


What are the
fundamental
constituents of

matter?

Which are the fundament

interactions among particles?

How does the world function?

Nice
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Constituents of matter

Bound State of 3 quark = Baryon
Bound State quark anti-quark = Meson

Nice



Cosmic Rays




What does it come from the sky?
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How do we measure cosmic rays?

Primére Kosmische
Strahlung

200 particles / m? / s



From where?

= From our Sun

= From Galaxies

= From Supernovae

Nice



Spark Chamber

Nice



Cloud Chamber

Nice



Fermi Telecope

LAT Instrument
(Large Area Telescope under the AntiCoincidence Detector)

Tracker

AntiCoincidence
Detector

Solar Panels :
- LAT Radiator

-

GBM Instrument o : ""-~-.‘~_’:5_“17,§%

(GLAST Burst Monitor) fw by,

/

GLAST

Gamma Ray Large Area Space Telescope
http://www.nasa.gov/glast
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Map of gamma rays from Fermid
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The “Standard Model”

1eV~1.6101]
Fermions (Matter) Bosons
L/ [ 4 1keV =10% eV
top photon 1MeV =106 eV
1GeV =10° eV

d s b Y

strange  bottom UL

74

T W boson

mp~938 MeV
down

suonoeaju]

Ve Vﬂ V
electron muon tau
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Particle Interactions

Leptons




CERN: European Organization
for Nuclear Research

The Twenty Member States of CERN

LEP, LHC

Presso Ginevra a cavallo fra
21 Stati membri Svizzera e Francia

Le missioni del CERN: Ricerca, Tecnologia, Collaborazione, Educazione

Nice



Three Frontiers

Nice



CERN Accelerators

CERN Accelerators

(not to scale)

- \Large Hadron Collider

CMs

.

LHC

Neutrinos to

Gran Sasso
(until 2012)

— PrOIONG
e Oprolons
— lONS

nautrnes to Gran Sasso (1)

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy Ion Ring Rudalf LEY, 'S Divi

2 5 S b Revised xad adspted by
CNGS: Cern Neutrinos to Gran Sasso i collaborasion with B. De:

D, Mangluski, P§ Div, CERN
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Example of LHC Detector: CMS

Detectors are instruments
That enable us to record the
Results of the collisions

Nice



Compact Muon Solenoid (CMS)

Transverse Slice of the Compact Muon Solenoid (CMS)

[ Muoni;t*l ) [ Electron ) " Neutral Hadron | f Chaﬁed Hadron [ Photon
—-— mmmmmm ) L o— ) . e— )

Magnetic Field
Directed O ut

Tracker

N Electromagnetic
f ]'1'] Calorimeter

HCAL - Hadron Superconducting
Calorimeter Solenoid Iron return yoke interspersed
with Muon Chambers

Transverse slice
through CMS Click on the buttons above to see how each particle interacts with the detector.

Use the Play Button to see all of them.

Drerived from CMS Detector Slice from CERMN




The challenge of data taking at LHC

How many p-p interactions can you find ?




A few examples of nice

29 e+e_ Collider events.......

Run Number: 154817, Event Number: 968871 15 Er (GF_:/%e) 45GeV E, (€) = 40GeV
Date: 2010-05-09 09:41:40 CEST 1 (€)= 021 (€)= -038
M_= 89 GeV 10

Z»ee candidate in 7 TeV collisions

Can you find the electron pair? .



Run 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p (M) =27GeV n(u)= 0.7
p,(u*) =45 GeV n(u) = 2.2

M =87 GeV
i

Z>puu candidate
in 7 TeV collisions

Muons () are like electrons..but ~200 times heavier...

Can you explain why they escape from the inner detectR’rs?
ice



W-ev candidate in
7 TeV collisions

p,(e+) =23 GeV
nie+)= -0.64
E,™=31GeV
M., =55 GeV

Run Number: 152777, Event Number: 3276028
Date: 2010-04-10 12:07:39 CEST

Can you see the neutrino (v)???
Nice



Triggering on di-muons at 1032-1033 with CMS

trigger paths
2011 Run, L =1.1 fb” '

CMS \s=7TeV W Jy
Bs — u'w
Y
il low p_ double muon
high p double muon
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M (B, B,) = /(E, — E,)* — (P, - B,)’

—

=(E,P) Whatis a “four-vector”??

-
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102?E

|
102

dimuon mass [GeV]

The invariant mass M is a Lorentz scalar: what does 1t mean?
How many “resonances” can you find? Nice




DISCOVERY OF THE HIGGS
ATLAS CMS

+ Do CMS Preliminary fs=7TeV,L=505f";ys=8TeV,L=12211fb"
——— Sig+Bkg Fit (m =126.5 GeV)
Bhkg (4th order polynomial)
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H— Z Z* —pt - pt

QATLAS
EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

Nice



@ATLA

EXPERIMENT
hnp //a tl
Bvent: 719063

Date: 2012-06-10
Time: 13:24:31 CEST

Nice



§

ATLAS

EXPERIMENT

Run:

Event
Date:
Time:

http://atlas.ch

204769
1 71902630
2012-06-10
13:24:31 CEST



How to make a neutrino beam

Helium bags Decay tube Hadron stop Muon detectors

orn J

Target " Reflector \as n/K-dec// 70 //% /a(
] n\ K decl) T

— ﬁ-\\. Pion / Kaon
Proton il -/

beam

3Nice



Long Baseline neutrino beam

v /year)

3Nice



LY
TR AL

ory, |

¢ Chv e dgh LIS ~.Q.
’ WL EL LR O A '
L) ” +
b -- o. -. .-,-. .-...... (Y“..F.:...v‘hﬁ\. : ”m
R I R
’ .“ \\ .\Hu
=
=
‘\.
v,
s
4

<P
e’
c
2]
=4
o
© yuu

Japan)
is made of?

1NnoO
Do you know what the

Superkam
Detector
Detector

Neutr



ICARUS Bubble Chamber

E
[MdS\B]

185116

192116

142412
9418
2612

14112

Shown at NEUTRINO-2012 173510 |
In Kyoto by F. Pietropaolo 3Nice




Baryon Asymmetry of the Universe
(BAU)

o _d

ANTIMATTER'S
GONE MISSING...

ABoUT 15
e LRC

nquark'nantiquark/nquark (PI’O'[O Universe) ~nbaryon/nphoton (Today)~5><10-10
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Ultra-rare K De

O

cays

¢ Thecontributionto

these processesdueto the
Standard Theory is strongly
suppressed (<1019 and
calculable with excellent
precision (~%)

¢ Theyarevery sensitiveto

possible contributions from
New Physics

Nice
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Ultra-Rare K decay
experiment CERNLSPS




Dark Matter? Dark Energy

25% park Matter

70% Dark EnergY

Dark Matter is matter that
emits minimal to no light.
Its evidence comes, for
Instance, from the orbits
of galaxies in galaxy
clusters

Dark Energy is the term
used to explain the
accelerating expansion
of the Universe
(Cosmological
Constant?)

Nice



Supernova
Cosmology
Project
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Dark Matter and Gravitational Lensing




