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Elektromanyetik Radyasyon

Bir radyo anteninde asagi
ve yukari hizlandirilan
elektronlar radyo dalgalari
yayinlar

B
Radio
Transmitter
c
UPHDYO-XV, 5-10 Eylul 2023, . . - .
e Didem Ketenoglu, Ankara Universitesi

Bodrum/Mugla
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 lvmeli hareket eden yiikler, degisen elektrik ve manyetik alanlar Uretir.

* Degisen elektrik alanlar, manyetik alanlari; degisen manyetik alanlar da,
elektrik alanlari Uretir.

* Indiklenen elektrik ve manyetik alanlar arasindaki bu etkilesim, yayilan

elektromanyetik dalgalara yol acar.

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi
Bodrum/Mugla it
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Sinkrotron Isinimi (SR) nedir?

Rolativistik 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

|/hu

Dipole bending magnet

Depolama Halkasi

TN

ho

T

Multiple Undulator or Wiggler

* YUklG pargaciklar radyal olarak hizlandirilirlar (v L a)

UPHDYO-XV, 5-10 Eyliil 2023, . . . o] ae
" e Manyetik alan, hareket yonlerine diktir 5

Bodrum/Mugla
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Bending Magnet (BM)

Insertion Device (ID)

Bending/Dipole Magnet (Egici Magnet):
Dairesel hizlandiricilarin depolama halkasinda bulunan elemanlaridir.
Parcaciklari sabit manyetik alan ile dairesel yortungede tutarlar.

Insertion Devices (Eklenti Aygitlani):

Elektron demetinin periyodik hareketini saglayacak periyodik manyetik
alan uretirler.

« Wiggler (Zigzaglayici)
« Undulator (Salindirici)

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi
Bodrum/Mugla it
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Istk hizina yakin hizlarda:
® Radyasyon glicl artar

® Radyasyon odaklanmis olarak elde edilir

(vl a)
Acceleration
Electron Orbit
Acceleration
( = >
@ = —
Casel: %<<1 758041
At low electron velocity (non-relativistic When the electron velocity approaches the
case) the radiation is emitted in a non- velocity of light, the emission pattern is folded
directional pattern sharply forward. Also the radiated power goes
up dramatically
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Ozel gorelilik teorisine gére, v hiziyla hareket eden, durgun kiitlesi m olan bir

parcacigin kinetik enerjisi:

2
mc
E= =
1=
. mc?
1—(p)
1
}/:
1—(p)°
p=v/c

Cembersel yoriingede hareket eden
yuklu parcaciklarin isinim deseni

y : Lorentz Faktoru
Isinim ileri yonde odakhdir
Dogal SR diverjansi: 1/y ~ 100 urad (elektronlar @ 5 GeV)

UPHDYO-XV, 5-10 Eylil 2023 . . L N
. v ’ Didem Ketenoglu, Ankara Universitesi
Bodrum/Mugla
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Elektromanyetik Kuvvet (Lorentz Kuvveti)

v hizi ile hareket eden g yuku E elektrik alani ve B manyetik alani ile verilen
duzgun bir elektromanyetik alanda hareket ediyorsa, bu parcaciga etki eden
elektromanyetik kuvvet (Lorentz kuvveti):

=

- -

& . e B i i >
S T T . quB F —_— E - B

10 L Nt i S = gL +Hgv X

‘ ) E) ¢ W . Electric

N X ¥ X X

[ —

Magnetic
force

force

Source

(a) (b)

Copyright © Addkson Wesley Longman, Inc

Manyetik kuvvet v ve B’ nin
olusturdugu duzleme diktir

Y —F (g negative)

UPHDYO-XV, 5-10 Eylul 2023, . . T .
yiu Didem Ketenoglu, Ankara Universitesi

Bodrum/Mugla
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Merkezcil Kuvvet

E =0 olsun. e, B manyetik alanina dik olarak girerse (v L B) manyetik kuvvet

Turkish P hysical Society

merkezcil kuvveti olusturur ve parcacik » yaricapli cembersel yoriinge tzerinde
diizglin dairesel hareket yapar:

Bin
X X X X X
®
®
®
®
X
S
®
v.1lB I I:manyetik = I:merkezcil
_ muy?
evBsin90 =
T
mu?
UPHDYO-XV, 5-10 Eylul 2023, evB — 10

Bodrum/Mugla Didem Ketenoglu, Ankara Universitesi Tr



e Turk Fizik Dernegi
1950
........................

