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The Big Bang Model

about 400 million yrs.

Big Bang Expansion
13.7 billion years
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Modern PhySICS

Two “scientific revolutions” are the
pillars of MODERN PHYSICS; both of

them born about 100 years ago

Both these theories are going far beyond
the so-called “common sense” experience,

and happened when physicists dared to
look beyond

There two revolutionary theories are:

* Theory or Relativity
* Quantum Mechanics 27



Used to describe
behaviour of “bodies”
moving with high
speed (compared to
light).

Special relativity

— No object can move with
speed higher than the light

— Mass and energy equivalence
E=mc?
General relativity

— Contains effects from gravity;
related to black holes, Einstein in 1905, age 26
Universe expansion and
fate....

28
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Aumento delle masse




Length contraction

* 10% speed of light




Length contraction

» 86% speed of light




Length contraction

* 99% speed of light




Length contraction

* 99.99% speed of light










Quanty

Describes the behaviour of
“objects” which are very
small (particles...)

Heisenberg uncertainty
principle:

- better we know the position of an
object, less we know its speed

To understand and
describe particles, nuclei,
atoms we need quantum
mechanics and relativity
(quantum field theory)

Heisenberg in 1925, age 24

36
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Conferenza di Solvay (1927)






atom~10°cm

o electron

<10"'%cm
proton
(neutron)
| quark
@ ' <10"°cm
nucleus ,_
~10"2¢cm

~10"%cm




STANDARD MODEL OF ELEMENTARY PARTICLES
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/ mysteries in modern physics:

— what happened to antimatter?

— black holes — what happens inside?

— what are the dark matter and dark energy?

— quantum mechanics and the Schroedinger cat
paradox — which is the solution?

— the neutron stars structure — is there place for
strangeness inside?

— are there other Universes?

- are we alone in the Universe?



/ mysteries in modern physics:
— what happened to antimatter?







ANTIMATTER REGULAR MATTER

Positron Electron

<«

- +

Antiproton Proton




Matter vs  Anti-matter




The Big Bang history













CP violation (CPT)
Assymetry between “laws of
matter and laws of antimatter”



Large Hadron Collider










THE MIRROR D RO SE€M T
BE OPERATING PROPERCY.

Part 1l
CP Violation and K Physics

The measured assymetry does not (yet)
explain why all antimatter «died»



New theory:

The Big Separation

Universe Anti-Universe




/ mysteries in modern physics:

— black holes — what happens inside?










Generold relativity
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Black Hole

Credit: Adam Apollo
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Half: Rainer Weiss and the other half jointly to Barry
C. Barish and Kip S. Thorne - LIGO/VIRGO Collb.






Spaghettification!

-

To Black Hole







Huge black holes
no spaghetificaton




Black Hole — mass about 17 billion times Solar mass

NGC 1277
Black Hole

(4 light-days)

Neptune's Orbit

T (8.3 hghe-hours)

Earth's Orbit

(17 Aght-minutes)

Galaxy NGC 1277










Black Holes Are Passage To Another Universe
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/ mysteries in modern physics:
— dark matter and energy
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Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc. ‘
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Fluctuations %

1st Stars
about 400 million yrs.

Big Bang Expansion

Image: NASA WMAP 13.7 billion years




“Nermal Matter”
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SUPERSYMMETRY
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Standard particles SUSY particles
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CMS Experimeni at the LHC, CERN
Data recorgad: 2018-Ane-17 11:00:22.026624 GMT
Run / Event / LS: 314472 788576477 / 67




/ mysteries in modern physics:
— neutron stars







Neunron Star

W R oarooimeLem




To achieve this density of a neutron
star at home, just cram a herd of 50
million elephants into the volume of
a thimble.

— Neid deGrasse Jysen. —




A NEUTRON STAR: SURFACE and INTERIOR
‘ -tsx S; nz?;"
CORE:
Homogeneous
Matter

ATMOSPHERE
ENVELOPE

CRUST
OUTER CORE
INNER CORE

Polar cap

o Cone of open
. magnelic
1 field

- !rrz(-:;

Neutron Superfluid + )&/ﬁ/
Neutron Vortex  Proton Superconductor

Neutron Vortex
121 elicrn | -) /




STANDARD MODEL OF ELEMENTARY PARTICLES

VSO0 Wa0wvoZn







DA®DNE, since 1998




SIDDHARTA

Slllcon Drift Detector for Hadronlc Atom Research by Tlmlng Appllcatlons




Kaonic atom formation

n ~ sqrt(M*/me) n’ ~ 25 (for K-p) e-
(M* : K-p reduced mass)

highly-excited state Auger Electron

( 1) Initial capture )

50rption

f i -. -
The strcﬁi@p@'é@) %%W@hm@ﬁwmwmmd J

. 2p for K-He




/ mysteries in modern physics:
— Schroedinger cat and parallel Universes
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In o stalic universe,
the distance in light-
years to the horizon
equals age of
universe in yeors.

