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Directions of Effort

e Workforce Development
— Training and education
— Professional Development
— Science Centers
e Education
— Formal (classroom or instructional setting)
— Informal (displays, museums)
e Qutreach
— Public events
— Websites
— Social Networking




Methodology

What/how

What are the needs and/or
objectives

Target audiences
Ideas

Approach
* Team
e Proposal and resources

Implementation
Evaluation
Sustainability

Scale/scope

Individual
Local
Regional
State
National
International




Workforce Development and Science
Education Centers

PIRE

REU

~ermilab Education Office

' |GO Science Education Center
DUSEL Science Education Center
Soudan Underground Laboratory




Partnerships in Research and
Education

PIRE 2010

Alice Bean - KU

e
O

 KSTATE.




US universities collaborate with
institutions abroad — PSI and ETH

What

S ~tentific Research prias

= Silicon pﬁél"’dé‘téct?‘. £ teclinology

= \ ’
oy 2. .71 Gl

| N @h“ o
= Study Abroad 101: Sc1ence students

5 ETH Zuﬂch exchange program

Undergraduate Research S




Example of a program year

2010

Students working on PIRE projects (19):
7 Graduate 12 Undergraduate
13 Students in Switzerland

m Spring: 1 Grad, 2 UG
® Summer: 3 Grad, 10 UG
m Fall: 3 Grad, 2 UG
ETH Study Abroad:

- Spring (2):

1 KSU UG through KU
1 UIC UG through UIC
- Fall(2) :
1 UNL and 1 KSU UG via KU




eNorthwestern
*MIT

*NC

eU. Washington
eNorfolk State
*Reed

eU Missouri
eRose-Hulman
*Michigan State
eU Colorado
eBenedict College
eU Dallas

eU Rochester
eTulane
eUMichigan

University of Michigan-CERN
REU Program 2001-2010

139 Students
(44 (31.6%) women, 23 (16.5%) underrepresented groups)

Recent Participant Institutions

eAlma

eDrake
eHampton
eLoyola (MD)
eNorfolk State
eNotre Dame
eOtterbein
ePenn State (2)
ePurdue
*Rochester
oSt. Mary’s (Texas)
eU Michigan
e\West Point
eYale

=SUNY(Binghamton)
=Duke

=Georgia Tech
"Hampton

=l ayfayette College
=*Michigan State
“MIT

=Qlin College of Eng.

=Purdue (2)
=Rutgers
=Univ. of Dallas
= Univ of Fla.

= Univ of Mich.
= Univ. of Texas

eCalTech

eFlorida Inst. Tech.
e|ll. Inst. Tech.
eJohns’ Hopkins
eLincoln University
*QOregon State
ePurdue

eStanford

eUniv.
eUniv.
eUniv.
eUniv.
eUniv.
eUniv.

of Michigan

of North. Arizona
of North Carolina
of South. Cal.

of South Fla.

of Texas

*\/alparaiso University




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.



http://esmane.physics.lsa.umich.edu/reu/spgm/index.php?spgmGal=2003/Prof_Neal&spgmPic=151&spgmFilters=�

Typical Day in July

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

e 1-5pm ++: 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.

News

Global High teacher spends summer with CERN collider program in Switzerland [ PrintPage |

From STAFF REPORTS

Evelyn Restivo of Maypearl, a chemistry and physics teacher at Global High
School in Waxahachie, was selected to participate this summer in the High
School Teacher Program at the European Organization for Nuclear Research,
CERN, in Geneva, Switzerland.

“This was an absolutely incredible experience that I will be using in my
classroom for years to come,” Restivo said. "It was 3 1/2 weeks where I
learned more than I've ever learned before. It's incredible to be selected to
be involved in the study.”

11




Fermilab Education Office — for Teachers...

# Ferm“ab Bringing Science Education to You! /

Search Programs | Search Science Adventures | AboutUs | Fermilab Friends | F

elcome | 1 | Fermilab Ec
; Google™ tu

Website

Research Appointments

Lederman Science Center....

