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SIRIUS LNLS Brazil

World Maps  
Synchrotron Light Sources

üCircumference: 133.2 m
üOperation current: 300 mA
üNatural emittance: 26 nmrad
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Beamlines

IR

XAFS/XRF

XRD

Soft X - ray

Tomography

Ç There are now more than 60 synchrotrons and 
FELs around the world

Storage Ring
2.5 GeV

Microtron
22 MeV

Booster
800 MeV



BM08-XAFS/XRF Beamline Optics

CVD Window

VCM (M1)

DCM VFM (M2)
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Source (D08) 
Bending Magnet

(11340)

(12678)

(15178)(18328)

Harfouche, Khan, L.U.; Paolucci, G. et al. Emergence of the first 

XAFS/XRF beamline in the Middle East: providing studies of elements 

and their atomic/electronic structure in pluridisciplinary research fields. 
J. Synchrotron Rad. 29, 1-7, 2022. 



Beamline Specifications
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Parameter Value

Magnetic field (BM) 1.4554 T

Energy Range 4.7 keV ς 30 keV
Energy Resolution 
Si (111)
Si (311) 

10-4 

Flux 5x1011 Ph/s @ 8 keV

Beam size (Horizontal x Vertical) ŘŜǘŜǊƳƛƴŜŘ ōȅ ǎƭƛǘǎ άI Ȅ ±έ όƳŀȄΥ нл Ȅ р ƳƳ2)
                                                   (min: 1 x 1 mm2)
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Photon energy (keV)

Specifications of the Collimating and Focusing Mirrors

Mirrors reflectivity at 2.8 mrad incident 
beam angle for Pt and Si coatings 

Specification VCM (M1) VFM (M2)

Dimensions (mm) 1200 x 70 1200x150

Coatings Si, Pt Si, Pt

Angle of incidence Variable Variable

Substrate Silicon single crystal ZERODUR

Cooling Water cooled Uncooled

Flatness Cylindrical Cylindrical

Type of bender Pneumatic Pneumatic

Minimum radius (km) 5.3 5.3



End Station

BM- 08 XAFS/XRF Experimental Station

XAFS  measurement

Transmission  mode:  ɛ(E) = log(I0 / I) 

Fluorescence mode:  ɛ(E)  θIf / I0 

ü XAFS
ü XRF
ü XEOL

Techniques available
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Cryojet  for cooling sample (~95 K)

I f

IC0
IC1

IC2

Sample

XEOL 

Spectrometer

Mini -Slits



XEOL / Experimental Station Upgrade

Acknowledgements
Mechanical Group SESAME Light Source

Ç X-ray Excited Optical Luminescence (XEOL): Spectra & Mapping

Ç Photoluminescence (l: 200 ð 920 nm) Project Grant:



Integration of XEOL Spectrometer / GUI
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Ç Integration of Spectrometer 

Ç InHouse  Development of Trigger

Ç InHouse  Development of Software GUI (PyQt5/PySIde6/Python)



What are X-rays and Why use Them?
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Who discovered the X - ray?
X-rays are electromagnetic waves like visible light located at the high energy/ 
short wavelength end of electromagnetic spectrum between ultraviolet light 
and gamma rays. Their wavelength ranges from 0.01 nm to 10 nm, which is 
comparable to interatomic distances.

X-rays are used extensively in medical imaging, they are non -destructive, have 
high penetration depth through materials, and selectively absorbed by the 
parts of the body with highest electron density such as bones.

Synchrotron radiation provides tunable X -ray photons with high flux, small size 
and penetration depth to probe elementõs local site in material, precisely along 
with elemental mapping and 3D imaging

Health Single atom
Security

Material

Wilhelm Röntgen



X-ray Discovery and XAS/Luminescence
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Drawing of  the  X- ray  machine used by Wilhelm  
Roentgen to  produce images of  the  hand.