15. ULUSAL PARGACIK HIZLANDIRICILARI ve DEDEKTORLERi YAZ OKULU (UPHDYO-XV)

Depolama halkasindaki elektronlar, ylklli parcacigin hareketine ve manyetik
alan vektorune dik bir Lorentz kuvveti uygulayan manyetik alanin etkisi altinda
kapali bir yoringede hareket ederler. Dairesel yoriinge yaricapi (r) sabit
kalmaktadir. Hiz ve manyetik alan birbirine dik oldugundan:
Syl
muv
e v Xx B= ——
r

[ =1ise, m ve v; rolativistik kitle ym and c ile yer degistirmelidir:

ymc?

ecB

-

ymec
eB
I

ecB

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi 11
Bodrum/Mugla it
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E|GeV|

rim| = 3.3 ——
Magnetik alan ve depolama halkasinin yaricapi, demet enerjisine sinirlama
getirir. Sinkrotron 1sinim kaynaginin karakteristik frekansi Q. ; y ve Q,

parametreleri cinsinden:

3 3 ac
Q. =ZpQy==p-
KA L

Sinkrotron 1sinim kaynaginin kritik enerjisi, bending magnet’teki toplam
glc yayiniminin yarisidir:

he2,[keV| = 0.665 E2[GeV|B|T'

Sinkrotron 1sinim kaynaginin kritik enerjisi depolama halkasinin enerjisine
ve bending magnet’in magnetik alanina baghdir

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi 12
Bodrum/Mugla it



/04 Tark F'Z'gﬁoDemeg' 15. ULUSAL PARCACIK HIZLANDIRICILARI ve DEDEKTORLERI YAZ OKULU (UPHDYO-XV)

1
Turkish Physical Society

Wiggler
(Zigzaglayici)

Bending magnet
(Egici Magnet)

Insertion Devices
(Eklenti Aygitlan):
e Undulator

* Wiggler

Undulator
(Salindirici)

UPHDYO-XV, 5-10 Eylil 2023,
Bodrum/Mugla

13

Didem Ketenoglu, Ankara Universi
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Sinkrotron Isiniminin Ozellikleri (1)

* Genis spektral aralik

Visible light
Radio waves Microwaves Infrared Ultraviolet X-rays Gamma rays
10° 10 107 10° 10° 107 10* | F 10* 10*
] | ] | |
Wavelength
= 4%

People Needle Cell Molecule Atom Nucleus

Eye 4 Microscope Sf,% Synchrotron Particle {5 &
colliders ;

UPHDYO-XV, 5-10 Eylil 2023,

Bodrum/Mugla Didem Ketenoglu, Ankara Universitesi 14
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Sinkrotron Isiniminin Ozellikleri (11)

* Yuksek Parlaklik

Parlaklik = Foton / (s - mm? - mrad? -

0.1% BW)

S,

| E—
]

I I | I 1 I I

photons/s/mm?/mrad®/0.1% BW

4" generation/
(FELs) /

/

3" generation
(undulators)

2" generation
(wigglers)

st :
17 generation

X-ray tubes sources (BM)

| | | 1 | 1 |

| o] B e S IO D0 N ne O 10 R S ahs i K51 B e Pl D I Gt B I 100 St (i B P i |

i E

Bending magnet :
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Free-electron laser Didem Ketenoglu, Ankara Universitesi
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X-Isin1 Tupu

 X-1s1n1 parlakhgi sinkrotron isinimina kiyasla oldukca diistiktir (~10%° kat)

* X-15In1 enerjisi surekli ve ayarlanabilir degildir
 X-1sinlari her yonde yayilir

UPHDYO-XV, 5-10 Eylul 2023,
Bodrum/Mugla

Didem Ketenoglu, Ankara Uni

. . Brehmsstrahlung
Hgated filament Electrons are accelerated continuum
emlts. elgctroqs t.)y by high voltage | K
thermionic emission anode | o
213 I|
'z - ', Characteristic
S \ X rays
.E 7 - || )
g - || Kﬁ
= \ X rays from a
Z \ molybdenum
% x-rays produced when target at 35 kV
high speed electrons
X-ray tube hit the metal target _
.02 .04 .06 .08 .10 .12

Wavelength (nm)

Target atom

Ejected
K shell
e[ election

Lo s

» o
Incident electrons “g -

40

Electron shells

Nucleus

2‘: 4 Characteristic

3e H P @ B i Discrete energy
1 3 H S\ : :
iV s Y
1@ VO.. ‘.\ - . ’.
2 Close interaction
Moderate energy
vers itesi Impact with nucleus Distant interaction

