
Giorgio	Paolucci	
Scientific	Director	-	SESAME

1

Synchrotron-light	for	Experimental	Sciences	and	
Applications	in	the	Middle	East	

SESAME:	Science	for	peace
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Synchrotron radiation
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Synchrotron radiation

Synchrotron radiation
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Generic SR experiment
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Europe	in	the	40s	built	CERN
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Europe	in	the	40s	built	CERN
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Scientists	from	previously	enemy	countries	
working	together,	as	well	as	scientists	from	

the	two	sides	of	the	iron	curtain.

Europe	in	the	40s	built	CERN
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A	CERN	for	the	Middle	East?
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A	group	of	visionary	scientists	(Fubini,	
Rabinovici,	Voss,	to	mention	some)	developed	

the	idea	in	the	90s

A	CERN	for	the	Middle	East?
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Distribution	of	SR	sources

http://lightsources.org
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SESAME	is	in	Jordan

Map data ©2015 Google, INEGI 500 km

3 reviews · Research Foundation

4 Photos

sesame.org.jo

(05) 351 1348

SESAME
King Al-Hussein Bin Talal
Allan, Al Salt 19252
Open today 8:00 am – 4:00 pm

SESAME

SESAME - Google Maps https://www.google.jo/maps/place/SESAME/@50.7349399,3...

1 of 1 9/9/15 09:08



SESAME	location	in	Allan,	Jordan

Location	of	SESAME
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CERN:	members,	associates,	
preaccession…
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SESAME	Members	&	Observers
Members: Cyprus,	Egypt,	
Iran,	Israel,	Jordan,	
Pakistan,	Palestinian	
Authority,	Turkey.	
Observers: 
Brazil,	Canada,	China	
(People’s	Republic	of),	the	
European	Union,	France,	
Germany,	Greece,	Italy,	
Japan,	Kuwait,	Portugal,	
Russian	Federation,	Spain,	
Sweden,	Switzerland,	the	
United	Kingdom,	the	United	
States	of	America.
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Objectives: 
•Foster excellence in science and technology in the Middle East. 
•Reverse brain drain in the region. 
•Enhance regional science and technology infrastructure. 
!
•Contribute to improved understanding among peoples of diverse backgrounds 
through peaceful scientific cooperation.

SESAME	Members	&	Observers
Members: Cyprus,	Egypt,	
Iran,	Israel,	Jordan,	
Pakistan,	Palestinian	
Authority,	Turkey.	
Observers: 
Brazil,	Canada,	China	
(People’s	Republic	of),	the	
European	Union,	France,	
Germany,	Greece,	Italy,	
Japan,	Kuwait,	Portugal,	
Russian	Federation,	Spain,	
Sweden,	Switzerland,	the	
United	Kingdom,	the	United	
States	of	America.
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The	Laboratory



Original	idea:	rebuild	an	old	German	light-source	(BESSY	1)	in	Jordan.	
The	 SESAME	 Members	 (most	 with	 very	 limited	 science	 budgets)	
joined	with	no	obligation	to	provide	capital	 funding.	 	This	 idea	was	
(correctly)	abandoned	(although	refurbished	parts	of	BESSY	1	will	be	
used).	 	Now	building	a	new,	competitive	3rd	generation	light-source	
which	will	attract	the	best	scientists	from	across	the	region	
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SESAME	is	a	third	Generation		
Synchrotron	Light	Source



Energy;	2.5 GeV 
Circumference;	
133m 
12	Insertion	Devices!
13	Bending	Magnet	
beamlines!
Space	for	future	full	
energy	injector	in	
main	ring	tunnel
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Beamlines	focus	
intense	light	(infra-
red	to	X-rays)	on	

experimental	targets



Intense	beams	of	light	(infra-red	to	
X-rays)	generated	by	circulating	
electrons	exit	through	ports	in	the	
shielding

Shielding	houses	electron	accelerator	
and	storage	ring
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Inside	the	SESAME	Experimental	Hall	
Schematic



Shielding	Completed,	May	2011
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Beam	in	the	Transfer	Line	1	–	(2012)
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Dipole
Current Monitor

RF Cavity
Corrector

Quadrupole

The	Booster	(based	on	BESSY1)
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800 MeV Booster Beam Achieved on 
September 3, 2014



Control	room	monitor	with	800	MeV,	two	
injections	appearing

19

800 MeV Booster Beam Achieved on 
September 3, 2014



Control	room	monitor	with	800	MeV,	two	
injections	appearing

SESAME	staff	in	the	control	room	at	the	moment	of	achieving	800	MeV
19

800 MeV Booster Beam Achieved on 
September 3, 2014
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The Roof accident"
(Dec. 2013)
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ConstrucVon	of	the	New	Roof	(Oct.	2014)
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(Booster commissioned in THIS environment!)

