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orbit. Radiation from Electrons in a Synchrotron
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Synchrotron radiation from the Crab Nebula

Composite image of the Crab Nebula obtained merging data from Chandra (X-ray, shown in blue),
Hubble (visible, shown in green), and Spitzer (infrared, shown in red).
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SR covers a very wide spectrum

Image courtesy xfel.eu



SR Is extremely collimated

Image courtesy synchrotron-soleil.fr



Scheme of a SR facility

Image courtesy synchrotron-soleil.fr
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 SESAME is a cooperative venture by
scientists and governments of the
region set up on the model of CERN
although it has very different
scientific aims.

* It was established under the
auspices of UNESCO (United Nations
Educational, Scientific and Cultural
Organization) following the formal
approval given for this by the
Organization's Executive Board
(164t session, May 2002).

 SESAME is a User facility open to
international academic and
industrial communities.



} 5 Nobel Prizes
directly linked

infrastructures

) Over 23 400
unique artides
published in
peer reviewed
journals in the
last 5 years
from diverse
fields of sdence,
making Europe
a world leader in
research

) More than

24 000 direct
users and a
wider netweork
of over 35000
researchers

Vision

A world where European science is a
catalyst for solving global challenges,

a key driver for competitveness

and a compelling force for closer
integration and peace through scientific
collaboration.
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Mission

LEAPS will use the power of its combined
voice to ensure that member light

source facilities continue to be world -
leading, to act as a powerful tool for the
development and integration of skills
with aview to address 21 century global

challenges, and to consolidate Europe’s
leadership in the field.

&

LEAPS:
the League of European
Accelerator-based
Photon Sources
groups
the major “Photon Factories”
In Europe

INn November 2018, SESAME
become the Tst

Associate Member
of LEAPS
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Infrared Spectroscopy
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Holman et al., Spectroscopy - An International Journal 17(2-3), 139-159 (2003).
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7= IR: Next Step, Focal Plane Array detector

SESAME

Single Point detector
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. Point-by-point « State-of-the-art detector for ::nPﬁh(eGél;ﬁ.ll pixels) image of the protein (Amide 1) absorbance
detector FTIR Imagmg'_ o L.M. Miller, P. Dumas / Biochimica et Biophysica Acta 1758 (2006)
’ * Parallel acquisition,
* Long data « An array of IR detectors
acquisition. arranged in a square (64 x 64
detectors),

e 4K spectra captured in a
single shot, almost like a
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Istituto Nazionale di Fisica Nucleare
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Messaoud Harfouche Latif Ullah Khan
(Principal Beamline Scientist) (Beamline Scientist)
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XAFS/XRF: SR Advantages over laboratory sources

1 Periodic Table of the Elements 18
1 2
H He
101 2 13 14 15 16 17 | 400
3 4 a s\ 6) N 8\ 9)( 1()<
Li Be B C N (@) F Ne
6.94 L 9.01 y, L 10.81 L 12.01 L 14.01 I 16.00 L 19.00 I 20.18 )
(" 1 12) f 13)( 14)( 15)( 16)( 17)( 18)
Na | Mg Al | si| P | s | cl|Ar
2299 JI_ 2431 | 3 4 5 6 7 8 9 10 1 12 | 2698 J| 2809 J| 3097 )| 3207 J{ 3545 J| 3995 )
( 19)( 20) 21) 22)( 23) 24\ 25)\( 26) 27)( 28 29)( 30)( 31)( 32)( 33)( 34)( 35\ 36
K |Ca| Sc | Ti V | Cr |[Mn| Fe | Co | Ni l Cu|Zn | Ga | Ge | As | Se | Br | Kr
39.10 ) 40.08 y 44.96 ) 47.87 y 50.94 y 51.99 L 54.94 y 55.85 ) 58.93 y 58.69 63.55 L 65.38 L 69.72 L 72.63 L 74.92 L 78.97 L 79.90 L 83.80 Y
37)( 38) 39) 40)( 41) 42)\( 43\ 44) 45)( 46 a7\ 48)( 49)(" 50)( 51)( 52)( 53)( 54)
Rb|Sr| Y | Zr [Nb|[Mo| Tc | Ru | Rh | Pd | Ag||Cd | In | Sn | Sb | Te I | Xe
g 85.47 87.62 ) 88.91 I 91.22 I 92.91 U 95.95 JU 98.91 JU 101.07 ) 102.91 I 106.42 107.87 L 112.41 I 114.82 I 118.71 I 121.76 I 127.6 I 126.90 I 131.29 Y,
55)( 56) 57-71) 72) 73) 74) 75) 76) 77\ 78 79 80)( 81)( 82\ 83)( 84\ 85)( 86
Cs | Ba Hf | Ta | W | Re | Os | Ir | Pt | Au|Hg| Tl | Pb | Bi | Po | At | Rn
13201 J(_ 13733 17849 J| 18095 J| 18384 )| 186.21 J( 19023 J| 19222 )| 195.09 196.97 J| 20059 J{_ 20438 J(_ 2072 )| 20898 J| r208.98) || 209.99 )| 22202 |
87)( 88\~ 89-103) 104) 105 (" 106 107 )" 108)(" 109) 110 111)( 112\ 113)( 114)( 115)( 116 17\ 118)
Fr | Ra Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg|Cn|Nh| FI [Mc| Lv | Ts | Og
223.02 )| 22603 | U een J{_ 12621 J\_ [2e61 | 12641 J|_ 12691 J|_ 278 [281] 2801 )| r2ss1 J|_ 2861 J{_ 12891 J|_ 12891 J| 12931 J|_ 12941 J{_ 2041 |
57)( 58)( 59)( 60\ 61) 62) 63)( 64)( 65\ 66 67| 68)( 69) 70\ 71)
La |[Ce | Pr |[Nd | Pm|Sm | Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
€ 138.91 U 140.12 I 140.91 L 144.24 U 144.91 ) 150.36 ) 151.96 U 157.25 U 158.93 I 162.50 L 164.93 P, 167.26 I 168.93 D, 173.06 I 174.97 )
89\ 90)( o1)( 92)(" 93) 94) 95)(" 96)( 97\ ag)(” 99)(" 100\ 101) 102)( 103)
Ac [ Th | Pa| U [Np| Pu|Am|Cm| Bk | Cf | Es [Fm|Md| No | Lr
_227.03 J| 23204 )| 231.04 J| 23803 J| 23705 J{ 24406 )| 243.06 )| 24707 )| 24707 J| 25108 J{ (2541 J| 25710 J| 2581 J| 259.10 J{  [2621 |
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e XAFS/XRF: High-performance XRF multi-detector

