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Photons
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The beginning
of Astronomy
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The imperfect moon

1600: has the brilliant idea of
looking the sky with a telescope

Galileo
breakthrough
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The imperfect moon
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News view on the universe
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Electromagnetic

spectrum

Penetra I'atmosfera

Si No Si No
terrestre? _

Tipo di radiazione Radio Microonde
Lunghezza d'onda (m) 10°

Scala approssimativa
della lunghezza d'onda

Infrarosso  Visibile  Ultravioletto Raggi X Raggi Gamma
107° 0.5x10°° 1078 107 107

Edifici Esseriumani Farfalle Punta di Protozoi Molecole Atomi  Nuclei atomici
un ago
Frequenza (Hz)
10* 108 10*? 10" 10'® 10 10%°
Temperatura degli
oggetti alla quale
questa radiazione & ))

la pit intensa

lunghezza d'onda 1K 100 K 10,000 K 10,000,000 K

emessa —272°C -173°C 9,727 °C ~10,000,000 °C
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Seeing the
Invisible
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Black Hole in
visible light

Seeing the
iInvisible

Black Hole in
radio wave
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Neutrino
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Neutrino

* Postulated from B-decay
p— N+ e + U
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Neutrino

* Postulated from B-decay
p— N+ e + U

APARTICLEWITH
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Neutrino

Modello Standard delle Particelle Elementari

tre generazioni della materia mediatori delle forze / interazioni

(fermioni) (bosoni)
I ] ]
. PO St u la t e d fro m B - d e C ay Zz.z MeV/c2 :;LEB GeVic2 Zl?t%.l GeVic2 g ;124.9? GeV/c2
_|_ 1-2 U Lz C lz t g 0 H
p _:> n —I_ E —I_ Uﬂ up charm top gluone higgs
=4.7 MeV/c2 =06 MeV/c2 =4.18 GeV/c2 0
@ '@ I'® || @
° St| ll o) p en q u eSt| ons: down strange bottom fotone
° O S Ci llati O n S a n d Sta n d a rd :0.511 MeV/c2 :105.66 MeV/c2 11.?763 Gevic? ;gl.mzv«'cz
15 e 5 I..l 15 T 1
model?
elettrone muone tauone bosone Z
* Fe rm I O r M a I O ra n a N e u t rl n O? <1.0 eV/cz <0.17 MeVv/c2 <18.2 MeV/c2 =80.39 GeV/c2
" Ve Vu SVt T W
tri tri tri
cromramo ) | meane )| e | | bosone w
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SNv Vvoscillations indirect DM ; extreme cosmic sources GZK v
Scientific o =
program of MeV  10-100 GeV  GeV-TeV TeV-PeV  PeV-EeV >EeV

high neutrino
telescope

Remember, the Earth

| @ :
| 1 3 is opaque also for v at
L o IMB S very high energies + exotic physics
o mi o )
N ‘T'i T © Kamiokande II R-S (Sterlle
i\ AR neutrinos,
5 b 3 magnetic
,0335 monopoles,...)
LT
[+ 1) "W N N (N NN W NN UUNN SN NN G R
0 2
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ANTARES

» 25 storeys /
line
*3PMTs/
storey
* 900 PMTs

~20m/90m . .. ...

Neutrino
teleSCO pe S——— SlocmeCuI?eT ,,@ _S?ft_hPole
around the | i

o

Amundsen-Scott South
i Pole Station, Antarctica
IceCube Laboratory BRHInERqALOMS, A National Science Foundation-

D ta is collected he d set 125 meters apart

o E1ER T BIRiR tby tlltt(h
8¢ $80 ( 4 : waeh UWMd

=3 \m ¢

managed research facility,

Digital Optical HHiw
Module (DOM)  2450m | ‘1]”1'”!)
5,160 DOM G

deployed in the ice

Credits: Silvia Celli




ARCA (1 GTon)

Astroparticle Research
with Cosmics in the Abyss

3500 m depth,
offshore Sicily

ORCA (6 MTon)

Oscillation Research
with Cosmics in the Abyss

I T
=% - =
N -

2500 m depth,
M .Defgshore Toulon
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ARCA (1 GTon)

Astroparticle Research
with Cosmics in the Abyss

3500 m depth,
offshore Sicily

ORCA (6 MTon)

