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Extragalactic astrophysics / Gravitational astrophysics / Compact objects
Structure formation Prof. Monica Colpi Prof. Massimo Dotti
Prof. Michele Fumagalli Prof. Bruno Giacomazzo Prof. Alberto Sesana
Prof. Sebastiano Cantalupo (Prof. Davide Gerosa)
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Experimental cosmology / Astroparticle physics
Prof. Massimo Gervasi
Prof. Mario Zannoni
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Experimental cosmology/Astroparticle physics

Prof. Massimo Gervasi
Prof. Mario Zannoni

Cosmology Astroparticle physics

Dr. Federico Nati . Matteo Boschini
Dr. Gabriele Coppi . Stefano Della Torre
Dr. Davide Poletti Davide Grandi
Mr. Andrea Passerini . Giuseppe La Vacca
. Davide Rozza
. Mauro Tacconi
. Pier-Giorgio Rancoita

PhD Students

Key topics: Key topics:
* Residual Polarization (B modes) « Cosmic Ray Flux from GeV to TeV

can shed light on Inflation ~10°*s  «  primordial Antimatter search

after the Big Bang  Dark Matter indirect search

« Cosmic Ray propagation
« Spectral Distortions witness the
high energy processes happened
in the first 3 minutes of life of our
Universe
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CMB polarization

The Milano Bicocca team is engaged in the main experiments on CMB in the
world:

@ LiteBIRD: a satellite designed to measure CMB polarization at large
‘ v angular scales from 40 GHz to 400 GHz. Selected by JAXAto fly at the
INFN  end of 2020. Funded by ASI and INFN.

C
SIMONS
» Simons Observatory: the biggest observatory dedicated to CMB on Earth i
(Atacama desert, Chile) . From 27 to 280 GHz a7
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* QUBIC: a bolometric interferometer for DEGU STUDI
spectro-polarimetric observations at 150 and 220 GHz :: %
(Alto Chorillo, Argentina, 5000m asl) - 2022 o TS 5 g
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Foreground removal and star formation

Polarized foreground estimation and removal is a key point and Bicocca is Col
providing key hardware and data analysis for two important ground-based
experiments: QUBIC and LSPE

Opecal closure LSPE-STRIP a microwave telescope (Teide

' Observatory, Tenerife, Spain) equipped with
49 polarimeters at 40 GHz and 6 polarimeters
at 90 GHz to study the polarized foreground
emitted by our galaxy (2023)
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On much smaller angular scales the polarized microwave sky emission is a powerful tool to
investigate the role of magnetic fiels in the star formation history of our galaxy, and the
BLAST-OBSERVATORY is a unique opportunity for this science.

Bicocca Team will play a leading role in BLAST-
OBS, taking care of the telescope (proposal to
be submitted in December)
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Alpha Magnetic Spectrometer

Nuclei show different spectral properties in relation

to the nucleosynthesis production, acceleration

sources, IS space propagation:
light primaries (He, C, O);

» light secondaries (Li, Be, B);

heavy primaries (Ne, Mg, Si);

partially primaries (N, Na, Al).

Ission started in 2011 and
extended till the lifetime of ISS —
2028 and beyond
Results summary of the first 7 years

on:
Physics Reports 894 (2021) 1-
116

[ )
o

o He/140
o C/A7
s 0/51

N
o

10

uuuuuuuuuuu

Flux x R [m?s'sr' (GV)'7]

, | | | | L N | L
30 40 102 2x10? B 10°  2x10°
Rigidity R [GV]

< DEGU STUDI

>
z

Istituto Nazionale di Fisica Nucleare . . i
Agenzia Spaziale Italiana

Physics in Bicocca — June 8th 2021 ICOCCA

9 UINIVERSI




Space Radiation Environment — AMS / ASIF

Electronic devices and biologic tissues are damaged by energetic radiation in
space: radiation flux and abundancies must be known and predicted
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Future perspectives

COSMO (COSmic Monopole Observer) a Cryogenic Fourier Transform Spectrometer at
Concordia Antarctica

CMB spectral distortions exist but are so tiny that their detection is still missing (Al/1<10-10),

Antarctica is the best site on ground where to look for them because of its highly
transparent and stable atmosphere.

COSMO is a pathfinder experiment for a more demanding long duration balloon flight.
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Bicocca has a long experience of Antarctic
activities and will provide the readout of the
superconductive detectors (KIDs) of COSMO.

