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Elektromanyetik Radyasyon

Bir radyo anteninde asagi
ve yukari hizlandirilan
elektronlar radyo dalgalari
yayinlar
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Sinkrotron Isinimi (SR) nedir?

Roélativistik hizlarda (i1stk hizina yakin hizlarda) hareket eden elektronlar yada diger yukli
parcaciklar, periyodik manyetik alan iceren yapilardan gecmeye zorlandiklarinda, hareket
yonleri dogrultusunda elektromanyetik isinim yayarlar.

Dipole bending magnet

Depolama Halkasi

T

ho

T

Multiple Undulator or Wiggler

* YuklU parcaciklar radyal olarak hizlandirilirlar (v L a)
* Manyetik alan, hareket yonlerine diktir 4



Sinkrotron Isiniminin Ozellikleri (1)

* Genis spektral aralik

Visible light
Radio waves Microwaves Infrared Ultraviolet X-rays Gamma rays
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Sinkrotron Isiniminin Ozellikleri (11)

* Yiiksek Parlaklik
Parlaklik = Foton / (s - mm2 - mrad? - 0.1% BW)
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X-Isini Tupu

* X-1sin1 parlakhgi sinkrotron isinimina kiyasla oldukca disuktir (~10%° kat)
* X-151n1 enerjisi strekli ve ayarlanabilir degildir
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Average brightness
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Hastanede kullanilan X-isinlarindan 100 milyar kat daha parlak !



Sinkrotron Isiniminin Ozellikleri (111)

Electron bunches
* Atmali zaman yapisi
ps | ns ;
'l‘lme>

Electron bunches moving in the storage ring produce radiation peaks having the same
bunch length (ps) and separation (ns)

Pump — probe

experiments f=3MHz

x-ray “probe*

electrons from
accelerator

current /electric/ magnetic
field/laser/thermo pulse

“pump“
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Dairesel-Dogrusal Hizlandirici

Sinkrotron FEL

§,

LFa E§E§|‘::‘6~G'e$,/: - "m.: T XFEL AT 5 GeV

Dairesel hizlandiricilarda; parcaciklar Dogrusal hizlandiricilarda; pargaciklar
dairesel yoriingeyi defalarca dolanir hizlandirici yapidan sadece bir kez
gecerler
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Sinkrotronun Sematik Gorunimu

Elektronlar kiglk halkaya girerler. Magnetler
elektronlarin dairesel bir yol izlelemelerini, RF alanlari

1 da daha yliksek enerjilerde hizlandirilmasini saglarlar.
Elektron tabancasinda 3
uUretilen elektronlar RF Elektron demeti hizlanacagi ve
alanlarile hizlandirilir. GeV enerjisine ulasacagi
depolama halkasina girer.
=Wy g :
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Ll 3A.BENDING
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o 1 ELECTRON GUN '\.i
oy

3B. WIGGLER/ R |

» UNDULATOR :
4 . 3C. RADIO- j Q
P % FREQUENCY ';’,
CAVITIES =
Isinim deney istasyonuna t‘ L w\"‘» 3.9 Bending magnetler elektron

Eonderllrzlek tzere demet b demetinin yolunu ayarlayarak
attina gider. elektronlarin depolama halkasi
icinde kalmasini saglarlar.

%

3.b Wiggler ve undulator olarak adlandirilan
magnetler elektronlari yiksek siddette
Isinim demeti yaymaya zorlarlar.
3.C  RF kaviteler, elektronlara kaybettikleri
RF: RadyoFrekans enerjiyi geri kazandirirlar.



Well-collimated, highly monochromatic, focused beam is delivered onto sample

Synchrotron storage ring

o

A %
l , Focusing device %
Monochromator ' l l .
Undulator
Spectrometer

* Provide sample environment

* Interaction of synchrotron
beam with sample

- Detector records data
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Beam Characteristics

For synchrotron based user experiments, radiation
characteristics such as energy resolution, flux and beamsize are
of great importance in terms of the feasibility of the experiment

Resolving peaks in detail Zooming down to cellular level
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Beamsize in microns

0,2

e 9.
« v Due to this intense brilliance, researchers can view blood
o o 09 vessels five microns in diameter (a tenth of the diameter of a
X Ray Boam hair) in an intact human lung. A clinical CT scan only resolves
blood vessels that are about 100 times larger, around Imm in
diameter. (ESRF,Grenoble)



