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Syllabus for today

J Types of interaction

) Cross sections

X-ray regime

 X-ray Absorption and
relaxation processes

J Elastic X-ray scattering

 Inelastic X-ray scattering
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5.1 Types of interaction

pAArde Laboratdrio de Instrumentagao Nuclear Radiation-Matter Interaction




Monochromatic = only one wavelenght X-ray zinc tube =
C 1.295 Angstrons or 0.1295 nm
A; Fe=1.94 A hara

C
A Cu=155A oy

A, Pb=0.99 A metal plate

Zinc
X-ray tube

T=1/lo

I Flux= 200 photons s-1

A=1.295A

Flux= 1000 photons s!
Flux= 150 photons s-1

Flux= 50 photons s-1
A=lIn(1/T)
Scattered

A= 1.295 A — Ellastic Scattering or Thomson Scattering

A,=1.395 A — Inellastic Scattering or Compton Scattering



EDS = EDX
Energy Dispersive Spectroscopy

Energy Dispersive X-ray

It detects X-ray Fluorescence
It detects all elements above C, the limit of detection for EDS is ca. 1 wt%



E=(hc)/A

E =hv

E- energy (eV)

h — Plank’s constant (eV)
v — frequency

V =c/A\

c- speed of light

A - wavelenght
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Types of interaction

What happens when one shines matter with X-rays?

Matter

‘It was known that the radiation leaving an X-ray tube was heterogeneous
and dependent on the material of the anti-cathode....

When such a homogeneous X-ray beam hits a plate of some element three
kinds of secondary radiations are emitted....

by Manne Siegbahn

B Siegbahn spectrometer, before 1920.

Extract from 50 Years of X-ray Diffraction, edited by P. P. Ewald
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Types of interaction

® What happens when one shines matter with X-rays?

Scattering

Secondary
~  processes

Matter

X-rays - Fluorescence

l —> Attenuation/Absorption < _ Electrons

Pair production, > 1MeV
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Atennuation = Absorption + Ellastic Scattering + Inelastic Scattering




How important are these phenomenon?

7 Photoelectric absorption Xe Pair production in electron field

%on Ellastic scattering x, Pair production in nuclear field

apn Photonuclear absoprtion

Carbon Lead
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Lead

Organic sample
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How important are these phenomenon?

. What singularities one may capture from C and Pb?

. Why has C only one sharp increase of t whereas Pb has several?

Carbon Lead
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5.2 Cross sections
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= | Cross sections

cena
 Is the effective area that express the probability of an
scattering event to occur

J The higher the cross section, the higher is the probability

J The cross section is expressed in m? or in Barn = 1028 m?

O =TT r?
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O=Tr?

O

1740 eV 7112 eV
Si K edge Fe K edge



Cross section for Copper
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Cross sections and atomic raddii

] Attenuation cross sections represent how ‘large’ is atom
from the photon point of view

Atomic raddi in 1012 m

http://images.flatworldknowledge.com/averillfwk/averillfwk-figd7_007.jpg

pAArde Laboratdrio de Instrumentagao Nuclear Radiation-Matter Interaction




http://www.sbcc.edu/careercenter/images/Radiography%20-%20Hands.jpg
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5.3 X-ray photoelectric absorption
and relaxation processes

Laboratério de Instrumentagao Nuclear Radiation-Matter Interaction




Absorption of a polarized

ceinv%
TS

J The reduction in the number of photons is represented as a
decrease in the amplitude of the wave

http://cddemo.szialab.org/

Radiation-Matter Interaction

Laboratério de Instrumentagao Nuclear




-

X-ray photoelectron absorption

- The photoelectron absorption increases as
function of Z and decreases as function of E

For a same material |

For a constant energy

0O 20 40 60 80 100 20 40 60 80

Z Energy (keV)

pAArde Laboratdrio de Instrumentagao Nuclear Radiation-Matter Interaction




Attenuation cross section discontinuities
J What are these
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Cu L-edge

CuO
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Absorption edges =
Electronic transitions

. The orbitals have particular
energies

J When the photon has
energy slightly higher than the
orbital’s, the probability of
interaction increases

L;-edge 2P/
L,-edge 2P
L,-edge 2s:-

K-edge :is,,.
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<2 | Cd and Cu absorption edges

cena

keV 4 Cd CU
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Absorption as function of thickness

. X-ray attenuation for a polyethylene sample
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Relaxation processes

o Incident Radiation from
J Auger emission Primary X-ray Source

-

 X-ray fluorescence -

M-Shell electron

: ﬁlls vacancy
Ejected .
ORI o i
electron bR

electron

https://wiki.utep.edu/download/attachments/67371770/XRF%20fig%200.png?version=1&modificationDate=1384724989903&api=v2
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oy Auger processes
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%. | Fluorescence processes
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Potassium atom

T KE= 1/2mv?= hv (eV) - E,;;4ine (€V) — ¢ (work function)
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XRF Relaxation processes