Maximum energy Low energy

16
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Aki (Flux)

e Aki (Flux); isinim kaynagindan bir saniyede, 0.1% bant genisliginde (BW)

0 Turk Fizik Dernegi
1950
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yayilan foton sayisidir.

Maximum Intensity

Intensity
T
@ _
«Q
=

"I\ Band pass is equal to
Full Width at Half
Maximum Peak Height

e Aki, spektral safligi hesaba katar G
. 0.1% Bant Genisligi (BW): A'nin
* Ornegin, 1000 eV’luk foton 1/1000’ine esit olan, belirli bir
dalgaboyu (A) yakinindaki dalga

enerjisinde, 999.5-1000.5 eV bant

dahilindeki foton/s akiya katki saglar. boyu araligi (AL)
AN 3
=i

0.1%BW =—
A

UPHDYO-XV, 5-10 Eylul 2023, . . T .
yiu Didem Ketenoglu, Ankara Universitesi

Bodrum/Mugla
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Parlaklik (Brightness)

e Parlaklik (Brightness); isinim diverjansini hesaba kattigi icin, deneyin
gerceklestigi noktadaki demet karakteristigidir. Birim kati aci basina yayilan

1
Turkish Physical Society

akiya esittir.

# photons

Brightness =

sec - mrad? - 0.1%BW
(a measure of concentration of the radiation)

Source
area, S

A_ngular Flux, F

divergence, Q

Brightness = # of photons in given AA/A
sec, mrad 6, mrad @
(a measure of concentration of the radiation)
UPHDYO-XV, 5-10 Eylul 2023, Didem Ketenoglu, Ankara Universitesi” 18

Bodrum/Mugla
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Aydinlik (Brilliance)

* Aydinhlk (Brilliance); demet boyutlarini hesaba katan demet karakteristigidir,
mm? basina parlakliga (brightness) esittir ( 0,0, carpimindan gelir).

Brilliance: Flux/Emittance

= B n ph
20, = y -
=T At-e. & -0.1%BV
photons

[B]=

Isinim kaynaginin karakteristigi = o - mrad® -0 1BV

boyutu ve agisal dagilimina ) ) .
Yatay ve dlisey yonlerde yayinim (emittance):

baglidir.
§=0. 0% ., . . ,
o’,c’, birimi [sterad] yerine [rad?]
.. £ =0,0
UPHDYO-XV, 5-10 Eylil 2023, ) . S L
Didem Ketenoglu, Ankara Universitesi 19

Bodrum/Mugla
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SR Emittance = AA - AQ

_— hoton flux
SR Brilliance = 2

AA - AQ- AA/A

AA: source area
AQ): solid angle

units: [nm-rad] -> [pm-rad]

AML/}: spectral bandwidth

number of photons

units:
s-mrad®mm?-0.1%bandwidth

Both emittance and brilliance are invariant quantities in phase space >
optical techniques cannot improve them!

UPHDYO-XV, 5-10 Eylul 2023,
Bodrum/Mugla

Didem Ketenoglu, Ankara Universitesi

20
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0= % radians Q= LR\F steradians (sr)
1 Steradian
Spherical N

Dlstrlbution
1

--"Y-‘h---

UPHDYO-XV, 5-10 Eylil 2023,

Bodrum/Mugla Didem Ketenoglu, Ankara Universitesi 21
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* 60 Watt’lik ampul v

Parlaklik: 10® Foton / (s - mm? - mrad? - 0.1% BW)

Parlaklik: 1029 Foton / (s - mm? - mrad? - 0.1% BW)

UPHDYO-XV, 5-10 Eylil 2023,

Bodrum/Mugla Didem Ketenoglu, Ankara Universitesi 22
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Sinkrotron Isiniminin Ozellikleri (111)

Electron bunches
* Atmali zaman yapisi
o< < - >
‘I‘lme>

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

Pump — probe

experiments £=3MHz

X-ray “probe‘

current /electric/ magnetic
field/laser/thermo pulse

electrons from
accelerator

“pump“

UPHDYO-XV, 5-10 Eylil 2023,

Bodrum/Mugla Didem Ketenoglu, Ankara Universitesi 23
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. Kutuplu

Polarization of Synchrotron Radiation

M Electron Intense beams of linearly
\”l-\f\ polarized x-rays
e

%

Emitted light

UPHDYO-XV, 5-10 Eylil 2023,

Bodrum/Mugla Didem Ketenoglu, Ankara Universitesi 24
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 Kismen koherent

