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Bu dersin amaci, Ogrencilere pargacitk hizlandiricilarinin tibbi ve endiistriyel uygulamalarini
anlamalarim1  saglamaktir. Ders, pargacik hizlandiricilarmin  temel prensiplerini, ¢alisma
mekanizmalarini ve bu teknolojinin ¢esitli sektorlerdeki pratik uygulamalarini kapsar. Radyoterapi,
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hakkinda dgrencilere ileri diizeyde bilgi ve beceriler kazandirmay1 hedefler.
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Pargacik hizlandiricilarma giris ve temel kavramlar; hizlandiricilarin isleyisi ve temel bilesenler;
radyoterapi ve pargacik hizlandiricilari; endiistriyel uygulamalar; malzeme analizi ve isleme; gida
sterilizasyonu ve isleme; elektron demeti ile kaynak ve kesim uygulamalari; parcacik
hizlandiricilarinin giivenligi; radyasyon giivenligi ve hizlandirict operasyonlari; sinirbilimde pargacik
hizlandiricilart; gelismis uygulamalar ve projeler; radyasyon terapisi yontemleri ve yenilikci
uygulamalar; hizlandiric1  teknolojilerinin  ¢evresel etkileri ve siirdiiriilebilirlik; pargacik
hizlandiricilarindaki son teknolojik gelismeler; gelecekteki potansiyel uygulamalar.
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Ders Kitabi:

[1] Wilson, Edmund. Introduction to Particle Accelerators. 1. baski, Oxford University Press, 2001.
Zorunlu Kaynaklar:

[1] Wiedemann, Helmut. Particle Accelerator Physics. 3. baski, Springer, 2007.

[2] Amaldi, Ugo ve Sonia Daidone. Medical Applications of Particle Beams. 1. baski, CRC Press,
2010.

Onerilen Kaynaklar:

[1] Schmiiser, Peter, Martin Dohlus ve Jorg Rossbach. Ultraviolet and Soft X-Ray Free-Electron

Lasers: Introduction to Physical Principles, Experimental Results, Technological Challenges. 1.
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baski, Springer, 2008.

Bu dersi basartyla tamamlayan grenciler,

1. Parcacik hizlandiricilarimin temel fizik prensiplerini ve bu teknolojilerin ¢alisma
mekanizmalarini ifade edebileceklerdir.

Pargacik hizlandiricilarinin medikal ve endiistriyel alanlardaki kullanimini, uygulama
ornekleri lizerinden agiklayabileceklerdir.

Ders Ogrenim Ciktilar1 . Radyoterapi, malzeme analizi, gida sterilizasyonu gibi spesifik uygulamalarda pargacik
hizlandiricilarinin isleyisini analiz edebileceklerdir.

Parcactk hizlandiricilariyla ilgili giivenlik standartlarini ve operasyonel protokolleri
uygulayabileceklerdir.

Pargactk hizlandiricilarinin - gelecekteki projeksiyonlarini, teknolojik gelismeleri ve
stirdiiriilebilirlik boyutlarii agiklayabileceklerdir.

DEGERLENDIRME SiSTEMIi

| Etkinlikler Say1 Katki Pay1

| Devam/Katihim

| Laboratuvar: H H

| Uygulama (Sozlii Sinav): H H

| Arazi Calismasi H H

Kisa Sinavlar/Stiidyo Kritigi:
e  icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan

| Derse Ozgii Staj H H ‘
kapsamli sorularin sorulmasi

e  Format: Yiiz ylize. Coktan se¢meli kisa sinav (5-10 dakika) 6 -

e Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢dzebilme

Odev: ‘ ‘

e cerik: Ogrencilerin kendi 6grenme siireclerini degerlendirmelerinin ve
sunum yapmalarinin istenmesi

e  Format: Ogrenci sunumlar 1 %30

e  Detayh Degerlendirme Kriterleri:

-Ogrenilen konularin dogru bir sekilde agiklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi

| Proje: H H

‘ Seminer/Workshop H H

Ara Sinavlar:
e Qcerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamlt sorular 1 %30

