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Iki uctaki tiinel derinlikleri: 6 - 38 metre
Hizlandirici: 1.7 km uzunlugunda elektron linak
Elektron demet enerjisi 17.5 GeV

(20 GeV’e kadar artirilabiliyor)

ID’ler: Toplam 91 adet U40 ve U68 undulatorler
“Sm uzunlugunda ve 8 ton agirhginda”

European

XFEL




European XFEL’in Diinya’daki diger
X-Isimm Serbest Elektron Lazeri Tesisleri ile Karsilastirmasi
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Almanya/Hamburg’da Cahsmakta Olan 3.4 km Uzunluklu
X-Isin1 Dalgaboylu Serbest Elektron Lazeri Tesisi
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MID + HED SPB + FXE SQS + SCS
SASE 1

Linear accelerator SASE 2
for electrons (10.5, 14.0, 175 GeV) § AR 0.05 nm - 0.4 nm AR 0.05 nm - 0.4 nm

Photon energy: 3 keV b > 25 keV J§l Photon energy: 3 keV to > 25 keV
Magnetic length: 175 m each Magnetic length: 175 m each

SASE 3
AR 0.4 nm - 4.7 nm

Photon enargy: 0.26 keV to 3 keV
Magnatic length: 105 m AR = radiation wavelength
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Planlanan Bilimsel Deneyler

SPB (Tek Parcaciklar, Yiginlar & Biyomolekiiller)
Ultrahizli koherent kinnim gonintileme, Tek

pargaciklann yap: belirlenmesi: atomik yigmnlar,
biyomolekiiller, viniis pargaciklar: ve hiicreler

FXE (Femtosaniye X-151m Deneyleri) Katilann,
stvilann ve gazlann dinamuklennin zaman
¢ozinirlikli mcelemelen

MID (Malzeme Goriintilleme ve Dinamikleri)
Nanoaygitlarmyap: belirlenmesi ve nano boyutta
dinamikler

HED (Yiksek Enerji Yogunluklu Madde Deneyleri)
Sert X-151m1 dalgaboylu SELle maddenin siradist
durumlardaincelenmesi, 6megn: yogun plazmanin
algilanmasi

SQS (Kiicik Kuantum Sistemleri) §iddeth alanlarda
atomlarin, iyonlann molekiillenn ve yigmlann
mcelenmesi, Dogrusal olmayan fenomen

SCS (Spektroskopi ve Koherent Sacilma) Elektronik
ve atomik yap1 ve yurmusak X-1simlari ile
nanosistemlenn dinami@ ve tekrarlanamayan biyolojik
nesneler
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~1010 elektron iceren elipsoid seklindeki
paketcikler, 151k hi1zina ¢cok yakin hizlara

kadar (v = ¢) hizlandirihlar.



Planar Undulator (Diuizlemsel Salindirici) Output
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X-1s11 Dalgaboylu
Serbest Elektron Lazerleri’nin
Disiplinlerarasi Kullanim Alanlar:
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Fizik te

X-151m1 Serbest Elektron Lazeri Deneyleri

Katilarin, sivilarin, gazlarm statik
ozellikleri

Elektrik veya magnetik alan atmalar:
yada ultrakisa optik lazer flaslar ile

baslatilan dinamik siirecler

Optik 151k atmalari ile tetiklenen faz
gecisleri ve titresimleri siiregleri

Dayanikhilik ve elastiklik gibi gelistirilmis
ozellikli yeni malzemeler icin

kristallenme veya catlak
olusumu ve yayilimi siirecleri

8 Aralik 2021




Biyoloji’de X-is1n1 Serbest Elektron Lazeri Deneyleri
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XSEL atmasi bir biyomolekiil ile etkilestiginde, sacilan X-1simnlar1 kirinim
deseni olusturur. Farkh farkl hizalanmis molekiillerden sacilan pek¢ok desen

yardimi ile, biyomolekiiliin ti¢ boyutlu yapisi belirlenir.

8 Aralik 2021 Usak Universitesi Online Konferans 18



Kimya’da X-isin1 Serbest Elektron Lazeri Deneyleri

Molekiiler
e filmler:

Bir kimyasal
reaksiyon, geleneksel
lazer flasi ile
tetiklenir. Ardindan,
molekiilde olusan
degisikliklerin
fotograf karelerini
cekmek lizere,
degisken zaman
araliklariyla SEL
atmalari gonderilir.

8 Aralik 2021 Usak Universitesi Online Konferans 19



‘te ve ’nde
X-151m1 Serbest Elektron Lazeri Deneyleri

Yildizlarin ve
gezegenlerin

plazma ve
diger siradisi
durumlarimnin
incelenmesi

8 Aralik 2021 Usak Universitesi Online Konferans
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Ucak yapiminda
kullamilan
kaynakh dikislerin

kalite kontrol
muayenesinde.

’nde X-151n1 Serbest Elektron Lazeri Deneyleri




Flektronik’te X-151m Serbest Elektron Lazeri Deneyleri

Bilgisayarlarin ve diger ticari elektronik cihazlarin veri aktarim hizi ve
depolama kapasitelerinin gelistirilmesi.

