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- :( Radiation — x-rays (photons) , neutrons, electrons
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- :( Radiation — x-rays (photons) , neutrons, electrons

interaction interaction
type partners

X-rays dipole electrons

photons atoms/electrons
strong force nuclei

neutrons magnetic unpaired electrons
neutron capture nuclei

electrons Coulomb force electrons, nuclei
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- :( Radiation — x-rays (photons) , neutrons, electrons

/
energy wavelength velocity temperature

X-rays CuKal 8.048 keV 1.54 A
photons MoKal 17.479 keV 0.71 A
neutrons thermal 25 meV 1.8 A 2200 m/s 293.6 K

cold 6.6 meV 35A 1127 m/s 77 K
electrons SEM 20 keV 0.122 A

TEM 200 keV 0.025 A
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- :( Radiation — x-rays (photons) , neutrons, electrons
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- D( Radiation — attenuation - Beer Lambert law

1(X) = 1, X (—Hx)
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- :( Radiation — attenuation - Beer Lambert law
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- :( Attenuation X-Rays : microscopic view
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cross section [cm”2/g]

= :( X-Rays cross section magnitude
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- :( Atomic binding energies, electron energy levels
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- :( Secondary effects — fluorescence vs Auger
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= :( X-Ray Fluorescence — characteristic lines

Siegbahn = Manne Siegbahn (swedish physicist)
Nobel Prize in Physics in 1924

/ﬁ IUPAC = International Union of Pure and Applied Chemistry
// Lot Siegbahn |IUPAC Siegbahn |IUPAC
/ J i Koty K-L3 Loty L3-M5
f Kot K-L2 Lo L3-M4
4 KpB1 K-M3 Lp1 L2-M4
Kp> K-N2,N3 Lp> L3-N5
Nucleus KpBs K-M2 Lps L1-M3
O [ps  [L1-M2
‘ Germanium
%)
L3 Line Energy [keV] | Probability
" Koty 0 887 0.37380
M4 Kotz 9.856 0.29350
Ve KB1 10.983 0.08470
Kp2 11.103 0.00280
Kps 10.978 0.04320
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= 3( Electrons interaction with matter
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==¢{ Inner shell ionization cross section: x-rays vs electrons
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= D( Neutrons interaction with matter

/ TOTAL
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ELASTIC || INELASTIC E,';%’JET% | CHARGED | | NEUTRAL FISSION
in,p) (n,2n)
) () n.y) e ik (n.)
etc. . efc,

Fig. 12.2 Various categories of neutron interactions. The letters separated
by commas in the parentheses show the incoming and outgoing
particles.

http://www.uio.no/studier/emner/matnat/fys/FYS-
KJM4710/h14/timeplan/neutron_chapter.pdf
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e :( Cross section : X-rays vs neutrons
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e :( Cross section : X-rays vs neutrons

FONDAZIONE Attenuation coeffitients for thermal neutrons [cm']
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0.08 0.14 |027/029| 040 6 0.88 4.04 3 0.21 [0.30 | 0.25 | 0.23 | 0.43
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Li Be B c| N o[ F | Ne
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= :( Neutron cross section
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= :( Scattering - Differential cross section
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— :( X-Rays - Differential cross section — elastic scattering
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- :( X-Rays - Differential cross section — inelastic scattering
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- :( Electrons - Differential elastic cross section
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= :( X-ray differential elastic cross section and the form factor
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= :( X-ray differential elastic cross section and the form factor

4 ... but actually there is a further dependence on energy ...

f= fﬂ(ijZ) + (B, Z)+if"(E,Z)

F(z,Z) :47rf rp(r, Z)
0

1 4
sin(4mxr) I
dmar

1 . .
f photoelectric absorption

/ corrections for photoabsorption (Kramers-Kronig dispersion)
f relativistic effects, nuclear scattering

Diffraction (structure factor)

F(h, k1) = Z fie~Mig2mitha;+hy;+iz))
J
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= :( X-ray differential elastic cross section and the form factor

forward scattering factors (x =theta=q=0)
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= :( X-ray differential inelastic cross section (Compton)
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- :< X-ray inelastic (Compton) scattering

Inelastic (Compton) 50

Scattering h
/
A=\ = (1 — cos )
'E'ZZM hoton mec
, E
E =
1+ ~(1—cos8)
m,c

in a spectrum the Compton peak is broader due to the
angle dependence (in the accepted solid angle there are
different scattering angles) and due to Doppler broadening
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= :( X-Ray Absorption near edge fine structure
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= :( X-Ray Absorption near edge fine structure
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- :( X-Ray Fluorescence analysis

