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

(patterns betray sub-structure)
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John Dalton: “Atomic Theory”.

Elements: Atoms come in different types (1803)

- Law of simple proportions:
20,+1CH,->1CO, + 2
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More patterns in Mendeleev’s
Periodic Table of Elements (1869)

50 a0 61 62| 63| 4] 65| 66| &:] 68 69 0| 7
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Th |Pa |U

Differences between materials are due simply to the number

@P@E@h@[&a@ﬂmbﬁm@s in their atoms.
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Nucleus at centre of atom
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Quarks

Neutron

[P Peterhouse Cambridee



Where we are now ...

The Standard Model

Scale in m: ELEMENTARY
PARTICLES
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Three Generations of Matter
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The STANDARD MODEL

ELEMENTARY
PARTICLES
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Three Generations of Matter

10



(*%E) Ey T AEF



Mass and the Higgs Boson

The Higgs Field

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

Interactions with this treacle
gives mass to particles

The Higgs Boson

IS a treacle-ball — something which
allows us to see the treacle itself
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Higgs Boson not Hog’s Bosun

Where's my Bosun}
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Is that i1t?
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Do the forces unify?

Quantum
Gravity
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Magnetism
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Standard Model Good | Standard Model
Bad

» No conflict with experiment (yet) Higgs boson not yet found!

*  Parts (QED) in extremely good Gravity Is not involve~
agreement with experiment — Dark matte~
even with atomic physics! o |~

* Agreement to twelve decimal (6\656 ‘ 0_\0“5‘- _arinos?
places ! E\Nega 5“59\ generations?

* Elementary parti-’ e'o\\\J .1y IS “lepton flavour conserved” ?
‘reasonr-’ “\5 CANS Other technical problems:

1\\3 pa"‘e — “Hierarchy problem”
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Supersymmetry?

Reverse the charges,

Matter  wanwesomns LAntlmatter

@ | @\

Electron Higgs Higgs Anti-Electron | Retain the char_ges,
reverse the spins.

(exchange boson
with fermions).

Selectron Higgsino Higgsino Anti-selectron

Supersymmetric Matter

l|||.o E?ﬁé’iil;fbff@%‘{%ﬁﬁﬁ@?ml?fah be heavier than its partner by no more than a TeV or sg.
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How do we find out more?
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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:
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http://upload.wikimedia.org/wikipedia/en/b/b4/Oxford_University.svg

Atomic ' Progression in energy:
Structure

—y  electron
~ ' 16 volts to pull an electron off
(_ ..-ﬁ‘r _ an atom
R, _
&
CZH Vo%

e

F v i,
i ‘

r
- i
Nucleus g 0 “ 100 billion volts to knock a

uark out of a proton
Neutron Proton d P .

100 million volts to break up a
nucleus into protons +
neutrons




To make progress, it was decided to try for ...

Spark could jump 5000 km in air

~radius of The Earth)
[P Peterhouse Cambridge
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Can get to 1 million volts with this:

[P Peterhouse Cambridee
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For 100 million volts or more need

“carrot and stick”

[P Peterhouse Cambridge



Donkey accelerator

fooor
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Principle of Radio Frequency Cavity (RF Cavity)
[P Peterhouse Cambridge
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The Large Hadron Collider
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Structure of the Large Hadron Collider

POINT 5
CMS

POINT 4.

RF POINT 6

Dump

POINT 3 POINT 7
Momentum - ~ Betatron
Cleaning Cleaning
POINT 2 POINT 8

Alice LHCb

Beam 1 PO|NT 1 Beam 2

Atlas 16 Sep 2008 10:15
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Simple experimental technique:

Collide PROTONS and see what happens.
@Peterhouse Cambridge
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LHC Detectors

General purpose detectors
(good for everything...)

“\! dedicated for dedicated for
Heavy lon collisions b-physics

[P Peterhouse Cambridge 39




The “ATLAS” Experiment

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

[P Peterhouse Cambridge 0



A closer look at “ATLAS”:

ner-=e

Muon Detectors Tile Calorimeter Liquid Argon Calorimeters §

WP&t@ThOUS@ @&mﬂ&gi{ﬂge Solenoid Magnet SCT Tracker Pixel Detector TRT Trackér



[P Peterhouse Cambridee



Common misconception:

* “Particle physics detectors take pictures of
* Electrons
* Quarks
* Gluons
* Photons
* Gauge bosons
* Supersymmetric particles
* New Particles

— If they are Iin our events.”

