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Planck evidence for a closed Universe and a possible
crisis for cosmology

Eleonora Di Valentino®, Alessandro Melchiorri?, Joseph Silk?::6

The recent Planck Legacy 2018 release has confirmed the presence of an enhanced lensing
amplitude in CMB power spectra compared to that predicted in the standard ACDM model.
A closed universe can provide a physical explanation for this effect, with the Planck CMB
spectra now preferring a positive curvature at more than 99% C.L. Here we further investigate
the evidence for a closed universe from Planck, showing that positive curvature naturally
explains the anomalous lensing amplitude and demonstrating that it also removes a well-known
tension within the Planck data set concerning the values of cosmological parameters derived
at different angular scales. We show that since the Planck power spectra prefer a closed

universe, discordances higher than generally estimated arise for most of the local cosmological
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universe. The constraints from the PL18 CMB spectra on curvature, parameterized through the
energy density parameter )y, are indeed quite surprising, suggesting a closed universe at 3.4

standard deviations (—0.007 > Qg > —0.095 at 99% C.L. '-%).
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Figure 2: Degeneracy between curvature and lensing. Constraints at 68% and 95% in the A,
vs (2 plane from Planck 2018 temperature and polarization data. A degeneracy between curvature
and the A;., , parameter is clearly present. Note that a model with Q2 < 0 is slightly preferred with

respect to a flat model with A;.,,, > 1.
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Figure 3: Curvature and parameters shift. Cosmological parameters derived from two different
multipoles ranges (2 < ¢ < 800 and 800 < ¢ < 2500) of the Planck 2018 temperature and

polarization data assuming either a ACDM model (Left) or a closed model (Right). Polarization
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Figure 6: Tension with cosmic shear measurements. Discordance between PLI18 and the
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ABSTRACT

A scenario for the formation of the bi-modality in the chemical space [a/Fe| vs [Fe/H]
of the Milky Way was recently proposed in which a-enhanced stars are produced early
and quickly in clumps. Besides accelerating the enrichment of the medium with a-
elements, these clumps scatter the old stars, converting in-plane to vertical motion,
forming a geometric thick disc. In this paper, by means of a detailed analysis of the
data from smooth particle hydrodynamical simulations, we investigate the geometric
properties (in particular of the chemical thick disc) produced in this scenario. For
mono-age populations we show that the surface radial density profiles of high-|a /Fe]
stars are well described by single exponentials, while that of low-[a /Fe| stars require
broken exponentials. This break is sharp for young populations and broadens for older
ones. The position of the break does not depend significantly on age. The vertical den-
sity profiles of mono-age populations are characterized by single exponentials, which
flare significantly for low-[a/Fe| stars but only weakly (or not at all) for high-[a/Fe]
stars. For low-[a /Fe| stars, the flaring level decreases with age, while for high-|a/Fe]
stars it weakly increases with age (although with large uncertainties). All these prop-
erties are in agreement with observational results recently reported for the Milky Way,
making this a plausible scenario for the formation of the Galactic thick disc.
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v+(R.z|0) = Z(R|6)p(z|R. 6) plz|R. ) Z(Rl0)
M1 double exp., Eq. (4)
ﬂg single ﬂerll'lillii;{;:;};l.],lr;:]j.l E;; and (6) Aiighe et 1. (3)
M4 double fl. inner exp., Eqgs. (4) and (6) b \
M5 single flaring exp., Eqgs. (5) and (6]  broken exp., Eq. (7) ©

Table 1. Summary of models fitted to the simulation data.
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Figure 1. Density profile of the complete sample of star particles in the Solar neighborhood 6 < R < 10 kpe,
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From left to

right, the plots are colour-coded by [O/Fe|, [Fe/H], age and age dispersion, respectively. Similarly to the MW (see Jurié¢ et al. 2008), the
data are well described by a double exponential model defining the geometric thin and thick discs, with scale height values shown in

the left panel. The thick component (|z| 2 lkpe) is characterized by a-rich, metal-poor and old populations, while the thin component

