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IPPOG International Masterclasses
Concept

« Students are Iin the
position of a scientist

 Students are guided
by a Master (lecturer
or PhD student)

 Students form international collaboration

 Learn about fundamental subatomic particles and
Interactions, detectors, accelerators

« Active investigation: Measurements with real data from
scientific experiments (ALICE, ATLAS, CMS)
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Discover the Cosmos

 Impossible for all students visit the universities

» Possible to have similar experience at their schools with
their teachers

Discover the COSMOS portal is an
experimental e-laboratory for students
and teachers, aiming to improve science
Instruction by expanding the resources
for teaching and learning in schools,
providing more challenging and authentic
learning experiences

http://portal.discoverthecosmos.eu/
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Elementary Particles

I

—_—

_ ¢ Standard Model of Elementary Particles
You have learnt earlier,

that everything in nature consists
of just a few elementary particles
that interact by the exchange of
the force carrying particles

leptons quarks
force carriers




How do we know any of this?
Testing a theory

« To test theories, physicists put together experiments
and use what they already know to find out what they
do not know.

* These experiments may be simple, or they may be
huge and complicated.

« Standard Model rises out of thousands of years of
scientific inquiry, but most of the experiments that
have given rise to our current conception of particle
physics have occurred relatively recently.

http://www.particleadventure.orq
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How do we know any of this? An example

In 1909, the prevailing theory of the atom's structure was that
atoms were mushy, semi- permeable balls, with bits of charge
strewn around them.

Ernest Rutherford set up an experiment to test the validity of the
prevailing theory. In doing so he established a way that for the first
time physicists could "look into" tiny particles they couldn't see
with microscopes.

Gald Foil Ingredients
Badioactive Sovrce

* a beam
........ ?mp - . g target
’ Lead . a detector
£ire Sulfide Coated Screen
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How do we know any of this? An example

The Predicted Besult: The Result

Expected
Fath

E:-:pectecl

Marks on screen MMarks on Screen

The FPositive Nucleus Theory
Explains Alpha Deflection
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Resolution and wavelength

The proper wavelength allows us to “see”
different objects with adequate resolution
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How we see
different-
sized
objects:

DMA

atom

nucleus

electron
microscope

9/7/2013 D. Fassouliotis,UoA 10



9/7/2013

D. Fassouliotis,UoA

11



Accelerators

e Particle source

 Electric fields
to accelerate particles

* Magnetic fields
to guide particles
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LHC dipole magnets

Superconducting Coils

Spool Piece
Bus Bars

Quadrupole

Magnetic Field tor Dipoles
p (TeV) = 0.3 B(T) R(km)

15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

Instrumentation
Feed Throughs

For p =7 TeV and R = 4.3 km
= B=84T

1232
32 magnets = Current 12 kA

The coolest ring on earth 1,9 Kelvin
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CERN Accelerators

CERN Accelerators

(not to scale)

0.999999c by here

rausnnes w Gran Sasse (1)

0.87c by here

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS5: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Encrgy lon Ring

CNGS: Cern Neotrinos to Gran Sasso

0.3c by here

ol LEY, %5 Dviscn, CERN, 0208 96
Revised sl adupied by Asswsnells Dl Rosa, ETT D,
it coliatersson wieh B, Dostorges. 32 iv., asd

03, Mangjmlci, P5 Difv, CERM, 23,0501

Start the protons out here
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Collisions at LHC

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10'2 eV)
Luminosity 10* cm? s

Bunch Crossing rate 40 MHz
Proton Collisions = 107 - 10°Hz
Parton

(quark, gluon)

Selection of 1 in
10,000,000,000,000

Particle

9/7/2013




9/7/2013

D. Fassouliotis,UoA

17



9/7/2013

Detectors at the 60s

D. Fassouliotis,UoA
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Modern Detectors

We exploit particle interactions with matter

Tracking Electrormagnetic Hadron Muar
charmber calorimeter  calorimeter chamber

photons

At least four
consecutive
layers

inside " » outside
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Modern Detectors

Discovery of the W and Z bosons Discovery of the top quark
at UAL1 and UA2 at CERN in 1983 at CDF and DO at Tevatron in 1996

Jet

Jet

Jet
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Modern Detectors

W and Z boson studies at LEP in CERN
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ATLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

a/712013~ 2980 scientists from 175 institutes in 38 countries 22
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ATLAS detector

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
’—,a: are invisible to
Neutrino the detector

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation
Trocku‘]g Trocker

Pixel/SCT detector
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ATLAS Online Luminosity

2010 ppWs =7 TeV
m— 2011 pp Vs =7 TeV
— 2012 pp Vs = 8 TeV
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4th July seminar
and ICHEP
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The cross-section of

How many signal events you see.
y sl y the process

Acceptance (A) and
N (eventS) — O IL dt . A E efficiency () — how
often a produced
particle is detected
Integrated luminosity: How much and reconstructed
beam you have collected 27
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Before searching for new particles
(the known ones should be rediscovered)
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Search for new particles
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Search for the Higgs boson in ATLAS

LHC HIGGS X5 WG 2012
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Search for the Higgs boson in ATLAS

QE‘ATLAS
EXPERIMENT
http://atlos.ch

H>ZZ*>4u event

(EATI.AS
EXPERIMENT
http://atlas.ch
Ru
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Search for the Higgs boson in ATLAS

1‘ AP.!VLMA(NY

H>ZZ*>4e event
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Search for the Higgs boson in ATLAS
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Events/5 GeV

Events / 2 GeV

Events - Fitted bkg

Search for the Higgs boson in ATLAS
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HYbrid Pupil's Analysis Tool
for Interactions in ATLAS

http://hypatia.phys.uoa.gr/

C.Kourkoumelis (UoA)
D.Fassouliotis "

D.Vudragovic (Belgrade)

S.Vourakis (UoA )

UNIVERSITY

\(
‘E: ; THENS

INSTITUTE
OF PHYSICS

BELGRADE

BEabirid Pupil®s Ana'“l"'{,: S
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HYbrid Pupil's Analysis Tool for Interactions inATLAS

neutrons)))
\ <&

Ti#, protons "¢

elegtrons
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Muon detectors
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The small "wheel”
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The large "wheel”

Muon detectors
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Today’s research:.

The carrriers of the week force (1983)

Z. neutral boson , mass ~ 91 GeV
Decay modes:

Z->lepton antilepton

(namely Z=->@+€-, Z->U+H-~, Z->1+1-, Z->V +antiv)
or Z-»>quark antiquark

You are going to look at «Z events» + ee +uu +
« background»+....
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Invariant mass of Z (H)
(calculated automatically by the HYPATIA tool)

Einstein’s formula
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1) Identify tracks
2) Identify events

(J/g, Y, Z)—et+e Zout+u
or in general e*+e- Mty
Background (W—e+v , W—p+v , jets etc)

3) Measure (50 Events)

Find (“reconstruct”) the above particles or discover the Higgs??
Higgs->ZZ->four leptons or H->two photons (gammas)
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