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Elementary Particle Phenomenology
Physics 661
Fall 2003

Course Description:

Physics 661 begins a survey of the phenomena of the elementary particles of
matter and their interactions. Over the three term sequence (661, 662, and
663) we will include the applications of particle physics to questions of
cosmology and astrophysics. For the fall term we will study:

Introduction to the particles, forces, and the observable universe
Cosmic Rays

Quarks and Leptons

Interactions and Fields

Invariance Principles and Conservation Laws

Quarks in Hadrons

Lepton and Quark Scattering

These topics represent an introduction to the important issues in particle
physics research today. Throughout the course, the interplay between theory
and experiment will be emphasized. This first quarter course is designed to
give an introduction to the field of particle physics, with many of the
forefront topics to follow in the second and third terms. During the
subsequent terms topics will include the standard model, physics beyvond the
standard model, cosmological models and inflation, gravitational radiation,
and experimental methods of particle physics

Physics 661, lecture 1



Class Hours: TuTh 10:30 - 11: 50
(and substitute hours to be determined;
note, the class will start at 10:30 to avoid a
conflict with Advanced Analog Electronics - Phys 610)
Classroom: 318 Willamette Hall
Office Hours: MWF 10-11 am
Texts:  Introduction to High Energy Physics, 4th Edition (2000)
Donald H. Perkins
i Required)
Cosmology and Particle Astrophysics (1999)
Lars Bergstrom and Ariel Goobar
(Optional, but not recommended;
this book is now out of print and the bookstore
is having trouble obtaining enough copies.
A second edition is nearly released and should
be available in time for the 2nd and 3rd terms.)

Grading: Grades will be based on homework problem sets, a mid-term exam and a final exam.
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Tentative Course Outline and Reading Assignments:

September 30-October 2 The Observable Universe

Bergstrom and Goobar, Chapter 1
Particle Physics and Cosmology, John Ellis, xxx.lanl.gov/pdf/astro-ph/0305038

October 7-9 Cosmic Rays
Bergstrom and Goobar, Chapter 13
Particle Data Group, Cosmic Rays, http://pdg.lbl.gov/2002/cosmicrayrpp.pdf

October 14-16 Quarks and Leptons
Perkins, Chapter 1

October 21-28 Interactions and Fields
Perkins, Chapter 2

October 30-November 11 Invariance Principles and
Perkins, Chapter 3 Conservation Laws

November 13-25 Quarks in Hadrons
Perkins, Chapter 4

December 2-4 Lepton and Quark Scattering
Perkins, Chapter 5

http://blueox.uoregon.edu/~jimbrau/ph661-2003
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Structure of matter
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Some fundamental questions

What is the standard model of elementary particles and their
intferactions?

What is the origin of mass and electroweak symmetry breaking?
What is the role of anti-matter in Nature?
What is dark matter?

What are the masses of the neutrinos and how have they shaped the
evolution of the universe?

Are there additional spacetime dimensions?

What is the nature of the dark energy?

Are protons unstable?

How did the universe begin?

What was the role of gravity in the early universe?

How do cosmic accelerators work, and what are they accelerating?

Are there new states of matter at exceedingly high density and
temperature?

Is a new theory of matter and light needed at the highest energies?
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The fundamental fermions
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Baryons and antibaryons

Baryons ggq and Antibaryons qqq

Baryons are fermionlc hadrons.
There are about 120 types of baryons.
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The bosons
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» Also the graviton, m=0, g=0, s=2
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The Electroweak Lagrangian
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Cuantity Value Standard Model — Pull
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Quantity Value Standard Model — Pull
Ag 0.1513% £ 0.00216 0.1478 + 0.0012 |F
0.1544 + 0.0060 1]
0.1495 £+ 0.0048 ().
Ay 0.142 £0.015 —0.4
A 0.136 £ 0.015 —0.8
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kY 0.5820 + 0.0027 £ 0.0031  0.5833 £ 0.0004 —0.3
RY 0.3096 + 0.0033 £ 0.0028  0.3093 + 0.0002 0.1
0.3021 + 0.0031 £+ 0.0026 —1.7
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S(gp —2—2) 451055+ 1.51+ 051  4506.55+0.36 2.5
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Standard Model parameters
(derived from EW measurements)
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Hot Big Bang Model
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Hot Big Bang Model

* Initially the Universe was compressed
and very hot

- protons and neutrons could not form due
To extreme temperature

» Eventually quarks condense to
baryons and baryons to nucleons

* Finally expansion and cooling leads to
galaxies and stars
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Hot Big Bang Model

+ Evidence for theory:
- Present expansion of the Universe

- Existence of cosmic microwave
background radiation

- Relative abundance of
light elements

* Furthermore, oldest objects | L
(globular clusters) no older &8s  USS
than ~15 x 10° years T
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Expansion of the Universe
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Expansion of the Universe

*+ The expansion of the universe is slowed by matter

- there is a critical density, p., the minimum
density required to stop the expansion (for A=0)
+ Qu=p/p. (p.=2102°h% gm/cm3)

- the existence of a cosmological constant (A),
complicates this
+ Q,=A/3H,
- elementary considerations of the vacuum energy would

make this at least 55 orders of magnitude larger than
the critical density |l

+ See S.M. Carroll and W.H. Press, Annu. Rev. Astron.
Astrophys. 1992, 30: 499-542
(http://nedwww.ipac.caltech.edu/level5/Carroll/frames.html)
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Expansion of the Universe

Use type Ia Supernovae corrected candles to measure the
expansion rate. Ground-based work thus far has
uncovered a major surprise:
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