energy, and of 
primordial inflation. The �CDM model is grounded on three very 
specific choices for these components: dark matter is assumed as 
non-interacting and cold, dark energy is a cosmological constant, 
and inflation is produced by a single, minimally interacting, slow-
rolling, scalar field. Because of these simplifications, it makes sense 
to consider the �CDM model as an ‘effective’ theory, or as an 
approximated version of a more complete theory still to be dis-
covered. As a matter of fact, with the increase of precision in the 
experimental data, deviations from the �CDM model are expected 
(see e.g. Peebles, 2021).

In this respect, the currently most statistically significant dis-
crepancy between observations in the �CDM model is the so-
called Hubble tension between values of the Hubble constant H0
derived directly from luminosity distances of SN-Ia and indirectly 
from CMB data (see e.g. Verde et al., 2019; Di Valentino et al., 
2021a,b; Schöneberg et al., 2021 for recent reviews). According 
to the most recent results this discrepancy has now reached the 
5 sigmas limit (Riess et al., 2021). While systematic effects can 
clearly still be present (see e.g. Efstathiou, 2020), the CMB derived 
value relies on the assumption of the �CDM model and several 
models and/or extensions to it have been proposed in the liter-
ature that can in principle solve the Hubble tension (Knox and 
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Millea, 2020; Di Valentino et al., 2021b; Schöneberg et al., 2021). 
Among them, one of the most promising solutions is given by an 
Early Dark Energy component (Karwal and Kamionkowski, 2016; 
Poulin et al., 2019; Smith et al., 2020). This component does not 
only solve the discrepancy between Planck and luminosity dis-
tance data, but also accommodates Baryon Acoustic Oscillation 
data (that, combined with Planck, are also in disagreement with 
low redshift SN-Ia data). When Planck, BAO and SN-Ia data are 
combined, the best fit with an EDE component is improved by 
�χ2 ∼ −15 with respect to �CDM, showing a clear preference for 
EDE from this combined dataset (Smith et al., 2020). The Planck 
dataset alone, however does not provide any statistically signifi-
cant indication for EDE (Hill et al., 2020). CMB angular spectra are 
able to probe an EDE component in the cleanest way since they 
constrain directly most of the physics around recombination. The 
lack of any direct indication from Planck for an EDE component, 
therefore, does not offer much support to this hypothesis. Recent 
analyses of the ACT-DR4 CMB experiment, however, have shown 
an indication for an EDE component at the level of 2 standard de-
viations (Hill et al., 2021). Even more recently, it has been shown 
that the combination of the ACT-DR4 with Planck temperature data 
at small and intermediate angular scales (� < 650) shows an indi-
cation for EDE at more than 3 standard deviations while there is 
no evidence for EDE when the full Planck dataset is considered (La 
Posta et al., 2021; Smith et al., 2022).

It is however well known in the literature that the full Planck 
angular spectra show also anomalies at the level of three standard 
deviations (see discussion in Aghanim et al., 2020b). In particu-
lar, the Planck angular spectra data show an anomalous lensing 
amplitude, parameterized by the AL parameter as in Calabrese et 
al. (2008), that is larger than expected at the level of three stan-
dard deviations. It has been shown that this anomaly has several 
implications. First of all the Planck CMB data prefers a closed uni-
verse at more than three standard deviations and it is therefore 
in tension at a similar statistical significance with BAO data when 
curvature is considered (Di Valentino et al., 2019; Handley, 2021). 
Secondly, the Planck lensing anomaly also affects neutrino mass 
constraints, anti-correlating with the �mν parameter and leading 
to very strong (but, de facto less reliable) upper limits (see e.g. 
Aghanim et al., 2020b; Di Valentino and Melchiorri, 2021).

It is therefore of utmost importance, especially in light of the 
recent ACT-DR4+Planck results, to investigate if current anomalies 
in the Planck CMB angular spectra could also anti-correlate with 
an EDE component. If the anomaly is indeed due to experimen-
tal systematic effects, this could mask the presence of EDE in the 
Planck data and place too strong constraints as in the case of neu-
trino masses.

