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Directions of Effort

• Workforce Development
– Training and education
– Professional Development
– Science Centers

• Education
– Formal  (classroom or instructional setting)
– Informal (displays, museums)

• Outreach
– Public events
– Websites
– Social Networking
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Methodology

What/how
– What are the needs and/or 

objectives

– Target audiences

– Ideas

– Approach
• Team 

• Proposal and resources

– Implementation

– Evaluation

– Sustainability

Scale/scope
– Individual

– Local

– Regional

– State

– National

– International

– …
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Workforce Development and Science 
Education Centers

• PIRE

• REU

• Fermilab Education Office

• LIGO Science Education Center

• DUSEL Science Education Center

• Soudan Underground Laboratory
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Partnerships in Research and 
Education
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US universities collaborate with 
institutions abroad – PSI and ETH
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Example of a program year
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Recent Participant Institutions

2009 
SUNY(Binghamton)
Duke
Georgia Tech
Hampton
Layfayette College
Michigan State
MIT
Olin College of Eng.
Purdue (2)
Rutgers
Univ. of Dallas
 Univ of Fla.
 Univ of Mich.
 Univ. of Texas

2010
•CalTech
•Florida Inst. Tech.
•Ill. Inst. Tech.
•Johns’ Hopkins
•Lincoln University
•Oregon State
•Purdue
•Stanford
•Univ. of Michigan
•Univ. of North. Arizona
•Univ. of North Carolina
•Univ. of South. Cal. 
•Univ. of South Fla. 
•Univ. of Texas
•Valparaiso University

2007
•Northwestern
•MIT
•NC  
•U. Washington
•Norfolk State
•Reed
•U Missouri
•Rose-Hulman
•Michigan State
•U Colorado
•Benedict College
•U Dallas
•U Rochester
•Tulane
•UMichigan

2008
•Alma
•Drake
•Hampton
•Loyola (MD)
•Norfolk State
•Notre Dame
•Otterbein
•Penn State (2)
•Purdue
•Rochester
•St. Mary’s (Texas)
•U Michigan
•West Point
•Yale

University of Michigan-CERN
REU Program 2001-2010 

139 Students
(44 (31.6%) women,  23 (16.5%) underrepresented groups)
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Program Structure-Research

• CERN runs a summer program for 
European physics students from Member 
State Countries ( ~150 students).

• With special permission (though the U.S. 
is not a Member State), 10 of our 15 
students are in this program with their 
research assigned by CERN.  5 of our 
students have their research arranged by 
the Michigan program organizers.

• There are several student presentation 
sessions during the program. The final 
presentation is recorded and posted on 
our website. 
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http://esmane.physics.lsa.umich.edu/reu/spgm/index.php?spgmGal=2003/Prof_Neal&spgmPic=151&spgmFilters=�


Typical Day in July

• 9-12 am: Summer Student 
lecture series, discussion 
sections

• 1-5 pm ++: Research group 
work

• Evenings, weekends often 
free for travel

2007 and 2009 student s
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http://esmane.physics.lsa.umich.edu/reu/spgm/index.php?spgmGal=2003/Jake/interlaken&spgmPic=29&spgmFilters=�


Teacher Component
• CERN runs a 3-week summer program for High School Physics Teachers. 

• In partnership with QuarkNet, 5 US physics teachers participate in the 
program. 

• The support structure for the US REU students is available to help the 
teachers also.  
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.

Fermilab Education Office – for Teachers…

Workshops

Website

Research Appointments
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Lederman Science Center….

Teacher Resource Center



Fermilab Education Office - for Students…

Classroom PresentationsSymposium on Nature of Science

Physics Exhibits

Field Trips & Open Houses
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Lederman Science Center…



Participants in FY10 Fermilab  Programs

65 Post Docs

551 Graduate 

78 Interns

2,499 K-12 Teachers

37,629 K-12 Students
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A collaborative

• Scientists

• Universities
– Southern University Baton 

Rouge

– LSU…

– The experiment

• State of Louisiana
– LA GEAR UP, LASIP

• Exploratorium

Pre-high school grades
• Education program built 

around informal education 
exhibits

• Additional exhibits at SUBR
• Docents from SUBR
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• Physical facility
• 27,000 ft2 facility (not yet constructed)
• - majority of the funding from in-hand, private 

donations 

• Location/Audience
• Geographic location close to high-volume tourism 

areas (3 million/year)
• Market analysis shows likely visitors to be family-

oriented and receptive to science topics

• Programs
• Will concentrate on ongoing experiments in the 

underground environment as well as surface 
environmental studies

• Digital presence
• vDUSEL – acts as a virtual science center to connect 

online visitors to the physical SCSC

• Cultural outreach
• - the local region is home to many American Indian 

communities
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Building partnerships:  South Dakota Science Scholars

The 2010 Homestake-Fermilab
Scholars pose in the atrium at 
Fermilab.