The experiment is funded by a national grant (PRIN
2017) N i
First light in 2023 : : : l
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Key science questions at the center of our research:
Stephanie

- What is the origin and morphology of cosmic structures? RS

- How do galaxies form within the cosmic web?

- How does the environment shape the evolution of galaxies?

“CosmicWeb”
erC (PI Sebastiano Cantalupo) Fondazione
-.‘.‘: ZDEGU STUDI
European Research Council “FEEDGALAXIES” C A R l p Lo % ;
s e (PI Michele Fumagallt) 4 z
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Imaging the cosmic web with the help of quasars

First images of ionized hydrogen revealing galaxy assembly
within the large-scale cosmic filaments

4.0
35 Integral field spectroscopy allows for a 3D view of
30 cosmic filaments, and first measurements of gas

25 density and kinematics
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Understanding the physics that shapes galaxy formation .

New cosmological simulations in large volumes and high spatial resolution
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Different models for the formation of stars allow for quantitative predictions
of how gas is distributed around galaxies
Physics in Bicocca — June 8th 2021
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Dissecting the effects of environment on galaxies

New imaging and spectroscopic data reveal how gas is redistributed
near local galaxies in groups and clusters

A o (kpc)

Comparison of kinematics of ionized
gas and stars show how gas is

removed from galaxies
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COSMIB at the forefront of key upcoming missions

Leading the next generation of experiments using the new space telescope JWST
and WEAVE, the largest survey to map gas around galaxies

Leading the analysis
of WEAVE quasar
spectra to obtain the
highest fidelity map
using absorption
spectroscopy of the
cosmic gas and
associated galaxies

Approved Pl observations to
measure with unprecedented
precision the density and
kinematics of cosmic web
filaments

Light from
background
galaxies

Cosmic web
gas in foreground
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Gravitational astrophysics group
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Monica Massimo Bruno Alberto Davide
Colpi Dotti Giacomazzo Sesana Gerosa

A <
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Alessandro Matteo Elisa Alessia David Anuradha Golam
Lupi Bonetti Bortolas Franchini Izquierdo-Villalba Samajdar Shaifullah

Key science questions:

- Black hole formation and evolution Luca Alberto Ludovica
] Broggi Colombo Varisco

- Black hole dynamics

- Binaries of compact objects

- Gravitational waves / Numerical relativity

“B Massive”
(PI Alberto Sesana) o “PRIN 2017-MBSAEZ” -1

PI: Monica Colpi

¢¢ L) 29 AR =
TRt G Wmlnlng MINISTERO DELL' ISTRUZIONE, DELL'UNIVERSITA E DELLA RICERCA
Pl (PI Davide Gerosa) Physics in Bicocca — June 8th 2021
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Seed black hole formation
(and the connection to structure formation)

We develop semi-analytical models...

I DH candidates
Pristine DH candidates

Lupi et al. (2020)

... and state-of-the-art hydrodynamical cosmological
simulations equipped with on-the-fly non-
A equilibrium chemistry...

10°9 gy

Lupi et al. (2021)

Lupi et al. (2019)

... to better constrain
i) the formation mechanisms of seed
black holes in the Universe... ...and to iii) connect their evolution

to structure/galaxy formation

...I1) their interplay with host galaxies
and other black holes...
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Massive black hole binary dynamics

(from cosmology to GWS)

Starting from cosmologically motivated
galaxy evolution models...
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...we build semianalytical models for MBHB
formation in realistic galaxy mergers,

<10 el validated against N-body simulations...
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Stellar Mass Objects

 Numerical Relativity Simulations of NS
and BH binaries

S

« Study of GW sources within the
LIGO-Virgo-KAGRA Collaboration

S

e

Jet prompt emission (gamma-rays) | Non-thermal emission
Relativistic internal shocks?

Outflow components Structured relativistic jet

Jet afterglow emission (X-rays, UVOIR, Radio)
i . X i / Relativistic external shock in the ISM
Disc wind & viscous ejecta

Kilonova Radio Remnant

eSS e o Joint analysis of
gravitational waves and
reerecaponeres sh opeey electromagnetic signals
| of NS-NS and NS-BH

. mergers .

Dynamical ejecta

NS tidal disruption

/

Angular momentum transport o
Neutrino & magnetic pressure in the disc (nuclear-decay-powered, low ZDEGU STUDI
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Future perspectives

PTA
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Binaries in the

IPTA 2020+ . i
resolved gravitational wave
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