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1- Introduction and basis of accelerator physics
Size and order of magnitude
What is a Particle Accelerator ?
What can we use a Particle Accelerator for ?

2 - From Online Learning to a Real-World Accelerator

3 - Hands-on experience with the Gauss canon and Human accelerator

References:
A Education and Training in Particle Accelerator Science and Technology, ASP2026
A Introduction to accelerator science: Activities and Lecture , ASP2024
AfScienceinSchoold: open online educative platform



https://drive.google.com/file/d/1caX1yMuYHy77yebTXqQCkA_GUWjkxN_v/view?usp=sharing
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https://scienceinschool.org/
https://scienceinschool.org/

Orders of magnitude!
Recording

Cosmic Eye
te-of he.an O

What is a Particle ?

“’ v‘v'. «_‘:' 2
‘ 3 5 r‘;‘
{} X Ray & neutron
o 8 machine
=\



https://drive.google.com/file/d/1LSUXbJ5i7oCiwUKwCuD7RUPXsr0Q_MJ-/view?usp=sharing

What is a Light, Wavelength and Particle ?

Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
Wavelength (m) 10° ° 107® 1071 1071

By & W @

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Approximate Scale
of Wavelength

Frequency (Hz)

10* 10° 10" 10 10'° 10 10°°
Temperature of
objects at which

this radiation is the

most intense
-272°C -173 °C 9,727 °C ~10,000,000 °C

)




Advanced Microscope

_ Lenght, Time & Energy
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Whatis a Particle Accelerator?



Discovering the Invisible World
X- Rays i The Unknown Rays!

Wilhelm Conrad Rontgen , a German physicist, accidentally
discovered X-rays at the age of 50, a breakthrough that
earned him the very first Nobel Prize in Physics in 1901.
The name "X-rays" has remained in use ever since, even
after scientists discovered that they are a form of high -
energy electromagnetic radiation , similar to visible light
but with a much shorter wavelength.

The famous X -ray image of Bertha Rontgen's hand, taken in 1895, was
the first radiograph in history. It revealed the bones of her hand as well
as her wedding ring.

X-ray medical imaging, developed soon after Wilhelm Réntgen's
discovery, paved the way for major advances in medicine. Marie
Curie was among the first to apply this technology in practice.
During World War I, she equipped mobile radiography units,
known as the "Little Curieso,
treat wounded soldiers directly on the battlefield.




Science Context and Particle Accelerators

More than 50,000 Particle Accelerators Uses and applications of particle acclerators
in the world ! (15,000 in 2000) 4% 1% 1% ® Radiotherapy (>100 000 treatments per
° & year)
s 9% ® Manufacturing using ion implantation

and surface modification
® Industrial processing and research

Ernest (5% 1,000 = Hadron Colliders
Lawrence = Research (including biomedical)
Q Tevatron 1
o~
(1901 - 1958) % SppS ® Medical radioisotopes

> 100t SLC, LEP
o i ; :
% mtn e*e” Colliders ® High energy physics research
-
Q

A 1980 -Tevatron @ Fermilab 980 GeV

A 2008 - LHC @ CERN 7-14 TeV
-

® VEPP IV
SPEAR II
SPEAR, DORIS, VEPP III

To generate collisions at the center
of detectors specially constructed
to observe them (e.g. LHC)

| ® Prin-Stan, VEPP II, ACO

| | | | ]
1970 1980 1990 2000 2010
YEAR OF COMPLETION

Li vi ng diageam 6 s

To general (photon or neutron)
beams to observe materials at the
atomic level (e.g. light sources)




Applications

* Accelerator & Beams, Tools of
discovery and Innovation (English)

* Synchrotron Light Sources
AY In arabic
AY fanguages
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Applications of accelerators ...... .. e SR A A 8
Advancing the frontiers of knowledge .................. .. ...l 9
Accelerators for diagnosing illness and fighting cancer............. 10
Accelerators to beat food-borneiillness ................... .. ... n
Accelerators and national security ........... ..ol 12

Accelerators validate nuclear weapons performance ........... 13

Why is an accelerator under the Louvre museum?.................. 14
Beams of light from beams of particles ............................ 15
Accelerators for improving materials’ surfaces ..................... 18
Accelerator-based neutron science yields payoffs .................. 19
Multiple uses for portable accelerators™ .......................... 20
Accelerators boost international cooperation...................... 21
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Could accelerators revolutionize nuclear energy? ................. 27
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To learn more i . o inside back cover

PHOTOS TOP TO BOTTOM: (1) INVESTIGATION OF MAGNETISM IN NANOWIRES WITH A HIGH-ENERGY LIGHT SOURCE.

