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3D drawing of the SESAME Building



Machine Design Parameters

Parameter Unit Value

Energy GeV 2.5 

Circumference m 133.2 

Current mA 400 

Beam Liftime hr 21.5 

Magnetic field (BM) T 1.45

Critical energy eV 6049.4 
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SESAME machine is comparable to world class machines
SOLEIL, France and SLS Switzerland



XAFS/XRF Beamline 
(BASEMA)



Task Period
Conceptual Design Report July 2012
Technical Design Report October 2014 
Installation (Pb Hutches, Optics) March 2016
Control and alignment 2015-July 2017
Call for proposals (Sem-0) March, 2017 (36 submitted, 19 accepted)
FE installation April-September 2017
Start BL commissioning October 2017
First Monochromatic beam November 2017
First Scan November 2017
End BL commissioning July 2018 (only 3 months of operation)
First non-official User April 2018
Official beamtime for Users July 2018
Second call for proposals (Sem-1) October 2018 (61 submitted, 36 accepted)

Brief History of the XAFS/XRF beamline





BASEMA Port D08

Booster

Storage ring

by Adel Amro



Beamline Design Parameters
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Parameter Unit Value
Source (BM) T 1.45

Hor. acceptance mrad 3

Vert. acceptance mrad 0.6

Energy range keV 4 – 30

Energy resolution - ~ 10-4

Photon flux (S1) Ph/sec 2x1012 (8keV)

Beam size (S1) mm2 ~0.1 x 0.1

Beam size (S2) mm2 8x10

Photon flux (S1) Ph/sec 5x109 (8keV)

¾ Lower limit due to absorption of air in the EH
¾ Higher limit due to machine limitation 

Energy range



VFMVCM DCM

M-Slt

WM

Donation by: Helmholtz-Zentrum Dresden Rossendorf (HZDR, Germany)
ROBL (BM20) a CRG beamline at ESRF

VCM: Vertical Collimating Mirror
DCM: Double crystal Monochromator
VFM : Vertical Focusing Mirror

WM: Wire Monitor
M-Slt: Monochromatic Slits

XAFS/XRF beamline optics



XAFS/XRF Beamline at SESAME 
(operational since 2018)

Parameter Unit Value
Source (BM) T 1.45

Hor. acceptance mrad 3

Vert. acceptance mrad 0.6

Energy range keV 4.7 – 30

Energy resolution - ~ 10-4

Photon flux (S1) Ph/sec 2x1012 (8keV)

Beam size (S1) mm2 1x1 - 5x20

Design Parameters



Beamline Characteristics

: K- edge
: L- edge
: Difficult

XAFS/XRF beamline: “Current Situation”

Energy range 4.5 – ~30 keV
Beam current 300 mA (decay mode)
Beam Size 2x2 mm2 to 5 x 20 mm2

Si(111) & Si (311)
Crystals 



Construction 
Lead Hutches (OP +ES):

Constructed in May 2016 (CARATELLI)



XAFS/XRF Beamline “Constructing the Hutches”



Installation of Optics
Installing
major optics:    May 2016

VCM

VCMVFM

DCM

DCM



VFM

VCM

DCM

MSLTInstallation of major optics:    
May 2016

Installation team

Installation of Optics



BL Installation: (Challenges)

Cooling of the VCM

Motors and wiring of the DCM

Alignment of the DCM 
& 

Other components

Adding a fluorescence screen
Dismantling vertical slits (alignment)

�Aligning all the optics components
�Testing:
9 Motion system
9 Cooling system
9 Vacuum system



Experimental Station 



Experimental Station 

PR for the Ionization 
chambers issued

2 short ionization chambers
1 long IC for the It2 (OKEN, Japan)

5 Axis Motorized Positioning Stage
(Optics Focus )

PR for the Sample 
Manipulator issued



Experimental Station: Detectors

Signal output Low noise preamplifier (XIA DXP)
Output connector 
(analog) LEMO FFS.00.250

Vacuum tightness Optional; He leakage rate <10-6 mbar · l/s
Number of 
channels max. 8192

Peaking time range 0.1 to 24 µs in 24 steps
Software 
parameters Digital gain, threshold, peaking time etc.