Workshops

Teacher Resource Center

12




l:_;_j Fermilab Education Office - for Students...
L.

Field Trips & Open Houses

I b

Physics Exhibits | g;f?’ ‘

A

Symposium on Nature of Science Classroom Presentations

Lederman Science Center...
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Participants in FY10 Fermilab Programs

65 Post Docs
551 Graduate Students
78 Undergraduate Interns
2,499 K-12 Teachers
37,629 K-12 Students
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LIGO

Livingston
A collaborative Pre-high school grades
e Scientists e Education program built
, 8 around informal education
 Universities N ilte
M aouthern University Baton e Additional exhibits at SUBR
0oy e Docents from SUBR
— LSU...

— The experiment

State of Louisiana




Physical facility
27,000 ft? 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

Education and Outreach

The Sanford Center for
Science Education (SCSE)
will be the education and
outreach arm of DUSEL.
Philanthropist T. Denny

Sanford donated $70 million
to help convert Homestake
into an underground
laboratory, of which $20
million will be used to help
establish a state-of-the-art

science edocation facility.

Sanford Center Concept Design - View from South

16




Building partnerships: South Dakota Science Scholars

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

RNRE L IR ' The 2010 Homestake-Fermilab
— T F et Scholars pose in the atrium at
Fermilab.

——
-
M

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. 1




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




DUSEL Workforce Development

Type Early Science Project Construction
(currently operating)* and Operation
(anticipated)

Graduate students

Post-Doctoral

Staff Scientists

Engineers and
Technicians

Trained underground
workforce

* 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

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




SOU DAN

ﬁﬁ" UNDERGROUNDL BORATORY

MINOS-5.6Kt
1999-2011...

a4 Soudan 2-1Kt

Soudan 1'3 o
1981-1989

CDMS




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

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

e 4,000 people tour the Soudan
Underground Lab lead by HS
Teachers and undergraduate
students hired under our
outreach program.




Cornell Laboratory for Accelerator-based
Sciences and Education (CLASSE)

WILSON
SYNCHROTRON

LABORATORY 7 : ; Ja

-~

oAl

r1EnAT ]
accrleren FUTUNE!

= Hands-on activities
for the whole family!

« Door prizes!

= Demonstrations!

* Free refreshments!

* Tours of the particle
accelerator and

x-ray facilities!

* Free helium
balloons!

= Give-a-ways!

visit www.lepp.cornell.edu/education/

i

Wilson Synchrotror

Cornell Unive

(visit our web
andimpor!

for additional information, directions and other important i

R

Rural Schools, Local Kno
and Classroom Scien

In this forum, we will learn hands-on
activities that focus on science and
engineering in the context of rural life.
We will explore how to validate and
capitalize students’ local rural knowledge
and use these activities as a ‘hook’ to
engage students in science.

We will be utilizing innovative science
engineering curricula — Engeering is
Elementary (EiE), Engineering the Future,
and Cornell Environmental Inquiry (ET) —
as models for implementing
inquiry-based science and engineering
activities in grade 3-10 classrooms.

Attendance includes a 5300 stipend, curricular
materials, kits, ladging, meals and travel
reimbursement.

Registration deadline: 2009,
Limited space — register soon!

A $40 refundable deposit is required w/application.

An Education:
Field E
High-Needs

Bridging the Gap
Rural Scie
Knowledge a

Technology, and Eng|

July
Cornell Uniyv
It

Visit www.lepp.cormell.edu/Education/RuralScience/

for additional information and to register.

HUY

Angels & Demons Public Forum

(Yuval Grossman & Peter Wittich)

At the public library, Peter and Yuval discussed some

of the science facts and fiction revealed in the book and
movie, Angels & Demons.

Atoms for Kids After School Program

Candor Elementary School

Students used microscopes 1o view coffee grinds, fibers, salt and

skin cells, They recorded what they saw and noted details they could not
see with their naked eye. ..