8 Aralik 2021 Usak Universitesi Online Konferans 22



Cevre ve Enerji’de
X-151m Serbest Elektron Lazeri Deneyleri

Giines pillerinde meydana gelen
sureclerin atomik diuzeyde
calisiimasi.

8 Aralik 2021
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Yasam Bilimleri
Uygulamalan
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Biyofizik ve Molekiiler Biyoloji:
XFEL’leri Kullanarak Biyo — “Kristalografi ve Spektroskopi”

Available online at www.sciencedirect.com Current Opinion in

ScienceDirect Structural Biology

Metalloprotein structures at ambient conditions and in

real-time:|biological crystallography and spectroscop

using X-ray free electron lasers @
CrossMark

2 “Vittal K Yachandra' and Junko Yano'

Current Opinion in Structural Biology (2015) 34, 87-98.

8 Aralik 2021 Usak Universitesi Online Konferans 25



(a)

5
0.1° rotation/step O”Wstsp

[eaaA

(d) £

r(el Ca )
Mn]1st XFEL dataset "'
Q/O5/H.0 w2
2nd XFEL dataset

SA data

. > Ca « Cytochrome c oxidase

Currant Opinion in Structural Biology

Goniometer based crystallography experiments of metalloenzymes at XFEL sources. (a) Schematic of the experimental approach using a large
crystal to collect still shots in a defined orientation with respect to each other, translating by 50 um between shots and rotating by a small angle
[1177]. (b) Alternatively many small crystals mounted in a mesh or similarly can be used. The few um focused beam leaves imprints on the sample
[10%]. () Omit electron density for the heme group in myoglobin obtained from measuring diffraction of several hundred individual small crystals
[10%]. (d) 2Fo — Fc (blue, contoured at 1.00) and Fo — Fc (red, contoured at 3.00) difference density maps calculated for [FeFe] hydrogenase at the
site of one of the Fe-S clusters cbtained from measurements on five large crystals [107]. (e) Positions of the atoms in the catalytic center of PS i
as obtained from cryo SFX is shown in comparison to the positions obtained by SR experiments (blue spheres) [9*°). (f) Radiation damage free
omit map for the FeCu center of CoC showing the position of the peroxide ligand [11*°].

Current Opinion in Structural Biology (2015) 34, 87-98.

e) Fotosistem II’nin
katalitik
merkezlerindeki
atomlarin
pozisyonlari.

Mavi kiireler SR
deneylerinden elde
edilen pozisyonlar,

diger renkler ise cryo-

Serial
Femtosecond

Crystallography

(SFX)

pozisyonlarim temsil
etmektedir.
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b) Liquid Jet
diuzenegi ile forward
scattering sematik
olarak gosterilmistir.

Bu diizenek, tetiklemeli
optik lazer atmalar ve
spektroskopik
olctimlerle
birlestirilebilir (0rnegin,
X-ray Emission
Spectroscopy gibi).

8 Aralik 2021
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Curean Opinioe in Structural Bigkogy

Jet based crystallography experiments of metaloenzymes at XFEL sources. (a) Examples of nano- to micrometer size crystals used, e.g.
thermolysin [17], PS |1 [36"7] and toxn crystas (grown Insde cells) [29]. (b) Schematic of the experimenta’ approach using a liquid et for sample
delivery to the interaction point and colecting the forward scatterng s shown. This setup can be combined with triggering by optical \aser pulses
and with speciroscopic measurements, e.g. X-ray emission speciroscopy. XFEL structures obtained: {c) PS | with electron densty shown in blue
and om= maps for the FesS« clusters in red [25]. (d) Electron density for one of the FedS« clusters in farredoxin, with omt map shown in green
[32]. (&) PS Il with overa! structure of one monomer (botiom left), the oxygen evolving complex (bottom right) [36°] and the anomaious difference
density from the Mn atoms in the OEC ftop right) [31%]. (f§ PBRC with overal structure and omit maps for the cofactors (lefl) and detall for the
electron density obtared for one of the heme groups (rght) [33].

Current Opinion in Structural Biology (2015) 34, 87-98.
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Time resolved experiments using fs X-ray pulses at the CXl instrument at LCLS. (a) Timescales for dynamic processes in proteins/enzymes. (b)

Time resolved WAXS measurements on the photosynthetic bacterial reaction center. Upon light excitation a ultrafast protein movements in the ps

time regime was visible [44°]. (c) lllustration of the protein-quake observed within anfe'w ps in myoglobin upon photodissociation of CO [457], red
shaded areas are involved in the movement leading to a volume increase of ~200 A®. Time resolved serial femtesecond crystallography on
ohoteactive yellow protein, showing the electron density for {d) the dark state as well as difference electron density for {e) data recorded 10 ns

after light excitation and (f) 1 us after light excitation. A movement of the S-atom of the chromophore is visible already in the 10 ns data (Adapted

from [48]). (g) X-ray emission spectra of Mn in photosystem Il. Spectra are shown for the 2F state (Sa), as well as for a intermediate 250 ps after
the 3" light flash and 0.5 s after the 3 light flash (S,-state). The difference spectra (middle panel) indicate a reduction in the S4-S;, transition (as
expected from SR measurements — bottom panel), but no specific reduction is visible for the 250 ps state [317].

