MASSIMO MENEGHETTI (INAF-OAS BOLOGNA)

THE COSMOLOGICAL MODEL, DARK MATTER AND DARK ENERGY

INSIGHTS ON COSMOLOGICAL TENSIONS
FROM GALAXIES AND GALAXY CLUSTERS



H O T E N S ‘ O N Hubble constant measurements

HST+SHOES:
=73.04+ 1.04 km s~ Mpc™!
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What is the precise value of the Hubble
constant?
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Directly measured by fitting a cosmological g
, L , H,=67.24+035 kms 'Mpc™!

model to distance (i.e. in the late universe) % ’

. ' Planck+SPT-3G+ACT

| Cepheid distance ladder . CMB Planck
Indirectly measured from angular scales that 602()()() 2005 2010 2015 2020
: : : Year of publication

characterize the early universe (sound horizon
at recombination/drag epoch), assuming a N. Schéneberg, Cortu 2025
cosmological model (from the acoustic peaks H,
in the CMB power-spectrum or from BAQO) 6’* =

Jg*l/E(Z)dZ 4 Late expansion

The two methods disagree at ~ 5¢! Local

ladder demands faster expansion today! E(z) = \/Qm o(1 + Z)3+QDE(Z)+ e




DESI DR2 BAO (DESI coll. 2025)

wo—w, TENSION ——

Is dark energy a cosmological constant? I\ SN DESI+CMB-Union3
% W\ BN DESI+CMB+DESY5

DESI4+CMB

Recently, DESI+CMB+SN combinations hint at w(a) not
equal to -1 (>30 evidence):

w(a) = wy+w, (1 —a) (CPL)
wop>—1,w, <0

This implies that DE is weaker than a cosmological : "”""‘”acmg)
Binned w(z

constantat z < 0.5

Hy,=67.51 £0.59 km s' Mpc! (wOwaCDM,
DESI+CMB+Pantheon+)

Less freedom to solve the HO tension with late-time
physics (e.g. phantom dark energy)!




Asgari et al. (2020)

THE S8 TENSION

Does the clustering amplitude agree with | DES-+SN

LCDM predictions? B Planck ACDM
Model 2

Model 3

Sg = 05,/9,,70.3

CMB observations support higher values ot S8

compare to later-time probes of structure
formation (cosmic shear from KiDS, DES, HSC)

Milder tension (at ~ 20) compared to the
orevious tension on HO and DE

Could get worse when trying to solve the HO
tension with early-time physics!

DESY3+KiDS1000 (2023)



INVESTIGATING THE ISSUES: COSMIC EXPANSION

hese tensions may signal unknown systematics
or new physics beyond ACDM

Theoretical work is ongoing. For example:
decaying DM, interacting DM-DE, early modified

gravity, phantom dark energy, dark radiation (Viel

et al.@Trieste, Finelli et al@Bologna, Menci@Rome)

Need to find a models that solve current
tensions without creating new ones.

Using multiple independent probes of cosmic
expansion is essential to cross-check assumptions,
control systematics, disentangle solutions linked to
early- vs late-time physics

Planck+BAO+SNIa+SHOES
Planck+DESI+SNIla PP+SHOES
Planck+BAO+SHOES
Planck+BAO+SNIla+58
Planck+BAO+5S8
Planck+BAO+SNIa
Planck+BAO+SNIla+BEN

EDE (Poulin+ 2018)

EDE (Poulin+ 2024)

EDE freq (Herold+ 2022)

EDE (Hill+ 2020)

EDE freq (Herold+ 2022)

Cold NEDE (Cruz+ 2023)

Cold NEDE (Cruz+ 2023)

Cold NEDE freq (Cruz+ 2023)

Cold NEDE freq (Cruz+ 2023)

Hot NEDE (Garny+ 2024)

Hot NEDE (Garny+ 2024)

Majoron (Escudero & Witte 2021)

Non-thermal DM+phantom DE (da Costa+ 2023)
Wess Zumino DR (Schoneberg & Abellan 2022)
Vacuum Metamorphosis (Di Valentino+ 2020)
Emergent DE (Banihashemi+ 2020)

LsCDM (Akarsu+ 2023)

LsCDM+string model (Anchordoqui+ 2024)
wXCDM (Gomez-Valent+ 2024)

IDE (Giare+ 2024)

