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Belirli bir bilimsel amag icin icat edilen yeni fikirler ve araclar, daha genis

baglamlarda uygulama alani bulmaktadir.

 Atomlarin igleyisini agiklamak icin gelistirilen kuantum mekanigi,
transistorlere, bilgisayarlara, lazerlere yol acti ...

1 Nukleer spin gecisleri uzerine yapilan calismalar MR tomografisine yol
acti

O Superiletkenlik, yuksek alan miknatislarina, tren kaldirmaya, kriyo-
tedavilere yol acti ...

Parcacik hizlandiricilari icin de bu sekilde oldu. Yuksek enerjili parcacik

demetlerinin kucuk yapilari inceleme ve yeni madde formlari yaratma
yetenegi artik baska yerlerde de kullaniimaktadir.
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HIZLANDIRICI PIRAMIDI

Parcacik Fizigi icin En Son ,
Teknoloji Hizlandiricilar

“‘g Bilim ve teknoloji igin

blylk proje
é" Yeni kullanim gelistirme icin 5
,{,@ gelismis hizlandirici g
/@ X
PAS Ly
R Genel amagl makine AR
5°§ _{? (Tip, Endustri, ® * o«
i
S
S
A4 Hizlandirici teknolojilerinden

turetilen triinler

%) " Accelerators for America’ s Future” , 2010, Department of Energy, USA
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Hizlandirici bilimi disiplinlerin gok zengin bir karisimidir:
Klasik ve kuantum fizigi

Uygulamali matematik

Bilgisayar bilimi

Malzeme bilimi

Elektrik Muhendisligi

Makine ve insaat muhendisligi

DO0D 00O

Bu alanlarin hepsinden insanlarin birlikte calismasi ile hizlandiricilar
yaplilabilmektedir.
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HIZLANDIRICILARIN KULLANIM ALANLARI

Radioisotope lonBeam Synchrotron PBT
Production, . Analysis, 1.0% Radiation, 0.2%

Nondestructive
Inspection, 7.5%

Doyle, McDaniel, Hamm, The Future of Industrial Accelerators and Applications, SAND2018-5903B

UPDYO-XV, 10-15 Eylil 2023, Bodrum Taylan Yetkin, Yildiz Teknik Universitesi 5
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HIZLANDIRICILARIN KULLANIM ALANLARI

Accelerators Installed Worldwide

50000
== Medical Accelerators
45000 —==|ndustrial Accelerator Total
40000 Discovery Science Accelerators
====lon Implantation
35000

- “Tanimlanan tiim tibbi ve endiistriyel

30000 hizlandiricilar icin yillik pazarin su anda ~5,0 A
Milyar ABD Dolari/yil oldugu ve son on yilda,
durgunluk sirasinda bile yilda ~%4 oraninda

20000 - biyddugid tahmin edilmektedir.” [2018]

All accelerators

25000

15000

10000

Total accelerators installed

5000

0

1968 1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
Year

Doyle, McDaniel, Hamm, The Future of Industrial Accelerators and Applications, SAND2018-5903B
UPDYO-XV, 10-15 Eyliil 2023, Bodrum Taylan Yetkin, Yildiz Teknik Universitesi 6



Cesitli Endustriler Tarafindan Desteklenen Hizlandiricilar

Hizlandiricidan turetilen yeni teknoloji birgok alanda buyiik etki yaratacaktir.

Makine sistemi

Hizlandirici sistemi

Cryogenics
oz A/Elektro miknatis

Gulc kaynagi

Demet kontrolu

RF power source
Micro wave parts

Makine parcalari

insaat miihendisligi
Vakum pompasi Demet monitoru

kalkani Seramik malzeme monitoru

19
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UPDYO-XV, 10-15 Eylul 2023, Bodrum

Share of population with cancer, 2019

Share of total population with any form of cancer, measured as the age-standardized percentage. This share
has been age-standardized assuming a constant age structure to compare prevalence between countries and

through time.
World

Nodata 0% 2% 4% 6% 8% 10%

bz | 1 | [ 3

Source: IHME, Global Burden of Disease (2019) OurWorldInData.org/cancer ¢ CC BY

Taylan Yetkin, Yildiz Teknik Universitesi
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Change in three measures of cancer mortality, Turkey, 1990 to 2019

This chart compares cancer deaths, crude cancer death rates, and age-standardized' death rates.