Sunum/Jiiri:
e  Format: Yiiz yiize. Sinav (90 dakika)
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e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diisiinme siireglerinin yiiriitiilmesi
Final:
e Icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e Detayh Degerlendirme Kriterleri: 1 7040
-Derste islenen tim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-Ileri diizey problem ¢zme becerilerinin kullanilabilmesi
| Dénem ici Cahsmalarin Basari Notuna Katkis: H %60 ‘
| Final Sinavinin Basar1 Notuna Katkisi H %40 ‘
| TOPLAM H %100 ‘
HAFTALIK KONULAR VE ILGILI ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
IKonu Anlatimi: Giris ve Temel Kavramlar. Pargacik hizlandiricilarinin|
genel tanmitimi. Hizlandiric1 tiirleri ve temel prensipler. Medikal ve
endiistriyel uygulamalara giris.
Sinif-ici Uygulama (5 dk.): Farkli hizlandiric1 tiirlerinin (linac, Parcacik  hizlandiricilarinin -~ temel  ¢alisma
1 synchrotron, cyclotron) temel prensiplerine dair sematik gosterimler| prensipleri, tiirleri ve yapisal farklar1 hakkinda
izerinden kisa Ornekleme yaptirilmasi; hizlandirici tiirlerine uygun| genel bilgi edinilmesi. Kaynak: Ders Kitabi, 1-
pargacik yollarinin ¢izdirilmesi. 16.
Smif-i¢ci Tartisma (5 dk.): Parcacik hizlandiricilarinin temel bilimsel
arastirmalar ile medikal ve endiistriyel uygulamalardaki farkl: islevleri
lizerine kisa bir tartisma yapilmasi.
Konu Anlatimi: Hizlandiricilarin Isleyisi ve Temel Bilesenler. Lineer]
ve dairesel hizlandiricilarin isleyisi. Elektron, p.roton ve agir iyon Lineer ve dairesel hizlandiricilarm temel isleyig
lhizlandiricilari. Hizlandiricilarda kullanilan temel bilesenler. T
prensiplerine iligkin 6n bilgilerin hatirlanmasi
Smif-i¢i Uygulama (5 dk.): Lineer ve dairesel hizlandiricilar igin temel ve . ctkinlestirilmesi.
. . . S Kaynak: Ders Kitabi, 29-38.
bilesenlerin (radyo-frekans bosluklari, manyetik yonlendiriciler, vakum| -
sistemleri vb.) islevlerini gdsteren diyagramlar iizerinden Grnekleme| Elektron, proton ve agur iyon hizlandiricilarina
)8 & yag dair boliimlerin okunmasi. Kaynak: Ders Kitabu,|
lyaptirilmasi. 3845
2 lelar;dlrlcl bilesenlerinin temel gorevlerine
Sinif-ici Tartisma (5 dk.): Lineer ve dairesel hizlandiricilarm avantaj et 3¢ . &
. : L o iliskin kisimlarin incelenmesi. Kaynak: Ders|
ve dezavantajlarmnin medikal ve endiistriyel uygulamalar baglaminda Kitabt. 45-52
karsilastirilmasi; farkli pargacik tiirleri (elektron, proton, iyon) igin ’ L
M . e . Kisa Sinav 1 i¢in 6n hazirlik: (Hizlandiricilarn
neden farkli hizlandirict tiirlerinin tercih edildigine iliskin kisa bir| L w1 . .
tartisma yapilmasi temel isleyisi, hizlandiric1 tiirleri ve bilesenleri)
' Kaynak: Ders Kitabi, 29-52.
Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konulari igeren bir
kisa sinavin yapilmasi.
Konu Anlatimi: Radyoterapi ve Parcacik Hizlandiricilari. Radyoterapi
Errledrills(lapsle(r)lrilarl:roton terapisi ve avantajlari. Notron terapisi ve Radyoterapinin temel prensipleri ve paracik
4 ' hizlandiricilarinin - medikal  uygulamalardaki
Smif-ici Uygulama (5 dk): Proton ve nétron terapisi i¢in kullanilan 1‘011461‘1 h.a lfkmdg on bilgilerin hatlr} anmast v
. A .. . - . etkinlestirilmesi, Kaynak: Ders Kitabi, 145
3 hizlandiric1 tlirleri ve tedavi sistemlerinin sematik gosterimleri 158
lizerinden temel prensiplerin  Orneklemelerle agiklanmasi; farkly ) .. . .. . .
. T A Proton terapisi ve nétron terapisine dair tedavi
parcaciklarin tedavi etkinlikleri iizerine kisa karsilastirmalar yapilmasi. R . . o
yontemleri ve klinik uygulama alanlarinin ilgili
Smif-i¢ci Tartisma (5 dk.): Proton terapisi ve nétron terapisinin llaggl_nllggm okunmasi, Kaynak: Ders Kitabi,
avantajlari, endikasyonlari ve klinik uygulamalardaki smirliliklar: ’
lizerine sinif genelinde kisa bir tartigma yapilmast.
Konu Anlatimi: Endiistriyel Uygulamalar. Malzeme Analizi ve Isleme. Malzeme analizi ve karakterizasyon
4 Malzeme analizi ve karakterizasyonu. Pargacik hizlandiricilariyla yontemlerine dair  temel kavramlarin|
malzeme igleme uygulamalari. hatirlanmasi ve etkinlestirilmesi, Kaynak: Ders|
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Smif-ici Uygulama (5 dk): Pargacik hizlandiricilart kullanilarak|
gerceklestirilen malzeme analiz yontemlerine yonelik ornek vakalar
izerinde bilesenlerin ve 6l¢tim tekniklerinin islevlerinin 6rneklemelerle]
lgsterilmesi.

Smif-ici Tartisjma (5 dk.): Malzeme isleme siireglerinde pargacik|
hizlandiricilarinin - avantajlari ve simirhiliklart ile bu  teknolojinin
endiistriyel iiretime etkileri iizerine kisa bir tartigma yapilmasi.

Kisa Smav 2 (15 dk.): Ders sonunda, derste islenen konular1 igeren bir
kisa siavin yapilmasi.

Kitab1, 170-182.

Pargacik hizlandiricilartyla malzeme isleme
uygulamalarinin  temel  prensiplerinin  ve|
orneklerinin  ilgili  boliimlerin  okunmasi,
Kaynak: Ders Kitabi, 182—-194.

Kisa Smav 2 i¢in 6n hazirhk: (Endistriyel
uygulamalar kapsaminda malzeme analizi,
karakterizasyon ve pargacitk hizlandiricilariylaj
malzeme isleme yontemleri) Kaynak: Ders|
Kitabi, 170-194.

Konu Anlatimi: Endiistriyel Uygulamalar. Gida Sterilizasyonu ve
isleme. Gida sterilizasyonu prensipleri. Elektron 1gm1 ile gida isleme
uygulamalari.

Simif-ici Uygulama (5 dk.): Elektron ismi ile gida sterilizasyonu
stireglerine dair uygulama Ornekleri iizerinden sterilizasyonun temel
prensiplerinin ~ ve  teknolojik  gereksinimlerin  Grneklemelerle
gsterilmesi.

