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Recap:  Particle Physics,
The “State of Play” and “Why we bother!”

(patterns betray sub-structure)
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Not really a pattern.  More a set of labels.
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John Dalton: “Atomic Theory”.
Elements: Atoms come in different types (1803)

• Law of simple proportions:

2 O2 + 1 CH4 -> 1 CO2 + 2 
H2O

An observed pattern tells us about 

substructure.

Tells us: THINGS ARE MADE OF 

ATOMS
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More patterns in Mendeleev’s 
Periodic Table of Elements (1869)

Differences between materials are due simply to the number 
of protons and electrons in their atoms.

This time we learn that atoms have substructure.

Atoms are made of something else!
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Nucleus at centre of atom

PROTON
NEUTRON
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Quarks

Proton

Neutron

Gluons
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Where we are now …

The Standard Model
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The STANDARD MODEL
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Mass and the Higgs Boson

The Higgs Boson

is a treacle-ball – something which 
allows us to see the treacle itself

Endows space with a kind of 
all-pervasive sticky-treacle
 

Interactions with this treacle 
gives mass to particles

They then travel slower than the speed of light

The Higgs Field
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Higgs Boson not Hog’s Bosun

Where’s my Bosun ?

He’s over here!
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Is that it?
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Do the forces unify?
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Standard Model 
Bad

Standard Model Good

• No conflict with experiment (yet)
• Parts (QED) in extremely good 

agreement with experiment – 
even with atomic physics!

• Agreement to twelve decimal 
places !

• Elementary particle content 
“reasonably” small …

• Higgs boson not yet found!

• Gravity is not involved!

• Dark matter not explained

• Lots of strange structure:
– Why so very light neutrinos?
– Why three generations?
– Why is “lepton flavour conserved” ?

• Other technical problems:
–  “Hierarchy problem”

But regardless …

The patterns are jolly suspicious!

http://shop.butterflywisper.com/images/Product_pics/soap_glycerin/rose_soaps/rose_yellow1.jpg
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Supersymmetry?

Electron Higgs Anti-ElectronHiggs

Selectron Higgsino Anti-selectronHiggsino

Matter Antimatter

Supersymmetric Matter

ReverseReverse the  the chargescharges, , 

retain the spins.retain the spins.

Retain the charges,Retain the charges,
reversereverse the  the spinsspins..
((exchange boson exchange boson 

with fermionswith fermions).).

For technical reasons each sparticle can be heavier than its partner by no more than a TeV or so.  

http://images.google.co.uk/imgres?imgurl=http://www.werbeservice.de/images/eyecatcher_comic_3/kreisel.jpg&imgrefurl=http://www.werbeservice.de/produkte/1035/Aufkleber_Kreisel.html&h=193&w=150&sz=7&hl=en&start=74&tbnid=7hG_XD3DJ1JI3M:&tbnh=98&tbnw=76&prev=/images%3Fq%3Dkreisel%26start%3D60%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.co.uk/imgres?imgurl=http://www.werbeservice.de/images/eyecatcher_comic_3/kreisel.jpg&imgrefurl=http://www.werbeservice.de/produkte/1035/Aufkleber_Kreisel.html&h=193&w=150&sz=7&hl=en&start=74&tbnid=7hG_XD3DJ1JI3M:&tbnh=98&tbnw=76&prev=/images%3Fq%3Dkreisel%26start%3D60%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.co.uk/imgres?imgurl=http://www.werbeservice.de/images/eyecatcher_comic_3/kreisel.jpg&imgrefurl=http://www.werbeservice.de/produkte/1035/Aufkleber_Kreisel.html&h=193&w=150&sz=7&hl=en&start=74&tbnid=7hG_XD3DJ1JI3M:&tbnh=98&tbnw=76&prev=/images%3Fq%3Dkreisel%26start%3D60%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.co.uk/imgres?imgurl=http://www.werbeservice.de/images/eyecatcher_comic_3/kreisel.jpg&imgrefurl=http://www.werbeservice.de/produkte/1035/Aufkleber_Kreisel.html&h=193&w=150&sz=7&hl=en&start=74&tbnid=7hG_XD3DJ1JI3M:&tbnh=98&tbnw=76&prev=/images%3Fq%3Dkreisel%26start%3D60%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
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Confusion 
and/or large 
numbers of 
gods …

Year
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?



How do we find out more?



Sometimes only one experimental technique:

Collide things and see what happens.



Is this difficult?

Will mention just collision 
and acceleration !
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What you need:
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A simple accelerator:

Accelerating voltage is all th
at matters!

http://upload.wikimedia.org/wikipedia/en/b/b4/Oxford_University.svg
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16 volts to pull an electron off 
an atom

100 million volts to break up a 
nucleus into protons + 

neutrons

100 billion volts to knock a 
quark out of a proton

Progression in energy:



27

To make progress, it was decided to try for …

  

Spark could jump 5000 km in air
(~radius of The Earth)
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Can get to 1 million volts with this:



For 100 million volts or more need 

“carrot and stick”
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Donkey accelerator

