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STANDARD MODEL OF ELEMENTARY PARTICLES
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Sllicon Drift Detector for Hadronic Atom Research by Timing Applications
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A NEUTRON STAR:

CORE:

Homogeneous
Matter

‘Swiss

Neutron Vortex

SURFACE and INTERIOR

‘Spaghetti’
Ph .‘ B1T7

———— ATMOSPHERE

ENVELOPE

CRUST
OUTER CORE
INNER CORE

Polar cap

W, Cone of open

Neutron Superfluid +
Proton Superconductor
Neutron Vortex
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MATERIA FORZE

Quarks , Gauge Bosons

IJ' - Modello

Leptons Standard
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Relativitw generale - gravitow
















Credit: Adam Apollo





















9017 NOBEL PRIZE IN PHYSICS

2 = A oue L LRI e
Half: Rainer Weiss and the other half jointly to Barry
C. Barish and Kip S. Thorne - LIGO/VIRGO Collb.



L1IGO's GRAVITATIONAL-WAVE DETECTIONS |

N

GW150914,

DISCOVERED:
N\

14.09.2015 ‘GW151226,

1 BILLION

LIGHT-YEARS DISCOVERED:

62 SOLAR 26.12.2015 :

MASSES 1.4 8oy - 1
KILOMETRES IN £ Wl ,_GW 1 701 04
366 DIAMETER 2 SOLAR DISCOVERED:
it 04.01.2017

KILOMETRES IN
1 24 DIAMETER BILLION
- LIGHT-YEARS 4
Y AWAY
49 SOLAR
MASSES

KILOMETRES IN
2 8 DIAMETER

N\

q BI BILLION ; BILLION BILLION
A LIGHT YEARS LIGHT YEARS LIGHT YEARS LIGHT YEARS

DID YOU KNOW ?
e SOLAR MASSs —

A STANDARD UNIT OF-MASS
n ASTRONOMY

IT IS EQUAL TO

He mass of THE SUN

EQUAL TO APPROXIMATELY

1.99 X 10 k¢

Laser Interferometer
Grav:tational Wave Observatory
d by ( 1 h d M T













Gravita’ quantistica?




Teoria delle stringhe

» Le particelle sono veramente puntiformi ?

1;2;1"1 Dew Drop I o o

i [\ L3 Teoria delle Stringhe
0.0000003m— ° Water
Sk 097' mn | H Molecule

H ulteriore livello
microscopico: particelle

—

Hydrogen

~ non sono puntiformi, ma

107 mm /\w’,
- @ piccoli (1033 cm) anelli
£.000000000001 mm 9 2.‘:.1',',‘: fn"d OSC'IIantl

0.0000001 mm
or

or
10" mm Proton

. diversi stati di oscillazione

Quark
oot o [‘ della stringa — particelle
diverse






10°%0 Universi paralleli!!!




~ Dailaboratori alla Societa’:










Tomografia con Emissione di Positroni (PET)

Positron Emission Tomography

A% 7 anoaihilation ragiation
, 511 keV

ragonuclide — posiron
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Tomografia Computerizzata



Start of

; Path of continuously
spiral scan

rotating x-ray tube
and detector

| : o

Direction of J\LM\)
continuous

patient transport O [TTTTT1IT11] > Z,mm

O [TTTTTTITI7 > t, 8










3-D Visualisation
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The 3,300-year-old mummy
of King Tutankhamun is scanned to assess the need
for restoration and also to attempt to discover the
cause of his early death (January 2005)

(Computed Tomography Imaging (CT Scan)




Adroterapia







TRADITIONAL X-RAY THERAPY

Smaller doses of radiation are used to reduce damage to
healthy tissue due to the inability to restrict
radiation pattern to cancerous tissue
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PROTON THERAPY TRADITIONAL X-RAY THERAPY

Protons enable larger doses - Smaller doses of radiation are used to reduce damage to
of radiation to be used to treat Tumor -~ healthy tissue due to the inability to restrict

cancers while significantly reducing / radiation pattern to cancerous tissue
damage to healthy tissue ”
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Radiation to damage
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Scopriamo |’alta tecnologia del CNAO facendo un tour
e seguendo il fascio dall’origine fino al paZIente
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Tecnica di
irraggiamento
sistema attivo

Depth 5 cm:
Proton 80 MaV
Carbon 150 MaVlu

Oepth 25 cm:
Protan 195 MoV
Carbon 380 Mallu

fondozioneC NAC)__

(Cortesia di Siemens Medical)



X-ray (or

particle
source
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Object to study

Detector
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Fisica e I‘arte - I‘impronta
dell‘artista

@ Ogni elemento atomico un impronta (raggi X)

® Nello spettro di fluorescenza dell’affresco di Lorenzo Lotto si nota la

presenza di ferro (Fe) e di oro (Au).

1600

b) Pb

1200 |— Lo, =

conteggi

i

energia [eV]

4000 8000 12000 16000 20000



Pentimenti
Le Sueur — musa Urania (particolare)




Rembrandt — Ritrato giovane uomo Titus




Cellini - Perseo
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3l rivoluzone quantistics nel
e computer di domant:

dal bit al qubit


















Acosa
Servono |

- Computer
 Quantistici?




Potenziamento delle
tecnologie attuali:

Realta’ virtuale
Intelligenza Artificiale




Rivoluzione in
medicina cure

personalizzate e
nuovi metodi per |l
trattamento dei tumori




Big Data Analysis:
Combattere |l
Cvyberterrorismo,

Studi di Cambiamenti
Climatici




Capire come funziona il
Cervello:

Cura delle malatie
mentali (demenza,

schizofrenia...)




Accelerator on a Chip?
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Lo Terraw Incognita dellaw Fisicaw moderna

CER~ ._:;' >

GUANTUA Tufolacren

_ 5. QUANTUM PHYSICS psmmmmsmsas




Che cos'e la scienza? Con questa parola
di solito s'intendono tre cose diverse, 0 un
misto delle tre. «Scienza» a volte significa
un metodo speciale di scoprire le cose; a
volte significa l'insieme delle conoscenze
che si originano dalle cose scoperte, ma
puo anche significare tutte le cose nuove

che si possono fare usando la
conoscenza acquisita, o il fare
effettivamente queste cose.

Richard P. Feynman




Ministero degli Affari Esteri
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Catalina Curceanu (Facebook)
Catalina.Curceanu(@LNF.INFN.IT

Catalina Oana Curceanu

Dai buchi neri
all'adroterapia

Un viaggio nella fisica moderna
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The Big Bang Model

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

13.7 billion years




Abbiamo dunque capito I’Universo?




...1nvece...Terra Incognita della
Fisica Moderna!







Energia e materia
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distance from center (light years)
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

Quant m
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

Image: NASA WMAP 13.7 billion years
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Dark Matter
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SUPERSYMMETRY

on

W)

L Guarks . Leptons . Forte particles Equarks ) Sleptone & susy force
particies

Standard particles SUSY particles
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Supersymmetric “shadow” particles
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This.is a 27 km-particle accelerator where

protonstravel at close to the speed of light
——— N




Large Hadron Collider at CERN

Wﬁyﬁ;&m,v e —
| e ~ Ttaly

Luminosity target: 103*cm s°!

Increased production of heavy
particles like Higgs, top quark

More particles at higher energy
requires new detector design
and technology

J. Nielsen 119
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Una forza che




Come si evolvera’ il nostro Universo?

recollapsing critical coasting accelerating
universe universe universe universe
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Quantum Technologies










Underground Gran Sasso laboratory
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