ÁX-ray absorption spectroscopy (XAS) adventure was started about one hundred years ago, after 

a while the discovery of X-rays in 1895 by Wilhelm Conrad Röntgen (German mechanical 

engineer and physicist).

ÁRöntgen discovered the X-ray from the LUMINESCENCE (Optical Photons) produced by 

screen of barium platinocyanide as a result of X-ray Absorption (Excitation).

Wilhelm Röntgen discovered X-rays using 

the Crookes tube.

Power Supply

Crook Tube

Photographic Plate

W. C. Rontgen, Nature 53, 274 (1896). English translation by A. Stanton.



First X -ray Absorption Spectrum
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ÁThe first X-ray absorption spectrum was observed by de Broglie in 1913, after a while the discovery of X-rays 

by Röntgen (1895). In his X-ray absorption experiment, de Broglie used X-ray tube as a source and mounted a 

single crystal on the cylinder of a recording barometer, employing a clockwork mechanism to rotate the crystal 

around its vertical axis at a constant angular speed. As the crystal was rotated, the X-rays scattered at all angles 

between the incident beam and the diffraction planes, according to the Bragg law, and consequently change the 

X-ray energy E:

c: Speed of light (c = 2.9979 10+8 m/s)

h: Planck constant (h = 6.626 Ĭ 10ī34 J s)

Thus, hc = 12.3984 Å keV

ÁHe recorded the X-rays of varying intensities on a 

photographic plate and observed two distinct 

discontinuities on the film, proving to be the K-

edge absorption spectra of silver and bromine 

atoms present in photographic emulsion.

ÁThis experiment provided a foundation for the 

modern monochromatic beam (Monochromator)
As Solid As Vapor

J. D. Hanawalt, The Dependence of X-ray Absorption Spectra upon Chemical and 

Physical State. Phys. Rev. 1931, 37, 715.

2dhkl sine q = l = hc/E

Jeroen A. Van Bokhoven and Carlo Lamberti, ·πwŀȅ !ōǎƻǊǇǘƛƻƴ ŀƴŘ ·πwŀȅ 9Ƴƛǎǎƛƻƴ {ǇŜŎǘǊƻǎŎƻǇȅΥ ¢ƘŜƻǊȅ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎΦ ²ƛƭŜȅ hƴƭƛƴŜ [ƛōΦ нлмсΦ
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Ç X-ray Excited Optical Luminescence (XEOL)

     X-ray photon in/optical photon out technique

XRF



Scattering  (Single/Multiple)  of  photoelectron  in 
form  of  waves called  stationary  waves from  the  
neighboring  atoms generate  backscattering  waves 
that  undergoes interference  to  generate  maximum 
and minimum of  oscillations .

EXAFS: From Photoelectric Effect to Photoelectron Waves

Photoelectron  waves are described  by 
wavefunction  … of  wavevector  k (related  to  
momentum), phase and amplitude . 



De Broglie

EXAFS is due to  
interference  of  an 
Electron  (Photoelectron  
Waves) with  itself

üThere  is no sharp 
boundary between  
XANES  and EXAFS, so 
choosing an energy of  
demarcation  is 
somewhat arbitrary .

üThe IUCr  Dictionary  
suggests around 50 eV 
above Eo (IUCr  2011), 
but  30 eV above Eo is 
also commonly used.

Eo is ònecessary to remove the photoelectron from the atom.ó Take 
care, it can not be always the Edge Energy !!

X-ray Absorption Spectroscopies (XAS)
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XEOL

ÇA crucial relation between the X-ray photon and optical photon is manifested by X-ray Excited 
Optical Luminescence (XEOL). 

ÇXEOL demonstrates the fundamental mechanism of the conversion of X-ray energy absorbed 
by the system to optical photons. 

ÇXEOL was successfully exploited over the past decades for a quantitative detection of rare 
earth ions at the ultra-trace level (part per billion) in high purity inorganic hosts.