IDE (Zhai+2023)

IDE (Pan+2020)

Generalized Cubic Galileon (Frusciante+ 2020)
String Inspired Chern-Simons (Gomez-Valent+ 2023)
Ultralight DM-DE interaction (Aboubrahim & Nath 2024)
DM-photons Interaction (Becker+ 2021)
Decaying DM (Simon+ 2024)

DM-DE Interaction (Teixeira+ 2024)

KBC void galaxy counts (Haslbauer+ 2020)

PMF (Jedamzik+ 2025)

Higgs Inflation (Rodriguez+ 2023)

Electron mass + Omegak (Schoneberg & Vacher 2024)
Electron mass (Schoneberg & Vacher 2024)
Modified Recombination (Lynch+ 2024)

Modified Recombination MODREC (Lynch+ 2024)
LMT (Alestas+ 2021)

LWMT (Alestas+ 2021)

AVERA-625k (Pataki+ 2025)

Di Valentino et al. (2025)

Planck+BAO+BBN+SNIla+SHOES
Planck+BAO

Planck
Planck+BAOtr+KiDS1000+SNIla+SHOES
Planck+BAOtr+DESY5 SN+CC+foy; +SHOES

Planck+DESI

Planck+DESI+SNIa+SHOES
Planck+B2K+BAO+SNIa
Planck+DESI4+SNIa
Planck+BAO+RSD+SNla
Planck+BAO+CC+SNIla+SHOES
SNla




DIRECT PROBES OF COSMIC EXPANSION

Naturally transversal science case within INAF (e.qg.,

RSN2: local cosmology, calibration of distance
indicators — Cepheids, MIRAS, TRGB, JAGB, SNII;

= - RSN4 — GWs, GRBs)

Several galaxy based methods (e.g. Tully-Fischer
relation, fundamental plane, ...)

Surface-brightness fluctuations: using SB fluctuations
in unresolved old stellar populations as distance
indicator, also used to calibrate SNla (Cantiello et
al@Teramo)

Quasars: based on Lyy-Lx relation (Risaliti-Lusso
relation); extending the Hubble diagram to high

redshitt; z <7 (Firenze)
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O current CC data fACDM (forecast)

fwCDM

INDIRECT PROBES N 1N

Modeling phenomena to infer HO or w:

H(z) [km/s/Mpc]
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100
Cosmic chronometers: using differential ages of 50 %}% oresco &t al. 2023; Favale et al. (2023
passively evolving galaxies. Dating stellar pops | | redshif

(Moresco, Cimatti, Pozzetti, et al@Bologna

OAS+UniBO) sHoes

Bright siren
—— Spectral sirens
—— Dark sirens
—— Dark + bright sirens

Cosmic sirens: modeling GW signals with EM
counterparts (e.g. GW170817) or with galaxy catalogs

(dark sirens) = GRAWITA ( > 100 INAF members +
associates)

100 120 140
Hy [kms™! Mpc™]

LIGO, Virgo, KAGRA collabs. (2025)

Cantiello et al. 2018,

Time delay cosmography: using time delays between
multiple images of QSOs and SNs lensed by galaxies
and [Grillo, Annunziatella@Milano
(IASF+UniMI), Rosati et al.@Ferrara, Bergamini,
Meneghetti et al.@Bologna OAS, Angora, Mercurio et
al.@Capodimonte]

DES J0408-5354

1II
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TDCOSMO: Birrer et al. (2025) 60 65 70 75 \86 85 96 95 100 105
Ho [kms~tMpc1]




Few SNs and QSOs (~ 10, few with time monitoring)
observed in galaxy clusters, but very interesting

results.

Examples: SN Refsdal in MACSJ1149 (observed in
2014, reappeared in 2015)

Strong lensing cosmography: using distance ratios

of lensed sources at different redshifts. Deep HST — S p————
and JWST imaging + MUSE@VLT spectroscopy: up &, . “m oo - ' S
to 300 multiple images/cluster Lt &Ko AR -

Increasing number ot lensed SNae and QSOs
(JWST, Euclid, Rubin-LSST, ...)

In-kind Rubin-LSST project (Pl Grillo): VST
monitoring of lensed QSOs in galaxies and clusters
(4620 hrs over / years). Goal: ~30 new systems, ~2%
TD precision, ~1% uncertainty on HO.

