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9 DICEMBRE 1949
Un gruppo di scienziati visionari immaginavano un laboratorio di fisica delle particelle (CERN)
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.
B

L. Kowarski

The history of CERN - https://tieIine.web.cern.ch/timelihe-header/89



29 SETTEMBRE 1954
Nasce |'organizzazione europea per la ricerca nucleare (il CERN)
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The Sixvh Session of the CERN Cowncll took place be Parts on 29 Jume— ! July 1933, It was heve that the Convennion essabiishing rhe Organizaion
was sigwed. swbyect 10 reelloacion, by rwelve Srares.
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24 Novembre 1959 3 Maggio 1976

Viene acceso il Proton Synchrotron (PS) - 628 m Viene completato |l
Super Proton Synchrotron.

(.km di tunnel

The history of CERN - https://timeline.web.cern.ch/timeline-header/89






BENT STUMPLE INVENTA IL PRIMO TOUCH SCREEN 1973
Il primo touch screen capacitivo (e la tracker ball) vengono inventati da Bent Stumble
per la control room di SPS




Viene inventato il World Wide Web 1989
Il World Wide Web viene inventato dallo scienziato inglese Tim Berners-Lee che
lavorava ad un sistema automatizzato per la condivisione delle informazioni al CERN

http://info.cern.ch/hypertext/WWW/TheProject.html

The history of CERN - https://timeline.web.cern.ch/timeline-header/89



1997-1998
ATLAS, CMS, ALICE e LHCb vengono approvati

FIXel (1UUX15U pm) ~16m- ~bbM channeis
Microstrips (80x180 pm) ~200m? ~9.6M channels
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2 Novembre 2000
Inizia la costruzione del Large Hadron Collider (LHC)

o
' i rhe

slerators/large-hadroi

https://hdme;cern/§‘cience/ac



Come funziona LHC?

ME CALL [T A
"PARTICLE COLLDER” -

http://phdcomics.com/
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Collisione dei bunch ogni 25 ns!

Cavita RF 2 ToV

7 TeV
1011 protons 1011 protons
Bunch ':‘ “':!..:,'. £ “"!..:
Proton
LINAC2
Prot
Sou:::eo:nd Parton v P
RFQ (quark, gluon) & o

Magneti
superconduttori
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Prima accensione di LHC - 10/09/2008




LHC batte il record di energia raggiunta dei protoni (1.18 TeV) -
30/11/2009




LHC control room in un giorno tranquillo...

P f =

° . S _' 4
https://home.cern/sci‘ence/accelerators/lér"é’ééhﬁron-col|ider y



log size (PB)

10M

10

Big Data sizes @

140 M hours/day
of streaming (1 GB)

71k B e-mai
2020/10 — 2021/

é 51.1k PBly

60k B spam
SA4kPBYY . mails(5 KB)

o

23 YouTube

720k hours/day
of video uploaded (1 GB)

§alLas

hitp://atlos.ch

LHC and Big Data

500 EB LHC raw data in 2018
(total) 3 without trigger selection
R 100 T objects stored (hypothetical)
wice in S3 up to 2021 (5 MB)
60 GB/s WLCG <& 240k pics/min. HL-LHC real )
1.9k pBly transfersin 2018 l:“b‘o shared in 2021 data expected in 2026 40k EBlyr
3 (2 MB)
30+ B web pages LHC real
in 2021 (2.15 MB) data in 2018 1200 PB/

733 PB/ e 800 PBly

y
08:83 M nsiy Asers HL-LHC Monte Carlo
300 PBly ; data expected in 2026
263 PBly +1.17 M paid subs in 2020 <, 252 PBly (@) e E
(1.5 GB and 500 GB, respectively) y

/ﬁPBIy LHC Monte Carlo

62 PBly 65k pics/min.
shared in 2021 data in 2018
(2 MB) © Luca Clissa (2023)
Storage

data sources
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S every second
These % | Muon Muon neutrino Charm Strange
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Standard Model of Elementary Particles
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Standard Model of Elementary Particles

three generations of matter
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Standard Model of Elementary Particles

three generations of matter
(fermions)
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Standard Model of Elementary Particles

three generations of matter

(fermions)
I Il
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Standard Model of Elementary Particles

three generations of matter

(fermions)
| I L Oscillazioni del neutrino (BSM)
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Particles are Political
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LEPTON
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Particles are Political
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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
I | [
mass =2.2 MeV/c2 =1.28 GeV/c2 =173.1 GeV/c2 0
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@ @ |F@® || @
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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
| I M mu = 125 GeV/c2
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Combined results: the excess
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Per quanto vivono le particelle?