Two programs give top-achieving science students from across the state a chance 
to participate in programs at Sanford Lab and its partners.

The 2010 Davis-Bahcall Scholars finish a five week 
program at Sanford Lab, CERN, Gran Sasso and 
Princeton by posing with Governor Mike Rounds 
and Prof. Netta Bahcall. 17



Juniors mix polymer

Partnering with American Indian education: 
GEAR-UP workshops and tours

In 2010, we worked with American Indian high school freshmen (water treatment),
juniors (chemistry) and seniors (nuclear forensics) in the summer GEAR-UP program – a
residential program at SDSMT preparing students to succeed STEM disciplines in college -
reaching 230 students.

Freshmen pose at the Open 
Cut
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DUSEL Workforce Development

Type Early Science 
(currently operating)*

Project Construction 
and Operation 
(anticipated)

Graduate students ~70 ~600

Post-Doctoral 2 ~85**

Staff Scientists 2 20

Engineers and 
Technicians

5 12

Trained underground 
workforce

~90 ~105

* The Early Science Program at the laboratory currently is operating in support of dark matter experiments, 
neutrino experiment, and other non-physics science.  Numbers include all disciplines

**  It is anticipated that the Facility will have post-doctoral positions as well as post-doctoral positions 
associated with the experimental collaboration programs



30 Years of Education and Outreach

Soudan 1-35t 
1981-1989

Soudan 2-1Kt 
1985-2001

MINOS-5.6Kt 
1999-2011…

CDMS 
2000-2013…



Public Tours at the Lab
• Annual Free Open House is a 

VERY important part of making 
sure the local community 
supports the work we are doing

• State Park provides historic tours 
to 40,000 people per year

• 4,000  people tour the Soudan 
Underground Lab lead by HS 
Teachers and undergraduate 
students hired under our 
outreach program.
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Cornell Laboratory for Accelerator-based 
Sciences and Education (CLASSE)
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Recent Accomplishments

Highlight four successful efforts:

1. Meaningful undergraduate research experiences

2. Development of a portable XRF device for E&O

3. Delivering programs to diverse populations

4. Connections with rural school populations
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A fourth grade student from Waverly 
Central School District (36% FRPL)
observes crystals growing in his jar as
part of the after-school program. 

Learn more about Education and Outreach at http://www.chess.cornell.edu

David Aguman-Budu 
demonstrates how a vacuum 
chamber works  at the 
October ‘10 Science   & 
Engineering EXPO in 
Washington DC

http://www.chess.cornell.edu�


Education Projects

– CROP

– Mariachi

– CHEPREO

– QuarkNet

– I2U2
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State – Cosmic Ray Observatory Project
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Summer 2004 Workshop Activities
Detector assembly and testing
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Excellent extensive air shower
data taking run overnight 



MARIACHI
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Mariachi in action
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MARIACHI  Impact
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Learning Community Embedded in Particle Physics Research

CHEPREO @ Florida International University
Center for High Energy Physics Research and Education Outreach 

– CMS Physics / Grid Computing / Education Outreach
– FIU: Hispanic-Serving Institution located in Miami with 38k students

Opportunity to Enhance & Broaden Science Participation

– Research and Learning Community
• High School / University Stakeholders
• Integrated Pipeline to Support Students

– Focus on Underrepresented Groups
– Target HS & Introductory Classes

• Modeling Instruction: Studio-format
– Explicit Community Building
– Seed for Science & Math Reform

Redefining Model for Education Outreach

CHEPREO



 

CHEPREO’s Impact
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• Modeling Instruction has 
Improved

– Performance: FCI both at high 
school and college 

• Change in Physics Majors: 
Community!