Cancer deaths

+80%
+60%
Cancer death rate (not
+40% age-standardized)
+20%
0%+ \//
-20% Age-standardized cancer death rate
1990 1995 2000 2005 2010 2015 2019
Source: IHME, Global Burden of Disease (2019) OurWorldInData.org/cancer - CC BY

UPDYO-XV, 10-15 Eylil 2023, Bodrum Taylan Yetkin, Yildiz Teknik Universitesi
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UPDYO-XV, 5-10 Eylul 2023, Bodrum

KANSERDE TEDAVI BASARISI

Patients cured by the major cancer treatment modalities

Chemotherapy
- aIQllllle Reference
- With surgery Cancer Services Collaborative 2002
- with radiotherapy www.nhs.uk/npat

Taylan Yetkin, Yildiz Teknik Universitesi
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ey iy X-ISINI RADYOTERAPISI

Tedavi surecindeki tim kanser hastalarinin yaklasik yarisi RT'den yararlanmaktadir

Linac (S-bandi)
Akromatik Bukim
X-1sinlari Gretmek icin folyo

Kolimasyon sistemi

UPDYO-xXv, 10-L5 N iiTavIanYetk'n "Image:'copyright Varian medical systems £
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e YUKLU PARCACIK TERAPISI

UPDYO-XV, 10-15 Eyliil 2023, Bodrum

100

50

\

PHOTON beam
6MV

modified PROTON beam
250MeV

native PROTON beam
250MeV

~—
\

0 10 20 30

Depth in Tissue (cm)

Gerektiginde daha yuksek doz
Saglikli doku icin daha az morbidite

Hayati organlarda daha az hasar

Taylan Yetkin, Yildiz Teknik Universitesi

Bragg Zirvesi
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UPDYO-XV, 5-10 Eyliil 2023, Bodrum

dE 47 nz e

MADDE ICINDE ENERJI KAYBI

2m, c? 32

B =vic

v velocity of the particle

E energy of the particle

x  distance travelled by the particle
¢ speed of light

Z € particle charge

¢  charge of the electron

m, rest mass of the electron

n  electron density of the target

I mean excitation potential of the target

£p vacuum permittivity

. .
iz ] m.e [ 8 |\ dne T a-p

_ﬁ2

Yuksek hiz -> kiicuik enerji kaybi
Dusuk hiz -> yuksek eneriji kaybi

13
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180

160

Particle therapy facilities in operation

Particle therapy facilities in operation

w—p article therapy facilities under coretruction/plarning stage
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https://www.thegreenjournal.com/article/S0167-8140(18)30146-4/fulltext

N

)

140 ~
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Proton ve lyon tedavisi

"Hadron terapisi" = Protonlar ve iyonlar
Lokalize kanserleri tedavi etmek icin kullanilir
Saglkli doku icin daha az morbidite

Hayati organlarda daha az hasar

Ozellikle cocukluk cagi kanserleri icin

With Protons
With X-rays

15
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Radyoizotop uretimi

* Hizlandiricilar (kompakt
siklotronlar veya linaklar)
tibbi gorinttleme icin
radyo-izotoplar Gretmek
icin kullanilr.

e Goruntileme icin kisa
omurli izotoplar icin 7-
11MeV protonlar

* Daha uzun omurli
izotoplar icin 70-100MeV
veya daha yuksek enerijili
hizlandiricilar

Annihilation

Coincidence
Processing Unit

Sinogram/
Listmode Data

Image Reconstruction

* Pozitron emisyon tomografisi (PET), Flor-18, ~ 110 dakika yari 6mur

16



* Florodeoksiglukoz veya FDG, F18'i yliiksek metabolik aktiviteye sahip alanlara tasir
e PET taramalarinin %90 klinik onkolojidedir