This is therefore the goal of our paper: to clarify if the indi-
cation of a lensing anomaly or a positive curvature in the Planck 
data could mask the presence of an EDE component as identified 
by ACT-DR4.

Our work is structured as follows: in the next section we will 
briefly review the EDE model (2.1) considered and our analysis 
method (2.2), and in section 3 we present our results. In Section 4
we finally present our conclusions.

2. Method

2.1. Early Dark Energy model

Let us briefly describe here the EDE model used in our analysis. 
Modifications of the early expansion history of the Universe affect 
the CMB power spectra. The most precisely measured CMB feature, 
as inferred by Planck data, is the angular scale of the sound horizon 
at last scattering θs = r∗

s /D∗ , where
A

15
r∗
s =

∞∫
z∗

dz

H(z)
cs(z) , D∗

A =
z∗∫

0

dz

H(z)
. (1)

While the sound horizon r∗
s depends on the early evolution of H(z)

until last scattering, the angular diameter distance to last scatter-
ing D∗

A is related to the late expansion history and roughly scales 
as H−1

0 .
As suggested in Ref. Knox and Millea (2020), one of the most 

promising solutions to the Hubble tension are those which provide 
a boost of the expansion rate H(z) in the two decades prior to 
recombination, decreasing the sound horizon. In this way, in order 
to preserve the well-constrained θs , a lower value of D∗

A is then 
required, determining a higher CMB-inferred value of H0.

Among the different mechanisms proposed in literature to pro-
vide this additional pre-recombination contribution to the expan-
sion rate, in this work we focus on a model which introduces a 
new scalar component in the energy balance of the Universe, its 
background evolution being described by the Klein-Gordon equa-
tion

φ̈ + 3Hφ̇ + V ′(φ) = 0. (2)

Due to the Hubble friction, the field is frozen at early time and 
provides a negative pressure, acting as an Early Dark Energy (EDE) 
component. After this EDE-like phase, the field starts to evolve un-
der a potential of the form

V (φ) = m2 f 2
[

1 − cos

(
φ

f

)]3

, (3)

inspired by ultra-light axion fields with mass m and decay constant 
f . Phenomenologically, this is a good choice from a particle physics 
point of view, since an extremely low mass is required to trigger, 
as H ∼ m, an injection of energy within a short window before 
recombination (Hill et al., 2020). The order 3 oscillating potential 
has been shown to match the current data (Smith et al., 2020) and 
guarantees that the field effectively dilutes faster than radiation, 
without affecting the late-time expansion of the Universe.

In order to capture the impact of the introduction of the EDE 
component, it is convenient to recast the particle physics-related 
quantities f and m to directly associate them to cosmological ob-
servables.

More specifically, let us define:

• an initial field displacement θi = φi
f , with φi initial field value;

• the critical redshift zc at which the EDE component energy 
density reaches its maximum value;

• the maximal fractional contribution of the EDE to the total en-
ergy density, fEDE = (ρEDE/3M2

Pl H
2)|zc

The relation between these parameters and the particle physics-
related ones is highly nonlinear and is approximately found 
through an iterative shooting method.

2.2. Analysis

We consider EDE in extended parameter space. We parametrize 
the EDE component with the three extra parameters fEDE, zc , θi , in 
addition to the standard 6 parameters of the �CDM model given 
by the baryon ωb and cold dark matter densities ωc , the primordial 
spectral index nS and amplitude of scalar A S inflationary pertur-
bations, the optical depth at reionization τ and the angular size of 
the sound horizon at the last scattering surface θs . We extend this 
EDE scenario by considering (separately) a variation in the curva-
ture of the universe 
K, a change in the dark energy equation of 
state w (assumed as a constant), and in the effective lensing pa-
rameter AL .
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Table I
Constraints at 68% C.L.: on cosmological parameters from different data combination assuming a �CDM+
K model 
(left) and a EDE+
K model (right). As we can see, the Planck-only indication for a closed universe is stable under 
�CDM or EDE showing that there is no correlation between curvature and EDE.