‘Typical X-ray tube operation SR X-FEL
Heated filamem 3 clorated
emm_ electrons by ktgn,:,;::\::.g,“ {\ A A A R ;\
thermionic emission anode \
AVAYA
A VA \
A
PRI AVAVAAVAVA

4 3 wrays produced when

# ? { high speed electrons
F % hat the metal target

* Yukselk kararlilile: Sinkrotron isinim kaynaginda mikron-alti
kararhlhk

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi
Bodrum/Mugla siu,
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Dairesel-Dogrusal Hizlandirici
Sinkrotron FEL

= ro; ESB',;:@.GW: L ;  XFEL

17.5 ng

v

.

Dairesel hizlandiricilarda; parcaciklar Dogrusal hizlandiricilarda; parcaciklar
dairesel yoriingeyi defalarca dolanir hizlandirici yapidan sadece bir kez
gecerler

UPHDYO-XV, 5-10 Eylil 2023,

Bodrum/Mugla Didem Ketenoglu, Ankara Universitesi 26



Relative peak brightness

storage
ring
|

15

10
X-FELs:Coherent Radiation Periodic B-Field
{v AAL \
\f“msz
‘Kx. 3 5
10 —«—AE~1¢eV
10 O a
3
< Undulators
--------------------------- = SLAC FEL: 100 meters long
,,,,, = Storage ring: few meters long
B || gremmmpe
undulator_
—_— e s Rlngs Spontaneous Radiation
Uniform B-Field

AE o 10 keV IE Maguet Synchrotron
- 0.1 1 10 100 Bending Magnets

Photon energy (keV) 2y



Sinkrotronun Sematik Gorunimu

2

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

1 da daha yliksek enerjilerde hizlandirilmasini saglarlar.
Elektron tabancasinda 3
uretilen elektronlar RF Elektron demeti hizlanacagi ve
alanlar ile hizlandirilir. GeV enerjisine ulasacagi
g |, e g — depolama halkasina girer.
i< A

3.STORAGE

&
R
®

2.BOOSTER
RING

I |
L 3A.BENDING
— MAGNETS
A o ]
3B. WIGGLER/ SN§

UNDULATOR _
3C. RADIO- _1

4 R \ FREQUENCY 7
% < CAVITIES \ \},‘Zf-"
Isinim deney istasyonuna i | i \ \" 3 Bending magnetler elektron
gonderilmek lizere demet ' -a Ay
. demetinin yolunu ayarlayarak
hattina gider. elektronlarin depolama halkasi
icinde kalmasini saglarlar.

3. Wiggler ve undulator olarak adlandirilan
magnetler elektronlari yiksek siddette
Isinim demeti yaymaya zorlarlar.

3.C  RF kaviteler, elektronlara kaybettikleri

UPHDYO-XV, 5-10 Eylul 2023, . .
enerjiyi geri kazandirirlar.

Bodrum/Mugla RF: RadyoFrekans
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Dairesel hizlandiricilarda yuklu parcaciklar:

* RF (RadyoFrekans) kaviteler tarafindan saglanan elektrik alan
yardimiyla hizlandirilir.

* Dipol magnetler tarafindan saglanan manyetik alanlar yardimiyla
dairesel yoringede hareket etmeleri saglanir.

* Insertion Devices (Wiggler, Undulator) tarafindan saglanan periyodik
manyetik alanlar yardimiyla yiksek parlaklikta sinkrotron isinimi elde
edilir.

* Magnetik alan parcacik enerjisine etki etmez, manyetik kuvvetler is
yapmaz

- - -
-
I'= gk +qgvxB
Electric Magnetic
force force
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Sinkrotron Demet Hatti

Sinkrotron depolama halkasi

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

9

Spektrometre w‘:
f%, Monokromator Undulator
\ Odaklayici optik
% cihazlar Demet Hatti

Paralel, monokromatik, odaklanmis isinin
ornek lzerine iletilmesini saglar

Didem Ketenoglu, Ankara Universitesi 30
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Micro 3 -+, |Soft | Hard
MonochrOInatorS T IR [Visible] UV. X-1ay | Xoray
N . Crystal
Micro IR —e 9 @ \,QQ/\ZO' ”"\'ﬁ\sine
wave d A G
— e o \m/ ® @ Constructive interference
dsné when
® o o o o nL=2dsin®
Prism T Bragg’s Law
Micro i Soft | Hard
B IR. [Visible] UV, X-ray| X-ray

