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SINTILATORLER

Sogurduklari radyasyonun sintilasyon 15181 olarak veren kristallerdir.

FLORESANS : uyarilmis bir maddenin aniden gorunur bolgede 1sik yaymasi
FOSFORESANS : Florasansa gore daha uzun dalga boylu i1sigin daha yavas stirede salinmasi

GECiIKMIS FLORESANS : Ani floresans ile aynin salinim spektrumunda
ancak uyarilma sonrasi isik salinimin gecikmeli olmasi (ates bocegi)



SINTILATORLER

ideal bir sintilasyon maddesinin dzellikleri asagidaki gibi olmalidir:

eYUklG parcaciklarin kinetik enerijilerini ylksek bir sintilasyon etkinligi ile dedekte
edilebilecek 1s1ga cevirmelidir.

eBu donusum dogrusal olmalidir yani, 1sik verimi sogurulan enerji ile genis bir
aralikta orantili olmahdir.

e|si8In etkin bir sekilde toplanmasi icin ortam kendi saliniminin dalga boyunu
gecirgen olmalidir.

eHizli sinyal pulslarinin olusumu i¢in olusan luminesansin (aydinlanmanin) azalim
zamani kisa olmalidir.

eMateryalin optik kalitesi iyi olmali ve istenilen boyutta dedektor yapilabilmelidir.

eSintilasyon isi1ginin fotocogaltici tipe (PM tlp) etkin bir sekilde aktarimi icin
kirilma indeksi camin indeksine yakin olmalidir.



SINTILATORLER

INORGANIK KRISTALLER ORGANIK KRISTALLER

Yuksek 1sik verimi ve dogrusallik Dusuk 1sik verimi
Yavas yanit sureleri Hizli yanit streleri



Inorganic Scintillators e expensive

Advantages

high light yield [typical € ~ 0.13]
high density [e.g. PWO ~ 8.3 g/cm3]
good energy resolution
Disadvantages

complicated crystal growth

large temperature dependence

Organic Scintillators e cheap

Advantages

very fast

easily shaped

small temperature dependence
Disadvantages

lower light yield [typical € ~ 0.03]
radiation damage



INORGANIK KRISTALLER

iletkenlik Bandi
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SINTILASYON FOTONLARININ MEYDANA GELISLERI
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Figure 6.3.2: Principle of dopant luminescence in an inorganic scin-
tillator.




SINTILASYON FOTONLARININ MEYDANA GELISLERI

E
Conduction Band
I I
| |
| 1
! i
N
O"}Cf f;T}-—-—-—-—--a,,-
————————— ) h i :
Incident = S Trap i:: Luminescence
Radiation e Center
___________ 5_:. *
----------- > Eg e
----------- = e e e e e
v ~ Scintillation
T S Light

Thermal Agitation
or Radiation Valence Band




SINTILASYON FOTONLARININ MEYDANA GELISLERI

f Conduction Band

M
Exciton Band
Incident Luminescence
Radiation - Center
e Rl = Eg
e R = Z P D
v .. Scintillation
T T Light

Valence Band

O Electron . Hole

Figure 6.3.1: Principle of exciton luminescence from a partially
bound exciton in an inorganic scintillator. If the electron moves
up to the conduction band. the exciton thus created will be free to
move around. In either case the electron can eventually get trapped
by a luminescence center through self trapping or charge transfer
process.




SINTILASYON FOTONLARININ MEYDANA GELISLERI
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Figure 6.3.3: Principle of core valence band Inuminescence in an in-
organic scintillator.




SINTILASYON ETKINLIGI

Ornek : Nal(Tl) kristalinde 1 MeV enerji sogurulmasi;
Meydana gelen pargacik sayisi :
1 iyon cifti yaratilmasi icin gerekli enerji 20 eV

1 MeV enerji sogurulmasinda; 102 /20 =5x10* e —d cifti

Enerji transferi :

Nal(Tl) kristalinin etkinligi %12

1 MeV enerji sogurulmasinda salinan toplam enerji; 109 x 12/ 100 = 1.2 x 10° eV

Meydana gelen sintilasyon fotonlarinin enerjisi 3 eV ise;

Toplam sintilasyon foton sayisi : 1.2 x 10°/ 3 = 4 x 10* foton

1 e—d ciftiicin 1 Foton



BAZI INORGANIK SINTILATORLERIN OZELLIKLERI

Material Maksimum salinnmin | Sintilasyon | Azalim zamani Yogunluk
dalga boyu (nm) verimi (%) (ps) (103 kg/m3)

Nal(TI) 410 100 0,23 3,67

CaF,(Eu) 435 50 0,94 3,18
Csl(Na) 420 80 0,63 4,51
CsI(Tl) 565 45 1,00 4,51

Bi,Ge;0,, 480 8 0,30 7,13
CdWO, 530 20 0,90 7,90
®Lil(Eu) 470 30 0,94 3,49




Comparison of Inorganic Crystals

Parameter: o MP X Sy dEfdr A Tdecay Amax m?  Relative Hygro- d(LY)/dT from Particle Data
outpint! sReapicT

Lliks: J_T".'r_'m;1 °C cm cm MeViom  cm 1= (11 ’;i:..-"}i,_!t Grﬂup, Review of
Particle Detectors

Nal(Tl} 3.67 G651 2.50 4.13 4.8 42.9 230 410 1.83 Lo VES ~~{

BGO 713 1050 112 223 00 228 300 480D 215 0 1 —1.6

Bal'g 180 1280 2.03 310 &4 30,7 6307  300°  1.50 21 1303 -2
oo’  220f 2.7 nf

CsI(Tl) 451 621 1.8 357 56 393 1300 560 179 45  slight 0.3

Cel(pure) 4.51 621 1.86 3.57 0.6 30.3 35 4207 1.95 h.G™ slight 0.6
af  awd 2.3f

PtWoO, 8.3 1123 030 200 10.2 20.7 50" BG0° 220 0.1% o 1.0
! axnf 067

L50O(Ce) 7.40 2070 1.14 207 96  20.9 40 420  1.82 i} nn (]

C3O(Ce) 6.71 1030 1.38 2.23 8.0 22,2 GO0 430 1.85 8° L3 0.1
ngf a0

* Numerieal values caleulated using formulae 1o this review,

b EBefractive index at the w:l.';'u]i'ugr'h of the emission maxinm.

