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Particle Physics in one slide: Standard Model

o All matter is made up of spin !
fermions: quarks and leptons

o Four forces

o (Gravity)

o Electromagnetic

o Weak

o Strong

o Forces from spin 1 gauge bosons

o  !, Z, W, g

Standard model tested to high precision
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How many neutrinos? (LEP @ CERN)

o Measure “invisible width” of Z boson:

o Excellent Agreement w/Standard Model

0083.09841.2
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Interference in Production of W boson pairs

o Cross section sensitive test of theory

o Three contributions

o LEP data in excellent agreement with model
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Why keep looking?
o The Standard Model is  very

successful

o As of now, we have nothing in

experiment that contradicts this model

o Missing: Higgs boson

o Final piece of puzzle

o The Higgs boson is responsible for the

spontaneous breaking of electroweak

symmetry

o Consequence of breaking of

electroweak symmetry:

o Matter particles become massive

o W and Z bosons become massive

! We need to find it!

More recently:

114< mh < 196 GeV
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Beyond the Standard Model
o Many questions are left

unanswered:

o Gravity?

o Matter-antimatter asymmetry?

o Dark energy?

o Particle masses?

o Internal inconsistencies

o “Hierarchy problem”

o We need “something else”

o Grand Unified Theories

o String theories

o Technicolor
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New physics hints already in data?

tt
Standard Model top or

top + something else?

Total event energy

Kinematics in Dilepton Events

Last time we looked, we saw something intriguing here….
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Supersymmetry – one possibility
o Based on fundamental symmetries

o Many string theories are
supersymmetric

o Solves some technical problems of
Standard Model

o How: double particle spectrum!
o Worked before: postulate positron for

quantum mechanics

o Introduce “super-partners” with
different spin
o Makes theory self-consistent

o Also provides dark matter candidate

o But: where are they?
o M(positron)=M(electron)

o But not so for ~e

o SUSY is broken!

o Should be visible in near future…
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Re-examine those events – SUSY?

 

Two (out of 9) CDFI di -lepton events have  unexpectedly large MET+ !Et
lepton

, (both 

give very poor “fits” to tt hypothesis); one such event exists in D0 sample. (Flagged 

by Hall and Barnett as candidates for SUSY events in their DPF 96’ paper).  
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tt
Regular top or SUSY?

tt

Total event energy Angle btw leptons

CDFI

D0

CDFI

Kinematics in Dilepton Events

ttbar or cascade

decay of

squarks with

masses around

300 GeV?

Theory interest from Barnett and Hall, Phys. Rev. Lett. 77 3506 (1996)

Could that intriguing set of events have been a hint for SUSY?
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Switch gears: let’s look at some data

o Study details of particles

we know about

o Final state is “simple:”

o Two electrons or muons

o Two neutrinos, which we

don’t detect

o Two b quarks

o We use these to infer the

presence of top quarks

o But is it really that simple?
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Particle Accelerators (not here!)

o Collide protons and (anti)protons at some of the largest
machines in the world!

Geneva
CMS

ATLAS
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Aside: Jelly Donuts?
"It really doesn't

sound like a lot, but

try eating two jelly

doughnuts in 21

microseconds,"

Syphers said.



Peter Wittich 13

CMS detector overview
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Real life is messier…

•More than 60,000,000

channels

•Lots of other particles you

don’t care about

•How can you make sense

of it?

CMS Simulation

CMS Simulation

CDF Data
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Aside: Compare to CLEO event

o Ritchie showed this

picture a few weeks

ago

o CLEO events really do

look this nice

o Clean

o Very few tracks

o What’s the difference?
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Compare:

o Other quarks and protons also interact!
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Can see extra interactions
o Particles

come

from

multiple

points
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Identifying particles

Particles interact differently: build a detector to allow you to use

this: measure charge, lat. & long. shower profile gives it all!

neutrino
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Putting it all together: a top candidate

o Tracks – position,

momentum, charge

o Calorimeter – position,

energy, shower profile

o (electrons), jets

o Muon chambers –

penetrating power

o Energy imbalance:

neutrinos

o Displaced tracks – long-

lived particles

µ

µ

jet

jet

ET
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Now we have the tools: what can we do?

o Study the physics we

know

o Top quarks

o Force carriers: W, Z, etc

o Look for the physics we

expect

o Where is the Higgs?

o Hope for something

new to help us answer

the big questions…
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To Summarize o Particle Physics tries to

answer the big

questions

o How do gravity, strong,

weak and EM forces fit

together? Why do

particles have mass?

o We build huge

detectors to answer

these questions

o Always pushing

technology to its limits

o We expect great things

in the next few years!
Artist rendition of Higgs 

boson at Guggenheim