Goaloxies exist beyond the
horizon, but their light has
not had time to reach us.




More Universes with different physics




Multiverse

- Other
universes

((z‘uma |
universes)

LU Urisee s

Vart viubie 10 us
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Molecule

10007 em Macso-malecule

/10 y o
1/10,000

171,000

<10 ¥




String theory




10°90 parallel universes













-De Broglie - Bohm

- Many-World Interpretations

-Collpse of the wave function




Many words interpretation




Underground Gran Sasso laboratory




Stawell underground laboratory




/ mysteries in modern physics:

- are we alone in the Universe?






PARADUSSO DI FERMI

"DOVE SONO TUTTI QUANTI?

SE NELUUNIVERSO ESISTE

UN GRAN NUMERO DI CIVILTA
ALIENE, PERCHE LA LORO
PRESENZA NON SI E MAI
MANIFESTATA?
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They are here

-










Pioneer 10 (17-10-70) e 11

HYPERFINE TRANSITION OF SILHOUETTE OF BINARY EQUIVALENT
NEUTRAL HYDROGEN SPACECRAFT OF DECIMAL &

/

C. 4 A
Sagan &
F. Drake ® o)

POSITION OF SUN PLANETS OF SOLAR
RELATIVE TO 14 SYSTEM-  AND BINARY
PULSARS AND THE RELATIVE DISTANCES

CENTER OF THE GALAXY
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Over 1000 Confirmed Exoplanets

Terrestrial Gas Glants

N

Mercurian  Subterran  Terran  Superterran  Neptunian

Jovian




Potential Habitable Worlds in the Universe
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QUANTUM PHYSICS
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Feynman — The Value of Science, 1955

Out of the cradle
onto dry land

s@mﬁ@ IMAGINE

WAYVE «»

here it is
standing:
atoms with consciousness;

matter with curiosity.

Stands at the sea,

wonders at wondering: 1
a universe of atoms

an atom in the Universe
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Feynman — Il valore della scienza

7 Fuori dalla culla
sulla terra asciutta

Feynman— The Value of Science, 1955

Out of the cradle
onto dry land
here it is
| standing:
atoms with consciousness;
| matter with curiosity.

are
Stands at the sea, |a meraViglia: |O

wonders at wondering: 1
a universe of atoms

an atomin the Universe

Pronti per esplorare la

Terrav Incognitow

della Fisica Moderna?



Cotatru Darv Curcmasy
http://www.springer.com/physics

/applied+%?26-+technical+physics
d.ra‘ ml . m' /book/978-88-470-5240-6
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/+1 mysteries in modern physics:
— the fascinating neutrinos — which is their

7
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The Standard Model

MATTER FORCE
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Neutrino Facts

Neutrino
from Enrico
Fermi

for “Little
neutral one”

v flux on Earth
from Sun

6.5%1014/(m? s)

<E>~ 0.3 MeV

Neutrino from
sun will pass
through 5 LY of
solid lead, with

50% chance of
Interacting

Average number
of solar neutrinos
Interacting in a
person per year

< 30!

< 1 with ‘real
energy’

£ 20 L
epradd®

il It'.»
: ;Q'f',
'.



Sun:

ptp—>dte +v,

B —>®Be+ettv, /
2x1038 g7

Uranium & Thorium
from Earth crust

~5%1010 g1 m

Neutrino sources .
Cosmic Rays

~100 m2 s’!

Nuclear power reactors
~1070 g1







Neutrinos oscillations

Milion1 di neutrini al
secondo attraverso un
granello dj sabbia
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ELECTRONIC PEARLS: The cigital opticad modhybert ulad 10 S0ase the patisge
of meutrmon thesugh the ke 300 encaned in phancal pressure vessols made of
borosiicaie glass They ace attached to thev suspeading cables at Ti-meter
vertical ntervals, from 1650 to 2450 metlers’ depth, Afler 3 4t0ing has been
desioyed and Lewted, the sussunding wales [left over from deiling the hole)
foeeoes the Cetedtons nslace
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NEUTEENO FLAVORS:
Serulatons show that
Sath of he hose types

of reutrnos wil pve rese
WAIKINCING Optical
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taking place at dghnly
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BOREXINO at LNGS