They discussed phases of matter and then made Ochleck.
They debated whether it was a solid or a liquid and discussed experiments
they could perform to suppart their hypothesis. ..

Students did an activity to help explain how
Atomic Force Microscopes work. ...

Each had to try to determine what object was in their
“Mystery bag” without opening up their bag and
looking at the object.

Expanding Your Horizons at Lansing

Residential Center (Tracy Davenpert)

The residents learned about energy conversion by participating in
activities involving two-potato docks, steam put-put boats,
poppers and solar powered cars,

Visit by Cayuga Heights Znd Graders
Students about to see the ERL injector.

Math Day at Boynton Middle School (Yuval Grossman)
Students spent their math period involved

In math-refated workshops. Our workshop focused

on Statistics using M&MS. Yuval focused on

Game Theory and how to increase your chances

of winning various games,

g

For information or to volunteer, visit: ﬂ’i‘!ﬁ
www.lepp.cornell.edu/Education NN/




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

R Cornell University seanci: o
Cornell High Energy Synchrotron Source o ol 1% e [ vt

K-12 Education and Mentering at
CHESS

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

1 School Chemistry Cla;

AL

http://www.chess.cornell.edu



http://www.chess.cornell.edu�
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State — Cosmic Ray Observpr_y Project

Cosmic Ray Detectors Global Positioning
(inside weatherproof enclosures) System Receiver

Ler

2002
Oscaola ‘Fairbury
Merna Rosalle
Wayne State Wayne
Lincoln Luthern  Waterloo
Lincoln High Roncalli
Wastsida
2004
Mulen Pius X
Tryon Springview
Taylor Scottsbluf
Coleridge Madison
Spaldmg Lincoln Southweast




Detector assembly and testing




Excellent extensive air shower
data Takmg run over'nlgh’r




Experimental Setup MAR'ACHI
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MARIACHI Impact

2009

2010
2008 !

0 50 100 150 200

2000

'|11n1er Researchi

42010 Students \) -
3 - ,- - 4] 15 30 45 GO
- ‘t /‘ Number of students in CERN MasterClass events. The From these teachers 6 constitute the core
inset shows the number of students in in-school organize and run workshops. After :

MasterClass events. Thg flumher of schcfjls involved grew 40% of teachers return every
from 1 to 6 in the same period.

Where are they going?
Architecture
Computer Science
Economics
Engineerin;
A B Peter Muhoro

Music
Harr

Nursing

Physics

Surveyed research students majors. Declared or received
degrees. Based on received responses (72%).
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CHEPREO

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

e 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




CHEPREQ’s Impact

Modeling Instruction has

Im proved Number of Undergraduate Physics
Majors and Graduates at FIU

— Performance: FCl both at high
school and college

Change in Physics Majors:
Community!

Sparked Physics & Cross-
College Reform
— New Ed Degrees in Math /
Chem / Earth Sci PFPLPLN RO IP > P

New Education Outreach

£ Q Q- Q
P FSITFTN TP I XKL
Model

-
N
o

CHEPREO

[y
o
o

—#— Declared Physics
Majors

—&— Physics Bachelors
Degrees Awarded

o]
o

Physics Bachelors Awarded

0
™
o

.
1]

=
)

9
7]
>

£

a

L
°
1
o

2
£
5

-
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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 =7

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

— Outreach to large South Florida community,
CMS information + QuarkNet CRilL display CMS Center at FIU

FIU Tier3’ new 216 core Dell cluster

CHEPREO Fellow @ CERN

— Fellow sent to CERN in Summer 2009

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




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 13t year. Supported by
NSF and DOE

http://quarknet.fnal.gov/
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elping Develop America’s Technological Workforce

The QuarkNet Collaboration

/6"' Office of

Sc:ence
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QuarkNet Student Research

e 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

| V

Terbium Glass
Fiber Optic Plate

hotocathode

—~ Four Stage
Image Intensii

37




Interactions in Understanding the Universe - 12U2

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

About 12U2

NNERwWY¢( [CTEEET coeeeed

Cool Science Explore! About Us

[ ]
G u Ided Inq ul ry Project Map: Your team may use the milestones below, or your teacher may have other plans. Make sure you know
how to record your progress, keep your teacher appraised of your work and publish your results.

instructional model
Think of this map as a subway map with one main line and four branch lines. Along the main line are stops, milestone seminars,

opportunities to check how the work is going. Off each main stop are branch lines where each stop is a project milestone. Hover over each
milestone or milestone seminar to preview; click milestones to open.

