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~50 Centers: ~600 Teachers




Topics

. The Standard Model
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.Fermilab Happeni
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Prehistory




Roentgen, Becquerel, Curies, et al




JJ Thomson

-Atoms have structure!
.Cathode rays are particles!
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Schrodinger, DeBroglie, Born

\Wave Theories
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Heisenberg, Born, Jordan

.Quantum (Matrix) Mechanics
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Pauli, Dirac, Fermi, Anderson...
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Zoo of Particles: Peo nle




QED, QFT, QCD...
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between quarks between nucleons

Strong Interaction h [’




Coherence

ermions: spin = 1/2 particles
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Detectors



Recall Rutherford

“First particle collider experiment®




Recall Rutherford

Components: Beam, Target,
Detector
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- Spark Chamber
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Experiment Types
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particle target collision |
beam products wedge shaped detector

cylindrical detector
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Detector Pleces

A detector cross-section, showing particle paths
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Muon

Spectrometer
Hadronic
Calorimeter
4 The dashed tracks
are invisible to
the detector
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.27%930 GMT
Run/Event: 195099 / 137440354
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Transverse Slice of the Compact Muon Solenoid (CMS) Detector

| Muon(y') || Electron | Neutral Hadron | 'cnwg Hadron Photon

|

Magnetic Field

ECAL
b ']' Electromagnetic
HCAL - Hadron Superconducting

Transverse slice
Click on the buttons above to see how each particle interacts with the detector

Use the Play Button to see all of them

Iron return yoke interspersed

Derived from CMS Detector Slice from CERN



https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/RetrieveFile?docid=4172&filename=CMS_Slice_elab.swf
CMS_Slice_elab2.swf

Eve nt D I S p I ay The Candidate WZ Event

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST

2 Y/
W —>€v Mr(ez,v)=74.7 GeVic2
M(eq,e5)=93.6 GeVic2

Z—>e'e

2 6-MAR-1995
MISS ET(3)=
ETA (MIN:-25

missing Energy



New on the Prairie
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Dark Energy Survey







MKIDs for Astronomy
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HGCal Upgrade to CMS

CMS Pixel CO2 Cooling System

Manifold
Box (UX)

B-Pix Accumulator
(us)

F-Pix Accumulator
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B-Pix Plant core
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What Can QN Offer Teachers?




RET

Internships for Students and Teachers

Detecting Dark Matter

Physics teacher Jeremy Smith (left) and
physicist Juan Estrada test components they
plan to install in a dark matter detector.
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Cosmic Ray Detector




Miskova, Petra Mpiana Mulamba, Floerimond Mulder, Guus
(Slovakia) (South Africa) (Netherlands)

Pisanic, John Restivo, Evelyn Rittner, James
(USA) (USA) (USA)