Parameter �CDM + 
K EDE + 
K

CMB CMB+BAO CMB CMB+BAO CMB+SN

�bh2 0.0226 ± 0.0002 0.0224 ± 0.0002 0.0229 ± 0.0002 0.0226 ± 0.0002 0.0227 ± 0.0002
�c h2 0.1181 ± 0.0015 0.1197 ± 0.0014 0.1219+0.0021

−0.0037 0.1240+0.0023
−0.0039 0.1234+0.0025

−0.0036
100θMC 1.0411 ± 0.0003 1.0409 ± 0.0003 1.0409 ± 0.0004 1.0408 ± 0.0004 1.0408 ± 0.0004
τ 0.049 ± 0.008 0.055 ± 0.008 0.049 ± 0.008 0.057 ± 0.008 0.056 ± 0.008
ln(1010 As) 3.028 ± 0.017 3.044 ± 0.016 3.034 ± 0.017 3.055 ± 0.017 3.051 ± 0.018
ns 0.971 ± 0.005 0.966 ± 0.004 0.980+0.006

−0.008 0.975+0.006
−0.009 0.977+0.006

−0.008
�K −0.044+0.018

−0.015 0.0008 ± 0.0019 −0.048+0.019
−0.016 0.0004 ± 0.0020 −0.007 ± 0.006

fEDE – – < 0.055 < 0.055 < 0.060
zc – – 6900+2000

−4000 6200+2000
−4000 6020+200

−3000
θi – – 2.40+0.64

−0.16 2.50+0.58
−0.03 2.57+0.49

−0.04

H0 54.4+4.0
−3.3 67.8 ± 0.7 54.7+3.2

−4.2 69.1+0.8
−1.2 66.2+2.1

−2.5

m 0.484+0.068

−0.058 0.310 ± 0.007 0.493 ± 0.064 0.308 ± 0.007 0.336 ± 0.021
S8 0.981 ± 0.048 0.823 ± 0.013 0.996+0.051

−0.045 0.834+0.014
−0.016 0.862 ± 0.025

Table II
Constraints at 68% C.L.: on cosmological parameters from different data combination assuming a EDE+w (left) and a EDE+
K+w model 
(right). As we can see, a phantom closed model provides still a better fit to the Planck + SN-Ia data than a flat cosmological constant model.

Parameter EDE + w EDE + 
K + w

CMB CMB+BAO CMB+SN CMB CMB+BAO CMB+SN

�bh2 0.0226 ± 0.0002 0.0226 ± 0.0002 0.0226 ± 0.0002 0.0230 ± 0.0002 0.0226 ± 0.0002 0.0230 ± 0.0002
�c h2 0.1236+0.0016

−0.0032 0.1238 ± 0.0025 0.1244+0.0021
−0.0036 0.1227+0.0028

−0.0043 0.1238+0.0021
−0.0036 0.1255+0.0027

−0.0037
100θMC 1.0406 ± 0.0003 1.0407 ± 0.0003 1.0406 ± 0.0003 1.0409 ± 0.0004 1.0407 ± 0.0004 1.0409 ± 0.0004
τ 0.054 ± 0.009 0.055 ± 0.008 0.055 ± 0.008 0.048 ± 0.008 0.054 ± 0.008 0.049 ± 0.008
ln(1010 As) 3.050 ± 0.018 3.054 ± 0.017 3.054 ± 0.017 3.032 ± 0.018 3.051 ± 0.017 3.035 ± 0.018
ns 0.972+0.005