» Developed with scientific o © @ @
CO”abOrat|0nS Pre-test  The Big Picture :‘©1(' Get Started Figure it Out Tell Others

The Basics (Optional)

Post-test

Legend

» Grid-based analysis tools

- 3-year grant testing | LOa_y Q. ©o~6 .9
student learning | _

. Logged In as group: guest Logout
Cosmic Ray e-Lab My Loabook

CMS

g Test Beam Collaboration
. 9 . A 1 Investigation

. ' 2 ‘ o 5 Office of
& (= [+ 4 Science

&

LIGO e-Lab

LIGO

Build Your Own Research Project Using Professional Science Data




Data from an Experiment

CMS Experiment at the LHC, CERN

Data recarced 2010-Mar-30 11:04:14, 111080 GMT{12:04:14 CEST)
Hun 132440

Event 3087931

Lumi-section: 138

Orhit: 35985009

Crossing: 1
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QuarkNet and 12U2 activities bring the excitement of
particle physics at the LHC to teachers and students

v’ Research for high school students
v’ Cosmic ray detectors and e-Lab
v’ International Masterclasses

v' CMS e-Lab

v' Other QuarkNet center activities

September 14, 2010
Data set for this publication 3.1/pb

-
o
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p'p- mass (GeVic?)
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Npsigpsi-new2.ig:Events Fun_140124FEvent_501408T8

S| )X el @ 2

Detector Model
Tracker
ECAL Barrel
ECAL Endcap
ECAL Preshower
HCAL Barrel
HCAL Endeap
HCAL Outer
HCAL Forward
Drift Tubes (muan)
Cathode Strip Chambers (muon)
Reszistive Plate Chambers {muaon)
Tracking
Tracks (reco (132
Electron Tracks (GSFI0)
Clusters (SiPixels)(T2E)
Clusters (S0 Strip=)(5052)

Rec. Hits (Tracking)(1525)
ECAL

Barrel Fec. Hits(1024)

Endcap Rec. Hits(955)

Preshower Rec. Hit=(938)
HCAL

Barrel Rec. Hits(798)

Endcap Rec. Hits(278)

Forwsard Rec. Hits(310)

?
L
|
.l
O
L
|
O
L
.l

?
|
L
4l
|

4
O

?
|
Ol

Outer Rec. Hit=(316)

CMS event display for the Masterclass




LIGO LIGD e-Lab Logged in s group: guest Lageout
Homg Library Data Pastors Assessmant My Logbook
Glossary  Resources g Picturs  FAQs  Site Tips

LIGO: A New Way to Explore the Universe.

Hom H|L|ojr]al

Evenlusily hess graviationsl waves will pass by the LIGO Obsersatonas in
Loutstana and Washinglon  Laser lghl, bouncing bebwean mimors in LGOS
debecioes, wil pick up tiny vibrations that are caussd by the waves



http://www18.i2u2.org/elab/ligo/home�

Outreach Examples

Printed Media
Public Events
Websites

Social Networking

43




- - k
y "y E 3 ;'_..n}
o ’./._'I;O/ \ x r 3 o Eheas ] 7
fetet C -
% © g 5 ‘ LA ®
- % B S e s i w "
e the Cosmo gPas M g s S
= b ] e S, o 1
4 ] ) g 3 W
- - 'y T, ) \ \
)y Racky Kalb ™% - . -

&
=
b=

Authoring books...