TABLE 32-2 Particles (selected)’

Forces  Particle Anti. Mass B L, L, L, S Meankfe
Category imolved  name Symbol particle Spin  (MeV/c?) [antiparicles have opposite sign]  (5) Principal Decay Modes
Fundamental
Gauge bosons  str Gluons g Self 1 0 0O 0 0 0 0 Suable
‘cﬁor;f:m em Photon Y Self 1 0 0 0 0 0 0 Stable
’ W, em W w- W~ 1 803S<10* 0 0 0 0 0 3Ix™ ¥y, gy, T, , hadrons
w Z 7" Self 1 99x1w 0 0 0 0 0 3Ax10™® ee”, ptpT, U, hadroas
Higgs bosom  wstr Higes H’ Self 0 125108 0 0 0 0 0 L6x10%  bbZ°Z W'W" gL 7. VY
Leptons w. em’ Electron e ¢* { 0.511 0O +«1 0 0 0 Stable
Neutrino (¢)  », Ve § O(<04eV/EPF 0 =1 0 0 0 Stable
Muon . w % 105.7 0O 0 +1 0 0 220x]10® € Vely
Neutrino (g) », Vi P O(<04eV/EY 0O 0 +#1 0 0 Stable
Tau r- r* 3 1777 0 0 0 +1 0 291 x10°%  wiv,. e igr,. hadrons +»,
Neutrino (7) v, ", F O(<0MeV/iE)y 0O 0 0 +1 0 Stable
Quarks woem, str (see Tabk 32-3)
Hadrons (composite). selected
Mesons str,em,w Pion vt v 0 139.6 0O 0 0 0 0 260x10°% uty,
:1?1?:"‘; ) o’ Self 0 135.0 0 0 0 0 0 085 x10 2y
. Kaon K* K- 0 493.7 0O 0 0 0+ 124x10° gy, wa’
K¢ [ 0 497.6 0O 0 0 0 +1 085 <10 gog, 29°
KY Ky 0 497.6 0 0 0 0+ S2x10* weT.mpT, i
Eta ' Self 0 479 O 0 0 o0 0 S0 % 107 2y, 3" 2tee”
Rho p’ Self 1 775 O 0 0 0 o0 44 5107 gom-, 20"
p’ p 1 775 0O 0 0 0 0 44x10% g%°
and others
Barvons str,em.w  Proton p P ] 0383 +1 0 0 0 0 Stable
(3 quarks) Neutron n n i 9396 +1 0 0 0 0 8% pe” e
Lambda A? Av } 157 +1 0 0 0 =1 263x 10" pe, nx”
Sigma N = | 1894  +1 0 0 0 =1 080 x 10 , nar
p g | 1926 +1 0 0 0 =1 74x10r® A%
z- p | 11974 1 0 0 0 =1 148x 10" pg
Xi B = } 13149 +1 0 0 0 =2 290 x10r"  A%°
B =2* 3 1321.7 +1 0 0 0 =2 1Ax10rY A%
Omega 0 0 : 16725 +1 0 0 0 =3 082 x 10" E%, AK-, Er’

and others



Per quanto vivono le particelle?

TABLE 32-2 Particles (selected)’

Forces  Particle Anti- Mass B L, L, I, S Mecanlife
Category imolved  name Syvimbol particle Spin  (MeV/c?) [antiparsches have opposite sign|  (5) Principal Decay Modes
Fundamental
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Eta 0’ Self 0 479 O 0 o0 0 0 S50 % 107 2y, 3x° 2o a®
Rho po Self | 77" 0 0 0 ( 0 44 X107 gm- 20"
p’ p- | 77 0O 0 0 0 0 44x10 g%
and others B
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Modi di decadimento del bosone Z

Decade dopo 10-2° secondi

hadronic

£° = qq

leptonic

visible invisible
7° > ete’
Z°—> pt'w  Z° > vy

FASESE of



Modi di decadimento del bosone H

57.7% 21.5% 2.6%
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Modi di decadimento del bosone H
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C’e ancora tanto da fare...

https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics
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Gravitons
Carriers of
gravity

26.8%

Dark Matter

68.3% -1/ Ordinary “
Matter

Dark Energy

Felt by:
all particles with mass

All the weight we experience is the
result of the gravitational force

C’e ancora tanto da fare...

https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics



Gravitons
Carriers of
gravity

26.8%
Dark Matter

Dark Ener
:4'4 Folt by:
all particles with mass

68.3% -1/ Ordinary “
Matter

All the weight we experience is the
result of the gravitational force

C’e ancora tanto da fare...

https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics

Mass?

( \m) e

2.5x 107 eV? <

\
@
{| ® m,

7.6 x 10° eV?

?

0" Normal Inverted



26.8%
Dark Matter

68.3% XL/ Ordinary
Dark Energy Matter

All the weight we experience is the
result of the gravitational force

C’e ancora tanto da fare...

https://en.wikipedia.org/wiki/List_of _unsolved_problems_in_physics

Mass? -

2.5% 10° eV2<

{ @)

7.6 x 10° eV?

?

0" Normal Inverted