Grating

UPHDYO-XV, 5-10 Eylil 2023,
Bodrum/Mugla

Didem Ketenoglu, Ankara Universitesi
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Deneysel Teknikler

e-orbit detector
sample
source E
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

UPHDYO-XV, 5-10 Eylul 2023, Didem Ketenoglu, Ankara Universitesi 33
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Interaction of photon’s with matter

2dSinO = nA

""""

Photoelectric Effect

Bragg Diffraction

Ejected K-shell electron Incident radiation
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Shells ;;Qc
(orbits)
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X-ray Fluorescence Emission
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The interaction

A

X-ray
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o _ V%;,L ionization A
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X-ray X-rays A
interactions .
tay photen energies e X-i1sinlari iyonlastirici radyasyon olarak siniflandirilir Bu,
are for above the enerjinin tamamini bir elektrona vererek
ionization energies . . . .
of atoms. (fotoiyonizasyon) veya enerjinin bir kismini elektrona ve
lonization . e e eeps .
energy geri kalanini daha dusik enerjili bir fotona vererek
I (Compton sacilmasi) meydana gelebilir. Yeterince yuksek
............ ® positron enerjilerde, X-isini fotonu bir elektron-pozitron cifti
olusturabilir.
e electron

Didem Ketenoglu, Ankara Universitesi 36
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TIP

Ostrojen kaybindan Ostrojen kaybindan
once sonra

Osteoporoz (kemik dokusunun
icinde anormal derecede bosuk
olusumu)

Koroner ataramarlnm sinkrotron
1Isinimi kullanilarak alinan
goruntisu (SSRL, 1986)

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi 37
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Hicresel Boyutta Goriintuleme

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

Sitma mikrobunun etkiledigi kan
hlcresinin X-15in1 mikroskobu ile
alinan goruntisu (Berkeley
Laboratuvarlari)

UPHDYO-XV, 5-10 Eylil 2023, . . L N
. v Didem Ketenoglu, Ankara Universitesi 38
Bodrum/Mugla
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Protein Kristalografisi

Protein structure

Diffraction pattern

L0

12000
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UPHDYO-XV, 5-10 Eylul 2023,
Bodrum/Mugla
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Protein Data Bank
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N-rays:
NMR:

82%
18%

Dominate!

nn.n._n._n,0,0.0,«d0 .41

Didem Ketenoglu, Ankara Universitesi
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Turkish P hysical Society

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

llag tasarimi

GLEEVEC o )
Proteinlerin nasil olustugununun

anlasiimasi

Losemi

Didem Ketenoglu, Ankara Universitesi 40



Molekuler yapidaki degisimler: Pump-Probe deneyleri

a Co(H,0)* Co(H,0).CI* Co(H,0).Cl; CoCl, (H,0), CoCl
.
. =2
J —
J‘
’ J
Tetrahedral
] Sample
jot
/
s Y. ,' N\ T
e — e AT 5 b
. . ' b
£ G Synchrotron a Sk
(‘-\\ &/9 detector

Pump: Laser
Probe: Synchrotron radiation

UPHDYO-XV, 5-10 Eylil 2023,
Bodrum/Mugla
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KIMYA & CEVRE BiLiMi
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Balikta bulunan cok disuik seviyedeki
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Energy (eV)
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Su kaynaklarini tehdit eden
toksik ve radyoaktif atiklarin SR
yolu ile anlasilmasi (SSRL)

Chemical

barrier Aguitec

: - . . 42
Didem Ketenoglu, Ankara Universitesi
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MALZEME BiL

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

43



" slperiletkenlerinin
(2% nasil calistigini

& anlamak icin SR

S kullanimi

Bilgisayarin hard
diskindeki magnetik
ciplerin goruntilenmesi

Ucak tlrbinlerine yabanci
maddelerin nasil zarar
verdiginin SR yolu ile
anlasiimasi

200 mis

SR kullanarak minyatir mekanik
ve elektromekanik aygitlarin
yapimi ‘ i
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JEOLOJI BILIMI

Turkish Physical Society

Area Detector: Diamond Anvil Cell  synchrotron x-ray

MAR image plate beam micro-
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— |
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\
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. The Bragg Equation
nA = 2d siné
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Two-Theta (deg) Didem Ketenoglu, Ankara Universitesi
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SANAT & ARKEOLO!JI

SSRL merkezinde bulunan sinkrotron X-i1sini demeti silinmis,
Uzerine yazi yazilmis ve hatta Gzerine resim yapilmis bir yaziyi
ortaya cikardi

Turkish Physical Society

X-1sin1 floresans gorunttleme yontemi ile 10.yuzyildan
kalma yazilardaki demir iceren murekkep incelenerek
gizli kalmis bir yazi ortaya cikarildi

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi
Bodrum/Mugla it



. 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.” o
Lee Berger, Wits U, Johannesburg b : .