* REALITY Is quite some distance from this,
which is why discoveries take time!

[P Peterhouse Cambridee
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What is the problem?

—

~.

All the exciting things

What we can see

[P Peterhouse Cambridee u



Interesting things are hidden and we are blindfolded

Average
direction of
things
which were
invisible

electron

Hadronic
Jet

[P Peterhouse Cambridee s

photon



Then March 2010, records broken: 3.5 TeV per beam!
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Latest results (yesterday!) ...
... where Is “Supersymmetry” ?

Squark-gluina-neutraling model (m __ =0 GeV)

1000 T NG T, g T
|
I ]
750 =
500
250
0
0 250 500 780 1000 1250 1500

[P Peterhouse Cambridee

2000 7T ATLAS Prelm
= 1 A Preliminary
% 1! | 0tplon201t combined

H | Yo i
;1?5{} 1 O obsarvad 85% G L. [imi
% ! = === GL, median expacted limit
E AN L ewp imit e, 99% OL
« 1500 Y
= \ = 2010data PCL#5% C.L Iimt
= Yoo T oo Va7 Tay
» 1250

. 1760 2000
gluino mass [GeV]

400

300

200

MSUGRA/CMSSM: tanfi = 10, A =0, u>0

HE

052011, |

ATLAS Preliminary D lepton 2011 combinad

L =104fb ' 18=7 TeV — CL, absened 95% C.L, limit

S LER2 o -=== CL, median expectad limit

D0 g, d, tanp=3, p=0, 2.1 «o exp, limit 58%., 9% CL

PN COF 54 tanf=5, p=0, 2 [k # Relerence point

B Thearetically excluded — 2010 data PCL 95% C.L. limit
[ e . 1 =
— ' L\,.h : H —
- E S e '

a2

500 1000 1500 2000 2500 3000 3500
m, [GeV]
47



Latest results (yesterday!) ...
... where Is “Supersymmetry” ?

Squark-gluina-neutraling model (m __ =0 GeV) MSUGRA/CMSSM: tanf} = 10, A = 0, p>0
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. Where is the “Higgs Boson” ?
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Higgs “washing line” sagging under the
weight of LHC data __(=socks)
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Higgs results as of Sept 2011
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Get the results yourself!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic

[P Peterhouse Cambridee
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CERN has many accelerators
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The two proton extractions

[P Peterhouse Cambridee
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The two proton extractions

/
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The two proton extractions

[P Peterhouse Cambridee
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The proton extraction signatures for the
“first” and “second” extractions.

Extraction 1 om | Extraction 2
2009- 2011 0r E fv\j\ 2009- 2011
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Fig. 9: Summed proton waveforms of the OPERA events corresponding to the two SPS extractions for the 2009,
2010 and 2011 data samples.
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CERN NEUTRINOS TO GRAN SASS0
Underground structures at CERN

R Excavated
B Concreted
e Decay tube

{2nd CONTRACT)

06/ 200
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Making neutrinos from the protons
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Fig.2: Lavout of the CNGS beam line.
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Neutrinos go through planet to Italy

[P Peterhouse Cambridee 2



What the neutrino distributions look like
on arrival (data points) compared to
protons at production (red curves)

First extraction
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Fig. 11: Comparison of the measured neutrino interaction time distributions (data points) and the proton PDF (red
line) for the two SPS extractions before (top) and after (bottom) correcting for 6t (blind) resulting from the maximum

likelihood analysis.



To measure a speed,
heed distance and time

[P Peterhouse Cambridee



GPS
CERN commaon view LNGS

, ure |
- _,;I(M "w."ml Sk M
i | time shift by TOF,
i ~waveforms data
e S
BCT  target decay tunnel OPERA
L baseline = (TOF,)

5t=TOF_-TOF,




Daily coordinates, site: LMGS
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The OPERA neutrino result

5t = TOF. -TOF, = (60.7 + 6.9 (stat.)

/

But this only includes the
known unknowns.

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

e 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!
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Let’s finish here!
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