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Mega-Mikroskop

Bir uctan bir uca 3.5 km uzunlugunda
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Gunimuz Modern
synchrotron 3. generation .‘ ’ o Bilim Arastlrmalarlnda
radiation sources “Hizlandiricilara Dayah
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X-Ismlar

Wilhelm ntgen

3 i

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



Gorunir Lazerler
ornegin yesil: dalgaboyu ~550 nm

Optics Communications

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



GoriiniirjLazerler

X-Ismlari

X-Isin1 Dalgaboyu Monokrglmatlkllk
(nm & A) + .
Koherentlik

X-Isin1 Serbest Elektron Lazerleri
\ J

|

Hizlandiricilara Dayah
olmasini gerektirir!
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Mono-kromatiklik
(Tek-renklilik)
as minimum as possible! ™




Koherentlik (Es-Fazhlik)

Coherent Laser Light

M

Incoherent LED Light
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~ 1010 elektron iceren elipsoid seklindeki

paketcikler, 151k hi1zina ¢cok yakin hizlara

kadar (v = ¢) hizlandirihlar.



Isik hizina ¢ok yakin hizlara (v = ¢) hizlandirilan elektron
paketcikleri periyodik manyetik alandan gecirildiginde, yiiksek
giicli, monokromatik, koherent foton atmalar salarlar.

Output
radiation
-~
Input %

radiation LN

Spent
electron
Injected beam
electron beam
micropulse

UPHDYO-XV, 5-10 Eylal 2023,
Bodrum



- bir bucuk dakikalik kisa bir video -
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~~ 5m-long U40 Undulator
__(Girders Controlled by 4 Independent Motors)
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As soon as the und S su
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Geleneksel Isik Kaynaklari
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Giunumiiz Modern Bilim Arastirmalarinda
“Hizlandiricilara Dayali 4. Nesil Isimum Kaynaklari”na
Neden fhtiya¢c Duyulmaktadir?

Hizlandiricilara Dayah 4. Nesil Isimmm Kaynaklar:
(Serbest Elektron Lazerleri)

Pekc¢ok Dalgaboyu Birarada
Rastgele Yonlu Fotonlar

Esfazlh Olmayan Dalgalar

Diisiik Giicli Isik Kaynaklar
Belirli Bir Zaman Yapis1 Olmayan
Isinimlar
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Tek Dalgaboylu (Monokromatik)
Belirli Bir Yonii Olan Fotonlar

Esfazh (Koherent) Dalgalar

Yiiksek Giclu Isik Kaynaklar:
Belirli Bir Zaman Yapis1 Olan
Isitmimlar (cw yada atmali)



Almanya’min Hamburg Sehrinde Calismakta Olan 3.4 km
Uzunluklu X-Isim1 Serbest Elektron Lazeri Tesisi

I clcctron tunnel € electron switch
photon tunnel ® electron bend
lmmnnnm  undulator | electron dump
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Single Particles,
SPB Clusters & Bomolecules

s kc I — O

mlm,,,,' FXE XRay Experiments

_—

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 SEL le 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

nm61cekli Ultralizhh  Siradisi

Yapilar

Surecler

Durumlar

Demet
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European XFEL’in Diinya’daki diger
X-Isi1 Serbest Elektron Lazeri Tesisleri ile Karsilastirmasi

Facility
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Doga Bilimleri ve Yuksek Teknoloji
Uygulamalan



The X-ray flashes will allow scientists ...

.. to decipher the Ny more bior
and cellular components than is possnble today.

.. to study | ‘ , an important
basis for the development of new medlcatlons and
therapies.

.. to better understand many chen pI es such

as catalysis, which plays an important role in nature
and in the manufacturing of most chemical substances
produced in industry.

.. to study

.. to analyse the |

that are required
for harnessing solar energy.

. ‘ in order
to develop completely new materials with revolutionary
characteristics.

.. to gain new insights into the nar mos in many

other areas— for instance, to develop components with
specific electronic, magnetic, and optical properties.

UPHDYO-XV, 5-10 Eylal 2023,
Bodrum



' ) XFEL atmalan ile
Mikrokristaller enjekte edilir. tthar_ Alglla” Deneyleri

To4
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Sy,

Kristallerin icindeki proteinlere

gonderilen mavi lazer atmalari ile .‘
—gpreaksiyon baslatihr. ¢ s
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XFEL atmalarn ile, reak;siyon
s1ra§1ndz‘16 protein atomjk yapisi “Protein vb. biyolojik 6rneklerin
algianr. in-situ filmleri cekilerek, atomik
~ ve molekiiler yapilar: aydinlatilir.
i » T"



XFEL atmalan ile “Uyar-Algila” Deneyleri
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OZET SHINE

21. Yiizyil Bilim ve Teknolojisine Diisiik enerjili elekron

Yon Veren - g demeti ile ultra-kompakt
“X-Isint Dalgaboylu FEL” P B scrt X-15in1 dalgaboylu FEL
Tesisleri kaynag (isvicre)

“Femtosaniye timing jitter 1 EEESE— ——
Sert X-isin ya €'t X1sint dalgaboylu FEL - Cin’in ilk “quasi-cw” yiiksek
kaynagi (Kore) tekrarlama oranli sert X-1sini

kompakt F .. |
(Japonya) . dalgaboylu FEL kaynagi (Cin)

LCLS " 5P N2 o dalgaboylu FEL kaynagi
il ilk MHz Tek fAmerika)
| 1' : ar” " sert X-1s5in1 ¢ dalgaboylu FEL kaynag| ((;m)

Y Yun kaynagi (Almanya)

/ “seeded” FEL kaynagi (Italya)

Dinyadaki ilk yumusak X-isini

Dinyadaki .
dalgaboylu
(Ameril 1)

dalgaboylu FEL kaynagi
(Almanya)