• Sparked Physics & Cross-
College Reform

– New Ed Degrees in Math / 
Chem / Earth Sci

• New Education Outreach 
Model



CHEPREO’s Impact (HEP)
CHEPREO Fellows engage in HEP computing activities

– Establishment of local computing at FIU
• Fellows are constructing our new CMS Tier3 Computing 

facility at FIU

• Fellows are now helping us build a new CMS 
Center at FIU

– To support group video conferencing, and 
CMS online shift taking

– Outreach to large South Florida community, 
CMS information + QuarkNet CRiL display

CHEPREO Fellow @ CERN
– Fellow sent to CERN in Summer 2009 

• Student participated in test beam activities helping 
FIU with its  HCAL commitments 

FIU Tier3’ new 216 core Dell cluster

CMS Center at FIU
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QuarkNet
52 Centers in 25 states and Puerto 
Rico

500 HS Teachers
80 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 13th year.   Supported by 
NSF and DOE

http://quarknet.fnal.gov/



Helping Develop America’s Technological Workforce

The QuarkNet Collaboration
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QuarkNet Student Research

• Optical decoding for the 
CMS HCAL Barrel, Outer 
Barrel and Endcap

• 550 Fiber-optic decoder 
units.
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Informal Education - Compact Particle Detectors



Interactions in Understanding the Universe - I2U2

About I2U2

• Guided inquiry 
instructional model 

• Developed with scientific 
collaborations

• Grid-based analysis tools 

• 3-year grant testing 
student learning

High school students use e-Labs to conduct science investigations.



Data from an Experiment

39



QuarkNet and I2U2 activities bring the excitement of 
particle physics at the LHC to teachers and students

 Research for high school students
 Cosmic ray detectors and e-Lab
 International Masterclasses
 CMS e-Lab
 Other QuarkNet center activities
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CMS event display for the Masterclass
41
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http://www18.i2u2.org/elab/ligo/home�


Outreach Examples

• Printed Media

• Public Events

• Websites

• Social Networking
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Authoring books…



Websites
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Kevin Pitts

University of Illinois

28-Jul-2009
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Electronic forms….Social Media
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Top social media sites

• Facebook.com         145M+ U.S. visitors per month

• YouTube.com           109M+ U.S. visitors per month

• Blogspot.com           58M+ U.S. visitors per month

• Blogger.com             52M+ U.S. visitors per month

• MySpace.com          46M+ U.S. visitors per month

• Wordpress.com       30M+ U.S. visitors per month 

• Twitter.com              30M+ U.S. visitors per month

http://www.quantcast.com/twitter.com�


Individual and Team effort
The Large Hadron RAP

• “Twenty-seven kilometers of tunnel under 
ground
Designed with mind to send protons around
A circle that crosses through Switzerland and 
France
Sixty nations contribute to scientific advance…”

Katie McAlpine & Friends

• From the Geneva Gazette: “Katie has 
received notoriety of late as the creator 
and star of "The Large Hadron Rap," a rap 
video showcasing the science behind 
CERN's Large Hadron Collider. The video 
has been viewed more than 2 million 
times, and has been featured in major 
web, print and TV news outlets such as 
the New York Times, Discover, USA Today, 
MSNBC and Fox News.”
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Why Fermilab uses social media…

Facebook:  Fan page Blog:  Quantum diaries
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It meets people where they are.
It’s an inexpensive way to share content with a wider audience.
It reaches people traditional media might miss.
It allows us to interact.
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Recently had most popular blog post 
ever about holometer experiment
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Summary

• HEP makes a substantial effort in education,  
outreach and the workforce.

• Provides value added to what we do.

• A number of programs have been created which 
are exemplars in these domains.

• It’s about networking and sharing the great 
physics that we do.  

• The development of an extended research and education 
community.
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With thanks for contributions…

Heidi Alvarez, Marge Bardeen, Michael Barnett,                   
Barry Baumbaugh, Ken Cecire, Kathryn Grim, Lora Hine,      
Judy Jackson, Tom Jordan, Dan Karmgard, Laird Kramer,      
Jean Krisch, Don Lincoln, Tom Loughran, Jeff Marchant,      
Mike McKenna, Bill Miller, Pat Mooney, Homer Neal,        
Peggy Norris, Bob Peterson, Kevin Pitts, Jorge Rodriguez,      
Bill Roggenthen, Ben Sayler, Greg Snow, Helio Takai,         
Maury Tigner, Mark Vigneault, Mitch Wayne, Kris Whelan, 
Stan Wojcicki, Anne Zakas 
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“Seeing” particles in real time
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In a particle beam…

Image Intensifier

Photocathode 

Terbium Glass

Fiber-optic Plate

56
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