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

/ Planck / Einstein De Broglie
Wave - particle duality E = hv \ = E
p
X-rays electromagnetic radiation \ hc
photons Orestmass C = AV - E
. 1 p?
neutral particles Ei = §mv2 =5
m
neutrons 1.675E-27 kg "
939.6 MeV/c2 A=—
charged particles
electrons 9.11E-31 kg B o= Lo P
511.0 keV/c2 k= = T oy
h 1
A\ =
charged particles V2meV \/1 + 52,

1.673E-27 kg

protons 938.27 MeV/c2

Radiation interaction with matter and XRF — MAUD school 2017 — Giancarlo Pepponi



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

4
energy wavelength speed temperature
X-rays CukKal 8.048 keV 1.54 A
photons MoKal 17.479 keV 0.71A
neutrons thermal 25 meV 1.8A 2200 m/s 293.6 K
cold 6.6 meV 35A 1127 m/s 77 K
electrons  SEM 20 keV 0.122 A 8.15033e+07 m/s
TEM 200 keV 0.025 A 2.0845e+08 m/s
t PIXE 1 MeV 28.62 fm 1.38301e+07 m/s
protons Proton therapy 100 MeV 0.28 fm 1.2837e+08 m/s
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- :( Radiation — x-rays (photons) , neutrons, electrons
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- :( Radiation — attenuation - Beer Lambert law
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1.2

attenuation of an x-ray beam in gold

1.0

gold sheet

Au sheet
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0.6 |
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0.2}

0.0

I(x)

Calculated for X-Rays E = 17448eV

I[(x) = Iyexp(—px)
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- :( Radiation — attenuation - Beer Lambert law
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attenuation of an x-ray beam in gold

Scattering
7 (elastic, inelastic)
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o
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I(x) = Iy exp(—px)
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- :( Attenuation X-Rays : microscopic view

/

Elastic )
Scattering e
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= ~¢ X-ray elastic scattering

/

In the X-Ray range: scattering from strongly bound electrons

Dipole emission

dP 2 . e
aa 16723 (a®) sin® @ where (a%) = 2m2 ol

ar — e’ 2 —GUC|EO|2 sin? @
ds) Areg mc? 2

classical electron radius

substituting

2

72
-0 (] + CDSE 9) Thomson cross section
2
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- :( X-ray inelastic scattering (Compton)

E=hw

incident photon

scattering from ‘free’ or loosely bound electrons
more important for light elements elements

inelastic scattering:
energy of scattered photon is less than
energy of incident photon

Relativistic quantum mechanical derivation

do,., r’
—o = PO.E)
dQ 2
| ) a*(1-cos@)
P[B, E)= —| 1+ cos” 8+
(1+ (1 - cosd)) 1+ all —cos 6)
£
a=—s7
mye”

if E << m.c

dO’KN dO’T

ds? ds?

a— 0

~

2

‘iCTT V{ 2
=7(1+ cos” 0)

dQ
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- :( X-ray inelastic scattering (Compton)
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Inelastic (Compton) 592

Scattering h
/
A— N = (1 — cosB)
MeC
, E
E =
1+ ~(1-cos6)
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