ConstrucVon	of	the	New	Roof	(Oct.	2014)
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DBA Optics

a) Optics 1 and b) Optics 2 for the 
SESAME Storage Ring. The 
horizontal beta function βx ( red), 
the vertical one βz (blue) and the 
dispersion function Dx (green) are 
shown.
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Figure 1: a) Optics 1 and b) Optics 2 for SESAME Storage Ring. The horizontal beta function βx ( red), the vertical 
one βz  (blue) and the dispersion function Dx  (green) are shown. 

 

The main parameters of the two Optics are listed in Table 1. 

 

 

 

 

3 

 

 

                                     (a) 

 

 

 

 

 

 

 

                                     (b) 

 

 

 

 

 

 

 

Figure 1: a) Optics 1 and b) Optics 2 for SESAME Storage Ring. The horizontal beta function βx ( red), the vertical 
one βz  (blue) and the dispersion function Dx  (green) are shown. 

 

The main parameters of the two Optics are listed in Table 1. 

 

 

 

 

3 

 

 

                                     (a) 

 

 

 

 

 

 

 

                                     (b) 

 

 

 

 

 

 

 

Figure 1: a) Optics 1 and b) Optics 2 for SESAME Storage Ring. The horizontal beta function βx ( red), the vertical 
one βz  (blue) and the dispersion function Dx  (green) are shown. 

 

The main parameters of the two Optics are listed in Table 1. 

 

 

 

 



DBA Optics
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                                                                         Table 1 

Parameter Unit Optics 1 Optics 2 
Energy GeV 2.5 
Circumference m 133.2 
Betatron tunes  Qx  /  Qz  

7.23  /  5.19 7.23  /  6.19 
Number of super-periods  8 
Bending Dipole field T 1.45545 
Field index n, gradient (T/m)  11, -2.794 
Natural Chromaticities H / V   -13.63 / -15.06 -15.15 / -20.56 
Momentum compaction  0.008331 0.00828 
Energy loss / turn keV 590.2 

Damping times   τE / τx / τz msec 2.74/ 2.31/ 3.76 2.74/ 2.32/ 3.76 

RMS energy spread  σE % 0.1074 0.1073 
Natural emittances  εx / εz nm.rad 25.6400 / 0.2564 25.74 / 0.2574 
Betatron coupling  % 1 

RF Parameters 
Frequency MHz 499.654097 
Harmonic Number  222 
Peak Voltage MV 2.4 

RF acceptance (εRF) % 1.459 1.463 
Synchrotron tune 

 
0.0165 0.0165 

Synchrotron frequency (νs) kHz 37.147 37.147 

Natural bunch length (σL) mm 11.46 11.42 
Max. current (200 bunch) mA 400 
Beam Lifetime (@ P = 1nTorr) hrs 22.3 21.5 

Optical Functions [middle of straights and @ dipole port (6.50)] 
Horizontal Beta: 
Long straight/ Short straight/ Dipole m 12.29/ 11.97/ 1.04 13.59/ 13.27/ 1.03 
Vertical Beta:    
Long straight/ Short straight/ Dipole m 3.12/ 1.09/ 20.32 1.65/ 0.77/ 25.12 
Horizontal Dispersion: 
Long straight/ Short straight/ Dipole m 0.521/ 0.521/ 0.154 0.533/ 0.533/ 0.153 

Beam Sizes and Angular Divergences 
Horizontal beam size (σx): 
Long straight/ Short straight/ Dipole µm 792.8/ 787.7/ 232.5 825.9/ 820.8/ 232.3 

Vertical beam size (σz): 
Long straight/ Short straight/ Dipole µm 28.3/ 16.7/ 72.2 20.8/ 14.2/ 81.0 

Horizontal divergence  (σ′x): 
Long straight/ Short straight/ Dipole µrad 45.68/ 46.28/ 260.20 43.5/ 44.0/ 266.6 

Vertical divergence (σ′z): 
Long straight/ Short straight/ Dipole µrad 9.06/ 15.33/ 10.07 12.49/ 18.30/ 11.50 



Storage Ring Magnets

Storage	ring	magnets	constructed	through	the	
CESSAMag	project	in	the	frame	of	SESAME-CERN/EU	
collaboration.	
!
• Dipole	(constructed	by	TESLA,	UK)	prototype	
magnetically	characterised	at	ALBA.	!