Principle of Radio Frequency Cavity (RF Cavity)

http://images.google.co.uk/imgres?imgurl=http://www.kamdhenu.info/Vegetable/Carrot.jpg&imgrefurl=http://www.kamdhenu.info/vegetable.aspx&usg=__nBXmZNTL7sQz37n10vA34DXSKy0=&h=800&w=393&sz=128&hl=en&start=2&um=1&tbnid=jWAZJKrcnM-jVM:&tbnh=143&tbnw=70&prev=/images%3Fq%3Dcarrot%26hl%3Den%26safe%3Doff%26um%3D1
http://images.google.co.uk/imgres?imgurl=http://www.kamdhenu.info/Vegetable/Carrot.jpg&imgrefurl=http://www.kamdhenu.info/vegetable.aspx&usg=__nBXmZNTL7sQz37n10vA34DXSKy0=&h=800&w=393&sz=128&hl=en&start=2&um=1&tbnid=jWAZJKrcnM-jVM:&tbnh=143&tbnw=70&prev=/images%3Fq%3Dcarrot%26hl%3Den%26safe%3Doff%26um%3D1
http://images.google.co.uk/imgres?imgurl=http://www.kamdhenu.info/Vegetable/Carrot.jpg&imgrefurl=http://www.kamdhenu.info/vegetable.aspx&usg=__nBXmZNTL7sQz37n10vA34DXSKy0=&h=800&w=393&sz=128&hl=en&start=2&um=1&tbnid=jWAZJKrcnM-jVM:&tbnh=143&tbnw=70&prev=/images%3Fq%3Dcarrot%26hl%3Den%26safe%3Doff%26um%3D1
http://images.google.co.uk/imgres?imgurl=http://www.kamdhenu.info/Vegetable/Carrot.jpg&imgrefurl=http://www.kamdhenu.info/vegetable.aspx&usg=__nBXmZNTL7sQz37n10vA34DXSKy0=&h=800&w=393&sz=128&hl=en&start=2&um=1&tbnid=jWAZJKrcnM-jVM:&tbnh=143&tbnw=70&prev=/images%3Fq%3Dcarrot%26hl%3Den%26safe%3Doff%26um%3D1
http://images.google.co.uk/imgres?imgurl=http://www.kamdhenu.info/Vegetable/Carrot.jpg&imgrefurl=http://www.kamdhenu.info/vegetable.aspx&usg=__nBXmZNTL7sQz37n10vA34DXSKy0=&h=800&w=393&sz=128&hl=en&start=2&um=1&tbnid=jWAZJKrcnM-jVM:&tbnh=143&tbnw=70&prev=/images%3Fq%3Dcarrot%26hl%3Den%26safe%3Doff%26um%3D1
http://images.google.co.uk/imgres?imgurl=http://www.kamdhenu.info/Vegetable/Carrot.jpg&imgrefurl=http://www.kamdhenu.info/vegetable.aspx&usg=__nBXmZNTL7sQz37n10vA34DXSKy0=&h=800&w=393&sz=128&hl=en&start=2&um=1&tbnid=jWAZJKrcnM-jVM:&tbnh=143&tbnw=70&prev=/images%3Fq%3Dcarrot%26hl%3Den%26safe%3Doff%26um%3D1
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LHC RF Cavity



The Large Hadron Collider
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Structure of the Large Hadron Collider
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Simple experimental technique:

Collide PROTONS and see what happens.
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27 km circumference

Large Hadron Collider, Geneva
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Circle Line … 
22.5 km circumference
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LHC Detectors

ATLAS

ALICE

CMS

LHCb

 General purpose detectors 
(good for everything...)

 dedicated for
 Heavy Ion collisions 

 dedicated for 
 b-physics 
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The “ATLAS” Experiment

7 TeV

7 TeV

The Semiconductor Tracker

LHC protons

 protons

Designed to “photograph” and then filter 
40 million collisions per second.



41Toroid Magnets    Solenoid Magnet    SCT Tracker     Pixel Detector    TRT Tracker

Muon Detectors                  Tile Calorimeter           Liquid Argon Calorimeters

22 m

46 m

A closer look at “ATLAS”:
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Common misconception:

• “Particle physics detectors take pictures of
• Electrons

• Quarks 

• Gluons
• Photons
• Gauge bosons
• Supersymmetric particles

• New Particles

– if they are in our events.”

• REALITY is quite some distance from this, 
which is why discoveries take time!
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What is the problem?

What we can see

What we can see

All the exciting things
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Interesting things are hidden and we are blindfolded

Hadronic 
Jet

electron

photon

Average 
direction of 

things 
which were 

invisible



Then March 2010, records broken: 3.5 TeV per beam!
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Latest results (yesterday!) …
… where is “Supersymmetry” ?
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Latest results (yesterday!) …
… where is “Supersymmetry” ?
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… where is the “Higgs Boson” ?
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Higgs “washing line” sagging under the 
weight of LHC data      (=socks)



51

Higgs results as of Sept 2011
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Get the results yourself!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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CERN has many accelerators

 start here 

 1 

 2 

 3 

 4 

 5 

PROTONS

 1 

 2 

 3 

 4 

 5 

LINAC2

BOOSTER

PS

SPS

LHC

50 MeV

1.4 GeV

26 GeV

450 GeV

7 GeV
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The two proton extractions
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The two proton extractions
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The two proton extractions
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The proton extraction signatures for the 
“first” and “second” extractions.
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Making neutrinos from the protons
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Neutrinos go through planet to Italy
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What the neutrino distributions look like 
on arrival (data points) compared to 
protons at production (red curves) 
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To measure a speed, 
need distance and time
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The OPERA neutrino result

But this only includes the 
known unknowns.  

The unknown unknowns could 
be of any size!
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Where next?

• MINOS vows to refute/confirm within ~ 6 months
• Theorists have published scores of ambulance chasing 

papers, but most Lorentz-Violating “tachyon” theories 
don’t sit easily with existing MINOS and SN1987a 
result.

• In the mean time, my money is on a gross mistake:
– Head of Department: “I’m too old for this”
– “Oops-Lion” 1976
– Double bump (forget name)
– Endless stories at coffee
– Internet makes things worse

• But amazing if it gets confirmed!



Let’s finish here!