(2) ATOMIC MODEL OF YTTRIUM-BARIUM-COPPER OXIDE, A HIGH-TEMPERATURE SUPERCONDUCTING CERAMIC WHOSE OXYGEN
POSITIONS WERE DETERMINED BY NEUTROM SCATTERING. (3) CORNELL UNIVERSITY DESIGN OF A NEW TYPE OF SUPERCONDUCTING
WIGGLER TO PRODUCE AN INTENSE X-RAY BEAM. (4) DRIFT TUBES IN THE FERMILAB LINEAR ACCELERATOR.

(5) SIMULATION OF DETECTION OF A HIGGS BOSON IN AN EXPERIMENT AT CERN'S LARGE HADRON COLLIDER.

CREDITS TOP TO BOTTOM: BROOKHAVEN'S NATIONAL SYNCHROTRON LIGHT SOURCE; OAK RIDGE NATIONAL LABORATORY
SPALLATION NEUTRON SOURCE; WILSON LABORATORY, CORNELL UNIVERSITY; FERMILAB; CERN.
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6 protons
+ 6 neutrons

Particle Accelerator

We can accelerate a charged particle with an electric field !

Q electron

e proton
0 neutron

Carbon atom

Cathode (-) Anode (+)

E (electric field) Energy: 1 eV =1,6 10 Joules

A A A A

e- (electron)
: . i Gap

Particle accelerators are machines that use electric fields to ( O ( > Beam@
accelerate charged particles, such as electrons, protons, or

ions to extremely high energies. L L

Coupler
e.g. they can accelerate a proton to an energy of 900 GeV (9001 1 0 el ec PrOV\(')ernA\er(I)'f'Frt
RF Input

900 GeV ~ 600 billion batteries (1.5 Volt) ~ 37.4 million Km ~ % the way to the sun



Particle Accelerators

Nothing with mass can reach or exceed the speed of light (® LM/)S

Particle accelerators can get incredibly close, within millionths or even trillionths

of a percent, but never all the way there.

A Proton and electron have the same magnitude of electric charge

A A proton is 1836 times heavier than an electron.

Why does this matter for accelerators?

- Electrons are light, so they are easy to
accelerate but lose a lot of energy when forced to

turn (they emit synchrotron radiation).

- Protons are much heavier, so they are harder
to accelerate initially , but they can circulate
around large rings like the LHC with much smaller

energy losses.

electrons

(vic)r2

protons

“Einstein”

200 300 400 50C
Kinetic Energy [MeV]




Ingredients - Particle Accelerators

1- lon Source to produce the charged particles A
to be accelerated (electron gun, H" or H") /

2- Accelerating structures (cavities) to accelerate ) 7
particles T Superconductors to reach high energy

Courtesy Caterina Biscari

3- Magnets are used to bend and focus the particle ASP2018
trajectories i Superconductors to reach high energy

4- Vacuum chamber to minimize scattering of the beam particles by gas particles

5- Cooling systems to remove the heat dissipated in accelerator components; use of
superfluidity for superconducting magnets and cavities

6- Beam diagnostics to provide information about the beam intensity (current),
position, beam profile and beam loss

7- Control system to record and control each equipment

81 Power Supply for RF, Magnets and Accelerator components Y



The Physics Behind Particle Accelerators

1) Particles 2) Energy 3) Control
: o o
A
2

O ‘L RNEE (NN

om ot =

i _\ 5 » ) =
4) Collision 5) Detection

Creditto Suzie Sheehy



Production of particles

Example: Electron production
0 A heated filament emits electrons.

0 These electrons immediately fall back onto
the metal.

o If an electric field is applied, these electrons
can be removed.