Smif-ici Tartisjma (5 dk.): Gida sterilizasyonunda elektron 1sini
teknolojisinin avantajlart ve sinirliliklart {izerine kisa bir tartigmal
lyapilmasi; alternatif sterilizasyon yontemleriyle karsilastirilmasi.

Gida sterilizasyonunun temel prensipleri ve
elektronik 1511 uygulamalarina dair  onj
bilgilerin hatirlanmas1 ve etkinlestirilmesi,
Kaynak: Ders Kitabi, 195-205.

Elektron 1sm1 ile gida isleme teknolojilerinin
uygulama alanlar1 ve etkililigi iizerine ilgili
boliimlerin  okunmasi, Kaynak: Ders Kitab,
205-215.

IKonu Anlatimi: Elektron Demeti ile Kaynak ve Kesim Uygulamalari.
Elektron demeti kullanarak kaynak prensipleri. Elektron demeti ile
imalzeme kesme uygulamalari.

Smif-ici Uygulama (5 dk.): Elektron demeti kaynak ve kesim
sistemlerinin caligma prensiplerini gosteren diyagram ve video
ornekleri {izerinden, bu teknolojilerin malzeme isleme siireglerindekil
etkilerinin analiz edilmesi.

Smif-i¢ci Tartisma (5 dk.): Elektron demeti teknolojisinin diger kaynak
ve kesim yontemlerine gore avantajlari ve siurliliklar ile endiistrideki
uygulama alanlari iizerine kisa bir tartisma yapilmasi.

Kisa Smav 3 (15 dk.): Ters yiiz edilmis 6grenme (flipped learning)
lyontemi ¢ercevesinde, ders basinda 6grenciye 6n hazirlik olarak verilen|
“Elektron demeti ile kaynak prensipleri” ve “elektron demeti ile
malzeme kesme uygulamalar1” konularin1 kapsayan, kisa cevapli ve
kavram temelli sorulardan olusan bir kisa sinav yapilmasi.

Elektron demeti kaynak prensipleri ve malzeme
kesme tekniklerine iliskin temel kavramlarin]
hatirlanmasi ve etkinlestirilmesi, Kaynak: Ders
Kitabi, 215-225.

Elektron demeti uygulamalarinin endiistriyel
stireclerde kullanimi ve avantajlarina dair ilgili
boliimlerin okunmasi, Kaynak: Ders Kitab,
225-235.

Kisa Simav 3 icin 6n hazirlik: (Elektron demeti
kaynak prensipleri, malzeme kesme teknikleri
ve uygulamalari) Kaynak: Ders Kitabi, 215
235.

Konu Anlatimi: Parcacik Hizlandiricilarinin Giivenligi. Radyasyon|
glivenligi  prensipleri.  Hizlandirict1  operasyonlarinda  giivenlik|
protokolleri.

Simif-i¢ci Uygulama (5 dk.): Parcacik hizlandiricilarinda kullanilan
temel radyasyon koruma yontemlerinin ve giivenlik ekipmanlarinin
tanitilmasi; 6rnek vaka analizleriyle glivenlik protokollerinin isleyisinin
lgbsterilmesi.

Smif-ici Tartisjma (5 dk.): Hizlandirici operasyonlarinda radyasyon|
riskleri ve gilivenlik onlemlerinin etkinligi iizerine kisa bir tartismal
apilmasi.

Radyasyon giivenligi prensipleri ve hizlandirici
operasyonlarindaki 6zel uygulamalar hakkind
on bilgilerin hatirlanmasi1 ve etkinlestirilmesi,
Kaynak: Ders Kitabi, 240-255.

Hizlandiric1 tesislerinde uygulanan giivenlik
protokollerine iliskin bdliimlerin okunmasi,
Kaynak: Ders Kitabi, 255-270.

|Ara Sinav 1

Sinav haftasina kadar islenen konularm
tiimiiniin tekrar edilmesi.

Konu Anlatimi: Radyasyon Giivenligi ve Hizlandirici Operasyonlari.
Hizlandirict  operasyonlarindaki  radyasyon  giivenligi.  Giivenli
operasyon ve protokoller.

Simif-ici Uygulama (5 dk.): Hizlandirici operasyonlarinda uygulanan
radyasyon giivenligi protokollerine dair vaka analizleri ve
simiilasyonlar {izerinden Orneklemeler yaptirilmasi;  giivenligin
saglanmasinda kullanilan teknolojik ve idari dnlemlerin tanitilmasi.

Simif-i¢ci Tartisma (5 dk.): Farkli hizlandiricr tesislerinde radyasyon
giivenligi uygulamalarinin  karsilagtirilmas:t  ve bu  protokollerin
letkinliginin degerlendirilmesi {izerine kisa bir tartisma yapilmasi.

Radyasyon giivenligi prensipleri ve hizlandiric
operasyonlarinda alman o6nlemler hakkind:
temel bilgilerin hatirlanmasi ve
etkinlestirilmesi, Kaynak: Ders Kitabi, 270
280.

Hizlandiric1 tesislerinde giivenlik kiiltiirii ve
protokol uygulamalarina dair  bdliimlerin
okunmasi, Kaynak: Ders Kitab1, 280-290.

10

Konu Anlatimi: Sinirbilimde Pargacik Hizlandiricilari. Sinirbilim|

uygulamalar ve pargacik hizlandiricilari. Beyin kanserlerinin tedavisi.

Sinirbilimde pargacik hizlandiricilarinin temel
uygulama alanlar1 ve beyin kanseri tedavisinde
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Smif-ici Uygulama (5 dk.): Sinirbilimde pargacik hizlandiricilarinin
kullanim alanlari ile beyin kanseri tedavisinde proton terapisi ve diger
hizlandirict bazli yontemlerin karsilagtirmali incelenmesi.