−0.006 0.972 ± 0.006 0.971+0.005
−0.007 0.985+0.007

−0.010 0.974+0.005
−0.009 0.984+0.007

−0.009
w −1.47 ± 0.32 −1.042 ± 0.055 −1.033 ± 0.038 −0.84+0.36

−0.18 −1.048 ± 0.089 −1.27 ± 0.10
�K – – – −0.067+0.012

−0.029 −0.0008 ± 0.0030 −0.036 ± 0.010
fEDE < 0.037 < 0.039 < 0.042 < 0.074 < 0.045 < 0.065
zc 3792+390

−1400 3450+500
−1000 3450+500

−1000 6728+2000
−4000 3950+400

−2000 5460+1000
−3000

θi 2.38+0.63
−0.16 < 1.66 < 1.73 2.46+0.58

−0.14 < 1.92 2.18+0.83
−1.1

H0 84+10
−10 69.7 ± 1.6 69.4 ± 1.2 50.3+2.5

−6.7 69.8 ± 1.8 60.6+1.9
−2.4


m 0.218+0.043
−0.070 0.303 ± 0.012 0.307 ± 0.011 0.599+0.140

−0.096 0.303 ± 0.014 0.399 ± 0.029
S8 0.797 ± 0.037 0.838 ± 0.015 0.843 ± 0.018 1.034+0.047

−0.033 0.836 ± 0.015 0.967 ± 0.034

Table III
Constraints at 68% C.L.: on cosmological parameters from different data combination assuming a EDE+AL (left) and a EDE+
K+AL model (right).

Parameter EDE + AL EDE + 
K + AL

CMB CMB+BAO CMB+SN CMB CMB+BAO CMB+SN

�bh2 0.0229 ± 0.0002 0.0229 ± 0.0002 0.0229 ± 0.0002 0.0229 ± 0.0002 0.0229 ± 0.0002 0.0230 ± 0.0003
�c h2 0.1222+0.0023

−0.0037 0.1224+0.0019
−0.0035 0.1223+0.0024

−0.0038 0.1225+0.0021
−0.0042 0.1220+0.0024

−0.0036 0.1224+0.0031
−0.0038

100θMC 1.0409 ± 0.0004 1.0409 ± 0.0004 1.0408 ± 0.0003 1.0409 ± 0.0004 1.0409 ± 0.0004 1.0409 ± 0.0003
τ 0.050 ± 0.008 0.050 ± 0.008 0.050 ± 0.008 0.050 ± 0.008 0.050 ± 0.008 0.051 ± 0.009
ln(1010 As) 3.036 ± 0.018 3.037 ± 0.018 3.038 ± 0.019 3.037 ± 0.018 3.035 ± 0.019 3.037 ± 0.019
ns 0.982+0.007

−0.009 0.979+0.006
−0.008 0.982+0.006

−0.009 0.980+0.007
−0.009 0.981+0.007

−0.009 0.986+0.008
−0.013

�K – – – −0.041 ± 0.032 −0.0007 ± 0.0020 −0.004+0.006
−0.005

AL 1.209 ± 0.070 1.188 ± 0.062 1.205 ± 0.071 1.036+0.088
−0.160 1.192 ± 0.065 1.192+0.061

−0.069
fEDE < 0.064 < 0.057 < 0.054 < 0.062 < 0.061 < 0.070
zc 6671+2000

−4000 6813+2000
−4000 4449+190

−1900 6534+2000
−4000 6752+2000

−4000 5011+2000
−2000

θi 2.49+0.54
−0.09 2.46+0.62

−0.09 2.42+0.65
−0.14 2.47+0.56

−0.09 2.46+0.57
−0.11 2.39+0.64

−0.16

H0 70.0+1.1
−1.4 69.5+0.8

−1.1 69.9+0.9
−1.3 57.9+4.7

−11 69.6+0.9
−1.2 68.5 ± 2.4


m 0.297 ± 0.010 0.302 ± 0.006 0.298 ± 0.009 0.46 ± 0.13 0.301 ± 0.007 0.312 ± 0.021
S8 0.805 ± 0.020 0.812 ± 0.016 0.809 ± 0.020 0.96+0.15