Radiation interaction with matter and XRF — MAUD school 2017 — Giancarlo Pepponi



.
- :( Compton shift

/

MeC 1+ ——(1-coséb)
m,c
angle

energy
40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 140.0
1000.0 -0.5 -0.7 -1.0 -1.3 -1.6 -2.0 -2.3 -2.6 -2.9 -3.2 -3.4
4000.0 -7.3 -11.2 -15.6 -20.5 -25.7 -31.1 -36.4 -41.6 -46.4 -50.8 -54.5
7000.0 -22.4 -34.1 -47.6 -62.5 -78.4 -94.6 -110.8 -126.4 -140.9 -154.1 -165.3
10000.0 -45.6 -69.4 -96.9 -127.1 -159.1 -191.9 -224.5 -255.9 -285.2 -311.5 -334.1
13000.0 -76.9 -117.1 -163.3 -214.0 -267.7 -322.5 -376.9 -429.2 -477.9 -521.5 -559.0
16000.0 -116.4 -177.0 -246.6 -323.0 -403.5 -485.8 -567.1 -645.2 -717.8 -782.7 -838.4
19000.0 -163.9 -249.0 -346.8 -453.7 -566.4 -681.1 -794.5 -903.0 -1003.7 -1093.8 -1170.8
22000.0 -219.4 -333.2 -463.6 -606.0 -755.8 -908.1 -1058.2 -1201.7 -1334.6 -1453.2 -1554.5
25000.0 -282.9 -429.4 -596.9 -779.7 -971.4 -1166.0 -1357.5 -1540.3 -1709.2 -1859.8 -1988.3
28000.0 -354.4 -537.5 -746.7 -974.4 -1212.9 -1454.5 -1691.9 -1918.0 -2126.6 -2312.3 -2470.5
31000.0 -433.8 -657.5 -912.6 -1189.9 -1479.9 -1773.1 -2060.5 -2333.8 -2585.7 -2809.5 -2999.9
34000.0 -521.2 -789.3 -1094.7 -1426.1 -1772.0 -2121.1 -2462.8 -2787.1 -3085.4 -3350.2 -3575.1
37000.0 -616.3 -932.9 -1292.7 -1682.6 -2088.9 -2498.2 -2898.0 -3276.9 -3624.9 -3933.3 -4194.9
40000.0 -719.4 -1088.1 -1506.6 -1959.3 -2430.2 -2903.8 -3365.6 -3802.6 -4203.2 -4557.7 -4858.1
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= 3( Doppler broadening in Compton scattering

The Compton equation assumes that the collision electron
is initially unbound and at rest. However, in a real material,
the momenta of the bound electrons give rise to a range of
possible energies w, for a fixed w, and angle 6, which is _
refereed to as Doppler broadening. The impulse approxima- Elastic
tion gives a double differential cross section for scattering at MoKa
an angle @ per solid angle d()’ and dw,

2
(Po/dQ dw,) = 2 22 -
2 o) [07+ 0i— 20,0, cos §]°7 Compton
peak
w1
x| L4 22 gin2 g J(P)
L) wq

P,=(—137)[ — w w,(1—cos 0)/moc*— w,+ w,]/

[w}+ 05— 2w, w, cos 6]°3,
Ji(P,) is the Compton profile and it is tabulated

J. Phys. Chem. Ref. Data, Vol. 31, No. 3, 2002
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- :( Photoelectric effect - macroscopic

4 ) First observations:
h h h 1887 Heinrich Hertz

More detailed observations:
1899 Joseph John (J.]J.) Thompson

Ionisation of gases:
1900 Philipp Lenard

Ek'inma;m — h’V T (10
p = hiy

- frequecy must be above a threshold

| D — h(y — U ) - the higher the intensity the more
kKinmaz 0 ,
emitted photons
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- :( Photoelectric effect — macroscopic - microscopic

/ Photoelectric
e e e absorption

Ek'inma;m — h’V _ (10
p = hiy

- frequecy must be above a threshold

Ek'inma;m = h(y — 1/0) - the higher the primary intensity on
the material the more emitted photons
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= D( X-Rays cross section magnitude

AZIO
0O KF

SSLER

I[(x) = Iyexp(—px)

cross section [cm”2/g]

104 T T T T 10 T T T T
— photoelectric absorption — photoelectric absorption
— elastic scatterin — coherent scattering
i M g ‘ : g 10° Au o _ ]
10 — inelastic scattering incoherent scattering

0 10 20 30 40
photon energy / keV

data from:
H. Ebel , R. Svagera , M.F. Ebel, A. Shaltout

and J. H. Hubbell,

Au cross section [cm™2/g]

20000

Numerical description of photoelectric absorption coefficients for fundamental parameter programs,

X-Ray Spectrometry, 32, 442 1 451 (2003)
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photon energy [eV]
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- :( Atomic binding energies, electron energy levels