Deneysel Teknikler

e-orbit detector
sample
source
optics

Energy Momentum Position Dynamics
Spectroscopy Scattering Imaging Time-resolving
EXAFS MAD Microscopy Diffraction
XANES SAD Tomography Luminescence
Fluorescence SAXS Topography Spectroscopy
Spectromicro- XMS Phasing Scattering
scopy Interferometry Litography Imaging

Didem Ketenoglu, Ankara Universitesi
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1 Elemental analysis photo-emission  electronic structure M‘ “b:g ‘e
(electrons) & imaging
wavelength
diffraction cry.lstallf)graphy
& imaging
scattering  SAXS
& imaging
_AVW_> absorption

Spectroscopy
from the synchrotron to the detector EXAES
XANES

L 2o & imaging

fluorescence EXAFS
XRF imaging
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TIP

Ostrojen kaybindan Ostrojen kaybindan
once sonra

Osteoporoz (kemik dokusunun
icinde anormal derecede bosuk
olusumu)

Koroner atardamarinin sinkrotron
isinimi kullanilarak alinan
goruntusu (SSRL, 1986)

Didem Ketenoglu, Ankara Universitesi 16



Hicresel Boyutta Gorlintiileme

Sitma mikrobu tarafindan enfeksiyona ugramis kan hiicresinin kan
damarlarina tutunmasinin nedeninin arastirilmasi

Sitma mikrobunun
etkiledigi kan
hicresinin X-isini
mikroskobu ile
alinan goruntusu
(Berkeley
Laboratuvarlari)

Didem Ketenoglu, Ankara Universitesi 17



Protein Kristalografisi

Protein structure

Diffraction pattern

Protein Data Bank
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Genetik bozukluklar ile ilgili bilgiye sahip olmak ve bunlarin tedavisi icin gerekli
ilaclarin Gretiminde herbir proteinin detayli yapisini arastirmamiz gerekir

llac tasarimi

GLEEVEC o )
Proteinlerin nasil olustugununun

anlasiimasi

Losemi §
0se Didem Ketenoglu, Ankara Universitesi 19



Molekuler yapidaki degisimler: Pump-Probe deneyleri

2 CoH 0" Co(H,0),CI* Co(H;0).Cl; CoCl; (H;0);
> I [
J %
Tetrahedral
b Sample
jot
/
g PO |
- ............... N .‘:
C Synchrotron 4 XAS
Q —_ detector

E— —

Pump: Laser
Probe: Synchrotron radiation
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KIMYA & CEVRE BiLimli

\

Balikta bulunan cok disuk seviyedeki
civanin 6lcimu ve kimyasal formunun
belirlenmesi
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12300
Energy (eV)

Trench (filled)

Uranium
Contaminant
plume

Su kaynaklarini tehdit eden
toksik ve radyoaktif atiklarin SR
yolu ile anlasilmasi (SSRL)

Chemical

arrier AQuiter

= 21
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MALZEME BiLIMI

Bilgisayar ciplerinde sorunlara yol acan silikon yuzeylerdeki
kirlenme seviyesinin SR kullanilarak incelenmasi

22



vy Yuksek sicakhk

™ superiletkenlerinin
43 nasil galistigini

& anlamak icin SR

S kullanimi

Bilgisayarin hard
diskindeki magnetik
ciplerin goruntilenmesi

Ucak turbinlerine yabanci
maddelerin nasil zarar
verdiginin SR yolu ile
anlasiimasi

200 mis

S' kullanarak minyattr mekanik
ve elektromekanik aygitlarin
yapimi s
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beam stop DIAMONDS synchrotron
x-ray beam
The Bragg Equation

20 ) 0
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nAd = 2d sinf

(1] T a0 .
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SANAT & ARKEOLOIJI

SSRL merkezinde bulunan sinkrotron X-isini demeti silinmis,
Uzerine yazi yazilmis ve hatta lzerine resim yapilmis bir yaziyi
ortaya cikardi

X-1sin1 floresans gériunttileme yontemi ile 10.ylzyildan
kalma yazilardaki demir iceren mirekkep incelenerek
gizli kalmis bir yazi ortaya cikarildi

