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Oop. Red light. Release accelerator...
...and stowly apply the brake.




“The ViagicLand Of Accelerators”
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THE SWMALLER THE THING YOU WANT TO OBSERVE,
THE BIGGER THE
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Universe as an accelerator
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I s prcame weve drean w e soule giver by the grotons
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0.1 mem in size snd the entre som woukd be sbout 10 ke acrows.










Plasma accelerators — new
generation’




Quantum Mechanics
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Nanotechnologies
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THE SENSE OF BEAUTY

ART AND SCIENCE AT CERN

“WHAT IS ESSENTIAL IS INVISIBLE TO THE EYE”
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Istituto Nazionale di Fisica

The INFN promotes, coordinates and performs
scientific research in the sub-nuclear,
nuclear and astroparticle physics, as well as
the researc nolog | development
necessaries f t|V|t|es se sectors,
In strong co nectlon with the University and
In the framework of international cooperation
and confrontation




A

1951

University Sections
Milano, Torino, Padova, e Roma

T, ‘\*\W\“\\

1957

Laboratori Nazionali di
Frascati

il




Gran Sasso

Legnaro
N T Trento
i "\, Udine‘
et \S Padova !‘Trleste
; g PO
» Torino ";'»'R'?:? Brescia L.N,L'
“ Alessandria Parma "®TQ@
A Bologna ™
¢{  Genoya C.N.A.F!
e .., Firenze *\_
— ' Siena
\ Pisa . _ b
erugia \ ]
= o 19 Sections
ula
homat LNG. S\ 11 Related Groups
Romad\| N.F 4 National
Rorr‘133 N » Bari
;o /' Sanita’ T .
uropean Sl Lgcce Laboratories
ravitational )
bservatory ; r'”\-s'.‘ - Co\'s.enz;\:
.- Cagliari \

| 7
‘.

o
Messina /
- _--/‘/ /
/ 'I
N\ ‘Catania

Laboratori del Suid_ /NS
(Catania)



What are the activities performed at Laboratori

Nazionali di Frascati? \
Fundamental research @ @ ()
@ ©

» Studies of the ultimate matter structure

models

* Development é’nd construction of particle detectors

- Studies and development of accelerating techniques &

 Material studies and bio-medical research
with the synchrotron light

* Development and support for computing
systems and nets
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The atom in the beginning of ‘900 The Thompson’s atom

Quantum mechanics - atom @
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The nucleus structure

The nucleus today



The Standard Model
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Frascati National Labs (LNF)

Total Staff Researchers | Technologist/ | Technicians Administration/
of which: Engineers Services
364 98 57 170 39
External Users Italian Foreign

546 346 200

Visitors Stages Conference | Participants Master Courses
3960 310 Workshops to 1 (27 positions)

17 Conf. / Work.
776










Observing on fixed target

synchrotron
Q target

LINAC e,e",p .

p, N, etc :i
Matter is mainly empty

All those particles which did not interact get lost
* Energy loss by moving the center of mass
Target is complex

detectors




First Frascati’s idea

detector

Accumulation ring

The non-interacting particles can be re-used in the
successive rounds

Collisions are performed in the center of mass frame

The circulating particles can be either elementary or
complex (nuclei or atoms)



Second Frascati’s idea

u* E=2m, c?
e’ .
o
E=m c?

Bigger the energy is, more and more
particles can be studied
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Matter-antimatter colliders

LHC at Cern (pp
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Physics at DAPNE

Out of the electron — positron collisions the ® meson can be
produced; it decays immediately in other two particles, the K-
mesons (kaons). The kaons can be both neutrals or charged.

The K are the particles used by the three experiments,
DEAR, FINUDA and KLOE, to reach their scientific goals.
The DA®ONE luminosity allows to produce about
10000 K in a second



SIDDHARTA Kaonic hydrogen

(DADNE Exotic Atom Research)

Vacuum chamber

Target-
cell
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X ray of interest

The DEAR experiment

_ investigates the sfrong
DEAR force by studying the

Beam pipe kaonic atoms (in which a K~

is substituting an atomic

electron).

Kaon entrance window



Could strangeness play a role in neutron stars?

A NEUTRON STAR: SURFACE and INTERIOR
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KLOEZ2

(K LOng Experiment)
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FLAME:Frascati Laser for Acceleration and

Multidisciplinary Experiments

Laser of high power (> 100 TW), able to produce pulses of 6 J in 20 fs at 10 Hz

Laser FLAME

1)If FLAME beam is injected into a gas the electrons inside get highly
accelerated (new acceleration technique)

2)If FLAME beam is colliding head-on with an electron beam (SPARC) an
intense source of X rays is produced



1) New acceleration technique

Particles get accelerated
Laser pulse creates a wave

In few cm electrons get accelerations as in present accelerators of hundred
meters



2) Intense X rays source

Electron beams from Linac (SPARC) with energies about 25-50 MeV collide with
FLAME beam

Laser 800nm, 6 J, Laser pulse

(Ti:Sapphire, 6 ps) Electron beam e -Ia) Resulting in

Elettroni 30-150 'Mc\' . monochromatic X ray
| nC Single-bunc . .
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Fig. 1 — Sorgente Thomson ai LNF

Medical diagnosis and material science



Medical diagnosis

Mamography

monochromatic conventional mammographic
radiation 17 keV unit Mo/Mo 28 kVp

Fig. 3 — Confronto fra una mammografia monocromatica (sinistra) con una tradizionale
(destra).
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Gravity force

Distortion of space-time



Antenna

The electromagnetic waves
are produced by an electric
charge in movement

Gravitational waves: an analogy

Gravitational waves are ﬁg
produced by masses in
. movement....




Search for gravitational waves:
1 NAUTILUS
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Discovery of the gravitational waves (14 Sept.
2015 -> 11 Feb 2016)

_—




Discovery of the gravitational waves (14 Sept.
2015 -> 11 Feb 2016)




Discovery of the gravitational waves (14 Sept. 2015 -
> 11 Feb 2016) — talk Viviana Fafone







Large Hadron Collider
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Higgs Decay to Photons

R

H—yy

Higgs signal

!

120 130
MW (GeV)

Ve INIVIVWILI

L\i_,-

140

Rare decay in SM

LHC detectors have
been optimized to
find this peak!
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Black holes
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Information

Knowledge

Experience
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Carnevale Frascati — 13t February
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