.
UNDERSTA

UNIVERSE -

from Quarks

THE

44




ATLAS Blog: Realizing the an_

ATLAS HEAVY ION COLLISION EVENT

EARLY HEAVY 10N EVENT NOV. 2010. RAW NUMBER
OF RECONSTRUCTED TRACKS WITH P, > 1 GeV I5 1115,

|About ATLAS

Mapping the Secrets of the Universe
ATLAS is a particle physics experiment at the
Large Hadron Collider at CERN. The ATLAS
detector is searching for new discoveries in the
head-on col ns of protons of extraordinarily
high energy. ATLAS will learn about the basic
forces that have shaped our Universe since the
beginning of time and that will determine its fate.
Amang the possible unknowns are the arigin of
mass, exira dimensions of space, unification of
fundamental forces, and evidence for dark
matter candidates in the Uinive

= Potential D ies in ATLA

Websites

CATLAS

1% EXPERIMENT

Home I Multimedia Store  Blogs Limks  Towr of ATLAS ~ Contact

HlLke 45 K Like us!
Live Events (when avallable)

e
- — S
———— 4

r ,’/J r\h_w .

Latest News

Trillions of Reasons
to Be Excited (NY Times)
No five events available, showing recently

| ATLAS Popup Book second recorded events.

Halio Talkai with actor Alan Alda dnchbiswits, | AR

Event Displays | Event Animations

I.ATLAs Run Status

Proton Run Heavy lon Run

| Features

Interviews and Film
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Electronic forms....Social Media
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Top social media sites

Facebook.com
YouTube.com
Blogspot.com
Blogger.com
MySpace.com
Wordpress.com

Twitter.com

145M+ U.S. visitors per month
109M+ U.S. visitors per month

58M+ U.S. visitors per month

52M+ U.S. visitors per mont
46M+ U.S. visitors per mont
30M+ U.S. visitors per mont

30M+ U.S. visitors per mont
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http://www.quantcast.com/twitter.com�

Individual and Team effort

The Large Hadron RAP Katie McAlpine & Friends
“Twenty-seven kilometers of tunnel under (1 Tube
ground \\‘ 3

Designed with mind to send protons around X5

. o —— “‘\ »
A circle that crosses through Switzerland and ——re i 1 ]
France

Sixty nations contribute to scientific advance...’

-
~ N

-
p—

-

)

I’}f\nd all that energy packed

* 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

YD“ 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

DIARIES

BT WIS T Fols] T
Gl lel FU B

27072000 | MELLO WORLDE Marzea Sankander = Iarachon vy Hose
N
I o ot

4 I ) P K i) B, 8 B, | 1 i B 5 10 Inhoici 3 M4 B4 o M wodk P 00ang Lot Rowe

20, mie W16 coursa of my PRD, which has just Wck-started i e Unieruty of

— o unre A e

Cetma BE T

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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Gender and Age

1.4%
Female 32%

13-17 18-24 25-34 3t-44 4554 b+
Male 66% 34% ' ' H “

Countries Cities

1,710 United States 197 Elmhurst

B2 Italy 186 Chicago

64 Indiz 88 Romeovills

57 Turkey 41 Batavia

53 United Kingdom 39 Cicero

47 France 33 Mew Delhi

43 Germany 32 Mexico City
More More

Language

1,944 English (LS}
196 English (LK)
65 Italian
64 Spanish
46 Turkish
37 French {France)
29 German




Recently had most popular blog post
ever about holometer experiment

Stats: symmetry breaking mashboard)

Days Weeks | Months
=igws per month

193,300 =

136,720 —

117,240 —

TE,E60 —

39,1280 —

2010-10
Yiews per month: 195,900

|

T T I S i S
L% R | 1 I oo ot~ . i ]
SO b
cﬂ’q& &0 ,p,ﬁa*qt-fii"‘,p&,ﬁ‘,ﬁ
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Summary

e 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.

* |t'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

54




Ime

in real t

ing” particles

“See

55




In a particle beam...

Terbium Glass

Fiber-optic Plate

W e S Pu Image Intensifier
..___ S /
«\ Phosphor Sci/
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