Electronic Transitions of the Emission Lines for Any Element
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XRF versus Auger competition

cena

-y
=]
|

> 0.8
= }
1] )
s .
i DIE i +.++-|
.ﬁ o .If'l.l.lgar 'Elﬂl:;trﬂn Y'EI-I:I
g .l X- ray yield
g 04l |
o .
2 .
=

0.2 - .

u-n b— amEEEEmE g a s =*

] I | I | |

1 10 20 30 40 45
Atomic Number

https://upload.wikimedia.org/wikipedia/commons/thumb/5/54/Auger_xray_wiki_in_png_format.png/340px-Auger_xray_wiki_in_png_format.png

pAArde Laboratdrio de Instrumentagao Nuclear Radiation-Matter Interaction




Anapaite Maonetite
_J
_____J Herderite Scholzite
N
——J Messelite Whiteite
AN
_ _J
5120 2.140 2.1613&‘“r 2.‘180 2.200 22’20 2.120 2.‘140 2l160 o 2‘1813 2.200 22.20

— e

Intensity (arb. units)

unreacted
ZDDP

ZnP. O

6 10 31

Ca,(PO)),

ZDDP
Fy antiwear filn

ZDDP + Def
antiwear fili

|
140 150 160

Photon Energy (eV)

130



Material copper
Monochromatic PP

incident radiation

10,000 eV Detector |, Detector |
g I
photons 1000 500
photons photons

Transmittance= I/l T2 05 or 50 %
= U ()



X-ray source

10 keV
2 phst

10 keV
0 ph st

10 keV
1000 ph st

10 keV
500 ph st

v



5.4 X-ray Thomson scattering
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Thomson Scattering
1 In Thomson scattering the energy of the

photon does not change

Scattered
X-ray

Incident x-ray

Classical scattering

http://radiologykey.com/wp-content/uploads/2016/02/B9780323069748100074_f07-02-9780323069748.jpg
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Dependence of E and Z
. For the energy range we are mostly interested, 1-100 keV,
it is nearly constant up to 10 keV and then starts to decrease

J Since Thomson scattering is the result of the interaction
between the photon and the electron it will increase is
function of Z

c)-Thomson X Z/ hV

https://www.medphysics.wisc.edu/courses/mp501/501_lecture8.pdf

AVAVAV

Incident x-ray

Scattered
X-ray

Classical scattering

http://radiologykey.com/wp-content/uploads/2016/02/B9780323069748100074_f07-02-9780323069748.jpg
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2
S

How does it take place?
. Dipole radiation

J In which direction is
the electron moving? .
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Thomson Scattering by metal surfaces

] Polarization by reflection

http://background.uchicago.edu/~whu/intermediate/Polarization/polscat.gif
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1 Dipole

http://staff.mbi-berlin.de/hertel/physik3/chapter8/8.7html/01.htm
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Thomson Scattering of polarized radiation
1 XRF beamline@LNLS

XRF
detector

ing beam

J Why is the detector placed at this position?
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Polarization
1 Horizontal polarization

ceinv%
TS

http://cddemo.szialab.org/
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Top view

propagation
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Electronic Structure
) Radial electronic distribution

® 1s @
o 50 lpm 100"
average radius
\
I | L0 | 1s 2s, 2p

0 50 pm 100 150
P
E
©
O
o
Q.
©
©
I¢]
(o o

0 50 100
http://chemwiki.ucdavis.edu/@api/deki/files/27872/e730a31a708c5f Distance from nucleus (pm)

e85622cbfd31bba9ca.jpg?revision=1

p)'AEe Laboratdrio de Instrumentagao Nuclear

Introduction to
Radiation-Matter Interaction




Atomic Scattering Factors
. Angular dependence of F
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5.5 Compton Scattering
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Compton Scattering is more
pronounced at high energies

J Compton increases as the photoelectric
absorption decreases

I 1 0 o R

-
]
o

8

NEEREEREERE

Photoelectric Pair production —
effect dominant dominant -

o
o

S

B
o

l

Compton scattering

Atomic number Z of the absorber material

dominant N
20 —
0 clood b ol g
0.01 0.05 0.1 05 1 5 10 50 MeV
hv
http://www.nuclear-power.net/nuclear-power/reactor-physics/interaction-radiation-matter/interaction-gamma-radiation-matter/gamma-ray-attenuation/
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Compton Scattering
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http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/compton.html#c1

* Ei= 20200 eV @45° Ef=19988 eV
* Ei=20220 eV @ 90° Ef= 19450 eV
* Ei=20200 eV @1802 Ef= 18737 eV



XRF XRF/ Compton count rate
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Compton scattering from light and
heavy samples

] Black: soil sample
] Red: sucrose sample
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& Compton Scattering

J Compton response to
increasing organic matter in soil — LVET Owt% sucros
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Exploring the competion
between the process

Laboratério de Instrumentagao Nuclear Introduction to

Radiation-Matter Interaction



The Compton vs Thomson Scattering

. Compton scattering is guantum mechanical process
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http://www.astro.yale.edu/vdbosch/astro320_summary23.pdf
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J The reason why light elements scatters more Rh Ka

Compton is because it stops absorbing!
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http://www.sprawls.org/ppmi2/INTERACT/#Compton Rates
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