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What are the
fundamental
constituents of

matter?
What are the forces mediating

the interactions between

elementary particles??
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Matter Constituents

Bound state of 3 quarks = Baryon
Bond state of quark anti-quark = Meson



The Beginnings

Cloud Chamber for the
study of cosmic rays

Carl Anderson

Positron (1932)
Mesotrone (now Muon) 1936




Discovery of the pion

Pion decay in a nuclear emulsion
Lattes, Occhialini, Powell, 1947



1947 Discovery of the K

Rochester & Butler:
Cloud chamber exposed to cosmic rays



With Hindsight...

Dessin stéréoscopique de la collision.

Leprince-Ringuet e L'Héritiere, Camera di Wilson, 1943
Diffusion of positively charged particles on atomic electrons.
Assuming elastic diffusion:

990 m, ~ 500 MeV ...with hindsight ...

Perhaps Kaons were discovered even before pions!



Discovery of 77
now K*sz*n‘n)
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“Stripped” emulsion technique, Bristol group, 1949

...and then things moved fast thanks to accelerators...
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Cosmic Rays




HOW Can we measure cosmic
rays?

Primére Kosmische
Strahlung



Each second....

¢ ...for each square meter

¢ ~200 Particles

= Where are they coming from ?

= What are they?

= Which information are they carrying?




Where are they from?

= From the Sun

= From Galaxies

= From Supernovae




Primary Cosmic Rays...

Composition is
unclear

They mteract in the
| athmosphere




What do we observe’?

The products of
their interactions

Nuclei, and
elementary particles

« Showers of
particles




Spark Chamber in action



Particella

Elettrodi

Gas
nobile

Scintilla




Other detectors....

*
¢ Cloud Chamber Geiger-Muller Elettrometer




Cloud Chamber In action



HOW dOoes a cloud chambper
Work?

Hasser-Spiritus-Dampf




= Over hundreds of
square Km

- Measuring energies up
to 10%0 eV




Detectors of the Auger
Observatory.

Surface: 3000 km?2



The Three Frontiers




Cosmic Frontier

Map of the cosmlc black \
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Fermi Telescope

LAT Instrument
(Large Area Telescope under the AntiCoincidence Detector)

Tracker

AntiCoincidence
Detector

Solar Panels :
- LAT Radiator

GBM Instrument

= 7507 o,
(GLAST Burst Monitor) oty

/
Ku-Band Antenna

GLAST

Gamma Ray Large Area Space Telescope
http://www.nasa.gov/glast




Fermi satellite: map of yrays
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The “Standard Theory”

A 4

top photon

s b 9

strange  bottom YU
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1eV~1.6101]

1keV =103 eV
1MeV =10° eV
1GeV =10° eV

m;~938 MeV

IUOIZEIDJU]

T W boson
electron muon tau

neutrino  neutrino neutrino Z
105 MeV 1.8 GeV

Vy V

Iu T Z boson

electron muon tau

Generations 1| 11 111 To each particle
corrisponds an antiparticle



Elementary Particles

Leptons




CERN: European Organization
for Nuclear Research

The Twenty Member States of CERN

lember States (Dates of Accession) LER LHC
_— AUSTRIA (¢l -’_ IMARI E GREECE (1953) J|||= NORWAY (1953) - SPAIN (1/1961.12/1968-1/1983)
l BELGIUM (1 := FINLAND (1991 —] HUNGARY (1992) - POLAND (1991) + SWEDEN (1953)
= BULGARIA (1999) l FRANCE (1953) . 1 PORTUGAL (1986) + SWITZERLAND (1953)
‘ R (1993) M CERMANY (1 L NETHERLANDS (1953) _ SLOVAK FR (1993) %% UNITED KINGDOM (1953)
~ Near Geneva across
21 Member Stat .
ember States Switzerland and France

CERN Mission Statement: Research, Technology, Collaboration, Education



CERN Accelerators

CERN Accelerators

(not to scale)

LHC Collider

Neutrinos

— PrOIONS
—  @nliprolons
— 008

nautrinos to Gran Sasso (1)

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice Gran Sasso (T)

PSB: Proton Synchrotron Booster 730 km

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy Ion Ring Rudslf LEY, IS Division, CIRN, 02.09.96

IGS- : - Revised ssd sdspied by Aseonell Del Roww, ETT Div
CNGS: Cern Neutrinos to Gran Sasso in collahoracion with B. Desforges, SL Div., asd

D, Mangluski, P§ Div, CHRN, 23,0501




Example of LHC experiment:CMS

° e > 4 -.’7 As.-'??,%";. - ‘i‘ ’ ,', ‘\
A modern experiments Wy & ’uuu,m N 5«
includes different detectors to '

measure different particles

We exploit the fact that
different particles interact in
a particular way with matter




Compact Muon Solenoid (CMS

Transverse Slice of the Compact Muon Solenoid (CMS)

[ Muoni;t*! ) " Neutral Hadron | ’Chaﬁed Hadron f Photon
—— mmmmem ) L et—— ) | e— )

Magnetic Field
Directed O ut

Tracker

N Electromagnetic
f ]']l] 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.

Derived from CMS Detector Slice from CERN




Proton Proton Interactions in CMS

How many p-p interaction can you find?