−0.09 0.809 ± 0.016 0.823 ± 0.029
The theoretical predictions for the power spectra are obtained 
solving the perturbed Klein-Gordon equation for the evolution of 
perturbations in the EDE field. For this purpose we use a publicly-
available1 implementation of the EDE model in the CAMB Boltz-
mann code (Lewis et al., 2000) and refer the reader to Smith et 
al. (2020) for further details. In order to constrain the param-

1 https://github .com /cmbant /CAMB /releases /tag /1.2 .0.
16
eter space mentioned above, the predictions of the model are 
tested against the observational data listed below using a mod-
ified version, which includes the EDE model parameters, of the
CosmoMC code (Lewis, 2013), based on the Metropolis-Hastings 
Markov Chain Monte Carlo algorithm (Metropolis et al., 1953; 
Hastings, 1970).

In order to perform the analysis, we choose broad uninfor-
mative priors on all the model parameters, except for a limit on 
fEDE > 0.01. This choice is guided by the fact that, as already noted 

https://github.com/cmbant/CAMB/releases/tag/1.2.0
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Fig. 1. Two-dimensional contour plots at 68% and 95% CL for the EDE+
K model. The vertical band shows the SH0ES constraint on H0 = 73.04 ± 1.04 km s−1Mpc−1 (Riess 
et al., 2021). The dashed markers represent the standard value of 
K = 0. As we can see there is a negligible correlation between EDE and 
K showing that the Planck 
indication for a closed universe (and the tension with BAO data) persists under EDE.
in Smith et al. (2021), a low evidence for EDE might be related to 
an issue of sampling volume. More specifically, when fEDE = 0, any 
value of the other EDE parameters results in a situation completely 
equivalent to �CDM. This implies that the Metropolis-Hastings al-
gorithm may be stuck in this preferred �CDM-like region, not 
sufficiently exploring the whole parameter space. In our analysis 
we consider the following data:

• CMB: Temperature and polarization CMB angular power spec-
tra of the Planck legacy release 2018 plikTTTEEE+lowl+
lowE (Aghanim et al., 2020b,c). This serves as our baseline 
data set and is included in all data combinations.
17
• BAO: Baryon Acoustic Oscillation measurements 6dFGS (Beut-
ler et al., 2011), SDSS MGS (Ross et al., 2015), and BOSS DR12 
“consensus” (Alam et al., 2017), in the same combination used 
by the Planck collaboration in Aghanim et al. (2020b).

• SN: Luminosity distance data of 1048 Type Ia Supernovae from 
the Pantheon catalog (Scolnic et al., 2018).

3. Results

Let us first consider a variation in the curvature parameter 
K
in the framework of the EDE scenario. As already shown in the lit-
erature, the Planck angular spectra data prefers a closed universe 
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Fig. 2. Two-dimensional contour plots at 68% and 95% CL for the EDE+
K+w model. The vertical band shows the SH0ES constraint on H0 = 73.04 ± 1.04 km s−1Mpc−1