° 10 ‘
— Au-gold
F—hy \ — Ag - silver
_ 1o — Cu - copper |
incident photon O :S
£
210’
§
i T
Absorption edges 5 el
Electron energy levels g
u
Shells . S § 10tk
shell|n |1 | j |spinsign | max number of electrons T
K [1]0]05 1 2 §
L1 |2|0]05 1 2 o 100}
L2 |2|1]05 -1 2
L3 |2|1]15 4
M1 1310105 1 2 1075 20000 30000 60000 80000 100000
M2 g 1 2: -1 i photon energy [eV]
M3 .
M4 (32|15 -1 4 120000
M5 |[3|2|25 6 — K
— L1
Z shell energy_eV jump level width eV 100000} — 12
— L3
79 K 80724.9 4.874 52.1
— 80000}
72 L1 14352.8 1.15567 9.8 3
>
o
79 L2 13733.6 1.4 5.53 % 60000 -
79 L3 11918.7 2.55 5.54 g
£
79 M1 34249 1.04 15.0 40000
79 M2 3147.8 1.058 9.5
20000 -
79 M3 2743.0 1.15776 B.5
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www.txrf.org/xraydata
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- D( Photoelectric cross section — shell components
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= :( Photoelectric cross section — shell components

r: jump ratio
lim #E) _.
Z=5"7 Lanthanum E—)edgc* T
r p—rt X — _
10000 . lim 7 E) ~
— 11, E—edge”
o
- 1000 T T T
N% T T T2 (r b ]_)
- 100 Tl Te1 T2 T TK p— T—
£
3 r
5 10
-
e
§ 1
° r—1
5 J =
-*j 0.1
& T
%
g 0.01
7 J : jump factor
g0.001. T . S S TR
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3
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: : T.=k.—¢
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. . : 3
photon energy approximately following Bragg-Pierce law E
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= :( X-Ray Absorption near edge fine structure

’{'\ U

The X-ray Absorption Fine
Structure (XAFS) of an iron foil

- 3.0—
1 L-edges 25
. | .28 and 2p -> cont. 2
10" T 204
| \IJ 1 I 1 1 1
4 _| 7000 7200 7400 7600 7800 8000
L 3 X-ray photon energy / eV
| K-edges
s 1s -> cont.
. | | | |
2000 4000 6000\/8000

X-ray photon energy / eV

cross section [cm?/g]

—— . ———
1000 10000
energy [eV]

Different phenomena for:

- ‘free’ atoms
- molecules
- condensed systems
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= D( X-Ray Absorption near edge fine structure

| Ge
Eph -~ Eb 3 T 4
Core electron pr o o = | ]
\ LA o N TXANES 1
W& -_f ? > < EXALS ->|
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. _ 11 1.5 12
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Eon>Ey

Core electron
continuum ===» outgoing wavefunction

~

Backscattering
from

incoming wavefunction <= | Nneighbouring atoms

Extended fine structure | *= INTERFERENCEI
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- :( Transition energies

Can be obtained by difference from
Electron energy levels (electron binding

Pb energies)

Z shell energy_eV jump level_width_eV

82 K 88004.5 4.731  60.6

82 L1  15860.8 1.15615 11.8 Pb L3-M5 13035.2-2484.0 = 10551.2
82 12 15200.0 1.4 5.04 Pb L3-M4 13035.2-2585.6 = 10449.6
82 L3  13035.2 2.506  6.07

82 M1 3850.7 L o4 155 PbL2-M4 15200.2-2484.0 = 12614.4
p2 M2 Iss2 o LOSS 104 AsK-L3  11866.7-1358.6 = 10508.1
82 M3  3066.4 1.15887 8.7

82 M4 25856 1.265  2.48 Kr K-L3 14325.6-1674.9 = 12650.7
82 M5  2484.0 1.757  2.48

As Kr

Z shell energy_eV jump level_width_eV Z shell energy_eV jump level_width_eV
33 K 11866.7 7.314  2.09 36 K 14325.6 7.058  2.71

33 L1 1526.5 1.13737 3.8 36 L1 1921.0 1.13999 3.75

33 L2 1358.6 1.4 0.95 36 12 1727.2 1.4 1.25

33 13 13231 4.156  0.94 36 L3 1674.9 4678  1.19

www.txrf.org/xraydata
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=~¢ Energy level widths

