AfLS- AfricanRegionallnfrastructure
October10, 2023

The Portable X-Ray Fluorescence Instrument

Heinz-Eberhard Mahnke

Agyptisches Museum und Papyrussammlung SMB-SPK (Staatl. Museen zu Berlin, Stiftung
PreuRischer Kulturbesitz, Einstein Cente€hronoic Explorationé C2 f R SQRnk i Xitde89 3 & LIG A )y t | LI& NA

Freie Universitat Berlin, Fachbereich Physik

Helmholtz-Zentrum Berlin

Agyptisches Museum und e P
- B FEIRY HHE HZB...... Freie Universita )
X Zen Berlin

Staatliche Museen zu Berlin



a k~ w0 D =

Program

Motivation

Basics

Characteristics of x-rays

Interaction, photo effect and fluorescence
Radiation safety , instrumental characteristics

Fields of application



Motivation

| want to introduce youto some dow budgeto -ray technique for
training for later experiments at synchrotron beam lines or similar.

Installation of alarge scale facility costs time, efforts , and money.
Learning by doing: as guest at other faclilities , maybe, you never return

Learning by doing: using affordable equipment to get trained a ahomeo

costs
Synchrotron several 100 Mio G
CLS a few Mio @

PXRF several 10 000 @



1. Basics
atom (element) = nucleus (A,Z) + Z electrons
nucleus A (isotope) = Z protons + N neutrons

Radius approx. 1 Angstrom =0,1nm=1x 101%m

s nuclear y-rays

physics

__atomic .
> lecular X-rays light etc.




The electromagnetic spectrum

E=h E=hc/ |
<€<—— Wavelength

The Electromagnetic Spectrum

microwaves infrared visible  ultra- gamma rays
light  violet

visible light: 0.4 to 0.7 um
NN\

long wavelength short wavelength
low frequency high frequency

Energy E, Wavelength |, Frequency E speed of light ¢, Plancks constant h



2.1 X-ray production

X-ray tube Synchrotron

1895
Wilhelm Conrad Réntgen

X-RAY FITTING TEST

ifixedit.com hereifixedit.com



Spectrum of an x - ray tube

Mini-X Output X-Ray Spectrum: Ag Target @ 40 kV

Ag Ka

Charakteristic Bremsstrahlung

X- rays

Energy (keV)




b. Synchrotrons

I Glirfler, TIASYLADR
+

Energy spectrum

DORIS

4.5 GeV, 100 mA
PETREA

12 Gel, 6l mA

;;r"‘?ﬁiiigggl :

Wiggler / Undulatoren

- 0.1% bandw.)

=]
1—.'—I'
o
o
=
l'_l
ol
==

stark gebiindelt

(sec

polarisiert

Phot./

10" L1
€. (eV) =665 E 2(GeV) B(T) 100 102

Energy [eV]



c. Others

Inverse Compton effect CLS
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——CLS 21 keV
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2.2 Characteristic features

A. Materials like water , quartz , other minerals, oxidic
glasses, are transparent for light but

Normalized at inelastic peak, but no
adjustment for distance