Bergamini et al. (2024) Grillo et al. (2024)



CMB 2018 Planck

CMB 2025 (ACT-DR6)

CMB 2024 (SPT-3G+lensing+tauprior)
BBN+DESIBAO 2024 — —

BBN+eBOSS 2022 HO [.km S Mpc ] | |

BBN+BAO+Shapefit eBOSS 2022 Cosmological Model Dependent Ho measurements in flat ACDM - performed blindly

Wong et al. 2020

HST SHOES 2024 (4 anchors) Direct 6 time-delay lenses
JWST SHOES 2024 (1 anchor) (D vs z)
Cepheids 2022 (2 rungs, no SNla) Millon et al. 2020
Masers 2019 (no rungs)
TRGB CCHP + SNIla CSP 2025
TRGB EDD + SNla CSP 2021
TRGB CATs + SNla PanthP 2023
Cepheids HST + SBF 2021

Miras + SNla 2023
JAGB JWST SHOES set + SNla 2024
JAGB JWST CCHP set + SNIla 2024
JAGB JWST all + SNla 2025
SN Il EPM method 2024
SN Il SCM method 2022

SN Il 2024 (no rungs)
HII 2024 This work
Tully-Fisher 2024
Tully-Fisher 2022 (baryonic)
Tully-Fisher 2020 (baryonic)
DESI Fundamental Plane + COMA 2024

" Lime-de

time-gelay lense

CC (GP) 2022

Strong lensing 2020 (7 lensed QSO cons)

Strong lensing 2020 (7 lensed QSO asser)

Strong lensing 2023 (SN Refsdal)

Strong lensing 2024 (SN HOpe)

GWs 2024 (1 bright standard siren)

GWs 2024 (dark standard sirens)

GWs 2023 (spectral+1 standard siren)
Cosmic Voids 2022 B B i , i i

FRBs 2022 (16 unlocal + 60 local) 75

FRBs 2023 (18 local) _ _
FRBs 2024 (64 local) Ho [kms~tMpc—1]

Di Valentino et al. 2025 55 Birrer et al. (2025)




*CMB Planck TT.TE.LEE+lowE o Aghamim et al. (2020d)
*CMB Planck TT.TE.EE+lowE +lensing < : Aghanim ct al. (2020d)
*CMB ACT+WMAP Aiola et al. (2020

Early Universe

Late Universe

Large cluster community (see talks by P. Tozzi g ot o G2)

Asgan ct al. (2020)

and S. Molendi) Somiaks e al. 21

Involvement in many cluster cosmology
orojects SPT (A. Saro, V. Strazzullo, ...),
eRosita (Ghirardini, ...), DES (M. Costanzi, ...),

SDSS-DR8

KiDS (Lesci, Giocoli, Moscardini, Radovich, Cluster counts
...), Euclid (Giocoli, Sartoris, Munari, Cluster counts
Moscardini, Sereno, and many more) ClustersGalaxy statistics

SPT+Chandra+HST
Cluster counts

Cluster counts, mass function and its
evolution is a powertul probe of cosmology

(including g, €,,, DE)

I_ateSt reSUH:S from K'DS, DES (and also HSC-Y3 Cosmic shear

eRosita) support no S8 tension (e.g. Lesci et KIDS-1000 Cosmic shear
al. 2025, Ghirardini et al. 2024) D5 eancy Cosmic shear

0.7 0.8

. . Sg = 05(Qn/0.3)°
Why? Better understood selection function, 8 = Og{Qm/0.3)

source contamination, mass calibration, etc.

Lesci et al. (2025) Ss=0s\ /0.3
Snowmass 2022



WHAT IS THE NATURE OF DARK MATTER?

In the Cold Dark Matter (CDM) paradigm, DM consists of ‘ “

and (collision-less) particles E -

Their velocities in the early universe were too low to erase R e e IR R

on galactic and sub-
galactic scales

Particle candidate: WIMP (thermal relics)

Consistent with observations of the universe on large scales,
but...

...despite a host of particle physics experiments, no direct
detection yet...

o (km 5'1).