Didem Ketenoglu, Ankara Universitesi 25



- IMAGING APPLICATIONS IN PALAEONTOLOGY

“The many very advanced features
found in the brain and body ...make
it possibly the best candidate
ancestor for our genus, the genus
Homo.” =
Lee Berger, Wits U, Johannesburg — .
K.J. Carlson et al.; Science (2011) e
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Duinyadaki Sinkrotron Tesisleri
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http://www.lightsources.org/regions

Synchrotron Radiation Facilities Around the World

ASTRID Denmark 0.58 1991
ESRF France 6 844 1992
ELETTRA Italy 2-2.4 260 1993
ALS, Advanced Light Source us 1.9 196.8 1993
APS, Advanced Photon Source uUs 7 1104 1995
Spring-8 Japan 8 1436 1997
ANKA, Karlsruhe Institute of Technology Germany 2.5 110.4 2000
Swiss Light Source, Paul Scherrer Institute Switzerland 2.8 288 2001
SLRI, Synchrotron Light Research Institute Thailand 1.2 81.4 2004
Canadian Light Source Canada 2.9 147 2004
Indus 2 India 2.5 173 2005
Diamond Light Source UK 3 561.6 2006
SOLEIL France 3 354 2006
Australian Synchrotron Australia 3 216 2006
SSRF, Shanghai Synchrotron Radiation Facility China 3.5 432 2007
MAX-II Sweden 0.7 36 2008
PETRA-III, DESY Germany 6 2304 2009
ALBA Spain 3 270 2010
TPS, Taiwan Photon Source Taiwan 3 518.4 2015
NSLS-II, National Synchrotron Light Source us 3 792 2015 28
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PETRA Ili

Shutdown:
22 Oct. 2012

DORIS Ik
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PETRA Il

Dinyanin en parlak sinkrotron i1sinim kaynagi
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22
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PETRA Il

— b -

20 - X-ray Undulator.
10 a
- VUV-Undulator
18 ;
10'° = 3. Generation ,\c -

16
10 = PETRA Il

10"

Wiggler

DORIS 1Nl

Elektron enerjisi: 6 GeV
Parlaklik: 10%! foton/(s mm?mrad? 0.1% BW)

12 2. Generation

10

Bending Magnet

Average Brilliance [Photons/(s mrad® mm® 0.1% BW)]

Saglanan eneriji araligi: 50 eV—150 keV 107 i e i
Elektron demet akimi: 100 mA 10% e —
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Demet hatti: 19 o' 102 10 10t 105 10°
Cevre : 2304 m Energy [eV]

Kurulus: 1978
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DEMET HATLARI

PO1 High Resolution Dynamics Beamline

P02 Hard X-Ray Diffraction Beamline==
PO3 MINAXS

PO4 XUV Beamline

PO5 Imaging Beamline

P06 Hard X-Ray Micro Probe

PO7 High Energy Materials Science

P08 High Resolution Diffraction

= [ 7 2

P09 Resonant Scattering and Diffraction” f " o

P10 Coherence Applications P22 HAXPES

P11 Bio-Imaging and Diffraction | P23 In-situ and Nano Diffraction
P12 BioSAXS P24 Chemical Crystallography
P13 Macromolecular Crystallography | P64 Advanced XAFS

P14 Macromolecular Crystallography Il P65 Applied XAFS 32



RIXS: Diisiik Enerijili Uyarilmalarin Olgiimii

Dasuk enerjili uyarilmalarin momentum transferine bagl 6lcimu

4 Charge Transfer
Phonons &
(BH) d-d
Magnons
- ; 7— f >
50 meV 500 meV 15eV 2eV Energy loss

Elementary excitation spectrum

~

/ Lattice vibrations
(Phonons)

Orbitons

/ Magnetic excitations (magnons\

» ~ ‘ -~
=
N
(e

N | g
}ITT’\: P

A (wavelength)

a
collective excitation of atoms or
Q}Iecules in a crystal structure/

L. Ament et al., Resonant inelastic x-ray scattering studies of
elementary excitations, Rev. Mod. Phys., 83 (2011) 705-767

T
oV S

\.P
collective excitation of
the electron’s spin

structure in a crystal
structure 33




Intensity [arb. units]

uksek T. Superiletkenleri
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J. Hill et al., Phys. Rev. Lett. (2008).
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Counts (arb. units)

