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=:( Radiationg x-rays (photons) , neutrons, electrons
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=:( Radiationg 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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=:( Radiationg x-rays (photons) , neutrons, electrons

/
energy wavelength velocity temperature
X-rays CuKal 8.048 keV 1.54 A
photons  MoKal 17.479%eV 0.71 A
neutrons thermal 25meV 1.8 A 2200 m/s  293.6 K
cold 6.6 meV 35A 1127 m/s 77K
electrons SEM 20 keV 0.122 A
TEM 200keV 0.025 A
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::( Radiationg x-rays (photons) , neutrons, electrons
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=:( Radiation¢ attenuation - Beer Lambert law

() =1, exp( 1Y)

1.0
—
n
=
c
S o - 1(X)
)
S
©
S
=
QO 06 |
S
5, ‘
>
=
%)
cC 04 _
Q
e
=

02 _|

0.0

| ' I ' | ' I ' I ' I ' I I ! 1
0 50 100 150 200 250 300 350 400 450

distangen]
Calculatedays=E17500eV

Radiationinteractionwith matter andEDXRE MAUDschool2016¢ GiancarldPepponi




L EER———SSSSS
=D( Radiation¢ attenuation - Beer Lambert law
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= ~¢ Attenuation XRays : microscopic view
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cross section [cm”2/g]

=:( X-Rays cross section magnitude
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x-ray corss section of the elements at E = MoKa = 17.479 keV
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=:( Atomic binding energies, electron energy levels
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www.txrf.org/xraydata
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= 3( Secondary effectg fluorescence vs Auger
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=D< X-Ray Fluorescencecharacteristic 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
/ § ¥ Kot K-L3 Loy 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 Lps  |L1-M2
‘ Germanium
5.
L3 Line Energy [keV] | Probability
" Koty 0.887 0.57380
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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incident electron beam

-3( Electrons interaction with matter
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http://serc.carleton.edu/research_education/geochemshee

https://en.wikipedia.org/wiki/Electron_scattering s/electroninteractions.htmi
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=3( Inner shell ionization cross section:rays vs electrons
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=D< Neutrons interaction with matter

/ TOTAL
SCATTERING - ABSORPTION
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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::( Cross section :-kays vs neutrons

FONDAZIONE
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Atomic number,
=

1 5 b 8 22 26 28 82
X-ray :
Hydrogen Boron Carbon  Oxygen Titanium Iron Nickel Lead

https://www.psi.ch/niag/comparisoro-x-ray
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::( Cross section :-kays vs neutrons

FONDAZIONE Attenuation coeffitients for thermal neutrons [cm']
FUNUALIVUNE
BRUNO KESSLER 1
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/

a 0 Zn
0.06 0.08 00 g 9 0 0 0.35
Rb Sr Y Zr Nb Ag d
0.08 0.14 027|029 | 040 6 0.88 4.04 3 0.21 [0.30 | 0.25 | 0.23 | 043
Cs Ba 2 Re O P g T Pb | Bi | Po | At | Rn
0.29 0.07 4.99 49 : 8 ! 046 B 6 047 | 038 |0.27
Fr Ra Ac | Rf | Ha l ‘
0.34
Ce Pm Sm Eu Gd
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572 17147 9458 1479.04 §
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Feactiuges § 846 IX7H 9580 5020 2.86
Attenuation coeffitients for X-ray [cm'] (150kV)
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0.02 0.02
L Be B c| N o[ F | Ne
0.06 | 022 0.28 | 027 | 0.11 | 0.16 | 0.14 [ 0.17
Na Mg
0.13 | 0.24 :

Ca [ & ' Cr  Mn Fe Co 'Ni Cu  2Zn Se |

- 129 132 157 178 196 197 164 1. 150 123 |

Zr Mo Tc Ru Rh Pd Ag Cd Sb Te |

247 429 506 571 6.08 6.13 567 4384 : 428 406 345 253
Ba La Hf w Re Os Ir Pt Au Hg Bi Po Rn
273 5.04 19.70 3049 3447 3792 39.01 38.6135.94 25.88 20.28 20.22 9.77

Ra Ac
11.80 2447

Pr Nd Pm
623 646 733
Pa U

FeAcsnides 39.65 49.08

https://www.psi.ch/niag/comparisoro-x-ray
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- :( Neutron cross section

10°

Common light element moderators, reflectors and absorbers
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https://en.wikipedia.org/wiki/
Neutron_cross_section
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= :( Scattering - Differential cross section

d_a
o = df)

/

- B P o
e e o —
incident beam with el
macroscopic width sample . /B

—

) dq = dddd

detector

http://lwww.physics.csbsju.edu/QM/square.17.html
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= D( X-Rays- Differential cross sectiom elastic scattering
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