!
!
• Quadrupole	assembled	by	Elytt-Spain,	coils	by	STS-
Turkey).	First	batch	measured	at	CERN	in	March	
2015.!

!
!
!
!
!
• Sextupoles	by	CNE-Cyprus	&	HMC-3-Pakistan,	coils	
by	SEF-France).	First	batch	was	measured	at	CERN	in	
March	2015.
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Installation

Feb.	2016:		First	girder,	magnets,	vacuum	
chamber	installed		by	CERN	and	SESAME	teams



Agreement	 signed	 with	 INFN	 and	 Elettra	 in	 May	 2014	 (Financial	 support	 from	 the	
Italian	Ministry	of	Education,	University	and	Research).	Built	by	Elettra.
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Storage Ring RF Cavities
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4 “Elettra type” RF Cavities are installed

First	OPEN	SESAME	supported	visit	by	Crisgna	Pasoh	
(Eleira)	for	the	RF	cavity	tuning	in	July	2017



Storage Ring Status: RF System

	The 500MHz RF system is composed of 4 RF 
plants.  
Each plant includes: 
!
‣120kW Elettra cavity (detuned up to ±2MHz). 
!
‣80kW solid state amplifier (the 1st built by 

SOLEIL, the 3 others by Sigmaphi-SE). 
!
‣WR1800 waveguide (in kind contribution from 

DESY) 
!
‣Digital LLRF 
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Courtesy	!
of	SOLEIL



Storage	Ring	Commissioning

Full	turn	beam	(Jan	11,	2017). Multi-turns	(Jan	26,	2017). Hundreds	of	turns	(Jan	31,	2017).

Stored	beam	with	RF	(Feb.	9,	2017).Thousands	turns	(Jan	31	-Feb.	6)



Storage	Ring	Commissioning

Full	turn	beam	(Jan	11,	2017). Multi-turns	(Jan	26,	2017). Hundreds	of	turns	(Jan	31,	2017).

Stored	beam	with	RF	(Feb.	9,	2017).Thousands	turns	(Jan	31	-Feb.	6)

Presently:		
E=2.5	GeV	
i=60	mA	
τ≈	5	hrs



May	16,	2017:	Opening



Energy;	2.5 GeV 
Circumference;	
133m 
12	Insertion	Devices!
13	Bending	Magnet	
beamlines!
Space	for	future	full	
energy	injector	in	
main	ring	tunnel
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Macromolecular	
Cristallography

Materials	
science

VUV

SAXS-WAXS

InfraRed	

EUV	BL	

XAFS-XRF



“Day-One”	Beamlines
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No Beamline Energy 
Range 

Source 
Type Comments 

1 XAFS/XRF 4.5-30 
keV 

Bending 
Magnet 

•Helmholtz-Zentrum Dresden-
Rossendorf/ESRF !

•New focussing optics!
•New Hutch !
•Novel Detector

2 IR (Infrared 
Spectromicroscopy)

0.001-3 
eV 

Bending 
Magnet 

•New beamline !
•Mod to storage vacuum chamber

3 MS (Materials Science) 5-25 keV 
2.1 Tesla 

MPW!
(SLS) 

•SLS XO4SA!
•New Hutch !
•Donated Dectris Detector 

4 Macromolecular 
Crystallography (MX)

~4-~13 
keV IVU

•New Beamline!
•Partial support by the Jordanian 
Scientific Research Support Fund



XRF/XAFS	Beamline	
!

BL	scientist	in	charge:	Messaoud	Harfouche
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Beamline	Layout
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Safety	Hutches	Installed	in	April	2016
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Optical	Components	Installed	during	Hutch	Installation
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Optical	Components	Installed	during	Hutch	Installation
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Optical	Components	Inside	the	Hutch



Monochromator	movement	tested,	with	
controller	developed	at	SESAME



Optical	
components	
aligned	with	

support	by	SOLEIL	
team	(IAEA	
supported)



Collimating	
mirror



XAFS/XRF	Beamline

Agreement with INFN to use part of the Italian contribution* 
for an innovative Si-drift detector.!
!
It is expected that the new detector will have a sensitivity at 
least 50 times higher than existing technology as well as an 
unprecedented dynamic range!
!
!
!
!
*1M€ in 2013, 850k€ in 2014, 500 k€ in 2015!
  1.25 M€ committed for the RF cavities.

XAFS	Fluorescence	detector
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XAFS/XRF	Beamline
XAFS	Fluorescence	detector
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The 8 channel SDDA anode (top) and entrance window (bottom) sides. !
The SESAME detector will include 8 of these modules (64 cells). !