SESAME

AXPiDe

(Advanced X-ray Plxel
DEtector)

04 cells detector, the
system can handle more
than 10 Mcounts s™
within a linearity of 75%.

|
IN FN g%iﬁb%om Carlomagno et al.
RADIATION

Volume 28 | Part 6 | Novemeber 2021 | Pages 1811-1819 | 10.1107/S1600577521008857

Istituto Nazionale di Fisica Nucleare ) )
Elettra Sincrotrone Trieste



Mahmoud Abdellatief
(Principal Beamline Scientist)
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Fareeha Hameed
(Principal Beamline Scientist)
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s SR XCT experimental setup

SESAME

10x, 5x detector 0.5x, 1x, 2x detector
(Optique Peter) (ESRF)

TOMCAT PAUL SCHERRER INSTITUT

endstation #1 [JT_E]
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s BEATS: Experimental Station

SESAME

10x, 5x detector 0.5x, 1x, 2x detector
(Optique Peter) (ESRF)

0.5x 33.2 x 28.0 mm? 13.0 um
1x 16.6 x 14.0 mm? 6.5 um
2x 8.3 x 7.0 mm? 3.25 um
5x 3.4 x 2.8 mm? 1.3 um
10x 1.7 x 1.4 mm? 0.65 pm

TOMCAT
endstation #1
PAUL SCHERRER INSTITUT
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& BEATS: Multiresolution

SESAME

Nyanzapithecus alesi, fossil skull of an infant ape from Kenya aged of 13 My

Nengo |., Tafforeau P., Gilbert C. C., Fleagle J. G., Miller E. M., Feibel C., Fox D. L., Feinberg J., Pugh K. D., Berruyer C., Mana
S., Engle Z. & Spoor F. (2017). New infant cranium from the African Miocene sheds light on ape evolution. Nature, 548:169-
174.

. 13 um
\ M

SR [Courtesy P. Tafforeau, ESRF]
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T BEATS: Phase Contrast Imaging

SESAME

Absorption

Propagation-based phase contrast XCT

 Phase-contrast XCT make it possible for
paleontologists to study opaque amber,
previously inaccessible using classical microscopy
techniques

[Credits: M. Lak, P. Tafforeau, D. Néraudeau (ESRF Grenoble and UMR CNRS 6118 Rennes)] Sample
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BEATS: SR Advantages over laboratory sources

Laboratory XCT

Wide spectrum of (polychromatic) X-ray
energies, with bright peaks characteristic of
the source target material

Cone-beam geometry Detector_|
7
Rotation axis K

1
.

e

X-ray
source Sample

Can illuminate large objects and exploit
physical magnification

Typical scan times: hours to minutes

Synchrotron XCT

Higher flux by several orders of magnitude

Monochromatic X-ray beam possible:
improved sensitivity and limited artefacts

Parallel-beam geometry

Rotation axis

(Generally) higher resolution

(But) smaller field of view

Typical scan times: minutes to <seconds
Time-resolved (4D) CT

High spatial coherence enables phase contrast




Mustafa Fatih Genisel
(Principal Beamline Scientist)
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HESEB: SR Advantages over laboratory sources

