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1. Elementary particles and
fundamental interactions

Elementary / fundamental / sub-atomic particles
Ordinary matter: protons, neutrons, electrons
Cosmic rays and high energy collisions can

produce many other particles
“High Energy Physics’ (HEP)
experiment, phenomenology, theory

February 18", 2004 @ NECTEC




The four fundamental Interactions

Force Range Timescale

1. Strong nuclear force 103 10%3s
force between quarks

2. Electromagnetic force Infinite 10%°s
force between charged particles

3. Weak nuclear force 1013 108s

only way to change particle type

4. Gravitational force Infinite
force between all matter & energy
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The most elementary particles:
gauge bosons, |eptons, and quarks

Gauge bosons “mediate” interactions:
photons, W*, W-, Z°, gluons, gravitons?

L eptons — size not resolved
electron muon tauon neutrinos

€ 23 ' e
+ antiparticles
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Quarks

6 “flavors’ in 3 “families’

(up, down) (charm, strange) (top, bottom)
Most particles are

baryons gqgqg (e.qg., proton = uud

mesons gq neutron = udd)

antibaryons g q @
pentaguark gqqqq< NEW: (2003)
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Beyond the “standard mode!”

neutrino oscillations (Nobel Prize 2002)
cosmic rays, solar physics

origin of mass —the “Higgs particle’ ?
new accelerators will search for this

why so many free parameters, scales that
are very different (up to 13 orders of
magnitude) for no apparent reason ?
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Collider experiments

Collider facility  collider  detector
e.g., Fermilab (US) Tevatron CDF, DO
(p+pal+1TeV, discovered top quark)

New: CERN (Europe) LHC CMS, etc.

(p+patl7+17TeV, hoping to find Higgs)

(CERN = European Organization for Nuclear
Research, LHC = Large Hadron Collider,
CMS = Compact Muon Solenoid)
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2. Connections between particle
physics and astrophysics

In the past, almost all HEP research used cosmic rays,
now use accelerators/colliders

HEP  astro: cosmic rays, including solar neutrinos,
nighest energy collisions; detection techniques

HEP  astro: energetic particle collisions (solar flares,
active galactic nuclel, early universe); detection
techniques
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3. “Classical Cosmology” — Hubble diagram
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Expansion of the universe
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Other physical evidence for the Big Bang

Cosmic microwave background (1967):
radiation left over from the early universe
(now at 3 K)

Primordial abundances of H, 2H, 3He, “He,
and ‘Li (see next dide)

February 18", 2004 @ NECTEC




February 18", 2004 @ NECTEC




Modern cosmology: cosmic microwave
background fluctuations

Image credit: http://www.hep.upenn.edu/~max/wmap3.htmi
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Evidence for an accelerating universe




Image credit:
Goobar, Intl.
Cosmic Ray
Conf. (2001)



Solar Magnetic Fields

4. Closer to
home ...

Solar Flares Coronal mass ejection(CME)




Plasmas and magnetic fields in the
INner solar system
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CME (Coronal Mass Ejections)

Distort magnetic fields
and generate shocks

Accelerate particles at
the shock

IDR Astrophys. J. Lett., 481,
L119 (1997)]

Compress the Earth’s
magnetosphere
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GCR =
Galactic
Cosmic

$3 I / Rays
\/ _\/ %

(from outside
the solar
system)

BB (L 1% OSEYE ()L -

fewer GCR GCR in large numbers
(most are reflected by the shock)
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motion toward Sun .~ =cos( ) —. motion away from Sun
ASKY () HHZ3 'HAYE
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[Leerungnavarat, DR, and Bieber, Astrophys. J., 593, 587 (2003)]
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5. Proposed collaboration with CERN

Experimental High Energy Physics
Very High Performance Computing (GRID)

Engineering (e.qg., quality control,
management of large projects, sensor &
magnet technology

Nurturing Career Researchersin
Experimental HEP
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