Simif-ici Tartisma (5 dk.): Pargacik hizlandirict teknolojilerinin|
sinirbilim ve onkoloji alanlarindaki uygulamalarinin avantajlari,
zorluklar1 ve gelecekteki potansiyel kullanim alanlari iizerine kisa bir|
tartisma yapilmasi.

Kisa Smav 4 (15 dk.): ers yiiz edilmis 6grenme (flipped learning)
lyontemi cergevesinde, ders baginda Ogrenciye verilen on hazirlik|
gbrevinde yer alan konulari iceren bir kisa sinavin yapilmasi.

kullanilan yontemler hakkinda 6n bilgilerin
hatirlanmasi ve etkinlestirilmesi, Kaynak: Ders
Kitabi, 300-312.

Proton terapisi ve diger hizlandiric1 bazli tedavi
tekniklerinin calisma prensiplerine dair ilgili
bolimlerin okunmasi, Kaynak: Ders Kitab,
312-325.

Kisa Smav 4 i¢in 6n hazirlik: (Sinirbilimde
hizlandirict uygulamalar1) Kaynak: Ders Kitabi,
300-325.

11

Konu Anlatimi: Gelismis Uygulamalar ve Projeler. Pargacik|
hizlandiricilarinin gelecekteki potansiyel projeleri. Gelismis tibbi ve
endiistriyel uygulamalar.

Simif-ici Uygulama (5 dk.): Gelecekteki pargacik hizlandirici projeleri
ve yenilik¢i medikal/endiistriyel uygulama alanlart {izerine Ornek
vakalar ve teknolojik gelismelerin sinifta sunulmasi ve tartisilmasi.

Smmif-i¢ci Tartisma (5 dk.): Pargacik hizlandirict teknolojilerinin|
potansiyel yeni kullanim alanlari, etik ve ekonomik boyutlar ile
stirdiiriilebilirlik perspektifleri lizerine kisa bir tartisma yapilmasi.

Pargacik hizlandiricilarinin gelisen teknolojileri
ve  gelecekteki  projeksiyonlarina  dai
kavramlarin hatirlanmasi, Kaynak: Ders Kitabi,
330-345.

Tibbi ve endiistriyel uygulamalarda yeni nesil
hizlandiric1  projelerinin  ilgili  bdliimlerininj
okunmasi, Kaynak: Ders Kitab1, 345-360.

12

Konu Anlatimi: Radyasyon terapisi yontemleri ve yenilik¢i
uygulamalar.

Smmif-i¢ci Uygulama (5 dk.): Radyasyon terapisi yontemlerinin|
(0rnegin, konformal radyoterapi, proton terapi, yogunluk modiileli
radyoterapi) temel prensiplerinin ve klinik uygulamalarmin 6rnek]
vakalar tizerinden gosterilmesi.

Simf-i¢i Tartisma (5 dk.): Yenilik¢i radyasyon terapisi tekniklerinin|
avantajlari, simnirlamalart ve hastaya etkileri {izerine sinif¢a kisa bir
tartisma yapilmasi.

Kisa Smmav 5 (15 dk.): Ders sonunda, derste islenen konular1 igeren bir|
kisa sinavin yapilmasi.

Radyasyon terapisi yontemleri ve temel fizi
prensiplerine iliskin 6n bilgilerin hatirlanmast,|
Kaynak: Ders Kitabi, 360-375.

Yenilik¢i uygulamalara dair giincel gelismelerle
ilgili boliimlerin  okunmasi, Kaynak: Ders
Kitabi, 375-385.

Kisa Smav 5 i¢in 6n hazirhik: (Radyasyo
terapi yontemleri) Kaynak: Ders Kitabi, 360
385.

13

Konu Anlatimi: Hizlandirict teknolojilerinin cevresel etkileri ve
stirdiiriilebilirlik.

Sinif-ici Uygulama: (5 dk) Pargacik hizlandiricilarinin enerji tiiketimi,)
attk yonetimi ve c¢evresel etkilerine yonelik vaka analizleri ve
sirdiiriilebilirlik ~ uygulamalarinin =~ sinif  iginde  drneklemelerle
incelenmesi.

Simif-i¢i Tartisma: (5 dk.) Hizlandiric1 teknolojilerinin gevresel etkileri
ve siirdiiriilebilirlik stratejileri lizerine sinif genelinde kisa bir tartismal
apilmasi.

Hizlandiric teknolojilerinin enerji verimliligi vej
gevresel etkilerine dair temel kavramlarin
hatirlanmasi, Kaynak: Ders Kitab1, 390-400.
Stirdiiriilebilirlik  ilkeleri ve  hizlandiricy
projelerinde ¢evre dostu uygulamalarin ilgili
boliimlerin  okunmasi, Kaynak: Ders Kitab,
400-410.

14

Konu Anlatimi: Pargacik hizlandiricilarindaki  son  teknolojik]
gelismeler. Gelecekteki potansiyel uygulamalar.

Simif-ici Uygulama: (5 dk) Son teknoloji hizlandirici sistemlerinin
caligma prensipleri ve avantajlari lizerine vaka analizleri yapilmasi;
lazer plazma hizlandiricilar gibi yenilik¢i teknolojilerin  temel
0zelliklerinin smifta 6rneklemelerle agiklanmasi.

Smif-ici Tartisgma: (5 dk.) Parcacik hizlandiricilarinin gelecekteki
uygulama alanlar1 ve teknolojik gelismelerin bilimsel arastirmalar ile|
medikal ve endiistriyel kullanima etkileri iizerine kisa bir tartisma
yapilmast.

