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Good interconnect, after quench (>10K)

schematic connection

3 a us bar 280 mmJ
. e Non superconducting
cable

Safe! Copper bus takes the current during
the current decay following the quench
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Replaced 14 quadrupoles and 29 dipoles,
34 interconnections fully repaired
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| What if there are also problems with the other
» The Accelerz magnets that did not (yet) fail?

e The Detector can measure resistance of connections to
Infer which are bad

worst magnet (at 300K): 50 uQ
At 7 TeV believed safe even with 120 uQ
At 10 TeV believed safe even with 70 pu<2

OAPT May 2011



The Machine

- S PSR o PG ’ - W. Trischuk

 The Accelere

e The Detector

But some sectors remain cold
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The Plan: run at 7 TeV (3.5 on 3.5) until 2012,
then shut down and upgrade to the design of 14 o.50 |

TeV.

But some sectors remain cold

Takes months to heat and recool and there is
not enough storage for the He: nQ resistance
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LHC sets new world record

Up and running again for some time
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Inner Detector

Hadronic Calorimeters

The ATLAS Detector
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 The Accelers

e The Detector

§ ATL AS Jet Event at 2.36 TeV Collision Energy

2009-12-14, 4:30 CET, fun 142308, Event 482137

The detectors have been working well
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e Outlook Our_presently successful understanding pf elementary
particles and the four forces through which they
Interact must break down at distances just out of reach.
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The 12 known constituents of matter
and the 4 fundamental forces
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The Standard Model

Fermions

One SM particle remains AWOL.: the Higgs boson
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* The particles
Interactions

e Successes

Limitations

A
O.N:\' L e e

The SM has a symmetry which requires all known
particles to be massless. BUT, the vacuum has
physical properties, which can break this symmetry.

AAAS
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* The particles
Interactions
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e Limitations

Particle masses are due to the resistance of moving
through the Higgs vacuum.
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* The particles
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e Successes

e LImitations

The Higgs particle is a wave moving through this
Higgs vacuum.
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The SM is tested in detail, such as through e*e- collisions
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e Successes
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Measurement

0.21629 -

0.1721

0.00066 0.21581

+0.0030 0.1722
0.0992 =
0.0707 =
0.923
0.670 =

0.1513 +{

0.0016 0.1038
0.0035 0.0742
0.020 0.935
0.027 0.668
0.1480

172.6 = 1.
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Unknown guantities, like the Higgs mass, are strongly
constrained by the accuracy of these tests
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The Hierarchy Problem

Problem: Why is the scale of Higgs symmetry
breaking (and so also all known masses) so much
smaller than the only other fundamental scales about
which we know?

Protons: the nuclear scale
Higgs: the weak scale
Gravity: the Planck mass

m, ~ 1 GeV
My, = G2 ~ 102 GeV
Mp = G\ Y2~ 10%° GeV
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W-W scattering: o~ (&2 In E)/M,/?

The SM without the Higgs boson must break down at
energies of order M/« ~ few TeV because o < 1/E?
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What might be seen
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- Nothing? . + z

W-W scattering: o~ o?/E?

The SM with the Higgs boson can make sense for
energies much larger than M,/ ~ few TeV
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» The Higgs Boson?
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* The Higgs B

200
M,; [GeV]

Search strategies depend on what it decays into,
and this depends on its mass
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What might be seen

vy H — Y
m ttH(H — bb)

i s H - 22" o
* The Higgs B e
20 H — ZZ - llvy
- & H > WW > Njj

[Lat=30m"
(no K-factors)

Expect it to be visible for the allowed mass range
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° Beyond the § + 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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Structure withirn

« Beyond the S R

* Another level of substructure is
historically the most conservative guess
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Usually implies ‘superpartners’ for each
kind of known particle

 lightest superpartner is usually a good
dark matter candidate

» Beyond the S
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80.70 experimental errors 68% CL:

¢ B eyO N d th e S LEP2/Tevatron (today)

Tevatron/LHC

« Hint for supersymmetry: in the preference
for light Higgs In precision measurements

A Tonazzo: Moriond 2002
OAPT May 2011
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» Beyond the S
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« Hints for supersymmetry: apparent
unification of SM couplings
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« Beyond the S < Beyond the SM: basically three options:

No elementary Higgs:

« Composite models

New symmetry alleviating fine tuning:
e Supersymmetry

Gravity scale is not really M

« Extra dimensions
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:  |f there are extra dimensions and they
The nggs B are large, then the gravity scale could be
much lower than we think....

» Beyond the S
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This Is the scenario that potentially

« Beyond the S .
leads to black hole production...
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 Runs at full beam energy could begin in a few years.
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* The LHC should tell us if the Higgs mechanism is
right, and how it works.

» The SM Higgs boson, or its alternative, should be found.
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