16



Type of Particle
Accelerator

htps://ri-

Three types of accelerators to consider:
A Linear

frequ
PP'Y

A Cyclotron
A Synchrotron

ence.tumblr.com/post/1510954 78902/did-you-know-there-are-three-main-types-of

'ép'—‘):F‘)-, ¢ t, % - r—

17



Linear Accelerators

A Straight lines \L—/T\_\:f{' .
k | |
A e.g. They are used in hospitals for IF il il S il S i

G J.—-—-.*[r

radiotherapy: they accelerate
electrons to high energies to generate
X-rays.

A Particles only pass through it once.

An elliptical
supraconducting cavity
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Cyclotrons

Cyclotrons are compact
accelerators.

The particles start at the center and
gain energy, spiraling outward.

e.g. They can accelerate charged
particles and heavy ions but not
electrons.

They can be used for production of
radio-isotopes for medical
treatment

L9
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Synchrotrons

To use particles at higher energies,
physicists use a synchrotron
(keeps the E and B fields in perfect
synchronization with the particles
as their energy increases).

Use magnets (superconductors) to
guide and accelerate particles.

E.g. Large Hardon Collider (LHC)
@ CERN

20



Q&A

What is the characteristic of linear accelerators?

. Circular shape

‘ Use magnetic fields for acceleration

Accelerate particles in a straight line

. Linear accelerators can accelerate neutrons

21



How does a particle Accelerator work ?

22



You may come across Particles accelerators before!

LIVE with the
SILMARIL team

Conducting
E coating

o
o -

Anode Phosphoer S

Coated
screen

Cathode Ray Tube Television Thomson experiment

23



Acceleration principle Example of SRF cavities

N o
( U (= seay

-l
Lot

Power Coupler
Waveguide

Power Amplifier
RF Input (Klystrons)

Lorentz Force
A Electrical Field
A Magnetic Field B

A Elliptical cavity
High b

F=—=e(§+vx§)
A Spoke cavity
Low b

Superconducting
radiofrequency (SRF) cavity



Accelerator Characteristics

ElectroMagnetism - Maxwell

electrostatic (DC)

time-varying (AC)

collectn
— “,t‘“e" : Cockroft & Walton B=VxA
Y Van de Graaf -
5 » OB
l PXE= — 3% I
™~ conveyor
. unbunched resonant
Betatron Linac
Cyclotron
Synchrotron

/ charged
voltage  comb



Cavities T to accelerate Particles

Superconducting Radio-Frequency Cavities for ESS

b = Vitesse of Particle /c (speed of the light)

TORNET] A Lowb - Spoke cavity

‘ Range of Velocity and Frequency ‘

ol i
Spoke "

- FOS =
% m Superconducting
§|oo - Bt radiofrequency (SRF) cavity
Al b=vic

Quarter-wave
([ DO N S SN (Y [S T SRS (S |

p=01 Particle Velocity [fi=vic] p=1




Magnets T to steer Particles

Manufacturing of LHC superconducting magnets
27 km cooled down to 2K
The coolest place in the Universe !




Superconducting Magnets

A In a superconducting magnet, the field is given by the current distribution in the
windings (Biot & S a v a law).0 s

A When present, the iron only acts as a flux return yoke
& —

“cos 6" « block » approximation

aam
THT
(21

i1 E1 1T
PERERRaRa v esiinineg

28




Q&A

The speed of lightin avacuumis: 3 x 10% m/s
That means in one second it travels

. 300,000,000 meters

‘ 400,000,000 meters

500,000,000 meters

. None of the above

29



Q&A

What can particle accelerator be used for ?

. Cure people

‘ Understand high-energy collision

Produce energy

. All of the above

30



Massive Open Online Course (MOQOC) !
Accelerate your Teaching

©

accelerat
teachin

Aim: Use large scale

Research Infrastructure to teach:

A Forces

A Magnetism

A Structure of an atom
A Light

A ElectroMagnetismé

DS 00O

003 E


https://bit.ly/AT_MOOC23

Video Accelerator explanations

=  E3Voulube ™ Search Q $

Module 1



%3ciframe%20width=%22560%22%20height=%22315%22%20src=%22https:/www.youtube.com/embed/w6XG62WKUio?si=SDIp29xIys81yl0A%22%20title=%22YouTube%20video%20player%22%20frameborder=%220%22%20allow=%22accelerometer;%20autoplay;%20clipboard-write;%20encrypted-media;%20gyroscope;%20picture-in-picture;%20web-share%22%20referrerpolicy=%22strict-origin-when-cross-origin%22%20allowfullscreen%3e%3c/iframe%3e