ÇXEOL is often used together with XANES/NEXAFS to provide site specificity and reveal the 
electronic structure and optical properties of the wide range of materials, such as rare earth 
phosphors, semiconductors, quantum dots etc., applying in display/lighting technologies (e.g., 
LED lamps, TV, smartphone screen etc.), scintillators (X-ray/Gamma rays detectors) and energy 
conversion devices (Photovoltaic cells).

ÇNow a days mostly synchrotron light sources have XEOL facility  (Applications: XEOL Spectra, 
XAFS in XEOL mode, XEOL imaging or element selective mapping of heterogeneous materials 
with submicron resolution.

X-ray Excited Optical Luminescence Spectroscopies, Chapter 15, In Chemical Applications of Synchrotron Radiation (by T.K. Sham)



First XAFS in XEOL Mode
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Antonio Bianconi, D. Jackson,  K. Monahan, Intrinsic luminescence excitation spectrum and extended x-ray absorption fine structure above the K edge in CaF2. 

Physical Review B 17(4), 1978.

Experimental Setup

Ca K-edge XAFS of CaF 2

ü First XAFS in X -ray excited optical luminescence (XEOL) mode by Antonio Bianconi 
at Stanford Synchrotron Radiation Project 1978

XAFS in 

XEOL mode

XAFS in Transmission 

mode

XAFS in Fluorescence 

mode



XEOL/ XAFS/ XRF Integrated Probe -  Exp. Station Upgrade

MYTHEN 1k 

Detector 

Beam

Si 111 

Crystal of  

20 Segments

Von Hámos 
spectrometer X - ray 

emission 
spectroscopy (XES) 

In Collaboration with Santiago J. A. Figueroa (LNLS) 

SDD KETEK 

Detector 



Complementary Characterization Approaches

üWhat Information we get from various integrated Techniques?

XAFS / XEOL: Metal Oxidation state and site selective Local Structure (Coordination Environment: Eu Symmetry Site)

XRD: Long range Structure

XAFS: Metal Oxidation State 
and Local Structure

XEOL: Metal Site Symmetry

E
u2

+
E

u3
+

Eu

BaAl2O4:Eu

Paper 
Submitted 
to Journal 
of Alloy and 
Compounds

Latif U. Khan et al. Advanced Probing of Eu2+/Eu3+ Photoemitter sites in BaAl2O4:Eu scintillators by Synchrotron Radiation X-ray Excited Optical Luminescence Probe. J. Luminescence 2024 (Under Revision) 



Rare Earths

18Tm ς least abundant of the RE  (0.5 ppm) It is more abundant than  Cd, Ag, Pt, Au, Se...



Rare Earths Applications
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Magnets

Polishing

Automotive catalysts

FCC
Metalurgical

Bateries
Ni-MH

Glass 
additives

Ceramics

Other

8,4%

24,2%

11,2%

11,3%
10,5%

9,8%

Aplicacations of Phosphors 

Lighting and Display

97% volume (9500T)

Persistant 

luminescent

Optical 

Markers

Medical
Other

J. Lucas, P. Lucas, T. Le Mercier, A. Rollat, W. Davenport, in:, Rare Earths, Elsevier, 2015

Laser and Scintillator



Evolution of Lighting Technology

How fluorescent lamp work? White LED lamp

Phosphor Emission

Y2O3:Eu3+                   (YOE) Red

(Ce3+,Tb3+)MgAl11O19 (CAT) Green

BaMgAl10O17:Eu2+      (BAM) Blue
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Energy Savings Impact 

Phosphor:  Y3Al5O12:Ce3+  (YAG:Ce)
Emission color: Yellow 

ü ~ 40 % Electricity  Savings (261  TWh ) in USA in 
2030  due to  LEDs 

ü Eliminates  the  need for  30+ 1000 MW  Power 
Plants by 2030

ü Avoids Generating  ~ 185  million tons of  CO2 

(SHUJI NAKAMURA Nobel Prize 2014)