Signal form Ramped reset type +1 V to -2 V; 5 mV/keV

Digital interfaces USB 2.0, RS232 (on request)
Channel depth 24 bit
ADC 14 bit
Maximum read-out 
speed 1 ms (@1024 channels)

Clock frequency 40 MHz

A typical energy selective fluorescence spectrum:



New Fluorescence Detector System: 64 Silicon Drift Detectors 

Signal Conditioning PCB 

Front-end PCB 

monolithic array of 8 SDDs 

8 Modules x 8 SDDs with a Total 
collimated sensitive area of 499 mm2

INFN (Italy), Elettra (Italy) & SESAME
1. Front-end PCBs

2. Conditioning PCBs

3. Brass profile with cooling 
liquid flowing inside

4. Insertion guides at flanks 
of detecting heads

5. Rails for eight detection 
heads

6. Power supply and filters

7. Back-end PCBs

8. Inlet cooling distribution

9. Outlet cooling distribution

10. Ethernet PCBs

11. Power supply connectors 



Beamline Experimental Setup

If

22



22-11-2017 22-11-2017

22-11-201716-11-2017

Pink Beam

Commissioning of the beamline: (searching for Mono beam)
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K-edge XANES on Cu foil

� XANES data collected at the K-edge of a Cu metal foil (Cu+0) 
¾Binding Energy: 8.979 keV
¾Good resolution compared to other beamlines

First spectrum collected on the XAFS/XRF beamline  at SESAME 

First user of the XAFS/XRF beamline was in July 2018



XAFS Experiment



XAFS spectroscopy give access to the modulations in the x-ray absorption 
coefficient (µ) as a function of incoming photon energy (E) related to the ion 
probed in the sample.

• selective chemically,
• available for almost all elements,
• efficient as low as ppm level,
• sensitive to redox-, and coordination,
• sensitive to medium range environment,
• work in aperiodic-, and other structurally complex 

structures such as liquids, soils, glasses, alloys…
• highly used nowadays in biochemistry, environmental 

sciences, geochemistry, archaeology, catalysis…

Summary XAFS





Suitable samples

• General requirements
• uniform on a scale of the absorption length of the material (typ. ~ 10 µm)
• prepared without pinholes

• Shape, aggregative state
• Solids: powders, foils etc.; single crystals and thin foils can utilize

polarization properties of SR.
• Liquids
• Gases

• Concentrations
• for transmission: typ. > 1 wt% (depending on the stoichiometry of the sample matrix)
• for fluorescence: typ. >100 ppm and 1mM

There are good reviews on sample preparation, for example:
• Matt Newville, Anatomy of an XAFS Measurement
• Rob Scarrow, Sample Preparation for EXAFS Spectroscopy

Suitable samples



Which detection mode to use:
• concentrated samples, transparent to x-rays – transmission
• dilute samples – fluorescence
• not transparent samples (low-E or thick) – total electron yield
or fluorescence (with self-absorption correction)

Probing depth:
• transmission: the full sample thickness (bulk sensitivity)
• fluorescence: ~(absorption length) * sin(φ), 0.1 – 10 µm 
• total electron yield: ~electron mean free path, 10 – 100 Å

Before arriving at the beamline

Make your plan ahead before starting the measurements





A typical value for total absorption is about 2 for an edge jump of 1. 
It can be as twice as smaller or bigger without significant change in spectrum quality. 
More important is the sample uniformity (particle size).

Preparing samples for Transmission Mode

powder: foil: gas:

Program XAFSmass: (see its web-page for detailed description):



Pellets

Dies for 
5 mm 
pellets

5 mm pellets 13 mm pellets
weights 220 mg,
less consumption but 
more difficult to handle

weight 10100 mg

easier to remove from dies

more samples in the holder

Dies for 
13 mm 
pellets



Mixing and pressing

Dilute your powder with a supporting agent: BN (boron 
nitride), polyethylene, cellulose, sugar etc.  

Probably, the mostly used one is BN. To my experience, it 
gives fragile pellets strongly adhesive to dies. 

With PE and cellulose the pellets are more durable  and 
easier to press. We will provide cellulose. 

Do not put more than 1 ton! By pressing stronger you 
destroy the pellets rather than make them firmer. For  5 
mm dies 0.5 ton is enough.