Observations
- from starlight

Observations from

100 - 21 cm hydrogen

Velocity

e : :
- Expected from
N TRl the visible disk

S S ] i,
0,000 - 20,000 30,000 40,000
3 ‘;‘-‘":/.'4.' ; . ’

¥

Distance (light years)




)

log(dn/dlog(M))[arcsec2dex~1]

DOES CDM WORK ON SMALL SCALES?

in CDM: number density of
haloes increasing
with decreasing halo mass

—— CDM

1_
5 keV
of —— 3 keV
2 keV

------
"

10

)

in CDM: structure of haloes well
described by the NFW profile
100 T T LB
o . - CDM-B
158 . —— SIDM1-B
] . - S|IDM10-B
10k . oeIOMLE
100 ~E~ "¢ '
10°F | SIDM
10% k- !
10° ; =
1.5 | | &
1.0 —
0.5 —
| Ll

NFW concentration - Cygoc

107! 10°
7"/ T'200, crit

(Vogelsberger et al. 2016)

= CDM: low mass haloes are
more concentrated

101 |

-—-=-Ludlow et al. 2016

vSIDM

| dmo -
—-— Sorini et al. 2024 —— WDM3
—=- CDM WDM1 |
SIDM1

lll.-_L-_-_l_!lll

- “1“0112 ‘ ‘1013

o
halo mass - Mygo- [Mo]

(Despali et al. 2025)




PROBES OF DARK MATTER

This topic is transversal to RSN2 (e.qg. stellar streams, probing
hierarchical structure formation in the MW, globular clusters as
tracers of early DM subhalos, etc) and RSN4 (direct and indirect
detection, gravitation) —

How to measure the DM distributions in galaxies and clusters?

Galaxy and clusters internal dynamics: dwarf spheroidal
galaxies (Tortora et al.@Capodimonte) , but also late type
galaxies (e.g. GALDYN project, funded by MUR via FIS2 grant,
Pl: Lelli, to test DM vs moditied gravity); Biviano et al.@Trieste

X-ray, SZ modeling: fitting temperature, surface brightness,
pressure profiles of galaxy clusters assuming hydrostatic

equilibrium (Ettori, Ghirardini, et al.@Bologna OAS, Gastaldello,
Molendi et al. @Milano, Tozzi et al. @Arcetri)

Gravitational lensing: weak and strong lensing mass mapping in
clusters; gravitational imaging, flux ratio anomalies (e.qg.,

DARKER project, also funded by MUR via FIS2 grant; PI:
Spingola)

Santos-Santos et al. (2020)

UGC04278

M, =2.66E+08 M, ﬁ M, —=6.54E408 M.,
My, =1.01E-+09 M, ; My, =2.14E+09 M,
Mot =1.00 5 Nrot =0.66

M, =1.79E4+09 M, ' M, =1.67E+09 M,
My, =3.41E-+09 M, : M. =3.13E4+09 M,
Mot =0.51 E Nrot =0.28

A diversity problem from rotation curves ot
dwart spheroidal galaxies?
In LCDM, galaxies with similar "baryonic" (visible)

properties should be embedded in similar dark
matter halos, leading to similar internal dynamics.



- dark matter

Powell et al. (2025), Nat. Ast., McKean et al. (2025), Vegetti et al. (2026), Nat. Ast. With substantial contribution from C. Spingola & G. Despals

‘.

FOFid 2 . = i, by 'R R . FOFid2 - - e FOFid2 IO

Dark halo perturbation? Ultra-compact dwart? Globular cluster?

Needed: high-resolution
cosmological hydro simulations,

GGSL probability [L09]

10.0 Meneghetti et al. (2020) CLASH "Gold"

¥ R R R e, ©'DM (Ragagnin et al. 2024)
g ' iy S " Hydro-sims by Trieste's group

Factor 2 10 mismatch! also in alternative DM models
o« . (WDM, SIDM)! E.g. AIDA-TNG
i sl (Dcspali et al. 2025), DIANOGA-
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WHAT NEXT?

4 - ! 4 An RSN1 opportunity:

Galaxies and clusters are central to all major tensions

We will have access to an impressive amount of data:

By Euclid: Among 241 members of RSN1, 118 are also members of
LN the Euclid Consortium (total INAF Euclid members=298)
A by Rubin-LSST: at least 5 in-kind contributions (Cantiello, Grillo,
. e Rosati, Botticella, Saro,...)
' e " In the future: E-ELT, SKA, Athena
. » “Cl 10411 -2 Y- — (M4 . T : :
el e e Challenges: follow-up observations? better understanding of

. » . -
I NC, wo, w, systematics? Automatizing workflows? More'simulations?