Accelerate your Teaching https://bit.ly/AT MOOC23
e Academy  Aceolerate your Teaching MOOC Help @

Course  Progress  Discussion Live Events  Meet Your Peers  Behind the Course  Certification  Glossary .
o accelerat
Accelerate Your Teaching MOOC ( teachin

Pick up where you left off Set a weekly learning goal

Setting a goal motivates you to finish the course. You can always
change it later.

Expand all
R [ o]
©  Module 1: Introduction to Accelerate Your Teaching MOOC + Casual Regular Intense
1day a week 3 days a week 5 days a week
r‘ o Y furopean @ Facilities -+
4
Unexpected Applications of Accelerators sed Investigations to Massive - Course Tools
Production of neutrons for material research and Life Science A Bookmarks :
Trailers

26 October, 2023 Updates

Important dates

Christine Darve and Kim Lefmann . - Wed, Nov 22’ 2023 DeSC rl Dt|0 nS
b T e [ e Course ends
This course is archived, which means you can review course
"Unexpected Applications of Accelerators™, by C. content but its no longer acive.

Darve (ESS) and K. Lefmann (NBI), 26 Oct. 2023 View all course dates


https://bit.ly/AT_MOOC23
https://bit.ly/AT_MOOC23
https://youtu.be/jt_2SKcl7_4?si=oaQUWB1d6zxFunTT
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/course/
https://drive.google.com/file/d/1zTrYTHNWDGvyeW9sq4cN_mzFYHzeiAKs/view?usp=drive_link

¢©’ Aecelerat

Scientist Stories

Pedagogical tools Race to Space

Learning Scenarios




MOOC

ess.eu/explore  short Videos of scientists

(O L&

gxplore ESS

whatisto?

Whe > 557

g B

Using accelerator-driven
research facilities

European Spallation Source
6 videos 86 views Updated yesterday

=+ () B 8

» Playall >3 Shuffle

Scientists talk about how using large accelerator-
driven research facilities benefits research.

European Spallation Source * 16 views * 4 days ago

Superconductors and data

European Spallation Source * 576 views * 6 months ago

Accelerators for life sciences

European Spallation Source + 639 views * 6 months ago

Accelerators for particles and the cosmos

I European Spallation Source * 1K views + 6 months ago

Accelerators to study the distant past

European Spallation Source * 1K views « 6 months ago

-

77 Who inspires you?

g, European Spallation Source * 2K views * 5 months ago
%

Accelerate Your Teaching MOOC Module 1 Introduction to Scientist Stories

Downl¢

Downl¢

e

¢What is science...

...and what is fiction?


http://www.ess.eu/explore
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://bit.ly/AT_MOOC23

Race to space

PHYSICS FOR AGES 14 - 18

Use Neutron
Scattering to Change
the Future!

Enrollment for teachers available at European Schoolnet Academy

Some information on neutron scattering

36



https://racetospace.eu/
https://racetospace.eu/wp-content/uploads/2023/10/someInformationNeutronScattering.pdf

A Course | Module 2: The Science Behind Large Research Facilities / 2.1 How an Accelerator Works

Learning Scenarios ¢Pevios W Bv m W m B 8 8 8 8 m N>

The forces in accelerators
[ Bookmark this page

To make particle accelerators work, scientists make use of electromagnetic force fields. This video from CERN serves as both

an N\ rr = 7 V4 (o] - ~ an introduction to this topic, and provides student-friendly demonstrations and explanations.
Ul 6caqkt UagolJUt uct
universe? oo

ULIGHT SCATTERING S ———

European Spallation Source

Start of transcript. Skip to the end.

javes
Radio waves

Tools :https://padlet.com/
CERN-"I Love Physics" series,

light is electromagnetic radiation and

the visible light that we experience

every day is only a small part of a

larger electromagnetic spectrum that
Watch on (@ YouTube spans all the way from xrays to radio
waves and when talking about the
electromagnetic spectrum we often talk
about Photon energy or wavelength these