/ An atom with a vacancy is in an excited state. If At is the average time of relaxation,
the Heisenberg's uncertainty principle tells us:

AEAt < g

If " is the relaxation constant proportional to 1/ At we may write the probability for the atom to remain
in the excited state versus time is given be—1% and hence

|'U}1(t)‘2 _ e—]_—‘t ?sz(t) X e—iEitﬁﬁe—l—‘tXZ

pi(w) o [ wi(t)erdt
Taking the Fourier
transform to move
to the energy domain:

e—int/he—Ft/Qetwtdt

1

T2
(w—wo)? +

efzwotefl—'t/Zetwtdt

Li(w) = |¢s(w)|* =

\8 D\g 5\8 O\R

ei(w—wo +I %)tdt

L ~ The energy
— — ilw—wetik)t . . . .
B L@woﬂg) ) distribution is
I a Lorentzian

((.u‘ —wngi%)

www.txrf.org/xraydata
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= :( Energy level widths and transition energies

As
Z shell energy_eV jump level_width_eV
33 K 11866.7 7.314  2.09 As K-L3 energy 11866.7-1358.6 = 10508.1
33 L1 1526.5 1.13737 3.8 As K-L3 width 2.09+0.94 = 3.03
33 L2 1358.6 1.4 0.95
33 L3 1323.1 4.156  0.94
1.0 : ,
The line shape is a
Lorentz distrbution 8
0.6 w0
I(E') _ I 1 E 04 IUiGAOD lOt‘lEﬂ En::]jyﬂ;]ev 10%50 10600
72
0.2}
%0400 10450 10500 10550 10600
energy / eV

www.txrf.org/xraydata
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—:( Transition families—As K |, oo
0.5}
/ 0.4
Z shell energy_eV jump level_width_eV %‘03
33 K 11866.7 7.314  2.09 £
0.2
Z transition energy_eV probability 0Ly
33 KL2 10507.5 0.29527 oo N | 1 . .
9500 10000 10500 11000 11500 12000 12500 13000
33 KL3 10543.2674 0.57297 energy / eV
33 KM2 11719.86 0.04299 10° . . AsK transitions
33 KM3 11725.73 0.08406 101}
33 KN2 11864.34  0.00161 107
102}
33 KN3 11864.34 0.00309 ol
Elosf

108

107}

108}

109}

-10 | L L I 1 L
9500 10000 10500 11000 11500 12000 12500 13000
energy / eV

www.txrf.org/xraydata
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= :( Transition families — Pb L1

0.40 PbLll transwt[ons

035}

/ 030}

Z shell energy_eV jump level_width_eV
82 L1 15860.8 1.15615 11.8

intensity
=} = =
= N N
w o wu

o
=
o

Z transition energy_eV probability

82 LiM1 12010.3 8e-06 0.05 '
I

82 L1M2 12305.9 0.33718 ) EE— AT E— VU
82 L1M3 12793.4 0.36831 enerey /ey

82 LiM4 13275.8 0.012176 10° PbL1 transitions

82 L1M5 13377.5 0.018223 m:‘

82 LIN1 14963.0  4e-06 iz

82 LIN2 15101.4 0.086778 o

82 LIN3 15218.2 0.1033 8 1o

82 L1N4 15427.6 0.001871 05|

82 LINS 15452.8 0.002957 W E———

108L

0 I I I L L I
9000 10000 11000 12000 13000 14000 15000 16000
energy / eV

www.txrf.org/xraydata
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= :( Transition families — Pb L2

PbL2 transitions

08
07
4
Z shell energy_eV jump level_width_eV 0.5
82 L2 15200.0 1.4 5.04 .g,“
EO.3
Z transition energy_eV probability 0.2
82 L2M1 11349.4 0.021506 o1} 1
82 L2M2 11648.1 1e-06 ) I S— JLnooo N S
82 L2M3 12127.8 0.000883 snerav ey
82 L2M4 12613.8 0.79067 10° PbL2 transitions
82 L2M5 12720.0 5.3e-05 1"’:’
82 L2N1 14307.6  0.005554 N
82 L2N2 14441.7 1e-06 w0t
82 L2N3 14553.3 0.000245 : oty
82 L2N4 14764.55 0.16151 iz
82 L2N5 14791.5 1.2e-05 0o
82 L2N6 15060.0 0.000681 100}
5000 10000 11000 12000 13000 14000 15000 16000
energy | &V

www.txrf.org/xraydata
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- :( Transition families — Pb L3

