@) How does a synchrotron radiation source work?

SESAME

Rolf Landua
CERN

CERN-SESAME School 2015 1 Rolf Landua



D)) Main chapters of my talk

w  What is SESAME?
w Production of synchrotron light
w  SESAME components

w  Synchrotron light spectrum for experiments

Later today:
SESAME - Status/Prospects (Chris Llewellyn-Smith)
CERN-SESAME parallels and differences (Herwig Schopper)
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What is SESAME?
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%)) SESAME is an ‘electron synchrotron’

Workshop, Lab. |
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Very intense beams of X-rays*, infrared and UV light (billion times brighter than Sun)

Allows to study objects that are much smaller than 1 um (~ cell size)
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CE/RW Synchrotron Light for Experimental Science and Applications in the Middle East

A “CERN” in the Middle East
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SESAME on ‘Google Earth’
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N SESAME on ‘Google Earth’

X

SESAME

King Al-Hussein Bin Talal, Allan, Al
salt 15282, Jordan
+962 5 351 1348 - sesame.org.jo

Image ©.2015 DigitalGlobe
© 2015,0RION-ME
© 2015 Google
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cEan)) SESAME building
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PRESIDENTS/VICE-PRESIDENTS OF COUNCIL

Presidents

Vice-Presidents

Presidents

Current President

November 2008-

Past Presidents

July 2004-November 2008

Vice-Presidents

Current Vice-Presidents

December 2011-

June 2010-

Past Vice-Presidents

July 2004-June 2010
July 2004-June 2005

Chris LLEWELLYN SMITH (U.K, Director of Energy Research University
of Oxford and former Director-General of European Organization for
Muclear Research (CERN) and Chairman of the International
Thermonuclear Experimental Reactor (ITER) Council}

Herwig SCHOPPER (Germany, former Director-General of European
Organization for Nuclear Research (CERN))

Seyed Mahmoud Reza AGHAMIRI (Islamic Republic of Iran, Shahid
Beheshti University)

Mohamed Tarek HUSSEIN (Egypt, former President of Academy of
Scientific Research and Technology (ASRT))

Dincer ULKU (Turkey, Hacettepe University)
Khaled TOUKAN (Jordan, Minister of Education)




Chris Llewellyn-Smith Herwig Schopper
President SESAME council  Former president SESAME councill

Former CERN DG Former CERN DG

Left to Right:
Dincer Ulku, Past Vice President of SESAME Council until June 2011

Chris Llewellyn-Smith, President of SESAME Council (Nov.2008 -)
Yasser Khalil, Administrative Director of SESAME

Khaled Toukan, Director of SESAME

Herwiqg Schopper, Past President SESAME Council until Nov. 2008
Hafeez Hoorani, Scientific Director of SESAME

Amor Nadji, Technical Director of SESAME

Albin Wrulich, Chair of SESAME Technical Advisory Committee




q SESAME people: who is already working there?

http://mag.digitalpc.co.uk/fvx/iop/esrf/sesamepeople/

e Sesame  People

S E SA M E Synchrotron-light for Experimental Science
and Applications in the Middle East

SESAME is an international centre for research and advanced technology

established under the auspices of UNESCO. The synchrotron facility, which

is under construction some 35km northwest of Amman, Jordan, is due to

begin operations in 2014/2015. Hohammad Yousef
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CERN

Comparison of synchrotron light sources world-wide
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w Production of synchrotron light
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Synchrotron Crab nebula (neutron star)
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&) Two important concepts about electromagnetism

- +
Electric force on electron (with charge q) in the direction of
_ the electric field E
e
® ' F=qg-E (Coulomb force)

Electric fields increase kinetic energy

Magnetic force on electron (with charge q) is perpendicular
to the direction of the magnetic field B

F=q-v-B (Lorentz force)

Magnetic field change the direction
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Electromagnetic Radiation from Oscillating Dipole

Principle of radio station / antenna
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E Electrons in a synchrotron emit radiation

X

Acceleration by magnetic dipole field

Centripetal A
Acceleration

SESAME: y ~ 5000
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) How to increase synchrotron radiation intensity ?

Wiggler

Array of magnets
Lateral deflection of electrons
Broad and incoherent emission spectrum

Higher intensity and energy than
Inside a bending magnet

e- Source
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0), Undulator

Less powerful magnets —> gentler undulations

Match transverse motion to transit speed:
constructive interference !