»  0:00/0:00 two terms will describe the same

< Previous ] [ Next >

2023-01-

19 EAGLE MEETING 5 37



https://drive.google.com/file/d/1QrUQMZ_z6rIxaLkUix37JAEi8OKsVuW3/view?usp=sharing
https://drive.google.com/file/d/1QrUQMZ_z6rIxaLkUix37JAEi8OKsVuW3/view?usp=sharing
https://drive.google.com/file/d/1QrUQMZ_z6rIxaLkUix37JAEi8OKsVuW3/view?usp=sharing
https://drive.google.com/file/d/1ng1To_mQo7oYe8qx_JeejRjheQfxmsCk/view?usp=drive_link
https://drive.google.com/file/d/1ng1To_mQo7oYe8qx_JeejRjheQfxmsCk/view?usp=drive_link
https://padlet.com/
https://youtube.com/playlist?list=PLAk-9e5KQYEplnzUrQ08Xb_g0IkmpaD-B&si=1zeGb78u9DIERPJN
https://youtube.com/playlist?list=PLAk-9e5KQYEplnzUrQ08Xb_g0IkmpaD-B&si=1zeGb78u9DIERPJN
https://youtube.com/playlist?list=PLAk-9e5KQYEplnzUrQ08Xb_g0IkmpaD-B&si=1zeGb78u9DIERPJN
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Home Currentissue Alllssues Inspire Understand Teach Events About Getinvolved Author guidelines

Science in School > All Issues > Issue 67 >

Build a linear accelerator model

ARTIC

April 4, 20264 Ruthor(s): Jo Lewis, Lukasz Michalak Supporting materials
ISSUE 67
ri‘ Build a linear accel tod pallation - the source of high-energy Activity instructions sheet

Ages: 14-16, 16-19 neutrons used by the new European Spallation Source being built in Sweden. Ac

vity worksheet

ESS scheme
tion, Collit

ience in School > All lssues > lssue 69 >

nergy, Magnetism, Download
EEA Accelerators are everywhere, perhaps bt
closer than you think...
Available languages
September 2, 2024 Author{s): Jo Lewis, Christine Darve -
Eoghsh Share this article

Did you know that there are more than 30 000 particle accelerators around the
Ages: 11-14, 14-16 world? Where are they, and what are they for?

See all articles in 8B English
"
X f in

Topics: Careers in STEM, What is a particle accelerator? The first technological demonstration to accelerate particles was carried

Engineering, General science, out by Ernest 0. Lawrence in Berkeley, USA, in 1929. His cyclotron, which he could hold in his hand,

Physics, Science and society opened a new era, enabling many scientific discoveries. Since then, tools that take subatomic particles Subscribe to our newsletter

© Ulla Hammarlund/ESS

Keywordss appled sclnce and speed them up are used in many applications, from early cathode-ray televisions, which preceded

light-emitting diode (LED) and flatscreen televisions, to giant machines used to smash and study the
Geography, Particle accelerators,

N particles themselves. *
Particle physics J 5
Science in School

In these activities, which are suitable for students aged 11-16, students can use an interactive map to K The Eucopean journa e

Available languages find and learn about the accelerators near them.{] Home Curentissve Allssoes Inspre Understand Teach Events About Getinvowed Author guidelnes

WEnglish A
3 Particle accelerators i i
EEAnvika . .
There are three main types of particle accelerator: linear accelerators (often called LINACS) or one of two
See all articles in 28 Engfish
types of circular accelerators - cyclotrons or synchrotrons.
sprts, 2000

1SSUE 67

Ages: 11434, 1

Topics: &

Left: The European Synchrotron Radiation Facility (ESRF) in Grenable. Right: The European Auslable anguages
XFEL linear particle accelerator in Hamburg, e
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https://scienceinschool.org/
https://scienceinschool.org/

Outreach & Education

Reach out high-school learners and teachers
Open Access MOOC, accessible in developing country !

Learn more about Particle Accelerators € .
C Physics Matters April 25, 2024 incl. Nordic

Produced by Making Science the Star:
/| @kenmoestephanemakingscienc7050

Particle Accelerator Project and Videos

Reminder: ASP2021 became the first on-line school gathering all disciplines of Fundamental
Physics and Applications.