K.J. Carlson et al.; Science (2011) e

UPHDYO-XV, 5-10 Eylil 2023, 47

Bodrum/Mugla
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Dunyadakl Sinkrotron Tesisleri
SULEIL S O e ‘;z':‘)
AVSQ.QE‘SQ
| n;'li,
o Souy |

m MoUSi s Syachrotron

AN MOUS i SLRI %@H_S.

LNLS

Image Source: http://www.veqter.co.uk/residual-stress-measurement/synchrotron-diffraction

v’ Amerika: 9 v’ Avustralya: 1
v Asya; 15 v Avrupa: 18 http://www.lightsources.org/regions



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 25 110.4 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-III Sweden 0.7 36 2008
PETRA-IIl, 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 49
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PETRA Extensions

PXE SScemmemeemie—

Didem Ketenoglu, Ankara Universitesi

Shutdown:
22 Oct. 2012
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PETRA Il

Dinyanin en parlak sinkrotron isinim kaynagi

Elektron enerjisi: 6 GeV
Parlaklik: 102! foton/(s mm?mrad? 0.1% BW)

Saglanan enerji araligi:

Elektron demet akimi: 100 mA

Demet hatti: 19
Cevre : 2304 m
Kurulus: 1978

50 eV-150 keV

Average Brilliance [Photons/(s mrad® mm? 0.1% BW)]
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1 0 o CuK,
B X-ray tube
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Energy [eV]

Didem Ketenoglu, Ankara Universitesi
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DEMET HATLARI

P01 High Resolution Dynamics Beamline

P02 Hard X-Ray Diffraction Beam|in@sss=
PO3 MINAXS

PO4 XUV Beamline

PO5 Imaging Beamline

P06 Hard X-Ray Micro Probe

PO7 High Energy Materials Science

P08 High Resolution Diffraction

P09 Resonant Scattering and Diffraction SIS

: ; g Ay ’
P10 Coherence Applications Pzﬁ*mPES
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 53



“P01-HIGH RESOLUTION DYNAMICS” DEMET
HATTI

HRM M1&M2 HHLM=DCM

EH-3 EH-2 EH-1 OH-2 OH-1
-KB odaklayici aynalar - HRM -HHLM
-RIXS spektrometresi - Be lensler -Aynalar

-XRS spektrometresi

. . . . 54
Didem Ketenoglu, Ankara Universitesi
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Turkish Physical Society

“P01-HIGH RESOLUTION DYNAMICS” DEMET
HATTI

Didem Ketenoglu, Ankara Universitesi 55
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Monokromator
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Focussing with Be lenses and KB mirorrs

Compound refractive Be lenses of different Kirkpatrick-Baez mirror system
radii for moderate foci between 30 and for 5 x 9 um2 focussing
100 microns.



Deneysel Duzenek I: Rezonans Elastik Olmayan X-isini

Sacilma (RIXS) Spektroskopisi
j Ay | Incident energy = 8981 eV (Cu K-edge )
0 -1 -05 0 O:).iSa e:Ci a1i.(;ns w _
Energy Loss of x-rays [eV]
R0 ¢ @”’x-/ Si(553) 2 channel-cut I
Si(311
AE ~ 16 meV (311)
' T i T i AE ~ 250 meV
v
N d S d “TTY
_ . TTw
Focusing High Resolution
Monochromator
(HRM) Double Crystal
Monochromator
(DCM)

Incident flux on the sample ~ 6 x10° photons/s/100mA
Beamsize: 9(H)X3(V) |J.m2 Didem Ketenoglu, Ankara Universitesi 58
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RIXS: Diistik Enerijili Uyarilmalarin Olgiimii

Dusuk enerjili uyarilmalarin momentum transferine bagli élcim

A

Phonons
(Bi-)
Magnons

! . /L

Charge Transfer

! ! 7/ ] !