Current Opinion in Structural Biology (2015) 34, 87-98.

a) Proteinlerdeki
ve enzimlerdeki

dinamik surecler
icin zaman mertebeleri

Titresimsel hareketler
ve exciton transferleri
icin femtosecond
deneyler gerekli.
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¢) Mn2 ve MnCl12 1s-3p
orbitalleri arasindaki
“K;p emission” enerjileri

icin Yon Hamos
Spectrometer

8 Aralik 2021
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Current Opnion in Structural Biology

X-ray spectroscopic measurements using XFEL puses. (a) Energy level diagram (ustrating the transitons invoved in L- and K-edge transition
metal spectroscopy. (b) Examples for Fe K-edge absorption spectra showing transient changes in spin state (53], (¢} Expermental setup for

collectng Ki emsson spectra using a dispersive Von Hamos spectrometer and a sample injecior. In addtion spectra of two Mn compounds
collected at LCLS are shown [51). (d) Expermental setup for collection of Mn L-adge specira at an XFEL from dilute aguecus sowutions of Mn
compeounds usng a refiective zone plate (RZP) spectrometer. The spectrum shown was recorded at LCLS using 500 mM MnCl: in water [S87).

Current Opinion in Structural Biology (2015) 34, 87-98.
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Yuksek Teknoloji
Uygulamalan
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Dogadaki Cok Hizh Siireclerin incelenmesi

» Charge transfer in catalytic/photovoltaic systems — 1 fs and longer ™

» Phase change in materials — 2 fs and longer

» Ultrafast spintronics — fs and longer

» Control electron-ion motions in chemical reactions — 1 fs and longer

» X-ray induced processes — 50 as and longer

» Strong field physics — zeptoseconds and longer
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system

Advanced coherent x-

ray spectroscopies

Image charge transfer in complex systems relevant to energy, catalysis using coherent x-ray
spectroscopy spanning many elemental absorption edges simultaneously

Bright Coherent Ultrafast X-Ray Beams on a Tabletop and Applications in Nano and Materials Science, JILA NISTCU



Yiiksek Harmoniklerle Nanodinamiklerin Goriuntiilenmesi

Science [ xraypump

Capture charge-spin-phonon dynamics at multiple Coupled electron-nuclear dynamics in molecules:
sites: (Nature 471, 490 (2011), PNAS 109, 4792 (2012); Nature | (Science 317, 1374 (2007), Science 322, 1081 (2008), Nature
Comm 3, 1037 (2012); Nature Comm 3, 1069 (2012)) Phys. 8, 232 (2012), PRL 109, 073004 (2012))

Diffusive phonon
transport: A L

Nanoscale imaging: Record tabletop 22nm resolution Nanoscale energy transport: probe nanoscale

(Op. Ex. 19, 22470 (‘11); 17, 19050 (‘12); Nature 463, 214 (2010)) | ©€nergy/strain flow (Nature Materials 9, 26 (2010);
Nano Letters 11, 4126 (2011); PRB 85, 195431 (2012))

Bright Coherent Ultrafast X-Ray Beams on a Tabletop and Applications in Nano and Materials Science, JILA NISTCU
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The Nobel Prize in Physics 2007
Albert Fert, Peter Grinberg

Bright Coherent Ultrafast X-Ray Beams on a Tabletop and Applications in Nano and Materials Science, JILA NISTCU



The Nobel Prize in Physics 2007

This year’s Nobel Prize in Physics is awarded to ALBERT FERT and PETER GRUNBERG for their disco-
very of Giant Mag i e. Applications of this p have ionized techniques for
retrieving data from hard disks. The discovery also plays a major role in various magnetic sensors as well
as for the development of a new generation of electronics. The use of Giant Magnetoresistance can be
regarded as one of the first major applications of nanotechnology.

. . . Better read-out heads for pocket-size devices
Th e N O b e I P rI Ze I n P h ys I Cs 2 0 0 7 Constantly diminishing electronics have become a matter of course in today’s IT-world. The

Photd: U. Montan

Photo: U. Montan

Albert Fert Peter Griinberg

8 Aralik 2021

yearly addition to the market of ever more powerful and lighter computers is something we have
all started to take for granted. In particular, hard disks have shrunk — the bulky box under your
desk will soon be history when the same amount of data can just as easily be stored in a slender
laptop. And with a music player in the pocket of each and everyone, few still stop to think about
how many cds’ worth of music its tiny hard disk can actually hold. Recently, the maximum
storage capacity of hard disks for home use has soared 10 a terabyte (a thousand billion bytes).

A nanometre is one millionth of a
millimetre and corresponds to only
a few layers of atoms. Albert
Fert's and Peter Grinberg's
original structures for giant
magnetoresistance consisted of
only a few layers of atoms of
magnetic iron (red) sandwiched
with chromium (grey).

Usak Universitesi Online Konferans 34
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Ilginiz ve Katilliminiz icin
Tesekkiir Ederim.
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