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Isinlama sistemi
Tahribatsiz analiz

Radyasyon hasari

Tibbi amacli agir iyon hizlandiricisi gelistirme
o

Proton demeti ile Ar-Ge amacli i1sinlama

Proton demeti ile Ge-68 radyoizotopu Uretilmesine yonelik 1sinlama
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15-30 MeV / 0.1 uA-1.2 mA

~7000 m2 alan, ~30 personel

Radyofarmasotik/Radyoizotop

uretimi
Nal123, TICI201
Geb68, Co57 (Ar-Ge)
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Ar-Ge demet hatti
ki farkli enerji districu sistemi
2-30 MeV, 5 pA-20 pA

Vakum altinda (4x4 cm?) ve havada (15x15 cm?) 1sinlama imkani
®

5-port Switching Magnet Vacuum Isolation Valve
Vacuum lIsolation Valve

Energy Degrader System
/ Energy Measurement System

Irradiation Chamber

Faraday Cup

2 dort kutuplu, 2 yonlendirici, 1 iki kutuplu, 1 tarayici miknatis
3 demet ekrani, 4 FC

doi.org/10.1016/j.nima.2020.164290



} Proton demetiile Ar-Ge

Pnemautic Pistons

Faraday Cup/
Beam Dumper

Beam Direction

Isinlama sistemi — ana bilesenler e
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Irradiation Collimator Beam Screen

Chamber Entrance Collimator Sample Holder

Servo Motor

/

Pneumatic Piston
Beam Direction

Window

Connection Point for Detector etc.
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— 7.23 MeV (400 um) - FWHM % 16.4
s 5,63 MeV (450 um) - FWHM % 25.8
Simulation

— 15.9 MoV (w0 deg.) - FWHM % 3.3
A — 974 MoV (300 um) - FWHM % 8.6 ﬂ
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Akim: 4 ceneli kolimator ve 2 FC

Boyut ve profil: 2 demet ekrani ve CMOS kamera

PA-UA akim 6lctimU, %90 homojenite @ 8 mm (10 mm ¢ap)
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R&D PLC Ayarlar
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Hedef akim
FC2 toplam %

FC2/FC1 -0/0

i = Slcakllk C
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Ta folyo (70 mm cap, 100 um kalinlik)

@ 3 kanalli profil 6lgim petegi ve Al203 diskler




Protonlar ile tahribatsiz analiz:

Tarihi eserler ve kalttrel miras
Adli bilim

Yari-iletken teknolojisi

Cevre bilimi

Maden arama

Bitki ve hayvan biyolojisi
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lyon demetleri ile tahribatsiz analiz Glkemizde yapilamiyor.
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Count

Grafit folyo seti (toplam: 1.3 mm): ylksek erime derecesi
Aluminum kolimator: distk radyoaktivite

Bakir folyo tutucu: hizli sogutma (kaynakl bakir boru)
Siklotron demeti -> 3 MeV

550 kat gama/notron doz hizi disisi

3.7 MeV - FWHM % 26.1
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Copper block
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Graphite
foils
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Aluminum collimators
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SDD (Rayspec), 133 eV FWHM at 5.895 keV with 40 mm? active area and 8 um Be window: PIXE
HPGe n-type (Mirion), 2.1 keV FWHM at 1332 keV and % 30 relative efficiency with carbon-fiber endcap: PIGE
PIPS (Ortec), 19 keV FWHM at 5.486 MeV with 150 mm? active area and 500 um depletion depth: RBS




Counts [#]
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Energy [keV]

Element XRF(%) Unc.(¥) PIXE(%) Unc.(¥)

Copper 56.17 N.A 56.16 0.22
Nickel 41.66 N.A 41.95 0.17
Manganese  1.29 N.A 1.23 0.008
Iron 0.68 N.A 0.57 0.005
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100000

1 TL coin

Cu-Kay

10000 |

——— Ni-Ka1

1000

g
X g G
£¥, 2
c O
100 | 2 S
WWMW
w
10 £
1 ! ! .q
2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