(|z| = lkpc) is a-poor, metal-rich, young on average but with large age dispersions.
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Figure 2. Density profile of the complete sample of star particles in the Solar neighborhood 6 < R < 10 kpe, |z| < 3 kpe for the simulation
FB80. From left to right, the plots are colour-coded by [O/Fe], [Fe/H], age and age dispersion, respectively. We see that the data is
described by a single exponential (black line), i.e., different from the MW, with no geometric thick disc.
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Figure 3. Best fit values of radial scale length hp vs vertical scale height h. for mono-abundance populations of star particles in
5 < R < 12 kpe, 0.3 < |z| < 3 kpe. From left to right, panels are colour-coded by [O/Fel], [Fe/H], mean age (point sizes meaning age
digpersion) and by the Bayes factor comparing the fit quality of single vs double exponentials for the vertical density profile —see Eqs. (9)-
(10). In agreement with Bovy et al. (2012), o-rich and metal-poor MAPs are thick and centrally concentrated, as opposed to a-poor and
metal-rich MAPs, which are thin and spread out in radius. MAPs with older stars are more uniform in age and have vertical profiles
better fitted by single exponentials, while younger MAPs have broader age distributions and are better fitted by double exponentials.
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Figure 4. Best fit values of radial scale length hr vs vertical scale height at the Solar position h;s for mono-age populations obtained

fitting a single Aaring exponential model. Star particles are selected in 5 < R < 12 kpe,

lz] < 3 kpe.

The anti-correlation between hgr and

h.o and the trends with [O/Fe|, [Fe/H] and age are similar to, but cleaner than, those for MAPs — Fig. 3.
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Figure 6. Best fit values of the outer and inner radial scale lengths g ow, fir.in vs vertical scale height at the Solar position h.g for

mono-age populations obtained fitting a single flaring exponential model for p(z

R) and a broken exponential for E(R) — model MSB5.

The data selection, model fit and colour-coding are the same as that of Fig. 4. Young, a-poor and metal-rich populations have sharp
breaks, L.e. significant differences hg in — hr ow. while old, a-rich, metal-poor populations have hg o = lig in, and thus flat exponential
profiles. The right panel is colour—coded by the Bayes factor comparing the single versus broken exponential models for Z(R). High-[O/Fe]
populations are better described by single exponentials (red points), while low [O/Fe] populations strongly favour the broken exponential
model (blue points).
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ABSTRACT

Using Hubble Space Telescope ACS/WFC data we present the photometry and spatial
distribution of resolved stellar populations of four fields within the extended ultra-
violet disk (XUV disk) of M83. These observations show a clumpy distribution of
main-sequence stars and a mostly smooth distribution of red giant branch stars. We
constrain the upper-end of the initial mass function (IMI) in the outer disk using the
detected population of main-sequence stars and an assumed constant star formation

rate [SRERBEY mme the laat 200 Adx+ P prramarmiag Fhe aboesrsaad maainoanriaonns lamato



Figure 1. Colour image of M&3 composed of H1 Very Large Ar-
ray (red), NUV GALEX (green), and FUV GALEX (blue) data.
This combination results in the strongly star forming central re-

gion to appear as a combination of white, eyan, and pink tones,
while the outer disk is dominated by the HI arms/filaments ap-
pearing in red, dotted in blue revealing the XUV disk star form-
ing complexes. The position of the four ACS/WFC fields are la-
belled and shown as white footprints. The short line segments
in each footprint mark a portion of the divide between the two
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Figure 11. Contour plot showing the mean test statistic, d, for
the IMFE slope ev and upper-mass limit My, for the combined MSLE
IMFE analysis. The best-fitting IMF parameters (where d is min-
imised) are shown as a filled olive-green triangle. There is how-
ever, little difference between the best-fitting parameters and the
clongated minimum region shown in white. The Kroupa IMF pa-
rameters are indicated with a pale-blue filled circle, while the
best-fitting IMF parameters that match the He constraints are
indicated with a brick-red filled square. These latter two symbols
hawve been shifted slightly from their nominal positions at the edge
of the parameter space so as to be clearly visible in the figure.
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Table 9. Best-fitting IMF parameters for the outer disks of NGC
2015, DDO 154 and M&83. The standard IMF parameters of a

Kroupa IMF are included for comparison.

Galaxy

My (M)

l'iffifl'illli'{?

M&E3
NGC 2915
DDO 154

Kroupa

This study

B15

Watts et al. (2018)
Kroupa (2001)




