Title: The Large Hadron Collider: The Start of a New Era or the End of the World?
Date: Jul 11, 2011 10:30 AM
URL.: http://pirsa.org/11070030

Abstract: The Large Hadron Collider was recently switched on, then broke and was switched on again. It has started producing collisions that probe
Nature on the smallest distances yet reached. What broke when it was switched on? How does one detect what comes out of these collisions, and
what can the result tell us about how Nature works on these scales? This talk briefly describes what we think we know, why it may be wrong, and
whether (in either case) it will destroy the world.
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* What 1s 1t?
» The machine and recent events
° \‘-1‘*_}1”\. was 1t built?
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soot in the beam pipe

(normal copper looks red)
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1200 superconducting magnets
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Safe! Copper bus takes the current dunng
the current decay following the quench
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Replaced 14 quadrupoles and 29 dipoles,
34 interconnections fully repaired

e _ = _=_ F9F ___ " a3



he Machine

What if there are also problems with the other
2 - { ' 7. T T
The Accelera magnets that did not (vet) fail?
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- T_HC DCLQLIOI Can measure resistance of connections to
infer which are bad

worst magnet (at 300K): 50 p€2
At 7 TeV believed safe even with 120 u€

At 10 TeV believed safe even with 70 puQ
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But some sectors remain cold

lakes months to heat and recool and there is
not enough storage for the He: n€ resistance
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e The Accelera

The Plan: run at 7 TeV (3.5 on 3.5) until 2012,
* The Dt wen shut down and upgrade to the design of 14
IeV.

But some sectors remain cold

lakes months to heat and recool and there is
not enough storage for the He: nQ resistance
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* The Detectors (a personal look)
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The most important machine at CERN
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e What is 1t?
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« Why was 1t built?

o The Standard Model and its limitations
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Why was 1t
The Standc

 What might

Why was the LHC built?
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e Outlook Our presently successful understanding of elementary

particles and the four forces through which they
interact must break down at distances just out of reach.
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The Standard Model

Fermions Besons

The 12 known constituents of matter
and the 4 fundamental forces
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 The particles
Interactions

e Successes

e | imitations

Particle masses are due to the resistance of moving
through the Higgs vacuum.
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The particles
Interactions

[Limitations

The Hieos particle 1s a wave moving through this

Higos vacuum.
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So what’s wrong with the Standard Model?
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So what’s wrong with the Standard Model?

Observational Problems
Neutrinos appear to have masses. ..
Dark Matter and Dark Energy unexplamed..
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T henreticad Probloss require changes
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Problem: Why is the scale of Higgs symmetn
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Protons: the nuclear scale " 1 GeV
Higgs the weak scale My = Gz ~ 10F Ge\
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 What mught 1t hope to see?
* Problems

e Outlook
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* Nothing? Ly + | Z

W-W scattering:o ~ (o In E)/Mz7

he SM without the Higgs boson must |

energies of order M7a ~ few TeV because o < I'E-
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 The Higgs Boson?
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* The Higgs B«
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 Beyond the Standard Model?




at might be seen

 Beyond the S -

Beyond the SM: the Hierarchy problem
provides clues as to what else might be
found, since any explanation of what
allows M« M _ must change physics at
energies just above M.
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e Bevond the S * Beyond the SM: basically three options:
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Structure within

* Beyond the S i

 Another level of substructure is
historically the most conservative guess
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hat might be seen

« Beyond the S -

Bevond the SM: basically three options:

No elementary Higgs:
» (Composite models
New symmetry alleviating fine tuning:

e Supersymmetry
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 Usually implies “superpartners” for each
 Beyond the S o Sl -
/ kind of known particle
 lightest superpartner is usually a good
dark matter candidate
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 Beyond the S

 Hint for supersymmetry: in the preference
for light Higgs in precision measurements
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« Hints for supersymmetry: apparent
unification of SM couplings




at might be seen

 Beyond the S -

Bevond the SM: basically three options:

No elementary Higgs:

» (omposite models

New symmetry alleviating fine tuning:
* Supersymmetry

Gravity scale 1s not really M,

o Fxtra dimensions
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.  [f there are extra dimensions and they
 The Higgs B« | e
o0 are large, then the gravity scale could be
much lower than we think.. ..
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- Beyond the S This is the scenario that potentially
leads to black hole production ..
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e Bevond the S [7is is the scenario that potentially
leads to black hole production...
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» Bevond the S This is the scenario that potentially
" leads to black hole production ...
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Outlook

« The LHC 1s finally producing physics results!

» Runs at full beam energy could begin in a few years.
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» Runs at full beam enerev could beein 1n a few vears
e The LHC should tell

us if the Hi
right, and how 1t works

» The SM Higgs boson, or its alternative

ggs mechanism 1s
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* Surprises are inevitable!
» The LHC 1s likely to represent a major change to our
understanding of Nature at its most elementary level.