PbL3 transitions

0.7
0.6
/ 0.5
Z shell energy_eV jump level_width_eV
82 L3 13035.2 2.506  6.07 g“’
EOB
Z transition energy_eV probability -
82 L3M1 9184.56 0.040977
0.1}
82 L3M2 9481.16 0.000476 I M 1
0.0 . L LA 1 L .
82 L3M3 996763 0000431 9000 10000 11000 lzga(;rgy,’l:\(;ﬂ() 14000 15000 16000
82 L3M4 10449.59  0.079283 . PoL3 transitons
82 L3M5 10551.6 0.69816 Lot
82 L3N1 12143.2 0.010123 02|
82 L3N2 12270.6 0.000108 1071
82 L3N3 12392.0 0.00011 g1or
82 L3N4 12601.2 0.014857 £
106
82 L3N5 12622.8 0.13434 o7
82 L3N6 12897.0 0.000118 1080
82 L3N7 12897'0 0'000657 109-::)00 10600 ll(l)D() 12(50() 13600 14(I)D() 15600 16000

energy [ eV

www.txrf.org/xraydata
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= D( Transition families — PbL - all

PbL transitions
AZIO T :

b, M L
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- :( Secondary effects — fluorescence vs Auger

1.0
Photoelectron —
o8t
- .
2
e
=
£ 0.6
. § 0.4
Incident photon g
luorescence g
photon = ool
0'00 2|0 - 40 Gb Sb 100

element - atomic number

data from:
M. O. Krause,
J. Phys. Chem. Ref. Data 8 (1979) 307

.
N—

Auger

Incident photon
electron

<<
QPRGN —
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= :( X-Ray Fluorescence — characteristic lines

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

IUPAC = International Union of Pure and Applied Chemistry

—
—
/ﬁg Lot Siegbahn
J ¥ Koty
8

% K[-)Jl

TUPAC Siegbahn | IUPAC
K-L3 Lo L3-M5
K-L2 Lo L3-M4
K-M3 Lp: L2-M4
K-N2,N3 Lp- L3-N5
K-M2 L5 L1-M3

LpBa L1-M2

Kp2
Nucleus KB3
‘ Ka2 Kes
T Kal Germanium
L1
Line
Koty

3 Energy [keV] | Probability
" 9.887 0.57380
Ve Kotz 9.856 0.29550
M% KB1 10.983 0.08470
Kp2 11.103 0.00280
KB3 10.978 0.04320
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- :( The Auger effect

(a) (b)

‘ —V‘—E e
2p ‘. | :l Valence Level
Photoelectron o‘, =M, ...

—r——————
L2‘3

Ll
Electron collision ’
L] K

Auger

E,
uger
electron 2 @

2

Auger electron emission

Incident photon

The Auger electron emission process may be viewed as a radiation-less

decay of a singly ionized X-ray level into a level described by two vacancies
and one electron in the continuum.

An Auger process in which the vacancy is filled by an electron from a higher
subshell of the same shell is called a Coster—Kronig transition. If, in addition,

the electron emitted (the "Auger electron") also belongs to the same shell,
one calls this a super Coster—Kronig transition.
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= ¢ Coster-Kronig transitions
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Physica
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New type of auger effect and its influence on the x-ray
spectrum

