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Today

 Review topics for course
e Review Lagrangian

e Homopolar Motor Demo
e Survey

o Particle fever
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Particles of the Standard Model

Up Strange| | Top Electron| | Muon Tau Photon| | Gluon
4

O/ ® ® & 6 &
Electron Muon Tau :

Down | |Charm | [Bottom| || INeutrino| |Neutrino| [Neutrino||| | W£, Z | | Higgs
Quarks: Leptons Bosons

Three makes a baryon
Two makes a meson

Top three are charged
Neutrinos are neutral

The Gauge bosons
carry force
The Higgs boson gives
some particles mass




Timeline

Neutrino Charm
1950's 1974
I/
Electron Bohr Model Neutron Muon Positron Quarks Bottom Top Higgs
1897 1914 1932 1955 1968 1975 1995 2012
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electrons

http://www.pd.infn.it/~dorigo/omega-dia-w.gif



Methods of Particle Detection

Cloud Chamber

Particles leave tracks
of ionization, clouds form

measure cosmic rays
at different altitudes

Cherenkov

Particles moving faster than speed of
light in medium, polarize medium

glass/water
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RICH

Scintillation

Particles excite electrons in media,
media emits light

transparent, plastic scintillator

light insulation

photo detector
(PMT)

Build into
array

L ] "
Silicon
Silicon detectors used for
precision tracking




Cyclotron

Lawrence in 1929, 500MeV
Electron starts in center

Magnetic field bends around In
circle

Passes through voltage
gradient multiple times

does not depend on radius.
Useful property of cyclotron

Electron beam*
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Radio Frequency Cavity

RF Cavity (metal)

Metal amplifies the microwave
Very high wattage, driven by klystron machine

http://www.phys.vt.edu/~kimballton/gem-star/workshop/images/sc_cavity.jpg http://at-dep-acr-op.web.cern.ch/at-dep-acr-op/images/module_LHC.jpg



Detector Composition
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Electron
Charged Hadron (e.g. Pion)

— — — - Neutral Hadron {e.g. Neutron)
----- Photon

Silican
Tracker

! Electrornagnetic
}_|" ] ] Calorimeter

Hadran Suparconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through ChW5

T By, CERN, Felwroaay 2004

http://www.lhc-closer.es/img/subidas/CMS_Slice.gif




Energy frontier: CMS
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Total W'aight : 14,500 t.
Overall diameter: 1460 m
Overall length : 21.60m
Magnetic field : 4 Tesla

http://msnbcmedia.msn.com/i/MSNBC/Components/Photo/_new/110831-coslog-cms-230p.jpg , https://c1.staticflickr.com/9/8174/8040228597_19bb374b03_z.jpg , http://www.ncp.edu.pk/images/rpc/cms-3d-detector.gif


http://msnbcmedia.msn.com/i/MSNBC/Components/Photo/_new/110831-coslog-cms-230p.jpg
https://c1.staticflickr.com/9/8174/8040228597_19bb374b03_z.jpg
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Higgs and J/psi Discovery

e Data2011+ 2012 ATLAS

— [ SM Higgs Boson *

- | H—ZZ*—4l

- m,=124.3 GeV (fit) - J- _ Py
" [ Background Z, ZZ* \s=7TeV |Ldt=461b
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~ [ Background Z+jets, tf

— %7/ Syst.Unc.

e

L 4

100 150 200

EVENTS /25 MeV

B8O

T

s0

a0 I

40

30

é

10

I 292 Evants-—{ ] F-——

SPECTROMETER

g &1 normal current
(] -10% curran

1 1 L
2.5 2.75 3.0 3,25

http://dorigo.wordpress.com/2007/11/15/top-quark-a-short-history-part-i/



Review of Lagrangian Method
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Lagrangian

e L=T-U
— T=Kinetic energy
- U=Potential energy
- Example: L=(mv”*2)/2 — mgXx
e Equation:
— dL/dx = d/dt (dL/dv)
- -mg=d/dt (mv)
- a=-g, which we know is the right answer
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Standard Model Interaction Lagrangian
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http://web.mst.edu/~hale/courses/Physics 357 457/Standard.Model.Lagrangian.fall.2010.jpg
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Homopolar Magnet Demo
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Evaluation Survey
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Particle Fever, Left over Questions?
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