Zoom access, lecture recordings and slides available.

+ Caf ® wi t hSciancair tlaerCity aon (Him shries to boost scientific culture in Africa)


https://www.scientix.eu/accelerating-teaching-mooc
https://www.scientix.eu/accelerating-teaching-mooc
https://www.scientix.eu/accelerating-teaching-mooc
https://www.scientix.eu/accelerating-teaching-mooc
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://www.youtube.com/@kenmoestephanemakingscienc7050
https://www.youtube.com/@kenmoestephanemakingscienc7050
https://www.youtube.com/@kenmoestephanemakingscienc7050
https://www.youtube.com/@kenmoestephanemakingscienc7050

Q&A

How many main types of accelerators are there?

. Two
‘ Three

Four

. Five

40



Q&A

What is the main function of a Cyclotron?

. Accelerate charged particles
‘ Generate radio-isotope for medical applications

Produce X-rays

. Create magnetic fields

41



BE LIKE
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Outline ALWAYS

POSITIVE...

1- Introduction and basis of accelerator physics
Size and order of magnitude
What is a Particle Accelerator ?
What can we use a Particle Accelerator for ?

2 - From Online Learning to a Real -World Accelerator

3 - Hands-on experience with the Gauss canon and Human accelerator

References:
A Education and Training in Particle Accelerator Science and Technology, ASP2026
A Introduction to accelerator science: Activities and Lecture , ASP2024
AfScienceinSchoold: open online educative platform
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https://scienceinschool.org/
https://scienceinschool.org/

From Online
Learning to a
Real-World
Accelerator

SILMARIL activity

6 YouTube: The theory behind all electronics with Suzie Sheehy
(N6 Y O G1explriment)
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https://drive.google.com/file/d/1w4uoloV1hGQohVbVwqT_12PsFR2wFS6e/view?usp=sharing
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First part: Live from the Science ﬂ
ACO Museum

é?) Van der Graaf Thomson experiment

RN Seco

nd part: students use

SILMARIL’s tool

Second part: students use
SILMARIL’s tool

The link to access the Jupyter

notebook would be given to the
students so that they can play
with the beam
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Invisible Forces Can Accelerate Objects

The marble enters slowly, but leaves much faster after
interacting with the magnetic system.

Outgoing fast marble

Where did the extra
speed come from?

Magnetic zone




T
The Transfer of Motion

Motion energy enters the system Magnetic forces transfer energy The last marble gains speed

Proportionality Scale

Velocity (v) | E =1/2*mv? Il\| Kinetic Energy (E,)

_l_ When velocity increases, kinetic energy increases strongly.



From Playroom to Particle Phys_|c3°

Linear Acceleration

Scientists use similar principles to
accelerate particles for medicine,
materials science, and
fundamental physics.

l CRSHUTLEEE

'x - 9
o 1 SR
® @
‘v @@@
..*jﬁ-'

Gravitrax Cannon

Particle Accelerator

The Projectile Marble Electron / proton
The Pathway Track Beam pipe
. Magnetic Electromagnetic
The Driver interaction field
The Result Faster marble Accelerated

particle beam




From Theory to Practice:
Hands-On Session

Now, we take the physics out of the blueprint and into your hands.



Scaling Up the Loop

These circular systems scale
up to power CERN, the Large
Hadron Collider, synchrotron
light sources, and medical
accelerators.

Toy accelerator

) Metal ball

RF cavities + magnets

The Projectile \

The Driver Wi , Electromagnetic coils PEg
([ e
S ;

The Track ) Circular track

The Result

\ ‘\g% Increasing speed

N Accelerator ring




Human accelerator

""" Group A: The Structure
WI'H' (Linear Accelerator)
R ;é. Group B: The Particles
(Electrons)
I 2

< i\ Group C: The Optics
'I' 2 (Magnets)

s N\SZe Group D: The
lw Detectors
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https://cdarve.web.cern.ch/ Trauernicht



https://cdarve.web.cern.ch/

Realizing the Vision

outreach with long-term infrastructure
development, we are not just teaching
physics—we are building the capacity to
cure disease and drive innovation.
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