Kisa Smav 6 (15 dk.) Ders sonunda, derste islenen konular1 iceren bir
kisa sinavin yapilmasi.

Pargacik hizlandiricilarindaki son teknoloji
geligsmeler ve temel ¢aligma prensiplerine iligkin
on bilgilerin hatirlanmasi1 ve etkinlestirilmesi,
Kaynak: Ders Kitabi, 410425

Gelecekteki potansiyel uygulamalara dair ilgili
bolimlerin okunmasi, Kaynak: Ders Kitabu,|
425-440.

Kisa Smav 6 igin on hazirlik:
(Hizlandiricilardaki gelismeler) Kaynak: Ders
Kitabi, 410-440.

15

Ogrenci sunumlarinin dinlenmesi.

Simf-i¢ci Uygulama (15 dk.): Her sunumun ardindan, sunum yapan
6grenciye kisa bir geri bildirim verilmesi ve temel kavramlara dair kisa

bir hatirlatma yapilmasi.

Ogrencilerin ~ sunacaklar1  konulara iliskin
literatiir ~ taramasi  yapmalart  ve  igerik
gergevesini netlestirmeleri.

Sunum materyallerinin (slayt, grafik, sema vb.)
hazirlanmasi, zaman yonetimi ve acik anlatim
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konusunda prova yapilmasi.
Smif-ici Tartisma (5 dk.): Sunum konusuyla iligkili olarak smnif
genelinde kisa bir tartisma yapilmast; sunumun ele aldigi problemin
alternatif ¢6ziim yollar1 veya deneysel dogrulama ydntemleri {izerine

diisiiniilmesi.
16 Final Islenen konularim tiimiiniin tekrar edilmesi.
AKTS iSYUKU TABLOSU
Etkinlikler ‘ Say1 Siiresi (Saat) Toplam lsyiikii
Ders Saati H 14 H 3 H 42
Laboratuar “ H H
Uygulama (sozlii Sinav) H H H
Arazi Caligsmasi H H H
Simif Dis1 Ders Calismasi H 14 H 3 H 42
Derse Ozgii Staj H H H
] |
Kiiciik Smavlar/Stiidyo Kritigi H 6 H 2 H 12
Projeler H H H
Sunum / Seminer H 1 H 20 H 20
Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi) 1 20 20
Final .(Smav Siiresi + Sinav Hazirhk 1 20 20
Siiresi)
Toplam Is yiikii: H 156
Toplam s yiikii / 30(s): H 52
AKTS Kredisi: 5
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

Department of Physics

Medical and Industrial Applications of Particle Accelerators

F171114

3

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Ayben KARASU UYSAL

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to enable students to comprehend the medical and industrial
applications of particle accelerators. The course covers the fundamental principles,
operation mechanisms, and practical applications of particle accelerators in various
sectors. Particle accelerators, used in areas such as radiotherapy, material analysis, and
food sterilization, aim to equip students with advanced knowledge and skills in the field.

COURSE CONTENT

Introduction to particle accelerators and fundamental concepts; operation and basic
components of accelerators; radiotherapy and particle accelerators; industrial
applications; material analysis and processing; food sterilization and processing; electron
beam welding and cutting applications; safety of particle accelerators; radiation safety
and accelerator operations; particle accelerators in neuroscience; advanced applications
and projects; radiation therapy methods and innovative applications; environmental
impacts and sustainability of accelerator technologies; latest technological developments
in particle accelerators; future potential applications.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

[1] Wilson, Edmund. Introduction to Particle Accelerators. 1st edition, Oxford
University Press, 2001.

Required Readings:

[1] Wiedemann, Helmut. Particle Accelerator Physics. 3rd edition, Springer, 2007.

[2] Amaldi, Ugo ve Sonia Daidone. Medical Applications of Particle Beams. 1st edition,
CRC Press, 2010.

Recommended Readings:
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[1] Schmiiser, Peter, Martin Dohlus and Jérg Rossbach. Ultraviolet and Soft X-Ray Free-
Electron Lasers: Introduction to Physical Principles, Experimental Results,

Technological Challenges. 1st edition, Springer, 2008.

Upon successful completion of the course, students will be able to

1. Explain the fundamental physical principles of particle accelerators and the
working mechanisms of these technologies.

Explain the use of particle accelerators in medical and industrial fields through
application examples.

Course Learning Outcomes . Analyze the operation of particle accelerators in specific applications such as
radiotherapy, material analysis, and food sterilization.

Apply safety standards and operational protocols related to particle
accelerators.

Explain future projections, technological developments, and sustainability
aspects of particle accelerators.

EVALUATION SYSTEM

‘ Activities Number Percentage of Grade

‘ Attendance/Participation: H ‘ ‘

‘ Laboratory H H

‘ Field Work H ‘ ‘

‘ Application (Oral Examination): H H ‘

‘ Special Course Internship (Work Placement) H H

Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week

e  Format: Face-to-face multiple-choice quiz (5-10 minutes) 6

e Detailed Assessment Criteria:

-Ability to solve problems related to the theoretical topics covered in
the course

Homework Assignments: H

Presentations/Jury:
e  Content: Students will be asked to evaluate their own learning
processes and deliver presentations

e  Format: Student presentations
1 %30

e Detailed Assessment Criteria:

-Ability to accurately explain the topics learned
-Proper use of presentation techniques

‘ Project: H H ‘

‘ Seminar/Workshop H H ‘

Midterms:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week 1 %30

e  Format: Face-to-face written exam. (90 minutes).
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e Detailed Assessment Criteria:

-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems related to theoretical topics