Characteristics of a XAFS spectrum

EXAFS
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pre-edge Small (possibly large,
certainly meaningful!) features between 
the Fermi energy and the threshold

edge The main rising part of XAS spectrum
near-edge Characteristic features above the edge

white line Large, prominent peak
just above the edge, particularly
in L or M edge spectra

Words commonly used to describe specific parts of the XANES spectrum.
Some vocabulary



• •

•
•

• E0

c (E)  =  
µ (E)  - µ0 (E) 

D µ0 (E0) 

• normalizing the spectra at zero before and at 1 after the
edge :



• normalizing the XANES region at zero before the edge and
at 1 after the edge :

their pre-edge studies are now possible 
on these normalized XANES spectra…



Peeling the XAFS spectrum Step by Step 

EXAFS



FUNDAMENTALS OF X-RAY ABSORPTION FINE STRUCTURE: XANES

Transition with a quadrupolar character 

Pure octahedron 
Centro-symmetry: no p-d mixing allowed 
only (weak) quadrupolar transitions 
No, or very low intensity prepeak

Distorted octahedron 
Centro-symmetry broken: p-d mixing allowed 
dipole transition in the edge 
moderate intensity prepeak

Tetrahedron
No Centro-symmetry : p-d mixing allowed dipole 
transition in the edge high intensity prepeak

Transition metals K pre-edge peaks 



- redox

- symmetry

FUNDAMENTALS OF X-RAY ABSORPTION FINE STRUCTURE: XANES

XANES Pre-edge Analysis 



FUNDAMENTALS OF X-RAY ABSORPTION FINE STRUCTURE: XANES

XANES Interpretation 
The EXAFS Equation breaks down at low-k, and the mean-free-path goes up. 
This complicates XANES interpretation: 

There is no simple equation for XANES 

XANES can be described qualitatively (and nearly quantitatively) in terms of 
coordination chemistry regular, distorted octahedral, tetrahedral, . . . 
molecular orbitals p-d orbital hybridization, crystal-field theory, . . . 
band-structure the density of available electronic states 
multiple-scattering multiple bounces of the photoelectron 

These chemical and physical interpretations are all related, of course: 

XANES calculations are becoming reasonably accurate and simple. These can help explain 
what bonding orbitals and/or structural characteristics give rise to certain spectral features. 

Quantitative XANES analysis using first-principles calculations are still rare, but becoming 
possible... 



• rutile (TiO2) at the Ti K-edge

Pre-edge 



caveats :

• need resolution

• need high S/N

• some other transitions
(rare) quadrupolar or
metal/metal



Edge position: 

Many edges of many elements 
show significant edge shifts 
(binding energy shifts) with 
oxidation state. 



caveat: interferences from pre-edge and scattering

edge for Au(III) before that for the metal !!
because the edge is a gigantic pre-edge !

energy energy



Finger print  
The simplest way of using XAS is to simply identify chemical species 
in a sample of unknown composition.

Edge position: 

Compare the signal from your with the 
standards to identify the dominant species.

Qualitative

There are a variety of quantitative tools available for interpreting XANES data.



XANES: Linear Combination Fitting

0

0.5

1

1.5

8950 9000 9050 9100

MDX5806 Tooth
fit
Cu-acetate (38%)
Clinoclase (36%)
CuSO4 (26%)

Ab
so

rb
an

ce
 (a

.u
.)

Photon Energy (eV)

Need to measure model compounds and references (not always available)

¾ Can be used in heterogeneous/Natural samples
¾ Bulk XAFS

� Determine the percentage of each oxidation state           
(quantitative)

� Identify the possible species 
(semi quantitative) 



PCA is a bit of linear algebra which breaks down an ensemble of related 
data into abstract components.

XANES: Principle Components Analysis

The components can then be used to try to construct a standard as a test to see whether that 
standard is present in the ensemble.

The number of species represented in the ensemble is related to the number of statistically 
significant components.





EXAFS: Data Processing

energies are recalculated 
into the photo-electron 
momentum, k :

with E0 is the edge energy, h is Plank constant and m is the electon’s mass

k =   2m / h2 . (E- E0)

EXAFS spectra are 
weighted by k2/k3 to 
enhance high-k signals
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Fourier Transform of EXAFS signal 
provides a photoelectron scattering 
profile as a function of the radial 
distance from the absorber. 
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Similar to XANES 
Compare the signal from your with the standards to identify 
the possible similarities with references

EXAFS: Data interpreting

Fourier Transforms are used to visualize the 
various contributions to the EXAFS arising 
from the shells of neighbors



• wavelet studies of EXAFS provides a clearer view on the k-R dependencies :

O

O

Si
Si

Th
Th

Th

Th

Si Si

• Si near 3 and 4 Å are detected but not near 6 Å

• also, cutting data at k=13 Å-1 is fine for O but not OK for Th

EXAFS: Data interpreting



• EXAFS are modelled to derive 
structural parameters
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EXAFS: Data analysing (fitting)
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