Oscillation Research

2500 m depth,
M .Defgshore Toulon

ORCA/ARCA ~20/90 m

ALY

* AN

BUILDING BLOCK
115 DUs

et s o
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ARCA (1 GTon)

Astroparticle Research ORCA/ARCA ~20/90 m ORCA/ARCA ~200/700 m

with Cosmics in the Abyss

@
3500 m depth, @
offshore Sicily !
ORCA (6 MTon) il
Oscillation Research g@
with Cosmics in the Abyss ‘@
e
\ 4 ‘
2500 m depth, BUILDING BLOCK 18 DOMs/DU

M .Deffshore Toulon 115 DUs INFN OpenDay 2024
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ARCA (1 GTon)

Astroparticle Research ORCA/ARCA ~20/90 m ORCA/ARCA ~200/700 m
with Cosmics in the Abyss .t ' + @
|
@
3500 m depth,
offshore Sicily @
ORCA (6 MTon) ¢
Oscillation Research t@
#
2500 m depth, BUILDING BLOCK 18 DOMs/DU
M .Deffshore Toulon 115 DUs INFN OpenDay 2024

Credits: Silvia Celli

DOM

DOM: 17” glass sphere containing:

31x3”” PMTs LED and
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Gravitational Waves
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ISAAC, MY FRIEND, YOU
CAN'T LEARN EVERYTHING THERE
IS TO KNOW ABOUT GRAVITY JUST

FROM WATCHING APPLES FALL
FROM TREES.

A new way to Gravity
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ISAAC, MY FRIEND, YOU
CAN'T LEARN EVERYTHING THERE
IS TO KNOW ABOUT GRAVITY JUST

FROM WATCHING APPLES FALL
FROM TREES.

A new way to Gravity

1
R,uv _Eg”VR —
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A new way to Gravity

ISAAC, MY FRIEND, YOoU
CAN'T LEARN EVERYTHING THERE
IS TO KNOW ABOUT GRAVITY JUST
FROM WATCHING APPLES FALL
FROM TREES.

1 872G
Ry =2 9 R==3T

4 " uv
C

Masses distort space
Trajectories follows space deformation
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Solving Einstein Equations
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Solving Einstein Equations

Metrics
4x4 matrix
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Solving Einstein Equations

Metrics
4x4 matrix
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Solving Einstein Equations

Metrics
4x4 matrix
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) Enery
Rienmann momentum
scalar tensor

R=R“
(04
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Solving Einstein Equations

. ) Enery
Riccl Rienmann momentum
tensor scalar tensor
R _ R?/ Metrics . (04
af ayp 4x4 matrix R o Ra
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Solving Einstein Equations

R

afp

R

Ricci

tensor
7/\ Metrics
0‘79 4x4 matrix

Rienmann tensor

) Enery
Rienmann momentum
scalar tensor

R=R“
(04

INFN OpenDay 2024

36



M .Drago

Solving Einstein Equations

Rienmann tensor

Ricci
tensor
R RV\ Metrics
af 0‘79 4x4 matrix

) Enery
Rienmann momentum
scalar tensor

R=R“
(04

Christoffel symbols

OB
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Solving Einstein Equations

Rienmann tensor

Ricci
tensor
R R?/\ Metrics
af 0‘79 4x4 matrix

) Enery
Rienmann momentum
scalar tensor

R=R“
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Christoffel symbols
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Solving Einstein Equations

Rienmann tensor

Ricci
tensor
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The most known signal
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Coalescing binaries:

S
Star core- collapse merger NS
oscillations (starquakes,...): burst
signals
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Merging Massive Fluctuations from ’

Black Holes Early Universe

in merged galaxies stochastic backgrounds
and bursts
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ﬂompur‘ison between observations of the binary pulsar

PSR1913+16, and the prediction of general relativity based on
loss of orbital energy via gravitational waves
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The effect of 3
Gravitational
Wave
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GW: when?

LIGO, VIRGO AND KAGRA OBSERVING RUN PLANS
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~Today
Updated == O1 02 == O3 05
2024-07-11
80 100 100-140 240-325
LlG O Mi)c Mpc Mpc Mpc
30 40-50
. Mpc Mpc See text
Virgo Y )
0.7 =10 25-128
Mpc Mpc Mpc
KAGRA | T
| I | I | I | I | I | I | I I I
G2002127-v26 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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https://observing.docs.ligo.org/plan/
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: how many?