17
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Radyofarmasotikler

THE RADIOISOTOPES THAT HAVE BEEN USED AS

TABLE 2.1.
pl d) 3 H e) 4 H e bea ms TRACERS IN THE PHYSICAL AND BIOLOGICAL SCIENCES

Isotope

Isotope

Isotope

PET, SPECT vs. Brakiterapi Actinium 225

vb. i¢in kullanilan izotoplar... Arsenic.73
Arsenic-74
Astatine-211
Beryllium-7
Bismuth-213

Bromine-75

Bromine-76

=" 3 Bromine-77
ot ‘Ba Cadmium-109
v | ;_:' Carbon-11

oy )
3 -—!p

.-

‘:_. Chlorine-34m
Al

e == Cobalt-55
: Cobalt-57
Copper-61
Copper-64
Copper-67

Fuorine-18
Gallium-67
Germanium-68
Indium-110
Indium-111
Indium-114m
Iodine-120g
Iodine-121
lodine-123
lodine-124
Iron-52
Iron-55
Krypton-81m
Lead-201
Lead-203
Mercury-195m
Nitrogen-13

Oxveen-15
Palladium-103
Sodium-22
Strontium-82
Technetium-94m
Thallium-201
Tungsten-178
Vanadium-438
Xenon-122
Xenon-127
Ytirium-86
Yttrium-88
Zinc-62
Zinc-63
Zirconium-89

18



2. Endustriyel hizlandiricilar



04 Tirk Fizik Dernegi
1950
/ Turkish Physical Society

lyon implantasyonu

Images: Intel

DUAL-DOPED
GATE IMPLANT,

Vr ADJUST
CHANNEL

SUPER-STEEP
RETROGRADE CHANNEL
IMPLANT

e keV->MeV Hizlandiricilar, yari
iletkenlerde iyonlari o

biriktirmek icin kullanihr.

IMPLANT

PUNCHTHROUGH-STOP
IMPLANT

- DEEP RETROGRADE WELL IMPLANT .

TRIPLE WELL IMPLANT

Si SUBSTRATE

Sourca/Channel/Drain
50-200 nm deep

10'7-10?° atoms/cm?

CMOS Well
500-3000 nm deep
10'5-10"7 atoms/cm?®

Figure 2: Sketch of major doped regions for a planar

CMOS transistor.

Image: https://accelconf.web.cern.ch/pac2013/papers/weyb2.pdf

20
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Elektron i1sini isleme

Endustriyel elektron
Isinlariicin potansiyel
pazarlar yilda toplam
>50 milyar dolar.

%33 Tel kablo borusu
%32 Murekkep kirleme
%17 shrink film

%7 hizmet

%5 lastikler

%6 diger

Polimerler capraz baglandiginda:
d isiya karsi kararli,

M artan cekme mukavemeti, catlamaya karsi direng
M is1 buztlme ozelliklerinde iyilesme vb. olabilir

http://rsccnuclearcable.com/capabilities.htm

21
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Tibbi tek kullanimlik malzeme Ureticileri,
malzemenin kendisini degistirmeden siringalar,
bandajlar, cerrahi aletler ve diger ekipmanlar
tzerindeki her mikrobu 6ldirmek zorundadir.
E-1sin sterilizasyonu basit, distk yogunluklu
urunlerde en iyi sekilde calisir.

Avantajlari: sadece birkac saniye stirer (gama
Isinlamasi saatler surebilir)

Dezavantaijlari: sinirli penetrasyon derinligi, L gl
. v o N IBA rhodotron — e-isin
basit, ancak dusitk yogunluklu trinlerde sterilizasyonu icin kullanilan

(6rnegin siringalar) en iyi sekilde galisir tcart bir hizlandinict 5,



‘7' ~ Turk Fizik Dernegi
' 1950
' Turkish Physical Society

Gida 1sinlamasi

'Soguk pastorizasyon' veya 'elektronik pastorizasyon’
Bir hizlandirici kullanilarak tretilen elektronlari (bir
hizlandiricidan) veya X-isinlarini kullanir.

'Isinlanmis' veya 'iyonlastirici radyasyonla muamele
edilmis' kelimeleri etiket ambalajinda gérinmelidir.
AB'de i1sinlama icin izin verilen gidalar:

Isinlanmis tim gidalar bu f.\
sembole sahiptir \\

«(« ‘:‘( (

Daha disiik doz > Daha ylksek doz

23
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egerli Tas Isinlama

gem majesials.®

Material * !