-Ability to carry out theoretical reasoning processes

Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course

Percentage of In-Term Studies H

Percentage of Final Examination H

TOTAL H

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation
Lecture: Introduction and Fundamental Concepts.
General overview of particle accelerators. Types of]
accelerators and basic principles. Introduction to
medical and industrial applications.
Quick Practice (S.mmutes): Shog sampling exercises Gaining general knowledge about the fundamental
through schematic representations of differen . .. .
. working principles, types, and structural differences of
1 accelerator types (linac, synchrotron, cyclotron); .
. . . . . particle accelerators, Source: Coursebook, 1-16.
drawing particle trajectories suitable for each|
accelerator type.
In-Class Discussion (5 minutes): A brief discussio
on the different roles of particle accelerators in|
fundamental scientific research versus medical and]
industrial applications.
Lecture: Operation and Basic Components o
|Accelerators. Operation of linear and circula
accelerators.  Electron, proton, and heavy ion|
accelerators. Basic components used in accelerators.
Quick Practice (5 minutes): Conduct sampling Recall and activate prior knowledge about the
exercises using diagrams that demonstrate the functions fundamental operating principles of linear and circular
of basic components (radio-frequency cavities, accelerators, Source: Coursebook, 29-38.
magnetic steering, vacuum systems, etc.) for linear and Read sections about electron, proton, and heavy ion
) circular accelerators. accelerators, Source: Coursebook, 38-45.
Review sections related to the fundamental roles of
In-Class Discussion (5 minutes): Brief discussio accelerator components, Source: Coursebook, 45-52.
comparing the advantages and disadvantages of linea Preparation for Quiz 1: (on the concepts of
and circular accelerators in the context of medical and] fundamental operation, types, and components of
industrial applications; discussion on why differen accelerators), Source: Coursebook, 29-52.
accelerator types are preferred for different particle
types (electron, proton, ion).
Quiz 1 (15 minutes): A quiz at the end of the class|
covering the topics taught during the session.
Lecture: Radiotherapy and Particle Accelerators. Recall and activate prior knowledge about the
Principles of radiotherapy. Proton therapy and its| fundamental principles of radiotherapy and the role of
3 advantages. Neutron therapy and indications. particle accelerators in medical applications, Source:
Coursebook, 145-158.
Quick Practice (5 minutes): Explanation of thel Read the relevant sections on treatment methods and
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fundamental principles using schematic diagrams o
accelerator types and treatment systems used for proton
and neutron therapy; brief comparisons of treatmen
effectiveness of different particles.

In-Class Discussion (5 minutes): A brief class-wide]
discussion on the advantages, indications, and clinicall
limitations of proton and neutron therapy.

clinical applications of proton therapy and neutron
therapy, Source: Coursebook, 158—-170.

Lecture: Industrial Applications. Material Analysis
Ff,ld Processing. Material analysis and characterization.

aterial processing applications using particle]
accelerators.

Quick Practice (5 minutes): Demonstration of the
functions of components and measurement techniques
through case studies of material analysis methods
performed using particle accelerators.

In-Class Discussion (5 minutes): A brief discussio
on the advantages and limitations of particle]
laccelerators in material processing and their impact o
industrial production.

Quiz 2 (15 minutes): A quiz at the end of the class
covering the topics taught during the session.

Recall and activate fundamental concepts of material
analysis and characterization methods. Source:
Coursebook, 170-182.

Read sections on fundamental principles and examples
of material processing applications using particle
accelerators. Source: Coursebook, 182-194.
Preparation for Quiz 2: (Material analysis,
characterization, and particle accelerator-based
material processing methods within the scope of
industrial applications) Source: Coursebook, 170-194.

Lecture: Industrial Applications. Food Sterilization|
and Processing. Principles of food sterilization. Food
processing applications using electron beams.

Quick Practice (5 minutes): Demonstration of thel
fundamental  principles of  sterilization  and|
technological requirements through  application|
examples of electron beam food sterilization processes.

In-Class Discussion (5 minutes): A brief discussio
on the advantages and limitations of electron bea

technology in food sterilization; comparison with|
alternative sterilization methods.

Recall and activate prior knowledge of the fundamental
principles of food sterilization and electron beam
applications. Source: Coursebook, 195-205.
Read relevant sections on the application areas and
effectiveness of electron beam food processing
technologies. Source: Coursebook, 205-215.

Lecture: Electron Beam Welding and Cutting
IApplications. Principles of welding using electron
beams. Material cutting applications with electron|
beams.

Quick Practice (5 minutes): Analysis of the effects o
electron beam welding and cutting technologies on|
material processing through diagrams and video|
examples demonstrating their working principles.

In-Class Discussion (5 minutes): A brief discussio
on the advantages and limitations of electron beam
technology compared to other welding and cutting]
imethods and its applications in industry.

Quiz 3 (15 minutes): A short quiz at the beginning o
the lesson, covering topics assigned as pre-class|
reparation within the flipped learning framework.

Recall and activate fundamental concepts related to
electron beam welding principles and material cutting
techniques. Source: Coursebook, 215-225.

Read relevant sections on the industrial use and
advantages of electron beam applications. Source:
Coursebook, 225-235.

Preparation for Quiz 3: (Electron beam welding
principles, material  cutting  techniques, and
applications Source: Coursebook, 212-218.

Lecture: Safety of Particle Accelerators. Principles o
radiation safety. Safety protocols in accelerato
operations.

Quick Practice (5 minutes): Introduction o
fundamental radiation protection methods and safety
equipment used in particle accelerators; demonstration|
of the implementation of safety protocols through case
study analyses.

In-Class Discussion (5 minutes): A brief discussio
on radiation risks in accelerator operations and the
effectiveness of safety measures.

