Search for the Z and
Higgs Bosons

Christine Kourkoumelis

Stelios Vourakis
University of Athens




Hypatia of Alexandria

4 \;\ 3| ‘
W o . N
f’,‘\, f >y "
P M .
~,

= First Woman
Mathematician

= Alexandria, Egypt
(370 -418 B.C.)

HYPATIA




HY.P.A.T.LLA.

Event Display for real events from the
ATLAS experiment

Developed by the University of Athens

Part of several E.U. projects Learning with
ATLAS@CERN, The Pathway to Inquiry Based
Science Teaching, Discover the Cosmos, GolLab, ISE,

Creations, Frontiers, Reinforce.

Allows high school students and teachers to study
fundamental particles and their interactions

For scientific and educational use
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Heavy lon Collision Event
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Run 168665, Event 83797
Time 2010-11-08 11:37:15 CET




Does the Inertia of a Body Depend Upon
Its Energy Content? — Sep. 1905




Proton Energy

Proton rest mass = 1 GeV

Moving particle mass E =

Proton mass at 0,999999991c = 7000 GeV




2 UYKPOUOEIC
= Each proton has HEEERS AN
/ TeV energy (714 "

TeV total)

= Some of the
particles
produced are
unstable and
decay
immediately




Exercise




Exercise

Z%boson

= Carrier of the weak nuclear force (along
with W+, W-)

= Discovered in 1974 at CERN

= 1979 Nobel Prize in Physics, Glashow,
Weinberg ka1 Salam

= Neutral

= Mass 91.1876 + 0.0021 GeV
= Decays immediately (3x107%° sec)




Exercise

Discovery and calculation of the mass of Z°
Real Events

» 205 e +et Z0 >y + pt
= 2 Tracks, Opposite sign, Isolated

= [nvariant mass 91,2 GeV

= Low missing energy (Etmiss)

= Background events

= Usually contain only one lepton (W->lepton + v)
= Cosmic rays: opposing tracks on both projections
= High ETMiss (Neutrinos)




Exercise

Discover the Higgs

H_)ZZ_)4I electron muon .
L—e +et or LZ—-u+ut .\

0-0-0

= H->2e+2ef N\
s H->2u+2u* O
s H > e +et+p +p° positron anti-muon

= |solated Tracks

= 6 GeV Cut

= 4 track invariant mass

=  Simulated Higgs, mass 180 GeV




Exercise

Mass Histograms
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ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

: |

Hadronic Calorimeters

Inner Detector
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ATLAS

= Particle tracks appear as
lines In the various parts
of the detector

= The length of each track
depends on the particle
type

= Each particle leaves a
trace only on certain parts
of the detector depending
on its type

Innermost Layer...




animation .
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Created by T. Herrmann, 0. Jefibek, K. Jende, M. Kobe
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http://hypatia.iasa.gr/

= General information about CERN, LHC,
ATLAS

* Physics knowledge about the ATLAS
experiment

= |nstructions for the HYPATIA web
application

= | inks for more information




Demonstrator Name

Discover the Z and Higgs

Magnetic Field

English French Greek Portuguese
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