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Introduction and historical perspective



The discovery of x-rays in 1895
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Rontgens lab in Wiirzburg « During experiments illuminated his hand and
Experiments with vacuum tube saw bone structure

Noticed fluorescence on a screen despite * Took first “medical” x-ray on his wifes hand
light-tight packaging of tube * Denied patenting request to fully exploit
Postulated mysterios x-rays potential of x-rays



Discovery of X-rays triggered many technological and
scientific developments




X-rays are high-energy electromagnetic (em) waves
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X-rays: Physics? Chemistry? Biology? Medicine?




The power of x-rays
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Fig. 1-5. Mass absorption coefficients (continued).



Scattering with atomic resolution

Lysozym (Protein, Immunsystem) Experiment at the Swiss Light Source

Stochiometric formula
C125H196N4003652 FASTCAM Mini AX100 type 540K-C-16.. , .1;1;:‘)(: fps

Date : 201714i4

Structure
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Elements possess specific colors — also in X-ray spectral regime

Rose of Lausanne: Barkla:
Characteristic visible colors Characteristic emission lines of

elements in x-ray regime

Barkla, Nobel Prize in 1917
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Combination of large penetration depth, elemental information, and high
resolution

Example: Geological Thalium sample (Geochemistry)
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Scanning XRF
Tomography

XANES “X-Ray Eye”
Line Tomograpy Full Field Absorption
Contrast Tomograpy

Unique Opportunities from SLS 2.0

Arsenic
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X-ray interactions with matter



X-ray interactions with matter

surface

bulk

Incident x-ray Auger/photo-
photon secondary electrons
Inelastic scattering Elastic scattering
(Compton) (Thomson)
.Q : . - O' °
£ .“' . " .

Fluorescence
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X-ray cross sections

Cross section (barns/atom)
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Photoionization / absorption

Fluorescence

Auger emission
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1s binding energy [eV]

lonization energies of elements
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Table 1-1. Electron binding energies, in electron volts, for the elements in their natural forms.

Element Kls Ly 2s L22py2  L32pip M 3s M23p12 M33p3z  Mg3ddi, Ms3dsp N ds N24p122
1 H 136

2 He 24.6*

3 Li 54.7*

4 Be 111.5*

5B 188*

6 C 2842*

7N 409.9* 37.3*

80 543.1* 41 .6*

9F 696.7*

10 Ne 870.2* 48.5* 21.7* 21.6*

11 Na 10708t 63.5% 30.65 30.81

12 Mg 1303.01 887 49.78 49.50

13 Al 1559.6 1178 7295 72.55

14 Si 1839 149.7*b 99.82 99.42

I5P 21455 189* 136* 135*

16 S 2472 2309 163.6* 162.5*

17 Cl 28224 270* 202* 200*

18 Ar 3205.9* 326.3* 250.61 248 4* 29.3* 15.9* 15.7*
19 K 3608.4* 378.6* 297.3* 294 .6* 34.8* 18.3* 18.3*
20 Ca 4038.5* 4384t 3497t 3462 4431 254t 2541
21 Sc 4492 498.0* 403.6* 398.7* 51.1* 28.3* 28.3*
22 Ti 4966 5609t 4602t 453 8t 58.7% 32.61 32.6t

17



Thomson scattering

E-field
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Compton scattering
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Atomic scattering factors
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Atomic scattering factors and refractive index
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X-ray sources



X-ray source development has gone through exponential improvements since the

1950s

Brilliance [photons/s/mm?/mrad?/0.1% BW]
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(Rotating) anode sources
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X-ray laboratory sources at EPFL

https://www.epfl.ch/schools/sb/research/isic/platforms/x-ray diffraction/
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https://www.epfl.ch/schools/sb/research/isic/platforms/x-ray_diffraction/

Aerial view of Paul-Scherrer-Institute
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Synchrotron radiation: The idea

radiation fan

electron beam

bending magnet

Light point of synchrotron
radiation (close to white light)

electron beam

probe
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Three type of sources in synchrotron radiation storage ring:

Bending magnet
radiation

o

Wiggler radiation

Y

Undulator radiation

Y

ho
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Bending magnet source
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Undulator source

Magnetic undulator
(N periods)

Relativistic
electron beam,
Ee = YmCE
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Undulator source — explained in a nutshell

Laboratory Frame Frame of Frame of Following
of Reference Moving e~ Observer Monochromator
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Undulator source — a final note dP 0

With a pinhole aperture

dqY’

JI\

Frequency, o’

Execution of N electron oscillations
produces a transform-limited
Pinhole spectral bandwidth, Aw’/®m” = 1/N.

aperture

Grating
monochromator

With a monochromator

dP
dQ

ot

Frequency, ®

The Doppler frequency shift has a
strong angle dependence, leading
to lower photon energies off-axis.
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Layout of a synchrotron beamline

High-pass
filter/window
Beam-defining

Beam-defining slits

aperture

Primary optics:
mirrors and
monochromator

BSB

Clean-up
slits

Beam-intensity
monitor

Detector
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X-ray free-electron lasers (XFELs) — the latest and brightest x-ray source
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Peak brilliance (photons per (s mrad? mm? 0.1% BW))

LEG

Layout and working principle of XFEL

ps laser
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Incoherent emission:
electrons randomly phas

ed

Coherent emission:
electrons bunched at
radiation wavelength

X-rays

* Intensity ~ N2

* N - # of coherently emitting
electrons ~ 10°

1012 X-ray photons /
100 fsec pulse
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X-ray transport



Mirrors

Reflectivity
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Crystals
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Zone plates

40



Compound refractive lenses

nanofoc
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The end
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