D. Coster, R. De L. Kronig

Show more

hitps://doi.org/10.1016/50031-8914(35)90060-X Get rights and content

Summary

Itis pointed out that the radiationless transition L, — L, with simultaneous ejection of an
outer electron is of great importance in the interpretation of several features in the X-ray
spectra, hitherto unexplained. It is responsible for the abnormal weakening of the emission
lines with L, as initial level (§ 1); the large intensity of the L;-satellite lines within certain
ranges of atomic number both for cathode ray and fluorescent excitation (§ 2) ; the greater
diffuseness of the L-emission lines as compared with the L, L;;-emission lines (§ 3). It
seems reasonable to assume that in the M-region similar radiationless transitions occur with
analogous results.
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http://serc.carleton.edu/research_education/geochemsheet
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/ TOTAL
SCATTERING - ABSORPTION
ELASTIC || INELASTIC E:féﬂgﬁé | 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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https://www.psi.ch/niag/comparison-to-x-ray
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Attenuation coeffitients for thermal neutrons [cm']
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= :( Scattering - Differential cross section
/

do
C - ® (o

o

[ 4
dQ = dOde
do
dQ units: barn or cm?; 1b = 10-24cm?
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e do, do;
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4 ... but actually there is a further dependence on energy ...

f= fﬂ(m,TZ) + (B, Z)+if"(E,Z)

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

1 4
sin(4maxr) I
dmrar

1 . .
f photoelectric absorption

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

Diffraction (structure factor)

F(h} k‘, l) _ Z fje—ﬂffj eQﬂi(h$j+kyj +lz;)
J
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forward scattering factors (x =theta=q=0)

f — f(O? Za E) — fl + ’3f2 photoabsorption
fa=f" Ha = 2r0A S

=z=0)+f
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1 _ 2
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- :( Electrons - Differential elastic cross section
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= :( X-ray polarization — scattering as dipole oscillation/emission
EleHsgaton ot s Ehctiomaongtic Wave An oscillating charge emits dipole radiation.

Dipole radiation is not isotropic. Starting from
An harmonically oscillating electric dipole

e, | _ —iwt o p —iwt
Discharging - ggtic — z y p(r1 t) _ p(r)e - p[] ze
Spark or Vectors
Oscillating Electric
Molecular Field . . . . .
Dipole Vectors Figure 1 and using Maxwell's equations you get the emitted

power calculating the time averaged Poynting vector

sy — (uopﬁw“ ) sin 0.

32m2c r2

Scattering is based on a dipole interaction. The incident EM wave forces electrons to oscillate at the
same frequency and radiation is emitted at that frequency, but not in all directions.
There is no emission in the dipole oscillation direction.
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Case (1): Polarisation in plane of scattering, P = cos? 20
Case (2): Polarisation perpendicular to plane of scattering, P=1

Case (3): Unpolarised X-rays, P=(1+ cos2208)/2
These three cases are shown graphically below (in red, dark blue, and magenta, respectively):

1.0

Polarisation
o
L
L

0‘00 20 40 60 80 100 120 140 160 180
26

http://pd.chem.ucl.ac.uk/pdnn/diff2/polar.htm
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Element|Concentration |Uncertainty
4 Ca 51,316 0,500
Cr 46,281 0,239
8000 . Mn 48,436 0,226
1 K Fe 48,590 0,197
7000 - Co 50,803 0,179
] K Ni 52,852 0,164
L Cu 50,330 0,146
6000 - ) Zn 52,675 0,136
< ] Ga 50,000 0
c 5000 - Sr 51,947 0,087
c M Ga Ba 48,295 0,501
© T - Tl 56,445 0,129
S 4000 4 Pb 43,545 0,108
~ ] Cu TI Bi 46,477 0,109
0 Ni Pb Mo Ag 56,082 2,160
£ 3000 - Co Bl oh scatter Cd 56,722 2,398
5 T Pi
O
Sr
' | ' | ' | ' | !

photon energy [keV]
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= :( X-Ray Fluorescence — intensity - Sherman equation
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= :( X-Ray Fluorescence — intensity - Sherman equation
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:( 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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/

Experimental Parameters Simulation
+instrument — +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 fract
:31;::?2:31 substitutions) high?iine;:c 10ns
+...
+
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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Tube spectrum and filtered spectrum automatically calculated in MAUD
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- :( Primary radiation — x-ray tube
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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 — filtered primary beam
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photoelectric absorption coefficient / (cm2/g)
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Thank you for your attention!

For any further question or doubt:
pepponi@fbk.eu
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