ArXiv:2111.03606

Three scientific runs:
e 01:3GW

68.6

il : 67 ; > .
owsosesIsi0s | GWISOSL07AISH cv.-vsmm pRe owisossorsssan |« owisnzsaseozs [l cwzsoreosss N cwaoozonsom fl awacozo s Gwaoose.2i7ss

e e e e e ¢ 02:8GW

156.3

Gw190s21 GW190706.

* 03:79GW

331

GW190425 15354 GWI90701 203306 GW 603 GWI90828.065509

90 detections

356 ] 5 64.5 133

GWISI012 L 7 3 1343 CWI90514 065416 GWI90620.03047  GWIS0720.000836 GWI90924 021846

Expected rate:

. 4.9
GWIS04I3.052954 | GWI0SIS.205428 | G GWI90TI9_ 215514

ArXiv:1304.0670

Observation run Network Expected BNS Expected NSBH Expected BBH
detections detections detections

03 HEV itk 012 1=

HLVK 1032 14 7945
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https://arxiv.org/abs/1304.0670
https://arxiv.org/abs/2111.03606

Multi-messenger discoveries

Photon

Gravitational wave

INFN OpenDay 2024
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* Probably the first multi-messenger

detection
 EM spectrum
 Neutrino

 No GW observed (Resonant bars)

M .Drago

BB Credits: By NASA, ESA

INFN OpenDay 2024

Credits: By NASA, ESA, and R. Kirshner (Harvard-
Smithsonian Center for Astrophysics and Gordon and
Betty Moore Foundation) and P. Challis (Harvard-
Smithsonian Center for Astrophysics)
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https://www.spacetelescope.org/images/heic1704a/
http://www.spacetelescope.org/images/potw1142a/

TXS 0506+056: a flaring blazar

1C40 1C59 1CT9 1C86a 1C86b 1C86c original GCN Notice Fri 22 Sep 17 20:55:13 UT 10
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Multimessenger observations
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IPN Fermi /
INTEGRAL

Gamma rays, 50 to 300 keV

Gravitational-wave strain

GRB 170817A

GW170817

"1M2H Swope

10.86h

O —

LIGO, Virgo

y-ray @

Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, HE.S.S., HAWC, Konus-Wind

I

X-ray
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uv

Swift, HST

Optical
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NS merger

Short GRB X-ray Radio

\ / afterglow \ \
> AN >
t0 1.7s /+5.23hrs \+10.87 hrs +9 days +16 days

i /-

Kilonova

Credits: M. Branchesi

18h

-30° -30°

0 25 50 75

Mpe LVC + astronomers, ApJL, 848, L12
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Brightness

| | L] ! | . L} | | | | 1 ¥ L1 | | | | L 1

| ] ¥ L |

Ll | | L] 1 | | | | | ] L] | | ] L] | | L] 1 | | L L] | | |

11.4days ] EJECTED MASS
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EXPANSION VE

] First spectral identification of

the kilonova emission
« the data revealed signatures
of the radioactive decay of

r-process nucleosynthesis
(Pian et al. 2017, Smartt et al. 2017)

 BNS merger site for heavy
element production in the

Universe!
(Cote et al. 2018, Rosswog et al. 2017)

Credits: M. Branchesi




cost

H, measurement

Combine distance from GW: :~
_ +2.9
d =43.87¢3 Mpc

And NGC4993 recession
velocity we have:

H, = 7073%° Mpc

- 160

~ 17
T T T T T 1 38
50 60 70 80 90 100 110 120

Ho (kms=1 Mpc=1) Abbott et al. 2017, Nature, 551, 85A
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https://www.nature.com/nature/journal/v551/n7678/full/nature24471.html

Sorgente
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11.31h.

The END (?)

it

i1osh  #f11.24n

DECam |Las Cumbres

- .

wii 40h iz 11 57h

|[DET40 s ‘VISTA A

Chandra
-
. »
9d X-ray
J VLA
oty
k]
16.4d Radio

INFN OpenDay 2024

Gamma rays, 50 to 300 keV

GRB 170817A

Gravitational-wave strain GW170817

e BNS new discoveries

* Short GRB produced by BNS
* GW velocity measurement

* Heavy element production

* H, measurement
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