Element|Concentration |Uncertainty
s/ Ca 51,316 0,500
Cr 46,281 0,239
8000 . Mn 48,436 0,226
1 Kat Fe 48,590 0,197
7000 - Co 50,803 0,179
] KB Ni 52,852 0,164
Lot Cu 50,330 0,146
6000 + B Zn 52,675 0,136
< ] Ga 50,000 0
Sr 51,947 0,087
C - r r
- >000 M Ga Ba 48,295 0,501
© . o Tl 56,445 0,129
S 4000 4 Pb 43,545 0,108
~ ] cu TI Bi 46,477 0,109
9 3000 Ni Pb Mo Ag 56,982 2,160
€ ] Bl b scatter Cd 56,722 2,398
8 T Tl B
O 2000 A .
1000 A \} U WEU
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= :( X-Ray Fluorescence analysis
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= :( X-Ray Fluorescence analysis
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= ~¢ X-Ray line families
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= ~¢ X-Ray line families
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= :( EDS detector
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- D( Detector artefacts / ‘environmental’ artefacts
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= :( X-Ray Fluorescence - intensity - Sherman equation
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= :( X-Ray Fluorescence - intensity - Sherman equation
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= :( X-Ray Fluorescence - intensity - Sherman equation

;u'.‘i’ ,EO ,u'.‘i’ aquk
lrgjk = I[] G ngk Ps Wg exp + 2| dzdE
Eedge sing;  singy
Monochromatic )
Lg ,us’ .

(@ﬁ @M)]

sin¢;  sin ¢y

Radiation interaction with matter and EDXRF — MAUD school 2016 — Giancarlo Pepponi



—:( Fluorescence enhancement, secondary fluorescence

FONDAZIONE
BRUNO KESSLER
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FOND

:( Fluorescence enhancement, secondary fluorescence

s FR

J. Appl. Phys. 75, 2026 (1994); http://dx.doi.org/10.1063/1.356303 (3 pages)

/ Molecular beam epitaxial growth of single domain
ZnSe on Ge
L. K. Li, Y. Wang, M. Jurkovic, and W. |. Wang
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-D( Fluorescence enhancement, secondary fluorescence

FONDAZIONE
ARTIND K 2
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-D( Fluorescence enhancement, secondary fluorescence
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= ~¢ Data analysis XRD vs XRF

4

Experimental Parameters Simulation
+instrument — P +experimental parameters Fit
+geometrical configuration —+sample 3l +simulation
—»|+experimental data
+optimised experimental parameters(
sample Exp Data +optimised sample definition()
+XRF spectra
+XRD diffractograms

XRD : Rietveld
XRF : Fundamental parameters method
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= ~¢ Data analysis XRD vs XRF

4 Phase
+structure —
+microstructure XRD sample definition
+orientation -
h f t
:33;?:?2:31 substitutiong| }:2&?5“‘2;:‘: 1ons
...
+
Material XRF sample definition
+stoichiometry I —> ”"21_39;131
+density +t ickness
+({grain size)
In MAUD:
the XRD definitions are obviously followed, since they are contain more
Information:

from the XRD definition you can derive the XRF one, not the other way around
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—:( Instrumental parameters

4 XRF: energy, intensity fraction

XRD: wavelength, intensity fraction

~ hc - 12.3984
‘= MA) = E(eV)

In MAUD:
One or multiple wavelengths can be indicated with intensity fraction

Integration over different energies/wavelengths done numerically
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— :( Primary radiation — x-ray tube
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Tube spectrum and filtered spectrum automatically calculated in MAUD
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— :( Primary radiation — x-ray tube
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Tube spectrum and filtered spectrum automatically calculated in MAUD
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D
- :( Primary radiation — x-ray tube

FONDAZIONE
BRUNO KESSLER

/

graphite monochromator

proportional

counter
sample

XRF and XRD signals related to different part of the X-ray primary beam
In MAUD: defined separately, hence taken into account
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—:( X-Ray Fluorescence - intensity - Sherman equation
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— D( Grain size effect in XRF

FONDAZIONE
BRUNO KESSLER

’ L expl—(wy(Eo) ese ¥ + pip (i) esc )]
i = (145 (Eo) csc 1 + 5 (E;) cse 1)) ay

p* = linear absorption coeficient

000
‘ ar = radiometric particle diameter

‘%" a = geometric particle diameter

Similar to Brindley correction, but not quite the same:
In Maud? Work in progress
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= :( Grain size effect in XRF

attenuation length / um

overcome by sample preparation : fused beads
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PbTiO3

1050 deg C + lithium tetraborate (LiT or Li,B405) and lithium metaborate (LiM or LiBO,)
(commonly used in various proportions)
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Thank you for your attention!
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