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A challenge…

• An Interesting challenge…
• It is 1998…

– There is an international physics project called the 
Large Hadron Collider in Geneva, Switzerland.  

• The project will take over a decade to build.
• We are expecting to have first collisions of protons on 
protons at 10TeV CM Energy late in 2009.

– A graduate student (age 25 in 2009) is…
• 14 years old…(in 1998)

– As a scientific researcher… 
• How do you deal with this?   How do you attract young 
students to the excitement of science at the energy frontier?
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LHC Experiments
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The CMS Collaboration
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Interesting features

• The collaborations are international
– Many countries are engaged.

• The US has a major investment in the project.
– Distributed across many states and Puerto Rico.

• This global distribution of researchers and 
resources necessitates advances in:
– Communication tools
– Analysis tools
– Simulated data
– Real data
– Publication tools
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A hypothesized new particle Z'



To do the work…

• More than just physicists are needed…
• Other critical professionals…

– Extreme engineering
– Technical skills
– Managerial skills
– Research computing skills
– Networking skills
– …

• This is an opportunity of a lifetime…
• How do you connect…?
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An answer…

• With secondary school teachers
– They are engaged with the students in and out of class.

• Strategy
– One‐on‐one partnership with scientific mentors
– Direct participants

• Members of the collaboration
• Have immersive research experiences
• Build and operate equipment
• Develop code, decode and analyze data 
• Recognized in publications

• QuarkNet was born from this concept…
– While the experiments were being built, we build QuarkNet
– Enlightened self interest
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QuarkNet
52 Centers in 25 states and Puerto 
Rico

500 HS Teachers
150 Particle Physicist mentors
100 HS Students annually 

A professional development program 
for HS Teachers with immersive 
research experience for HS teachers 
and students.  

A wide spectrum of experiments.

Now in its 12th year.   Supported by 
NSF and DOE

http://quarknet.fnal.gov/

http://quarknet.fnal.gov/
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Compact Particle Detectors

Assembly ↑ CERN Beam →
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Schematic of the Apparatus
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Schematic of use in a particle beam

Image Intensifier

Photocathode

Terbium Glass

Fiber‐optic Plate



Interactions in Understanding the 
Universe (I2U2)

• A partnership:
– Domain sciences and experiments
– Educators (formal and informal)
– Computer science including Grid

• Develops tools for student research directly in 
the classroom or a museums
– eLabs, iLabs
– The opportunity is available nationwide (and 
internationally)
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I2U2 - Cosmic Ray Studies
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An e-Lab is a Web-based tool that
supports student-led, teacher-guided investigations
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M. Bardeen, EPPOG, 10/2008

I2U2
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QuarkNet
52 Centers in 25 states and Puerto 
Rico

500 HS Teachers
150 Particle Physicist mentors
100 HS Students annually 

A professional development program 
for HS Teachers with immersive 
research experience for HS teachers 
and students.  

Now in its 12th year.   Supported by 
NSF and DOE

http://quarknet.fnal.gov/

http://quarknet.fnal.gov/
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Summary

• The programs described have been built fundamentally 
through partnership.
– These are often non‐traditional relationships.

• It requires creative work.
– In the external communities involved…and in the funding 
agencies.

• To be successful (and valuable), these efforts need to 
be sustained for extended periods of time.

• Some useful websites:
– http://quarknet.fnal.gov/
– http://www.i2u2.org/
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http://quarknet.fnal.gov/
http://www.i2u2.org/


programs are growing…
new programs are appearing…

• QuarkNet
• I2U2
• CHEPREO
• CROP
• LIGO Education Centers
• Several NSF CI‐Team Programs

– Mariachi
– CyberBridges

• REU/CERN
• RET
• PIRE – KU, KSU, UNeb, UPRM, UIC
• GK12 – NDeRC
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