Freqguency tuneable (alter gap between magnets)

Narrow and coherent emission spectrum
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D)) Overview: Dipole magnet, Wiggler, Undulator

Ablenkmagnet Bending Magnat

Wiggler Wiggiar

Undulator Undularor
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SESAME components
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@\7 Schematic overview of a Synchrotron Radiation Source

Beamline Electrons are generated and accelerated in
Beamline - a LINAC, further accelerated to the
required energy in a BOOSTER and injected

_ and stored in the STORAGE RING
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o) Layout of the SESAME complex

Material science I o o= I — J Bio-medical

Lab. B | EBE | =2

Booster §
Microtron
I : T

500 N\ Tl

Booster ;4 ;;
\ym/nohon

Storage Ring

Environmental science
Archeology
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D)) Main steps of SESAME

Electrons are generated in an electron gun (like cathode ray tubes in old TVs)

Acceleration in three steps:
1) Microtron (= linear accelerator, up to 22 MeV)

2) Booster synchrotron (22 - 800 MeV)
3) Storage ring (800 - 2500 MeV)

2500 MeV

Energy SESAME Storage Ring

800 MeV

Booster

22 MeV

Microtron
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D) Overview: Synchrotron light source animation

X
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D)) Step l1a - electron gun

X

Thermionic Emission

Thermionic emission is a process of emission of charge particle
(known as thermion) from the surface of a heated metal. The
charge particles normally are electrons. @m..wtmm

Hot filament
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D) Step 1b : the Microtron (up to 22 MeV)

linear accelerator

— 7 L

Bending magnet Bending magnet
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D)) Step 2 : the Booster (up to 800 MeV)

X

Booster = BESSY | 0.8 GeV synchrotron
decommissioned at BESSY, Berlin, Germany in 1999

donated to the SESAME project

2) FAST AND FURIOUS

The electrons enter a booster ring,
where magnets force them to travel
ina dircular path and radio waves

1) FIRE STARTER accelerate the electrons to 800 MeV.

An electron gun inside a 3)) SAFE HAVEN

The electron beam travels to

microtron generates electrons.

Radio waves then accelerate the ‘ a storage ring, where it races
electrons to an energy level of i around for hours, reaching
22 megaelectron volts, . 03 “ & is 2.5 gigaelectron volts.

3. STORAGE

3A. BENDING

|

MAGNETS ')
: 1. MICROTRON ,ﬁ
38. WIGGLER/ 2 .‘
UNDULATOR
4, BEAM LINE/ 3c. RADIO _l '
EXPERIMENTAL ——— -

STATION cwmes
L- . 34)) Bending magnets
4)) DIVINING LIGHT adjust the path of the !
The light travels down abeam ele_(tlotﬂmbeamtoheeon
line, which sends the beam \ inside the storage ring.
to an experimental station, \
where optics focus or filter ‘ 38)) Magnets called
the light to allow scientists to masm-
investigate their sa s the electrons
- - 30 ) Radio-frequency to emit a concentrated
cavities add energy to beam of light.
the circulating electrons
to replace the energy that
was lost as light.
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D)) Step 2 : the Booster (up to 800 MeV)

Mr. Salameh, Mayor of Salt City, Jordan, and Herman Winick (SLAC)
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D)) Step 3 : the Storage Ring (up to 2500 MeV)

CESSAMAG project: European Union grant €5 million
CERN supplies magnetic system allowing for the completion of the main ring
CERN is the main contractor, coordinates the delivery of the magnet system.

prm— ;
Workshop| Lab. |
i| At |

16 Dipole magnets (CERN)

+ 64 quadrupole magnets
+ 64 sextupole magnets
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D)) Other important components
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(no scattering)
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w Synchrotron light spectrum for experiments
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Property of 154, (2005)
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&N Synchrotron light Is very, very bright
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&) Brilliance (“concentration”) of SESAME light

X
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&) Synchrotron “light” covers a wide range of wavelengths

X

Millimetre Micron Angstrom
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| | i | | | | | |
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. 1 ’ -
VISIBLE "SOFT" X RAYS

WIDE RANGE OF
EXPERIMENTS:

- Material science

- Molecular biology

- Archeology

- Medicine

- Environmental studies
- AND MANY OTHERS
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@) Advantages of synchrotron light sources
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@) ... incredibly detailed pictures

A conventional X-ray image of a A synchrotron X-ray image of a A synchrotron phase contrast X-
human finger joint human finger joint ray image of a human finger joint

Image courtesy: Australian Synchrotron, State of Victoria
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& World-class tool for many fields of science

X

(Talk by H. Abualrob)

-

Material Chemistry
science

Molecular

Application

Solid State

Meteorites Physics

and Space

Science ¢
Heritage
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