B CINC + CI WL+ CI Pk, wo, W,
B CINC + Cl WL+ CI Pk

n(z) for Nsog o/Oie1q =3 T
n(z) for Nsgg o/Ofie1q =3
n(>z) for N5pg /Ofe1q =3
" n(>z) for N5pg /Ofe1q =3

Strong INAF positioning:
Leading roles in Euclid, Rubin, SKA
Expertise spanning theory, simulations, observations

We can play a crucial role in assessing whether LCDM remains a
consistent description of the universe or whether a paradigm
shift is needed!




VINCENZO F. CARDONE (INAF-OA ROMA)

THE COSMOLOGICAL MODEL, DARK MATTER AND DARK ENERGY

DARK ENERGY OR MODIFIED GRAVITY?
DIFFERENT SCALES FOR ONE QUESTION



Galaxy Surveys vs Dark Energy

e (Cosmic Shear

o shape measurement
o light propagation

PATH OF LGaTT

o growth of structures

e Galaxy clustering
o overdensity field
o photometric
m 2D clustering
m Qalaxy bias
m growth of structures
o spectroscopic

m 3D clustering
m BAO




Looking into the Dark Universe: Euclid and LSST

space based survey

photometry and spectroscopy
cosmic shear and 2D photo clustering
BAO and 3D power spectra

ground based survey

photometry and time domain

cosmic shear and 2D photo clustering
SNela and transients



Constraining Dark Energy with Euclid Photometry

wow,CDM (non-flat) | wow,CDM (non-flat)
wow,CDM + ¢, (flat) wow,CDM + y, (flat)
wow,CDM (flat) e wow,CDM (flat)

N

e cosmic shear only vs 3x2pt (cosmic shear + photo clustering + galaxy galaxy lensing)

e the total is more than the sum of the parts




Constraining Dark Energy with Euclid Full Dataset

wow,CDM (non-flat) | wow,CDM (non-flat)
wow,CDM + 7, (flat) wow,CDM + . (flat)
wow,CDM (flat) ] ol wow,CDM (flat) |

\

3x2pt+GCsp |

1.2 11

e 3D clustering only vs 3x2pt + GCsp (full set of Euclid main probes)
e Figure of Merit: 21 for WL, 35 for GCsp, 380 for 3x2pt, 500 for 3x2pt + GCsp




Cosmology Beyond the Optical: SKAO
SKA-Low SKA-Mid

512 stations with 256 antennas each
2m tall over a central 1 km core
spiral arms structure 74 km large

50 - 350 MHz

197 15m parabolic dishes

1 km core with MeerKat 13.5 m dishes
spiral arms structure 150 km large
350 MHz - 15.4 GHz (goal 24 GHz)



Cosmology in the Radio Domain: Surveys and Obs Probes

e Hlline (spectroscopic - like) e 3D power spectrum and BAO
e Radio continuum (photometric - like) e 3x2pt at radio wavelengths
e Hlintensity mapping e constraining DE, MG and PNG

SKAO (GCsp) SKAO (IM) SKAO (GCsp+1M)

0.28 0.30 0.32 0.34 0.36 . . . .
S-an.() ! >, h

SKAO (WLco) SKAO (GCco) SKAO (WLco+GCco+XCco)




Evolution of SKAO operational modes

Construction

e Building antennas,

dishes, roads etc!
e Followed by
Assembly,
Integration and
Verification

&

Commissioning

SKAO activity
Collaborative
across system
verification and
science
commissioning

Community involvement starts

Science Verification

A full dress rehearsal of the end-to-end
system for every mode of operation

Once modes and pipelines are working, the
community can submit target ideas

Data will be publicly available for scrutiny
Build trust and fostering an early science
return

First half 2027 First half 2029

First half 2029 First half 2031

Credit: 1. Heywood,

Cycle O

e Shared-risk PI
projects

e SRCNet resources
ready for user

e proprietary
periods




SKA-Low: Delivery of observing modes and ODPs to the astronomy community

AA2

2027

Saence Yenhcabon (SV)