Beryl

Maxixe-type
Corundum

Diamond

Fluorite

Pearl
Quartz
Scapolite®
Spodumene

Topaz

Tourmaline

Zircon

OChar
rge Drake, pers.

Starting color

Colorless
Blue

Pale or colorless
Colorless

Pink

Colorless or pale to
yellow and brown

Colorless
Light colors

Coloriess to yellow
or pale green

Colorless, “straw,”
pink, or light blue

Colorless 1o pink

Yellow, orange

Colorless, pale
biue

Colorless to pale
colors

Blue
Colorless

"Adapled from Nassau (1984)
Charles Key, pers. comm., 1988

comm., 1988

TABLE 2. Effects of irradiation treatment on various

Ending color

Yellow

Green

Blue

Yellow
Padparadscha
Green or blue (with
heating, turns yellow,
orange, brown, pink,
red)

Various colors

Gray, brown, “blue,”
‘black”

Brown, amethyst,
“smoky,” rose

Blue, lavender,
amethyst, red
Orange, yellow, green,
pink®

Intensify colors

Brown, blue (may
require heal lo turn
blue), green

Yellow, brown, pink,
red, bicolor green-red

Purple

Brown to red

http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/irradiated-gemstones.html

http://www.symmetrymagazine.org/article/october-2009/cleaner-living-through-electrons

‘Irradation and Radioactivity’, Gems and Gemology, 1988

24
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Diger endustriyel kullanimlar

Tahribatsiz muayene (kaynak buatinligu vb.)

Yapay derzlerin sertlesen yuzeyleri

Cizilmeye dayanikh mobilyalar

ASfa |t| n sert | esm esi http://www.accelerators-for-society.org/case-

studies/case-study-car.php

25

Image: https://www.mistrasgroup.com



3. Surdurulebilirlik ve Guvenlik
Uygulamalari
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Atiksu Isinlamasi

Organik bilesikleri uzaklastirin
ve atik suyu dezenfekte edin.
Tedavi etmek/geri kazanmak icin
kullanilabilir:

Tekstil Boyama

llac

Petrokimya

Kentsel Atiksu

Kirlenmis Yeralti Sulari

1 MeV, Yuksek Akim, tarama
sistemi

Ayrica NOx ve SOx'in baca gazi emisyonlarindan o =~
uzaklastirilmasiicin de kullanihr

https://www-pub.iaea. org/MTCD/pubI|cat|ons/PDF/P14
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Kargo taramasi

Limanlarda ve sinir kapilarinda
taranan kargo konteynerleri
Hizlandirici tabanli X-Isinlari
kaynaklari, Co-60 kaynaklarindan
cok daha nifuz edici (6MV) olabilir.
Konteyner 30 saniye icinde
taranEnalldlr.

Imaj: dutch.euro

28
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lyon demeti analizi

lyonlarla bombardiman etmek, x-1sinlarinin, gamalarin vb. karakteristik
patlamalari = element analizi icin bir '‘parmak izi' veren malzemeleri uyarir.

ANSTO Centre for Accelerator Science

29
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Aerosollerin ve Kirleticilerin Incelenmesi

"lyon demeti analiz ydntemlerini kullanarak, sadece havadaki kirleticilerin dakika
miktarlarinin sayisini belirlemek degil, ayni zamanda kaynaklarini tanimlamak da
muUmkidndir" - David Cohen. ANSTO

1

0.1
0.01
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4
01

0.01
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1!-1

0.1
0.01
1E3

1 E-1
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01
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1E3
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0.1
0.01
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1

0.4
0.01
1E3
1E4

F1-2ndryS F2-Soil F3-Sea F4-IndSaged F6-Smoke F6-nd F7-Auto

Tg2B0wsxgF>55 28235888

30
https://www.ansto.gov.au/our-science/projects/aerosol-sampling-program/highlights-aerosol-sampling
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Yeni ortaya ¢ikan uygulama: Gida Kaniti