50 meV 500 meV 15eV 2eV
Elementary excitation spectrum

/ Lattice vibrations \

(Phonons)

Orbitons

7\, (wavelength)

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

Energy loss

/ Magnetic excitations (magnons\

collective excitation of
the electron’s spin
structure in a crystal

structure 60




Intensity [arb. units]

uksek T, Suiperiletkenleri

HgBa,CuO,,; YBa,Cu3Og.5 La,,Sr,CuO, TI,Ba,CuOg,;
(Hg1201) (YBCO) (LSCO) (TI2201)

Two-magnon excitations in Cu K-RIXS
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Energy Loss of x-rays [eV] J. Hill et al., Phys. Rev. Lett. (2008).
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D.Ketenoglu et al., J. Synchrotron Rad. 22 (2015) 961-967

Berilyum tek kristalinde [00] yonii boyunca fonon uyarilmalari

Data kaydetme stiresi: 300 s

80000

60000 -

40000

20000

0}

i
t

.. Phonon annihilation 7

»

-200

-150

-100

-50 50 100

o

Energy loss (meV)

U 1; T T T T T T
+1:8 e n I .i
——17 80 | . L2 -
g -—»—16 _| . "
-—«—15 n
14 — | "
——13 % . t
—12
T3 E el : i
— ~— 60 [ ]
——10 o .
HG;) u
1)
ceerevsesese =
1 £ i
> 40 — [ =1
o .
q.) [ ]
c
W - L - E
e ] 20 F }__- 4
Ly . I \ 1 \ 1 ) I \ 1
150 200 25! 19 18 17 16 15 14 13 12 11 1.0
¢

e previously published data via inelastic
neutron scattering by Stedman et al. J.
Phys. F: Metal Phys. 6 (2) 157 (1976)

Didem Ketenoglu, Ankara Universitesi



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

7 KB mirrors “TryY
= S TTw
U32 undulators
Double Crystal Length: (5m+5m)
S Monochromator Minimum gap: 12.7mm
SO (DCM) Energy: 4 keV — 11 keV

~ Force
~ Diamond
\

~

N 4

sanvie —> Ml A NN\
X-Ray Beam

Liquid
[ sample [
L] ‘
UPHDYO-XV, 5-10 Eylul 2023,
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Bodrum/Mugla ee = F?; 63

Diamond-anvil cell.

Diamond Anvil
Cell

Liguid jet for liquid samples
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XRS Teknigi

Sert x-1sinlari (~10 keV) ile yumusak x-1sinlari (50—-1000 eV) bolgesindeki
sogurma sinirlarinin élcimu

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

K-edges

Ry

-
energy transfer E
momentum transfer q

Th |{Pa U Np Pu Am Cm

X-1sin1 sogurma spektrumu

E;-10eV  E, E;+10eV Ey+50eV

T Continuu
it :
2 EXAFS
ul « >
T 5 _/\/\/.

2 2

" ]

S NEXAFS

K
) g XANES - X-ray ahsorption near edge siructure
e

NEXAFS - Near edge X-ray Ahsorption fine structure

EXAFS - Extended X-ray ahsorption fine siructure

—J a‘ Sogurma siniri
2 Erery
UPHDYO-XV, 5-10 Eylil 2023,

Bodrum/Mugla o4
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AE = Ey— E; o

Sogurma enerjisi e —
(O K-, CK-, ... edges)
(~ 50-1000 eV)

Intensity [log scale]

Sacilan X-Isini enerjisi (sabit) Gelen X-Isini enerjisi
Analizor enerjisi Analizor enerjisi-11 keV

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi
Bodrum/Mugla it
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- elastic peak

Compton |U :
peak Ly A 5
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scattering
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Sample: 10 nm-thick

XRS Deneyleri

| cr(mn)

La, ;Sr, ,C00; (LSCO) on
SrTiO, (STO)
(c) ‘ 1
2 1 0.8 -
£ o] g
£ §06- 5
g . S 0.4
i
M| -e- LSCO (a=02") | .
o9 -~ STO(@=5) Cr(VI) oL O/d)\O
| | | | | |
m s s-m 5980 6000 6020 6040
B Energy Loss (eV) - X-ray Energy (eV)
Phys. Rev. Lett. 106 (2011) 037401
O K-edge ™ \
m |
I U T T 'é'
8C XRS AN\, ] E
g [ —W - ) -
g 6 - o eatel' "/ \“ ] E g= 1.9A
s I / \ 2| st
KA 4 [ . * ] S| STy === g
£ S/ X 2Bl eSS T 8
é 2_ /. _ k= o
0 R " 2 / | P M —t
530 535 540 545
Energy Transfer [eV] Phys. Rev. B 80 (2009) 045105