Single subarray

Both sderssl and
ren-sderml radong

Calbrated averaged
and gnadced wsbimes,
mage aubes

Full BW (150MM2), FOV

Sngle beam,
single poirtng

40 chane max
4h max obsarvanons

Calbrated averaged
and gridded vsbles,
mage cubes

Early mp/ementation
of the continuum
abstraction possiie
Sngle beam,

angle peirtng

Full Fov, &k channel
max, up to ful Bw

4h max observations

PST & least ore
beam, full processing

AA*
2029

b

Full BW{300MH2)
A least one substation

arrangement, pped
by data rates

Up to 16 station beams

8 hour max
absanatons, upto 16
images (ether n bme
1 30min, pantings or
staton beamy

AL least one subsiabion

TINQIMEnt. Capped
by cata rates

Comnuum S.betrachon
Up 10 B stabon beams

4 hour max
obsenatons upto 8
Images (egher nbme

L& 30man, pantings or
stabon beams

PST & least 2 beams,
full processng

VLBI at least one
beam

8 PSS beams fully
processed

Cycle 0

2030

N

4 sbarays

Drft scanrung capped
Ftafeamm

VLB at leasz 2 beams
50 PSS beams

Shared risk

Two substabion

arangements, Geped
by data rates

Upto 24 2aton beams
Shmax magaton

Basc image based
MOS3KNG

Two substation
rangements,
capped by data-rates

16k channel max

Up to 24 stabon
basms

12h max integration

Basc mage-based
MISINNG

PST full 8 beam
capadty

Cycle 1

2031

PLDP generamon tests
Jant deconvolton

Umeed support for
PLDP generanion
testng

LUmeed jont
decomvohumon

Trangers buffer -
tnggered by PSS
observabons

Shared risk

Dnft scanning Gpped
3 fow mins

Source findng
{& assocated mage

asiouts)

Scurce finding
{& assocated mage
astouts)

64k channel max

PSS il bagc capabity

VLE full basc apabiey

Standard ops

Mutgle pornngs
processed

ndependently
Greater than

2 substabon
arrangements,
@apped by data-rane

50h max integranon

Greater than
2 subsaton

aTangements,
capped by data-rate

Mutpie portngs
processed
noependently
noessed darmels

12h max ncegranon

PST iUl Bbeam
Ghacly

Cycle 2

2032

N}

Full dnft scanning
capadimes

Fast imagryg

Trarsent buffer
tnggered by fast
Imaging

Improved PSS
machne lasrming for
improved nggening

Shared risk

Limited PLDP
generanon

Jont decorwoiLton

Limirea PLOP
generabon

Ot QACOMVOILRION

Transiern buffer -
tngJerea by PS5
obsenations

Standard ops

Full sbstation
capabdry

Improved sources
fincding (and image
oJt outs)

Ful substabon
capablmes

PSS ful basc
capablny

VLBI full basc
capadblny

Cycle 3

2033

v

Autccorrelation
processed data

products

Autecorreation

processed data
products

Fast maging

Transsnt outter

tnggered by fact

"™ &;l'\q

Improved PS5
mahine learning for

mproved triggening

Obsery

MNP
ol-‘--‘ <)

Standard ops

Full PLDP capabiibes
Joint decorvoluton

Full joant
decorwolunon
capabiites

Full PLDP capabiibes

Transert buffer
tnggered by PSS obs

lelescone mode

ry Data Products
and their capabilines

contnuum
;_‘{)b?l' ral
Beamformed

Transent




SKA-Mid: Delivery of observing modes and ODPs to the astronomy community

AA2 AA* Cycle 0

2029 2031 PAEY

Saence Yerficaton (SY) '} Y

Cycle 3

2035

Sandard ops W

Cycle 1

2033

Shared nsk ']

Cycle 2
2034

Standard ops Y Shared risk Shared rsk

Shared risk Standard ops

Ful drft scanning

Snge subaray 4 sbarays

Soth sdersal and
non-Sderedl trading

Calbrated averaged
and gnaoded visbines,

mage abes
{exchuding SKAOOS)

FUl BW (800 MHZ, Fov
Sngeportrg
40 channel max

4h max obsarvabons

Raw, calbrated
averaged and
gndded velbloes,
mage obes
{exduding SKAQDS)