Each cell (9 mm2) can handle 50 kc/s → 3.2 Mc/s total, with!
an active area of 576 mm2



XAFS/XRF	Beamline
XAFS	Fluorescence	detector
Room	temperature	tests



IR	Beamline	
!

BL	scientist	in	charge:	Gihan	Kamel
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Converging point: Manufacturing	of	
the	Stage	II	Cells	
(in	progress)

December	2016	

Assembly	and	testing	
of	Stage	I	Cells	

(done!)



JUNE	2017:	
Beginning	beamline	
Installation



August	2017:	
First	mirror	chamber	
installed



September	2017:	
Optical	elements	up	to	the	shielding	wall	installed.
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The	existing	(and	operational!)	IR	microscope



52

First	published	papers	from	the	
2013	call	for	proposals



Materials	Science	Beamline	
!

BL	scientist	in	charge:	Mahmoud	Abdellatief
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Front	end

Optics

Experimental

Materials	Science	Beamline	Layout



Materials	Science	Beamline
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MS	wiggler	inside	the	storage	ring



Materials	Science	Beamline
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Overall	W61	length	(m) 2	

Wiggler	gap	(mm) 12

Period	length	(mm) 60.5	

Number	of	periods 33

Magnetic	material NdFe:B

Pole	material CoFe

Maximum	field	(T) 1.4	

Deviation	parameter	K 7.8

Critical	energy	(keV) 5.8

Total	power	@	400mA	(KW) 6.01

MS	wiggler	inside	the	storage	ring



Materials	Science	Beamline
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Pb	Hutches:	under	construction,	installation	in	
November,	2017



Materials	Science	Beamline

• Donation of a Dectris 300k detector (to be used for time/
temperature dependent studies)!

• BL scientist in contact with various European groups to get 
advise on technical solution
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Experimental	Station

Beamline	to	be	ready	in	spring	2018	



Macromolecular	Crystallography
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The joint SESAME-Jordan University proposal submitted to the 
Jordanian Scientific Research Support Fund was approved with a 
financial support of 1.5 MJOD (~2.1 M$) in three years. The first 
allocation of 500 kJOD is available and used for the source (in vacuum 
undulator). 	
!
The IVU technical specs are in the final revision stage and were 
developed by Hossein Khosroabadi (SESAME) in close collaboration 
with Hamed Tarawneh (MAX IV)	
!
!
!
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Macromolecular	Crystallography:	
the	18.5	mm	IVU
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Simulated brilliance of the IVU18 for the MX beamline for 18.5 mm period length 
and minimum magnetic gap of 5.3 mm. The phase error of 2.5 degree has been 
considered in this simulation. 
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4

SESAME	“Call	0”



SUP:	the	SESAME	version	of	the	Elettra	VUO



Country XAFS/XRF IR Total

COLOMBIA 0 1 1

CYPRUS 1 2 3

EGYPT 6 4 10

FRANCE 0 1 1

IRAN, ISLAMIC REPUBLIC OF 2 3 5

ITALY 1 1 2

JORDAN 2 2 4

KENYA 2 0 2

PAKISTAN 7 4 11

PALESTINIAN AUTHORITY 0 1 1

SWEDEN 1 0 1

TURKEY 14 0 14

TOTAL 36 19 55

More	than	150	registered	users!
55	submitted	proposals	



Distinguished	international	experts	
accepted	to	be	members	of	the	SESAME	

Proposal	Review	Committee	(PRC)

• Sofia Diaz-Moreno (DIAMOND, XAFS/XRF)	
• Tom Ellis (Un. of Saskatchewan, IR)	
• Samar Hasnain (Un. of Liverpool, XAFS/XRF), Chair	
• Carol Hirschmugl (Un. of Wisconsin, IR)	
• Bruce Ravel (NIST@NSLS-II, XAFS/XRF)	
• Lisa Vaccari (Elettra, IR)

Proposals	are	under	evaluation



SUC	(SESAME	Users’	Committee
The	 purpose	 of	 the	 SESAME	 Users’	 Committee,	 hereinafter	 referred	 to	 as	 the	
“SUC”,	 is	 to	promote	 research	at	 SESAME	by	providing	a	platform	 for	 interaction	
between	those	who	use	SESAME	for	their	research	and	the	SESAME	management,	
and	 for	 communication	 between	 the	 users	 and	with	 users	 of	 other	 synchrotron	
radiation	laboratories.!
Within	this	framework:!
●	 the	 SUC,	 representing	 researchers	 from	 the	 SESAME	 Members,	 will	 have	 a	
channel	 through	 which	 it	 may	 communicate	 to	 the	 SESAME	 management	
information	 on	 the	 requirements	 and	wishes	 of	 users	 of	 the	 SESAME	Members;	
and!
●	the	SESAME	management	will	have	a	platform	through	which	it	may	bring	to	the	
attention	of	users	information	on	current	and	future	plans	for	the	facility.