1 Periodic Table of the Elements 18
1 2
H He
101 2 13 14 15 16 17 | 400
| _/
= o s 5\ e\ ATl a3\~ 9\ 10)
Li Be B C N (@) F Ne
6.94 L 9.01 Y, L 10.81 q 12.01 L 14.01 I 16.00 L 19.00 I 20.18 )
r 1) 12) 13)( 14)( 15)( 16)( 17)( 18)
Na | Mg Al|Si| P | s |cl|Ar
2299 Jl_ 2431 | 3 4 5 6 7 8 9 10 1 12 | 2698 J| 2809 J|_ 3097 )| 3207 J{ 3545 J|_ 3995 )
( 19)( 20) 21 22)( 23) 24\ 25)\( 26) 27)( 28 29)( 30)( 31)( 32)( 33)( 34)( 35\ 36
K (Ca| Sc | Ti V | Cr |[Mn| Fe | Co | Ni ‘ Cu||Zn | Ga | Ge | As | Se | Br | Kr
39.10 ) 40.08 Y 44.96 y 47.87 ) 50.94 ) 51.99 L 54.94 ) 55.85 ) 58.93 ) 58.69 63.55 L 65.38 L 69.72 L 72.63 L 74.92 L 78.97 L 79.90 L 83.80 Y
37)( 38) 39) 40)( 41) 42)\( 43\ 44) 45)( 46 a7\ a8)( 49\ 50)( 51)( 52)( 53)( 54)
Rb||Sr| Y | Zr [Nb|Mo| Tc | Ru | Rh | Pd | Ag||Cd | In | Sn | Sb | Te I | Xe
g 85.47 87.62 ) 88.91 I 91.22 I 92.91 I 95.95 L 98.91 JU 101.07 ) 102.91 L 106.42 107.87 g 112.41 I 114.82 I 118.71 I 121.76 I 127.6 I 126.90 I 131.29 Y,
55)( 56 ) 57-71) 72) 73) 74) 75) 76) 77\ 78 79 80)( 81)( 82)( 83)( 84\ 85)( 86 )
-
Cs | Ba Hf | Ta | W | Re |Os | Ir | Pt | Au| H TI | Pb | Bi | Po | At | Rn
132,01 J(_ 137.33 | 17849 J|_1s0.05 J| 183.84 )| 186.21 J( 19023 J| 19222 )| 195.09 196.97 J| 20059 J{ 20438 J{_ 2072 )| 208.98 J| r208.98) J| 200.09 )| 222.02 |
87)( 8g8)( 89-103) 104) 105)( 106 107)( 108)(" 109) 110 111)( 112\ 113)( 114)( 115)( 116 17\ 118)
Fr | Ra Rf |Db | Sg|Bh |Hs |[Mt| Ds | Rg|Cn |Nh| FI | Mc| Lv | Ts | Og
223.02 )| 226.03 ) U reen J{ 2621 J| 12661 | 12641 J|_ 12691 J|_ 1278 [281] 2801 )| r2ss1 J|_ 2861 J{_ 12891 J|_ 12891 J| 12931 J|_ 12941 J{_ 2041 |
57) 58)( 59)( 60\ 61) 62) 63)( 64)( 65)( 66 67| 68)( 69) 70\( 71)
La | Ce | Pr |Nd|Pm |Sm | Eu | Gd | Tb | Dy |Ho | Er [ Tm | Yb | Lu
4 138.91 U 140.12 U 140.91 L 144.24 U 144.91 ) 150.36 ) 151.96 U 157.25 U 158.93 I 162.50 q 164.93 P, 167.26 I 168.93 ) 173.06 I 174.97 )
89 90)( o1)( 92)(" 93) 94) 95)(" 96)( 97\ ag)(” 99)(" 100\ 101) 102)( 103)
Ac |[Th | Pa| U [Np|Pu|Am|Cm| Bk | Cf | Es |[Fm|Md| No | Lr
22703 J| 23204 J| 23104 J| 23803 J| 23705 )| 24406 J{ 243.06 J| 24707 )| 24707 J{_ 25108 J{ (2541 J| 25710 J( 2581 J| 259.10 )| 2621 |
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elliptical monocapillary

& HESEB: soft X-ray spectroscopy beyond UHV

Variable pressure
experiment chamber:a
unique distinguishing
feature of HESEB.

The sample manipulator
allows for spatially resolved
energy dependent x-ray
absorption spectroscopy for
obtaining the elemental and
chemical composition of
surfaces.

Combined with an elliptical
focussing capillary that
creates a focus of about 20
pum diameter and acts as a
differential pumping stage,
HESEB allows studies of
archeological samples at
atmospheric pressure.



SESAME
Today

SESAME is an internationally
well-connected facility producing
world-class science

SESAME continues to increase its
beamlines’ portfolio and research
opportunities

andrea.lausi@sesame.org.jo
https://www.sesame.org.jo/
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