Sngepororg

FJl Fov, &k channdl
max cLEput, up
w il 8w

Early continuum
abtrachon
mplem ertaton

4h max observations

PST & least ore
beam, full procesang

8 PSS beams, fuly
processed

1 VLBl beam

FUlBW (upto 5G4y

8 hour max
observabons, up to
16images (asther In
tmeie 30min, or

porengs

Zoom resolution (up
w021 kHY

Contnuum SUbracton

4 howr max

ol servabons, Lp Lo
8 images (ether n
tmeie 30min, or

porengs

PSS 200 beams fully
processed

VL8114 baams

PST 8 beams, full
processing

Doft scanning capped

&afewmins

Limeed support for
FLOF generabion tests

Limeed jort
deconvoibon

Limted support for
PLDP generabion tests

Limted pjort
ceconvouban
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PSS full basic
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machine learnng for
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Dnft scanning capped
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processed
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Use of SKALCE
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Horcprate proyects
50n max integration
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processed
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1Zhmax integrabon

PSS ful basc
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Wide area scanning

Autocorrelabon
processed oXa
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processed daa
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Fast magrg
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H2k channs max
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I PLDP generation
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machine learming for
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Fast Imaging
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tnggered by fast
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parhaes ess than (
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Telescope mode

Observatory Data Products

(ODPs) and their capabilities

Continuum

Soecural

Beamformed

[ransient




Towards the SKAO

Precursors

Located at future SKA sites
(South Africa and Australia)

Pathfinders

Engaged in SKA related
technology and science
studies
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==+ HI model (no noise)
— Noise estimate
- = Model + noise
® MeerKAT auto

2% 107!
k[hMpc~!]

10000 sq deg at 580 - 1015 MHz (UHF)
500 sq deg at 856 - 1712 MHz (L)
HI auto and cross spectra at z = 0.44

- == Model




Cosmology in the Gravitational Waves Era

.
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EADS

SasErium

Einstein Telescope LISA
ground based interferometer space based interferometer

planned for completion in 2035 planned for launch in 2035
frequency range: 1 Hz - 10 kHz frequency range: 0.1mHz - 1 Hz




Cosmology with Gravitational Waves

Stochastic GW Background ACDM 10 % 251

anisotropy
polarization

Early Universe
Inflation / domain walls

primordial black holes

Late Universe and LSS
GW propagation
weak lensing of GW
GW counts vs halo abundance

cross correlation with other probes



(Old School yet Evergreen) Cosmology: CMB
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Simons Observatory LiteBIRD

now: 3x0.5mt SAT + 1xémt LAT 15 bands over the range 34 - 448 GHz
goal: 6x0.5mt SAT+ upgrade LAT 2.2 uK - arcmin with 0.5 deg res at 100 GHz
In operation / commissioning planned for launch in 2032



1/f noise and galactic and extra-galactic
iInstrumental systematic effects foregrounds

clusters

white
instrumental
noise

gravitational
lensing

LiteBIRD

monopole
T=2.7K

CMB dipole
AT/T ~1073

CMB

CMB B-modes

-7
intensity AT/T= 10

anisotropies
AT/T ~10~°

CMB E-modes
AT/T ~107°




With all due respect to Tolkien and its masterpiece

e Onering to rule them all. One ring to find ' [ euclid x (Planck+sO)
them. One ring to bring them all, and in the
darkness bind them

Many rings to rule it all. Many rings to find
the one. Many rings to bright the dark, and in
the light take it all.

~ SKA1 x (LiteBird+CMB-S4)

e Optical x Radio (Euclid x SKAO) or Old x New Astronomy (Euclid x GW) or CMB x LSS
e FEverything Everywhere All at Once: cross correlation among all probes at all wavelengths




INAF-and Cosmology i the Multlwavelength Era
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La situazione del personale precarioin INAF e INSOSTENIBILE!
1.200TI1Vs 650 precari: piudil precarioogni 2 persone di ruolo

35 - e

| In media 8 anni di | - _ .
30 A ]
esperienza post-doc 20 Eta media 38 anni
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Anzianita' precariato J Anzianita' anagrafica

Plot di un campione rappresentativo dei precari INAF al 31/12/2024

Entro I'anno, 'attuale situazione determinera I’esodo di > 100 lavoratori altamente qualificati

E URGENTE che INAF RIVENDICHI con fermezza, presso il MUR,
finanziamenti svincolati dal turnover ed etichettati perle

STABILIZZAZIONI MADIA: unicasoluzione per questa emergenza

Per sostenerci, inquadrail
QRcode e firma