Recall and activate prior knowledge about radiation
safety principles and specific applications in
accelerator operations. Source: Coursebook, 240-255.

Read sections related to safety protocols implemented
in accelerator facilities. Source: Coursebook, 255-270.

Midterm 1

Review of all topics covered up to the exam week.
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ILecture: Radiation Safety and Accelerator Operations.
Radiation safety in accelerator operations. Safe
operation and protocols.

Quick Practice (5 minutes): Case studies an
simulations on radiation safety protocols applied in
accelerator operations; introduction of technological
and administrative measures used to ensure safety.

In-Class Discussion (5 minutes): A brief discussio
comparing radiation safety practices at differen
accelerator facilities and evaluating the effectiveness o
these protocols.

Recall and activate fundamental knowledge about
radiation safety principles and precautions taken in
accelerator operations. Source: Coursebook, 270-280.
Read sections on safety culture and protocol
implementations in accelerator facilities. Source:
Coursebook, 280-290.

10

Lecture: Particle Accelerators in Neuroscience.
INeuroscience applications and particle accelerators.
Treatment of brain cancers.

Quick Practice (5 minutes): Comparative analysis o
the use of particle accelerators in neuroscience and
proton therapy and other accelerator-based methods i
brain cancer treatment.

In-Class Discussion (5 minutes): A brief discussio
on the advantages, challenges, and future potential
applications of particle accelerator technologies in|
neuroscience and oncology.

Quiz 4 (15 minutes): A short quiz at the beginning o
the lesson, covering topics assigned as pre-class|
reparation within the flipped learning framework.

Recall and activate prior knowledge about the
fundamental application areas of particle accelerators
in neuroscience and methods used in brain cancer
treatment. Source: Coursebook, 300-312.

Read relevant sections on proton therapy and other
accelerator-based treatment techniques and their
working principles. Source: Coursebook, 312-325.
Preparation for Quiz 4: (Accelerator applications in
neuroscience). Source: Coursebook, 300-325.

11

ILecture: Advanced Applications and Projects. Future]
potential projects of particle accelerators. Advanced|
medical and industrial applications.

Quick Practice (5 minutes): Presentation an
discussion of case studies and technological
developments related to future particle accelerato
projects and innovative medical/industrial application|
areas.

In-Class Discussion (5 minutes): A brief discussio
on potential new application areas of particle
accelerator technologies, ethical and economig]
dimensions, and sustainability perspectives.

Recall concepts related to evolving particle accelerator
technologies and future projections. Source:
Coursebook, 330-345.
Read relevant sections on next-generation accelerator
projects in medical and industrial applications. Source:
Coursebook, 345-360.

12

Lecture: Radiation Therapy Methods and Innovative]
IApplications.

Quick Practice (5 minutes): Presentation of thel
fundamental principles and clinical applications o
radiation  therapy = methods (e.g., conformal
radiotherapy, proton therapy, intensity-modulate
radiotherapy) through case studies.

In-Class Discussion (5 minutes): A brief class|
discussion on the advantages, limitations, and patien
impacts of innovative radiation therapy techniques.

Quiz 5 (15 minutes): A quiz at the end of the clasg
covering the topics taught during the session.

Recall prior knowledge of radiation therapy methods
and basic physical principles. Source: Coursebook,
360-375.

Read sections on recent developments related to
innovative applications. Source: Coursebook, 375-385.
Preparation for Quiz 5: (Radiation therapy methods)
Source: Coursebook, 360—385.

13

Lecture: Environmental Impacts and Sustainability o
Accelerator Technologies.

Quick Practice (5 minutes): Case studies an
examples in class analyzing particle accelerators’
energy  consumption, waste management, and|
environmental impacts; examination of sustainability]
practices.

In-Class Discussion (5 minutes): A brief class-wide
discussion on the environmental impacts of accelerator

technologies and sustainability strategies.

Recall basic concepts related to energy efficiency and
environmental impacts of accelerator technologies.
Source: Coursebook, 390—400.

Read relevant sections on sustainability principles and
eco-friendly practices in accelerator projects. Source:
Coursebook, 400—410.
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ILecture: Latest Technological Developments in
Particle Accelerators. Future Potential Applications.

Quick Practice (5 minutes): Case studies on thel
operating principles and advantages of cutting-edge]
accelerator systems; explanation of fundamental
features of innovative technologies such as lase
plasma accelerators through in-class examples.

Recall and activate prior knowledge about the latest
technological developments in particle accelerators and
their fundamental operating principles. Source:
Coursebook, 410-425.

14 Read relevant sections on future potential applications.
In-Class Discussion (5 minutes): A brief discussio Source: Coursebook, 425-440.
on future application areas of particle accelerators and Preparation for Quiz 6: (Developments in
the impact of technological advances on scientific accelerators) Source: Coursebook, 410-440.
research as well as medical and industrial uses.
Quiz 6 (15 minutes) A quiz at the end of the class|
covering the topics taught during the session.
Student Presentations.
In-Class Activity (15 minutes): After each|
presentation, brief feedback will be given to the] Conduct a literature review on their presentation topics
presenting student along with a short reminder o and clarify the content framework.
15 fundamental concepts. Preparation of presentation materials (slides, graphics,
diagrams, etc.), rehearsal on time management and
In-Class Discussion (5 minutes): A short class-wide clear communication.
discussion related to the presentation topic; considering
alternative solutions or experimental verification|
imethods for the problem addressed in the presentation.
16 [Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities

H Number

Duration Total Workload

Course Hours

42

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration)

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):
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9%

Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PC-1  Temel bilimler ve
fizik  alanindaki  kuramsal
bilgilerini akademik diizeyde
analiz, yorum ve problem
¢Oziimiinde
kullanabileceklerdir./ Use their
comprehensive theoretical
knowledge in fundamental
sciences and physics for
analysis, interpretation, and
problem-solving at an academic
level.