OPEN	SESAME

Participant	
No.

Participant	organisation	name Country

1 Installation	Europeenne	de	Rayonnement	Synchrotron	(ESRF) FR

2
Consorcio	para	la	Construcción,	Equipamiento	y	Explotación	del	
Laboratorio	de	Luz	Sincrotrón	(CELLS)

ES

3 The	Cyprus	Institute	(CYI) CY

4 Deutsches	Elektronen-Synchrotron	(DESY) DE

5 Sincrotrone	Trieste	(ELETTRA) IT

6 Istituto	Nazionale	Fisica	Nucleare	(INFN) IT

7 Instruct	Academic	Services	Limited	(Instruct) UK

8
Synchrotron-light	for	Experimental	Science	and	Applications	in	
the	Middle	East	(SESAME)

JO

9 Société	Civile	Synchrotron	Soleil	(SOLEIL) FR

10 European	Organization	for	Nuclear	Research	(CERN) CH

11 Centre	National	de	la	Recherche	Scientifique	(CNRS) FR

Approved 3 year project, starting on January 1 2017



OPEN	SESAME	
strong	links	with	the	SESAME	
development	plans 

 
WP1:	Management	and	
dissemination	
 
 
WP2:	SESAME	staff	training	and	
exchange	programme 

!
 
WP3:	Building	user	capacity	in	
the	local	science	and	technology	
landscape  

 
WP4:	Integration	of	SESAME	
into	public	and	social-economic	
landscapes



!
• Users	Meetings,	Workshops,	Individual	Training	(Visits,	Fellowships..)	!

  

• Funding	from	!!
	 International	Organisations:	IAEA,	UNESCO,	ICTP,	ESRF!!
	 External	National	Organisations	&	Synchrotron	Labs:	Brazil,	France,	Germany,	Italy,	Japan,	

Portugal,	Spain,	Sweden,	Switzerland,	Taiwan,	UK,	USA	(DoE)!!
	 Organisations	from	Member	States:	Cyprus,	Egypt,	Iran,	Israel,	Jordan,	Turkey!!
	 Scientific	Societies:	APS	+	EPS	+	IOP	+	DPG	+	ACS	+	NAS!!
	 Foundations:	Lounsbery!
  

	 LinkSCEEM	Project	(Cyprus):	High	Performance	Computing	(HPC)	in	the	Eastern	Mediterranean	
Region	!

!
Topics	include:	Accelerator		Physics	,		Beamlines,	Scientific	Applications	
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ANKA,	Germany	
Brazilian	Light	Source,	Brazil		
Elettra,		Italy	
ESRF,	France	
Daresbury	Laboratory,	UK	
DESY,	Germany	
LURE,	FRance	
MAX-Lab,		Sweden	
Swiss	Light	Sourse,	Switzerland	
ALBA-Cells,	Spain	
Diamond,	UK	
Taiwan	Light	Source,	Taiwan	
SOLEIL,	France

UNESCO	
DoE,	USA	
IAEA	
ICTP	
APS-EPS-IoP-DPG	-SIF	
JSPS	
Portugal	
Canon	Foundation	
Lounsbery	Foundation

International Support
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	 There	are	challenges		!
	 Stable	financial	support;	attracting	new	members	from	the	Gulf	and	the	Mahgreb	(new	members			
are	welcome);	making	up	for	the	shortage	in	the	human	and	financial	resources	of	the	members;	
solving	 problems	 involving	 travel	 restrictions;	 finding	 funding	 for	 provision	 of	 full	 energy	 and	
current,	conference	centre,	full	suite	of	Phase	I	beamlines,….	!
	 But	great	progress	has	been	achieved		 		 																																																																																																																																																																																															

	 SESAME	is	working	politically	and	technically		
	 The	training	program	is	building	capacity	in	the	region		
!
	 The	voluntary	contributions	(agreed		March	2012)	constitute		a	major	step	forward		
and	make	it	possible	to	plan	for	commissioning	to	begin	in	2016.

Conclusions
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Further	information:	
giorgio.paolucci@sesame.org.jo


