
electron
ray

synchrotron

energy time
photon

order

radiationshown

examplecalled

approximately

beam

undulatorphoton energy

XFEL

s
t
o
r
a
g
e
 
r
i
n
g

divided

a
n
g
l
e

using

wavelength

direction

used
Delta

number

video
experiment

s
o
u
r
c
e

light

small

equals

i
n
c
r
e
a
s
eNote

d
e
g
r
e
e

Lambda

different

material

scattering

e
x
p
r
e
s
s
i
o
n

pulse

mirror

crystal

section

factor

a
b
s
o
r
p
t
i
o
n

atom

high
change

d
e
t
e
c
t
o
r

e
l
e
c
t
r
o
n
 
v
o
l
t

electron emittance

e
v
e
n

larger

mean

many

magnitude

element

emittance

length

electric field

simply

signal due

obtain

another

metre

monochromator

might course

micron

less

component

large

structure

object

smaller

within

distance

r
e
f
r
a
c
t
i
v
e
 
i
n
d
e
x

detail

s
u
r
f
a
c
e

speed

beamline

w
o
r
d

become

relative

square

proportional

d
i
f
f
r
a
c
t
i
o
n

bandwidth

magnet

axis

DLSR

higher

phase

p
h
o
t
o
n
 
e
n
e
r
g
i
e
s

week

upon

i
n
t
e
r
a
c
t
i
o
n

type

t
y
p
i
c
a
l
l
y

intensity

c
r
o
s
s
 
s
e
c
t
i
o
n

energies

around

discuss

r
e
s
u
l
t

indeed

lens

prime

range

along

point

produced

total

depend

begin

harmonic

f
r
e
e
 
e
l
e
c
t
r
o
n produce

ring

a
s
s
o
c
i
a
t
e
d

term

incident

Beta

hard

synchrotron radiation

end

next

important

Gamma

silicon

magnetic field

half

difference

ten

bending magnet

critical angle

image
Thetacontribution

sister course

field strength

long

fact

remember

parallel

wiggler

form factor

way

reflection left

power

constant

electronvolt

electromagnetic radiation

electron beam

matter

right

divergence

effect

femtosecond

millimetre

next video

general

red

values

diamond

close

particle

technique

sigma

maximum

radius

ray free

Welcome back

electron laser

p
l
a
n
e

charge
SASE

measured

single

squared

function

plot

optic

square root

n
a
m
e
l
y

wave

ratio

far

certain

concept

peak

amplitude

dipole

Pi

device

a
n
g
s
t
r
o
m

p
r
o
p
e
r
t
i
e
s

Search MOOC Video

1

https://cede-webapps.epfl.ch/video-sequence-search/?csv=en_SYNCHRO1-2
https://mediaspace.epfl.ch/media/0_tdzs9eoy
https://mediaspace.epfl.ch/media/0_tdzs9eoy


Since their discovery by Wilhelm Roentgen at the end of the 19th
century, X-rays have played a pivotal role in almost all branches of the
natural sciences and medicine. Synchrotrons and X-ray free electron
lasers are large-scale scientific facilities designed to produce extremely
powerful beams of electromagnetic radiation, most notably in the
wavelength range spanning the ultraviolet all the way to ultra energetic
X-rays. As such, synchrotron and XFEL radiation represent perhaps the
most powerful and multi-disciplinary modern probes for the study of the
structure of matter in fields as diverse as physics, chemistry, biology,
materials science, earth sciences, environmental sciences, and even
cultural artefact restoration. Why are the synchrotrons and XFELs such
a potent tool in the natural sciences? Firstly, X-rays can penetrate deeply
into solid matter, allowing the internal architecture and structure of
objects to be non-destructively investigated down to the angstrom scale.
Secondly, the binding energies of electrons lie in the same range as the
photons generated at synchrotron and XFEL facilities, allowing detailed
spectroscopic studies of materials, providing insights into their
chemistry, electronic structure, and magnetic properties.
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My name is Phil Willmott, teacher and professor of physics at the
University of Zurich and science coordinator for the upgrade of the
Swiss Light Source Synchrotron Facility at the Paul Scherrer Institute in
Switzerland. Over this six-week, massive open online course, I will
introduce the student to basic concepts in synchrotron and excel science.
From the interactions of X-rays with matter, including refraction,
reflection and absorption, through the production of synchrotron and
XFEL beams and their manipulation with X-ray optics, to an in-depth
overview of different types of X-ray and electron detectors. This will
arm the student with the necessary tools needed to realise the broad
experimental approaches of X-ray diffraction and scattering, X-ray
spectroscopies and X-ray imaging, which will be covered in detail in the
sister course. So I invite you to join me in delving into the fascinating,
surprising and burgeoning world of synchrotrons and XFELs that is
today, touching an unparalleled vista of scientific disciplines.
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