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Forces of Nature
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Known Cast of Particles

Three Generations

mass—
charge—
spin—

Name—

of Matter (Fermions)

Quarks

2.4 MeV 1.27 GeV 171.2 GeV
/3 /3 /3
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Why Should There Be a

?
P alrt

® Then what is ¥

® “Weak-ness” of the weak fo
large masses of W and Z bc

The Higgs mechanism is respon
of the fundamental particles thei
direct interaction with a pervasi

6



How Will We See the Higgs!?

® Rest mass energy of the Higgs boson (E=mc?)
is converted to the energy of its decay
products, which can be reconstructed

"

Not a Higgs boson!
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New Particle Discoveries

Each one of these particles was discovered as a mass

resonance at a high-energy particle collider

1 10 M(ll) [GeV]










LHC Experiments
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ATLAS Experiment

ATLAS Detector Under construction
November 2005
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Colliding Beams




Why is the Experiment So Big!

’ ame Calorimetery
, Particle deposits energy by |
ishowering in dense absorber }
' medium '

! Uncaptured energy:
B(0)ePr/Xo

| along helix under influence |
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LHC Physics qualifies as “Big Data”
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Google
Internet archive HL-LHC (2026)
~15 EB SKA Phase 2 science data
(mid-2020s) 1EB

science data
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LHC Computing Grid

ATLAS detector

o __! CERN CASTOR: permanent high-
volume tape storage

France, Italy, Netherlands,Nordic,
Germany, Spain

24-48 h, calibrated, full data streams to T |’s
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Example Diphoton Decay
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Non-Higgs (Background) Events

- Example: ZZ production not due to Higgs decay ——
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CQATLAS

L EXPERIMENT

Run Number: 183003, Event Number: 121099951

Date: 2011-06-02 11:08:24 CEST




Inside the ATLAS Control Room
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Events / GeV

Data - Fit

Timeline of Diphoton Data
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Final Results: Run | ZZ Data
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“5 Sigma” Discovery Criterion

® We are looking for a result that can’t be explained
by fluctuations in the number of background events

® Example from the famous dice game:

® Rolling | “6” : 16% probability (l0)

® 26”s:2.3% (20) e
® 3“6”s: 1.4 x 103 (30)
® 86”s:2.8 x 107 (50)

24 (x-W)/c



Announcement: 5 sigma!
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Higgs search




Detector Upgrades (Emlly)
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