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Finally arrive at the Standard Model

“Everyday” stuff



How do we find all these particles?
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Experimental 
physicist in the 
lab
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Discovered the top quark, 1995
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The TeVatron

•4 miles around
•Collides protons and anti-protons
•World’s highest energy machine, ~2 TeV
•Two experiments: D0, CDF
•Superconducting magnets
•Running brilliantly, delivering new results all 
the time e.g. BsΩb



Top quark (~170 x proton mass!)



CERN

Discovered the 
W and Z, 
1983

LEP      LHC



Largest, most complicated 
science experiment ever 
attempted.  
7 x the energy of the 
Tevatron (14 TeV)

Large Hadron Collider (LHC)
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Large Hadron Collider (LHC)
•17 miles around, cooled to 1.9K
•120 ton of liquid He (1% annual production)
•Collides protons and protons
•Very high energy (14 TeV)
•Equivalent to 737 at landing (60kg TNT)
•40M collisions/sec -> record 200/sec =2MB/s

30-40 countries 3000-4000 people



LHC pyjama party: 1am Sep 10, 
2008

LHC will start-up again Oct, 09



The BIG questions
•What gives the particles their mass?
•Why 3 generations?
•Why is gravity so weak?
•Why 3 forces, are they really the same?
•Why do they have the masses they have?
•Why is there matter and no antimatter?
•What makes up the Universe?
•....?



The hunt for the Higgs boson

Higgs is responsible for mass of all the 
standard model particles

Still not seen

Higgs cocktail party analogy: 



The TeVatron is getting close....



Beyond the Standard Model

The SM (with Higgs) is not complete

Observations of 
galaxies tell us
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Session NA:    AAPT Plenary – Dark Matter in the Laboratory
Location:     H-Grand Ballroom EF
Sponsor:     AAPT
Date:           Monday, Feb. 16
Time:          11:30 a.m.–12:30 p.m.

Presider:   David Cook

Joseph D. Lykken, Fermilab, 1707 E. Thomas Rd.,  
Wheaton, IL  60187; lykken@fnal.gov

Most of the universe is dark matter, whose composition is entirely unknown and may involve new forces or principles of nature. 
Using ultra-sensitive detectors deep underground, physicists are attempting to detect dark matter particles streaming in from 
space. At the Large Hadron Collider, physicists hope to manufacture large numbers of dark matter particles and study their prop-
erties in the laboratory. I will describe these e!orts and how impending discoveries may change our fundamental understanding 
of physics and the universe.

 

Session OA: PER:  Implementing Reforms
Location:      H-Skyway 260
Sponsor: Committee on Research in Physics Education
Date: Monday, Feb. 16
Time: 12:30–2:30 p.m.

Presider:   Jeffrey Marx

OA01:      12:30–12:40 p.m.     Predicting Introductory Physics 

Performance

Kenneth Heller, University of Minnesota, School of Physics and  
Astronomy, Minneapolis, MN  55405; heller@physics.umn.edu

Jennifer Docktor, Leonardo Santiago, University of Minnesota

Joseph D. Lykken

M
onday Sessions

Instructors o"en wonder whether there is a diagnostic test or some 
other information that can be used to determine a  student’s readiness 
for introductory college physics.  To investigate this, we examine the 
correlation of pre-test scores from both the Force Concept Inventory 
and a Mathematics Skills Test with grades in introductory physics 
courses. #ese courses are taught at the University of Minnesota where 
part of the pedagogy is based on Cooperative Group Problem Solving.  
Data is analyzed separately for males and females to test for gender dif-
ferences in the predictive power of these diagnostic  exams. 

OA02:        12:40–12:50 p.m.       Student Views Regarding the 
Use of Questions in the Classroom** 

Geraldine L. Cochran,* Chicago State University, Chemistry and 
Physics, 9501 S. King Dr., SCI 309, Chicago, IL  60628;  
moniegeraldine@gmail.com

Mel S. Sabella, Chicago State University

#e instructional approach in the introductory physics class at Chicago 
State University (CSU) encourages the use of guided inquiry. Anecdotal 
evidence from these classes suggests that our students value this meth-
od of instruction in helping them understand the material. Recently, we 
developed a survey to quantify these observations. Our results indicate

that the acceptance of this type of instruction is a resource that our 
population of students possess.  Recently, we have revised the survey, 
based on interview responses, and we are now beginning to expand this 
study to other introductory physics classes at CSU and other universi-
ties. #is work will help us answer a number of questions regarding the 
attitudes toward the use of questions in the classroom. Identifying and 
understanding these resources are important because they help foster 
e!ective collaboration.
*Sponsored by Mel Sabella 
**Supported by the New York City Alliance Bridge to Teaching Program 
and the National Science Foundation CCLI grant DUE #0632563.

OA03:       12:50–1 p.m.        Assessment for Learning and  
Action-Based Research: A Model for Course Design

Eugenia Etkina, Rutgers University, 10 Seminary Pl., New Brunswick, 
NJ  08901; eugenia.etkina@gse.rugers.edu

Anna Karelina and Maria Ruibal-Villasenor, Rutgers University

In this talk we will present a model for course design and improve-
ment that is based on the integration of the Assessment for learning* 
paradigm and action-based research framework. We demonstrate how 
we used this new theoretical combination to design and revise an intro-
ductory algebra-based physics course for science majors. We will show 
how the course design matches the goals set by instructors and how 
formative assessment of student learning leads to the subsequent whole 
course reforms. We will speci$cally address the issues of connecting 
student learning outcomes to the revisions of the curriculum materials. 
#e model that we present can be adapted for any course design.  #e 
project is supported by NSF grant REC 0529065.

OA04:   1–1:10 p.m.       Effective Application of a Model-
based View of Physics to Introductory Computational Activities

Seshini Pillay, University of Cape Town, Rondebosch, Cape Town,   
7701; seshini.pillay@gmail.com

Andy Buffler, Roger Fearick, University of Cape Town

Fred  Lubben, University of  York

A model-based framework for teaching and learning physics suggests 
that pedagogical activities should highlight the modeling nature of 
physics and allow students opportunities to construct their own mental 
models and explore the relationships between them. #e current study 



Other reasons to believe in new physics

Beyond the Standard Model

•Extra dimensions of space
•Second copy of SM - supersymmetry

e.g.

Both predict new particles and Dark Matter 
possibilities

Colliders and Cosmos 
probing the same physics!



Extra dimensions of 
space, curled up 
very small
May be able to see 
them at TeVatron/
LHC!

Supersymmetry is a 
new symmetry of 
nature, only 
noticeable at short 
distances.  
New particles made 
in collisions





•Very exciting times ahead
•Expect important discoveries 
impacting microscopic and 
macroscopic physics 
•Many long standing mysteries 
may be solved:
Origin of mass, source of most of universe’s matter, why 
not antimatter, unification of forces....

Keep your eye on the headlines!



The BIG questions
•What gives the particles their mass?
•Why 3 generations?
•Why is gravity so weak?
•Why 3 forces, are they really the same?
•Why do they have the masses they have?
•Why is there matter and no antimatter?
•What makes up the Universe?
•....?