D.Ketenoglu et al., J. Synchrotron Rad. 22 (2015) 961-967

Berilyum tek kristalinde [00(] yonii boyunca fonon uyariimalari
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e previously published data via inelastic
neutron scattering by Stedman et al. J.
Phys. F: Metal Phys. 6 (2) 157 (1976
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Deneysel Duzenek Il: X-Isini Raman
Sacilma (XRS) Spektroskopisi

—
Incident energy =9.6 - 11.2 keV

Si(311)

Energy = 10 keV
AE ~ 250 meV

S

= KB mirrors “TrFY
4 Ty

U32 undulators

/

Double Crystal

@ ' Length: (5m+5m)
~a & o S Monochromator Minimum gap: 12.7mm
., =l So (DCM) Energy: 4 keV — 11 keV
X-ra ;a ‘ Y s ~ Force
= 5 ~ Diamond 5
0 ~ N ‘g’
~
y Diamond Anvil
KA ’ . Ci”
\
Sample '\
Liquid jet for liquid samples Jiquid m’"
[ sample )
- A\
66 =-- 1 36

Diamond-anvil cell.



XRS Teknigi

Sert x-1sinlari (~10 keV) ile yumusak x-i1sinlari (50-1000 eV) bolgesindeki
sogurma sinirlarinin 6lcimu

In the soft x-ray energy range one finds distinct lines at

K-edges

Tl

energy transfer E
momentum transfer q

Th |Pa U Np Pu Am Cm

X-15In1 sogurma spektrumu

E,-10eV  E, E,+10eV  E+50eV

[ continuu
L, L EXAFS
i ) i
] | W\/\/\/\
S NEXAFS
K
_ 2 S XANES - X-ray ahsorption near edge siructure
e NEXAFS - Near edge X-ray Absorption fine siructure
EXAFS - Extended X-ray ahsorption fine structure
Pre-Edge
4 >
~—_|i § Sogurma siniri
3 Erery
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Intensity [arb. units]

Local molecular and electronic structure

v'Identifying materials: solids, liquids, gas
v Types of bonding
v’ Coordination number

Scattering

~ 10 keV
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cr(V1) 0 040 |
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Discriminating Carbonaceous
Compounds in Ancient samples

peain
Sample ~30x80 pm?
R 45° i
pis } - Synchrotron
- 2R Slits Si(111)
26=137 SO Monochromator
elium N3, % 6220-6270 eV
nclosure ‘analyzers c=C c-s cggﬁgg“
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280 300 320
fragment of dry skin Energy transfer (eV)

Direct tomography with
chemical bond contrast

b

Spherically
curved focusing
analyser crystal

Applications

tunable analyzer

AE ~1eV

detector

monochromator

~ x-ray beam

AE~1eV from synchrotron

sample

Rechargeable battery
under working conditions

Dendrimer
cross-linker

0 LiCoO,

D Lition

High pressure
High temperature

Diamond
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* Lityum iyon pilleri

LIB cell structure

Positive terminal

Cover
— Current >
Insulating - A?‘?del U, 1
ring : | (hesmive plato) <—— Electrons
Positive
tab

Separator/Electrolyte Cathode

Cathode
Negative tab (positive plate)

: Solvent Transition metal
@ cC @ Li molecules ‘m polyhedron
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Carbon K-edge XRS spectra

D.Ketenoglu et al., J. Synchrotron Rad. 25 (2018) 537-542

(a) ﬂ!;::aﬂ.ZOM

e 1M LIBF4

Intensity (a.u.)
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—— 1M LiPF6
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1 M 1 M 1

284 288 292 296 300 304
Energy transfer (eV)

Shifts relative to pure PC
1M LiPF, =+ 0.04 eV
2M LiPF, == 0.08 eV

(a) Phys. Chem. Chem. Phys. 16 (2014)23568-23575
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~—— 1M LiPF6

—— 1M LiPF6-LiBOB
~—1M LiBOB
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X3}
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3
/J\
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———
S ———
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Energy transfer (eV)

Shifts relative to EC:DMC (1:1 vol.)

1 M LiBOB = 0.03eV
5wt % LiBOB +LiPF, == 0.06 eV
1M LiPF, = 0.07 eV
2M LiPF, = 0.12eV
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Oxygen K-edge XRS spectra

D.Ketenoglu et al., J. Synchrotron Rad. 25 (2018) 537-542

Smith af &/, 2014
—
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2M LiPF, = 0.21eV
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