Element 1 TL(2009) 1TL(2015) 1 TL(2022)
PIXE XRF PIXE XRF PIXE XRF

% % %
Copper 73.2 71.78 71.22 70.56 76.70 72.63
Nickel 14.37 15.63 14.78 16.34 15.02 15.96

Zinc 9.12 953 874 9.13 857 850
Manganese 0.14 0.13 033 0.262 0.15 0.12
Iron 0.17 0.17 046 044 0.07 0.05
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Vakum penceresi

Tanilama
girigleri

dusurucu

UHV Numune isitici
1200°C

2.5x2.5cm?
Vakum pompasi
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150 m?laboratuvar alani
Yuksek gerilim, RF glic ve vakum sistemleri

Elektrik, havalandirma, vb. altyapi ihtiyaclari tamamlandi.

Su sogutma sistemi kurulumu devam ediyor!




CERN-ACC-2023-0012

Proton demeti ile kanser tedavisi ilk kez 1954 yilinda
Protonlar ile kanser tedavi merkezi ~90 adet*
Agir iyonlar ile kanser tedavi merkezi 14 adet (+5 insa)*

Ciyonlari protonlara gore daha etkili

keskin doz profili

radyasyona direncli timorler

1004
E

80 2
60 \
404 protons

118 MeV
A carbon ions helium-4 ions

217 MeV/u 116 MeV/u
0 K. PALSKIS (2022)

0 20 40 50 50 100 120 140 SEEIIST (South East European International Institute for Sustainable Technologies) ve CERN isbirligi

Derinlik [mm]
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¢ C ve He igin henliz tedavi amacgli siklotron yok -> Stper-iletken teknolojisi.
Enjektor 7 MeV/u (5-10 m) + Sinkrotron 430 MeV/u (cap: 25 m)
Enerji degistirebilme frekansi -> «3D dose painting»

® Siklotron (50 ms), Sinkrotron (1-2 s), Linak (3 ms)

INSPIRE TNA Provider

Treatment area

[ ]
Clinical Carbon [ ]
cli n - Under Construction / Planning O .
Cli A

A a

Clinical Proton - Under Construction / Planning

Experimental area

N SN,
=) =) [) 20 M o

doi: 10.3389/fphy.2020.56505

Balkanlarda hadronlar ile kanser tedavi merkezi ihtiyaci var (yilda ~3000 hasta**)

| 16

* https://www.ptcog.site/index.php/facilities-in-operation-public ~ ** https://doi.org/10.1016/j.adro.2021.100772
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. ‘ A4 ‘ o 2023-2025 (30 ay)
The Next lon Medical Machine Study

Partner -> TENMAK Accelerators & Tﬁ'i';‘l"'(EN
Technology Sector

Frequency (MHz) lon Current (mA) Input energy (keV/u) Output energy (MeV/u) Emittance n.rms (urad)

Kilpatrick [*KP] rO [mm] Rho [mm] a[mm] m[#]
19.4
5.3 33.1
4.7 78.4
3.5 74.8
3.0 71.3 (Toutatis: 69)

Quad Frequency (MHz) Dipole Frequency (MHz) Kilpatrick [*KP] P (kW) w/o beam loading
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{a)  Tiirkiye Enerji Niikleer ve Made... = Proton demetiyle Ar-Ge amagli isinlama Ta Ie p Dege rl e n d I rm e Od e m e G e rge kle§t [ rm e
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Enerji, akim, stre, malzeme Onay Dekont Isinlama

::'; Turkiye Enerji NUkleer ve Maden Aragtirma Kurumu

Proton demeti ile Ar-Ge amacli i1sinlama hizmeti — 75 saat

Proton demeti ile Ge-68 radyoizotopu Uretilmesine yonelik 1sinlama hizmeti — 50 saat

C nanotup Arpa GuUnes hucresi
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