Temperate

50°N :
. Asia
Sustainable seafood is underpinned by
knowing where it comes from, and
how it is produced
‘ . 0
Tropical
— Asia -1
<
@
T
£ 0+
.‘g
- Taxon
X Cephalopod
- S ® Fish
Temperate 4\ Shellfish
Australasia The ongoing development of universal markers
IS a step towards a more inclusive, global approach
) \\\ /// to detecting the origins of seafood
./ }:n'mm(ml)o&': m.:uuumol”mm o A
50°S - g Mactiono, Troeman, Marumder, Grawtced, Doutiedsy
L L
100°E 150 °E
Longitude (°)
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4. Tarihi ve kalturel uygulamalar
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lyon Demeti Analizi (MeV) bize boyada
kullanilan pigmentlerin kimyasal bilesimini
gosterir

Geri sacilmis radyasyon, ylzeyde bulunan
atomlarin ayrintili analizini verebilir.

Bu, sanat tarihcilerinin onlari Leonardo da
Vinci gibi sanatcilarin kullanabilecegi boyalarla
karsilastirmasini saglar
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X-Isini kristalografisi

crystal
Protein kristalografisi, sinkrotron isik
kaynaklarinda standart bir tekniktir it
(Elmas istk kaynaginin kendisine
ayrilmis 5 1sin cizgisi vardir)
En zor kisim kristali olusturmaktir...

electron

refinement

density map

atomic
- model

http://www.richannel.org/collections/2013/crystallography
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Arkeoloji/Kultirel Miras

X-Isiniile indliklenen floresan kullanma

SSRL tesisindeki bir senkrotron X-isini
1sini, Sicilya'da M.O. 287'de dogan eski
matematik dehasi Arsimet'in silinmis,
Uzerine yazilmis ve hatta boyanmis
belirsiz bir eseri aydinlatti.

. - =
. S RREANE D e o A B NG

M.O. 1300 yilina dayanan Ermenistan'dan
gelen canak comlek, bir sinkrotron deneyi icin
kurulmustur: hizlandiricilar tahribatsiz olma
avantajina sahiptir

hBY

Image:‘Aonn'e Ntional Laboratory 35
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X |§|nlar| ayrlca sanat calismak icin de kullantlir

Vincent van Gogh'un "Cim Yamasi" adli
bu resmi, Vincent van Gogh tarafindan
analiz edilen ilk resimdi.
bir parcacik hizlandiricisi
& Kullanilan X-1sini floresan teknigi
Hg (kirmizi) ve Sb (sari) pigmentinin

| dagilimi, altta yatan gorintinin

veniden yapilandirilmasina izin verdi

et '&'::?uar*

| i (1) 4"
1 i ’J ﬁ&b 4
Aclh il Mbw P
Patch of Grass spring 1887, F583/JH1263, KM 105.264 (30,8 x 39,7 cm). Kroller-Maller Museum
{Photo: Rik Klein Gotink)

Bu portresinin
altinda bir kadin figlrinU gosterdi

https://www.symmetrymagazine.org/breaking/2008/07/30/particle-accelerator-reveals-hidden-van-gogh
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Ozet

*» Temel arastirmalardaki intiyaclardan dogan hizlandiricilarin gucu 75 yilda
milyon kat artmis, mikroskobik dunyayi cok detayli bir sekilde ortaya cikarmigtir.

< Bircok harika yeni fikir bu buyumeyi sagladi, ancak hala temel fiziksel
parametrelerle sinirliyiz - malzemelerin bozulmasi, miknatis mukavemeti vb.
Plazma wakefield ivmesi ile ilgili guncel arastirmalar umut vericidir.

“» Hizlandiricilar, ozellikle tip ve elektronik endustrisinde toplumun ana akimina
girmistir. Minyaturlestirme ve maliyet azaltma egilimi sadece bunu artiracaktir.



O Turk Fizik Dernegi
1950

L e KAYNAKLAr

* https://indico.cern.ch/event/1117526/contributions/4978255/

* https://www-
pub.iaea.org/MTCD/publications/PDF/P1433 CD/datasets/presentati
ons/AP-IA-12.pdf

* https://www.cockcroft.ac.uk/wp-
content/uploads/2016/07/Applications_1.pdf