PQ-Z Uygulamal1 bilgilerini

fiziksel stireglerin
modellenmesi, deneysel tasanm
ve problem

¢Oziimiinde etkili ve amaca
yonelik bicimde
kullanabileceklerdir./  Apply
their  practical  knowledge
effectively and strategically in
modelling physical processes,
experimental  design, and
problem-solving.

1)
I~
1
1
1

I~
1w
[°N
[°N
I~

PC-3 Kuramsal ve/veya
deneysel bilgilerini karmasik
fizik problemlerinin
¢Oziimiinde etkili

bigimde kullanarak, bu
problemlere  yonelik uygun
analiz ve modelleme
yontemlerini secip
uygulayabileceklerdir./ Use
their theoretical and/or
experimental knowledge
effectively in solving complex
physics problems by selecting
and applying  appropriate
analysis and modelling
methods for these problems.

PS ‘-4 Disiplinlerarast  bir

yaklagimla, farkli alanlarda
edinmis  olduklar1  bilgileri
sentezleyebileceklerdir./
Synthesise knowledge acquired
from  different  disciplines
through an interdisciplinary
approach.

PC-5 Fizik biliminin temel
ve uygulamali  alanlarinda
edindikleri bilgi birikimlerini
ve kuramsal analiz, deneysel
uygulama ve sayisal modelleme
ve hesaplamali fizik araclarini
kullanma ve gelistirme
becerilerini, kuramsal fizik,
niikleer fizik, yogun madde
fizigi, yiiksek enerji fizigi,
nanoteknoloji,

yenilenebilir/alternatif  enerji
teknolojileri, ileri malzeme
tasarimi, niikleer teknoloji ve

1
[°N
[°N
[°N
I~

1
1w
1w
1w
19

1
I
I
I
I~
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kuantum  teknolojileri  gibi
disiplin-i¢i ve disiplinlerarasi

uzmanlik alanlarinda
gelistirebileceklerdir. /
Advance their acquired

knowledge in the fundamental
and applied fields of physics
and their skills in theoretical

analysis, experimental
application, numerical
modelling and using and
developing computational
physics  tools in  both
disciplinary and
interdisciplinary ~ areas  of
specialisation such as

theoretical ~ physics, nuclear
physics, condensed matter
physics, high energy physics,

nanotechnology,
renewable/alternative  energy
technologies, advanced
materials  design,  nuclear
technology, and  quantum
technologies.

Pg-6 Fizik alaninda yaygin

olarak kullanilan bilgisayar ve
yapay zeka teknolojileri ile en
az bir programlama dilini,
problemleri  ¢ozmek,  veri

analizi yapmak ve
simiilasyonlar gerc¢eklestirmek
icin etkin bicimde | 4 4 4 5 4
kullanabileceklerdir/  Use at
least one programming
language and computer and
artificial intelligence

technologies widely employed
in physics for problem-solving,
data analysis, and simulations.

PC-7 Fizik ve ilgili
alanlardaki kariyer firsatlarini
degerlendirerek  kisisel  ve
mesleki  gelisim  hedeflerini
belirleyebilecekler ~ve  bu
hedeflere ulagmak igin hayat
boyu Ogrenme stratejilerini
kullanabileceklerdir. / Follow
scientific and technological
developments in physics and
related fields, assess career
opportunities, identify personal
and professional development
goals, and adopt lifelong
learning strategies to achieve
these goals.

PS ‘-8 Bilimsel aragtirmalarini

ve  mesleki faaliyetlerini
yiiritiirken dogabilecek
hukuksal sonuglari ve
toplumsal  etkileri  dikkate
alarak mesleki etik ilkeler,
kalite standartlar1 ile evrensel
degerler  dogrultusunda  ve
sosyal sorumluluk bilinci ve
adalet duygusuyla hareket
edebileceklerdir./ Act with a
sense of social responsibility

1w
I
I
I
I~

N
N
N
N
N
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and justice and in accordance
with  professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal and
societal consequences of their
scientific research and
professional activities.

Pg-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
caligabileceklerdir./ Work
effectively both independently
and as part of a team.

PS ;- 10 Fizik alaninda,

giivenilir  bilgi kaynaklarina
ulagarak  literatiir =~ taramasi
yapabilecekler ve akademik
arastirma tasarlay1ip
yiiriitebileceklerdir./ Access
reliable sources of information,
conduct literature reviews, and
design and carry out academic
research in the field of physics.

PC-11 ileri diizey fizik
konularini, teorileri,
aragtirmalart ~ ve  problem
¢ozlimlerini, fizik terminolojisi
kullanarak Tiirkce ve
Ingilizcede tiim paydaslara
sozli  ve  yazili  olarak
aktarabileceklerdir. /
Effectively communicate
topics, theories, research, and
problem solutions in physics to
all relevant stakcholders using
appropriate physics
terminology, both orally and in
writing, in Turkish and in
English.

&1 2 Laboratuvar

calismalarinda, bilimsel veri
toplayarak  teknik  ve/veya

1
1
1
1
1

1
I
I
I
19}

I~
[°N
[°N
[°N
I~

bilimsel raporlar
hazirlayabilecek ve mevcut
raporlari 3 3 3 3 3

yorumlayabileceklerdir./
Collect scientific data during
laboratory =~ work,  prepare
technical  and/or  scientific
reports and interpret existing
reports.
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