(Riess et al., 2021). The dashed markers represent the values of 
K = 0 and w = −1. A phantom closed model therefore provides an excellent fit to CMB+SN-Ia data even in 
the presence of EDE.
at the level of about 3 standard deviations. The same indication is 
not present in the ACT data (Aiola et al., 2020), while this dataset 
prefers an EDE component also at the level of 3 standard devi-
ations. The main question we like to answer here is therefore if 
the curvature anomaly present in the Planck data could affect the 
Planck constraint on EDE, masking a possible detection. We answer 
to this question by looking at the parameters constraints reported 
in Table I and in Fig. 1. As we can see there is no significant cor-
relation between the 
K and fEDE parameters. The indication for a 
closed universe from Planck data persists when EDE is considered. 
The tension between Planck and BAO data (that forces the Planck 
data to be compatible with a flat universe when combined with it) 
is also not relieved when EDE is considered.
18
As it is well known, the indication for a closed universe from 
the Planck data is at odds with practically all remaining cosmo-
logical observables. This could suggest that either there is an un-
detected systematic effect in the Planck data, or that additional 
modifications to the model should be considered. Following this 
second line of reasoning, it has also been shown that including 
a variation in the dark energy equation of state, w , can make 
Planck and luminosity distance data in agreement with a closed 
universe, providing w < −1, i.e. also assuming a dark energy phan-
tom model. While a phantom closed model could appear as an 
extreme modification to the flat �CDM model, it has been shown 
that a Planck+Pantheon analysis prefers this model over �CDM at 
the level of three standard deviations.
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Fig. 3. Two-dimensional contour plots at 68% and 95% CL for the EDE+
K+AL model. The vertical band shows the SH0ES constraint on H0 = 73.04 ± 1.04 km s−1Mpc−1

(Riess et al., 2021). The dashed markers represent the values of 
K = 0 and AL = 1. As we can see there is no correlation between EDE and, AL and 
K parameters. The 
inclusion of the BAO dataset significantly prefers AL > 1 solution to the Planck anomalies, leaving the constraints on fEDE as practically unchanged.
It is therefore interesting to investigate the bounds on the EDE 
component also in this extreme scenario. In Table II and in Fig. 2
we report the constraints obtained in the case of an EDE+w and 
EDE+
K+w scenarios. As we can see, there is no correlation be-
tween EDE and the dark energy equation of state. For example, the 
constraints on w from Planck+BAO are essentially the same in the 
�CDM and EDE cases.

When moving to the EDE+
K+w extension we note that also 
in this case the constraints on fEDE are practically the same as 
those reported in Table I with w = −1. We could also see that 
a closed phantom model is preferred from the Planck+SN dataset 
at about three standard deviations while Planck+BAO data prefer a 
flat cosmological constant model. As we can better see in Fig. 2, 
19
there is indeed a significant tension between the Planck+BAO and 
Planck+SN results with the corresponding confidence level con-
tours that are completely disjointed in the 
K-w plane and prefer 
two significantly different scenarios. Since this tension is present 
also in the �CDM model, we can therefore conclude that the in-
troduction of EDE does not help in alleviating the tension between 
these two datasets in case of a 
K + w scenario.

Finally, we also study the constraints in the EDE+
K+AL sce-
nario, therefore considering at the same time both changes in the 
curvature and in the AL lensing parameter. We report the con-
straints obtained in this parameter extension in Table III and in 
Fig. 3.
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As already pointed out in the literature, there is a strong de-
generacy between curvature and the AL parameter when only the 
Planck data is considered. The degeneracy is clearly noticeable by 
looking at the constraints in the AL vs 
K plane in Fig. 3. The indi-
cation for a closed universe from Planck angular spectrum data is 
clearly driven by the AL anomaly and this is confirmed also when 
an EDE component is considered.

However, despite varying both the curvature and the AL param-
eter and having therefore a significant variation in the constraints 
on cosmological parameters with respect to the �CDM case, the 
upper limits on the fEDE component are essentially left unchanged. 
As we can see from Fig. 3, the posteriors on fEDE do not show any 
indication for a value different from zero.

4. Conclusions

In this brief paper we have considered constraints on an early 
dark energy component from the full Planck dataset in an ex-
tended parameter space. Since the Planck angular power spectrum 
data is showing some anomalous value of the lensing amplitude 
or curvature parameter, we checked if these anomalies could also 
hide a possible indication for an early dark energy component by 
anti correlating with the fEDE parameter. The answer to this ques-
tion is negative: the Planck constraints on the fEDE parameter are 
essentially unaffected by variation in lensing, curvature, and dark 
energy equation of state. Our results therefore suggest that the 
main indication for a EDE component mostly relies on the ACT-
DR4 dataset.
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