Physical Review B 66, 092107 (2002) 1-4

Didem Ketenoglu, Ankara Universitesi
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* Sivi orneklerin élcim

Hydrogen-bond network of water in aqueous

LiCl solutions

—O0m

O K-edge —1m
—4m -
—7m
—10m
— 11 m -
—12m
15 m
17 m -

Intensity (arb. units)

B C
540 545 550 555

Liquid jet

Energy transfer (eV)

J. Phys. Chem. B 117 (2013) 16506—16511

UPHDYO-XV, 5-10 Eylul 2023,
Bodrum/Mugla

Didem Ketenoglu, Ankara Universitesi

* 50-300 pm thick liquid sample

= 1-8 m/s flow speed

* Horizontal & vertical geometry

* 300 ml volume Teflon coated Al catcher

Liquid
I sample

67
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* Yuksek basinctaki orneklerin élcimu
R C K-edge
et &
T
i b
o I "
&' f
N é 24 GPa
Diamond-anvil cell. B 1;: g'::
® 142 GPa
£ 16.7 GPa
= 20.5 GPa
vertical | 23.2GPa
horZormal 23.2GPa
280 200 300 310 320

Energy loss (eV)
Science 302 (2003) 425

Pressure changes bonding in graphite
XRS reveals the evolution of bonding and transformation
of graphite to a new superhard phase

H 2 3
Laser-heating (T ~ 3000K) for Approximately half of the sp? converted to sp
high-temperature & high-pressure studies

Didem Ketenoglu, Ankara Universitesi 68
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* Yuksek sicakhktaki orneklerin élcimu

In-situ study of the thermal decomposition of Mg(BH,), in a
hydrogen atmosphere of up to 4 bar and up to 500 °C

) )
gl / £
= =
< . £
5, -
proc native ™ pury
S Boron 200°C —| 8
L= ¥ 300 °C L=
Pt K-edge 006 =l D
i U L 500 °C L b ] ]
190 00 210 55 65
energy loss [eV] energy loss [e%

Phys. Chem. Chem. Phys. 18 (2016) 5397-5403

UPHDYO-XV, 5-10 Eylul 2023 . . - N
. e ’ Didem Ketenoglu, Ankara Universitesi
Bodrum/Mugla
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* Lityum iyon pilleri

LIB cell structure

Positive terminal
Cover

Current
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Anode
(negative plate)

Insulating
ring

Separator/Electrolyte

Negative tab (positive plate)

Solvent

® C ® Li

molecules
UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, Ankara Universitesi
Bodrum/Mugla gl

<—— Electrons

Cathode

Transition metal
polyhedron
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Carbon K-edge XRS spectra

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

——2M LiPF6
(a) bt g —— 1M LiPF6
2 — M LBF4 2 —— 1M LiPF8-LiBOB e
: s ~— 1M LiBOB i
_g g ——EC:DMC ‘é et
~ | £ o 1s > t* = i
3 s
2 286 262 296 2900 2904 2908 2912 % 2000 2004 2008 2912
2 Energy transfer (eV) 1s N Tc* Energy transfer (eV) % 15 - G* Energy transfer (eV)
D -
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Oxygen K-edge XRS spectra
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Ana Karakteristikleri:

* Demet Enerijisi: 3 GeV

« Demet Akimi: 500 mA

« Beam emittance: 0.5 nmrad

« Cevre:477 m

« Duz Bolumler: 20x5

e |D’s: Undulator and Wiggler magnets

« Demet Hatlar: ~ 30 k l

http://thm.ankara.edu.tr/bilgi-notu-turkay/

UPHDYO-XV, 5-10 Eylil 2023,

t
Bodrum/Mugla Didem Ketenoglu, Arﬁara U77er5| esi
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- Turkiye:
« 81 ilde 174 Universite
. Ulusal Enstituler:

Biyoteknoloji, Nanoteknoloji, Hizlandirici
Maden, Tip, Eczacllik, Seramik,
Meteoroloji, Uzay vb konular Gzerine ¢aligan.

«  Ulusal Resmi Makamlar: TUBITAK , TAEK, MAM

*  Endustri, Teknoparklar...

UPHDYO-XV, 5-10 Eylil 2023,

Didem Ketenoglu, A Universitesi
Bodrum/Mugla idem Ketenoglu, Ankara Universitesi
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