ATLAS Experiment: Z — e*e"

~15 E; (GeV)

Run Number: 154817, Event Number: 968871 E, ()= 45GeV E, () = 40GeV
Date: 2010-05-09 09:41:40 CEST n (e)=0.21 n (e") =-0.38
M,_=89 GeV 10

Z>ee candidate in 7 TeV collisions

Can you identify the electron pair?



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

P, (W) =27 GeV n(u)= 0.7
p,(H*) =45 GeV n(u) = 2.2

M =87GeV
Hu :

Z>uu candidate ‘ ,
in 7 TeV collisions | R b

Muons (u) are like electrons..but ~200 times heavier...
Can you explain why they escape from the inner detectors?



W-ev candidate in
7 TeV collisions

DY

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)???



CMS: Events selected with pt pu~ pairs

trigger paths
-1
2011 Run,L=1.1fb Jhy m

CMS \s=7TeV Wy
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How many “resonances” do you see ?




Particle Mass

¢ Equivalence between mass and energy:
¢ E=mc?

¢ Only ~1% of the proton mass is due to the
mass of the constituents (the quarks)

¢ The remaining 99% is due to dynamic effects

¢ Within the Standard Theory, elementary
particles and fields have no mass

¢ To produce mass one needs to break
necessario the electroweak symmetry
(Higgs mechanism)



Higgs Boson

Peter Higgs

i “THE FUNNIEST BOOK -

L ‘ . . °

\ . *LEpd I1S-THE MOST
ENGAGING PHYSICIST sINcE  ©
THE LALE, MUCH-MISSED

RICHARD FEYNMAN.”
~SAN FRANCISCO EXAMINER

IF THE
UNIVERSE
IS THE
ANSWER,
WHAT IS THE
QUESTION?

. LEON
L LEDERMAN

i@ 1CK TERESI




...From the “Quantum Diaries” Blog

P € €3
e

@ ¢ .... Three Higgs give

mass to the vector
bosons and
disappear... only
one remains




Discovery of Higgs-like boson:
CERN July 4, 2012

Events / 3 GeV

CMS Preliminary

fs=7TeV,L=5.05fb";{s=8TeV,L=12.21fb"
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X weights - Bkg

¢ Data
Sig+Bkg Fit (m =126.5 GeV)
Bkg (4th order polynomial)

{5=7 TeV, ﬁc::g;:‘\"\,\

{s=8 TeV, [Lat=5.91b"

4 Data S/B Weighted
—— Sig+Bkg Fit (m _=126.5 GeV)
Bkg (4th order polynomial)
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@ATLAS
EXPERIMENT

http://atlas.ch

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

EXPERIMENT
http://atlas.ch
Run: 204769

Event: 71902630
Date: 2012-06-10

Time: 13:24:31 CEST
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%ATLAS

EXPERIMENT

W “ J http://atlas.ch
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Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST



Frontiera dell’Intensita :
Neutrini

strange

|||||||||

electron neutrino muon nev tau neutrino

47
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CERN Neutrinos to Gran Sasso:

31565IN 18503



Long Baseline neutrino beam

YWACELY

Expect ~10 v_ events in OPERA

50



CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN Access shaft P—

PGCH SPS/ECA4

P Excavated

I Concreted | - "?

B Decay tube : i - ! . //

(2nd contract)

TCV4 sump
30 mA3

TSG4 sump
30 mA3

TNM41 sump
8 mA3

TZ sump
8 mA3

TNM42 sump
8 mA3

,06 /2003
CERN-AC-DI-MM
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CNGS: secondary beam

Helium bags Decay tube Hadron stop Muon detectors

Target " Reflector R /K - dec /// % //

Horn

= W Y wuo -
F,—n)gn#-\w__ | ﬁi
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Operazione SPS per CNGS

OP Vistars
SPS-PAGEL Current user: CNGS1 23-08-10 08&8:55:00
SC 20631 (38BP, 45.635) FT: 90 ms 23-08-10 0&8:54:21
o
“\ —

— - . . a "
Target I/E11 MUL %SYM Experiment

T2 63.3 8 97 a H2/H4

T4 49.2 & 98 a H&6/H&

T6 247.6 9 96 a COMPASS
T10 0.0 0 0

CNGS T40.1 180 E11 OK(0) Comments (22-08-10 21:02)
CNGS T40.2 203 E11 OK (0) Phone: 77500 or 70475
User Injected Flat Top

CNGS1 4252 E10 4077 E10




Dark MAtter? Dark Energy?

25% park Matter

0% Dark Energy

¢ Dark Matter is invisible

matter, it does not emit
light. Its evidence comes
from the study of the
motion of galaxies and
groups of galaxies

Dark Energy is the term
iIntroduced to justify the
acceleration of the
Universe expansion (is it
equivalent to Einstein’s
cosmological constant)



Summary

¢ This is asimple introduction meant to entice your
Interest

¢ During the semester we will explore many more
aspects relating the infinitely small to the
Infinitely large

¢ Next Tuesday, to start with, we will have a special
guest: distinguished theorist Chris Quigg telling

us about the Higgs Boson, Symmetries and much
more!