T Relative light vield measured with a hi-alkali eathode PMT.

+ Variation of light vield with temperature evaluated at room temperature.
= fast component, s = slow component

CaF,(Eu) 3.18 940 435 147 50  no
Cdwo, 79 14000 475 23 40 no from Saint-Gobain Crystals
LaBr,(Ce) 5.08 16 380 19 165 vyes



BAZI INORGANIK SINTILATORLERIN
OZELLIKLERI
C.1 Thallium Doped Sodium lodide (Nal:TT)

Sodium iodide doped with thallium is the most widely used scintillator. Its key
features include

» high light yield ( 41,000 photons per MeV'),

» blue emission that coincides with the requirement of most PMTs,
» very low self absorption of scintillation light,

» good spectroscopic performance.,

» easy availability and low production cost, and

» possibility to produce large area ecrystals.



C.2 Sodium Doped Cesium lodide (Csl:Na)

Csl : Na is also one of the most commonly used scintillators. Its distinguishing
features include

» high light yield ( 40,000 photons per MeV'),
» blue emission that coincides with the requirement of most PMTs, and

» less hygroscopicity as compared to Nal:T1.



C.3 Thallium Doped Cesium lodide (C'sI:TT1)

C'sI:T1 is not as widely used as the other two we studied earlier but its following
features make is desirable in certain applications.

» High absorption efficiency.
» High light yvield ( 66,000 photons per Mel').

» 550 nm emission that coincides with the requirement of most photodiodes, thus
eliminating the need to use bulky and mechanically unstable photomultiplier
tubes.

» Non-hygroscopic.

» Mechanically stable and shock resistant.
» Can be cut and shaped as required.

» Resistant to radiation induced damage.

Photodiodes are semiconductor detectors that are now beginning to replace the
PMTs. We will learn more about them later in the Chapter. Their main advantage
is that they do not require verv high potentials as PMTs and can also be used in
high magnetic fields. C'sl : T'l is then a good alternative over more commonly used
scintillators in applications where using PMTs is difficult or the radiation field is
very high.



C.4 Bismuth Germanate (BGO)
The chemical composition of BGO is BiyGeaOqo. Its advantages include

» high absorption efficiency,

» high energy resolution,

» short decay time

» high radiation resistance,

» large crystals can be produced, and
» mechanically stable and strong.

Because of its high ~-ray absorption efficiency, BGO is commonly employed in
applications involving ~-ray spectroscopy.



C.5 Cadmium Tungstate (C'WO)

CdW Oy or simply CWO is not as widely used as GBO even though it has the
following desirable properties.

» Significantly higher light vield than BGO.
» Low intrinsic background.
» Low afterglow.

The main problem with C'WO is its large decay time, which makes it unsuit-
able for most applications. However it has been successtully used in low radiation
spectroscopic applications such as spectrometry of very low activity radioactive sub-
stances.



C.6 Lead Tungstate (FPW0O)

PoW O, or simply PWO, with the following properties, is generally used in high
radiation fields.

p Fast response.

» High resistance to radiation induced damage.
p Fast decay time, and

» Very low radiation length.

Lead tungstate is highly suitable for high radiation fields due to its extremely
fast response and radiation hardness. It is mechanically stable and can be cut and
shaped according to requirements. Its research and development has been mostly
geared towards applications in high energy physics.



SINTILATORLERDE ISIK TOPLANMASI
Isik Klavuzu

Cevreleyen Ortam (n, )

; /

Sintilator (ng)
0 < ec 0> GC

Optik 6zelligi farkli iki ortamin ara kesitindeki 1sik yansima ve kirilmalari

B.=sint(n;/ny)




SINTILATORLERDE ISIK TOPLANMASI
Nicin Isik Klavuzu kullaniliyor?

n=1 Fotocogaltici tip (hava)
n=1.5 Isik klavuzu (borosilikat)
n=1.85 Sintilasyon kristali (Nal(Tl)

Sintilator == |5k klavuzu mem) O_=Sin?(1.5/1.85) =54°
Sintilator ===)  fotocogaltici tip ™= 0.=Sin1(1/1.85) =320
Isik klavuzu mmmsp ~ fotogogaltici tip mmmp ©6_=Sint(1/1.5) =42

O, / Istk gecirgenligi /

D<0O

c



Nal(Tl) Dedektdru ve Fotogogaltici tip

Sintilasyon
Fotonlari

Nal(TI)
Kristali /
\

MgO veya Al,O,

<+<— Aliminyum

Optik Koruyucu
Pencere Foto katot
» Elektronlar
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Nal(Tl) Dedektori ve Fotogogaltici tup

Focusing

Electrode Electron Evacuated
Multiplication Glass
Envelope
-..300 Electrical
volts 500 1 Connectors
Light or UV Photon -

Semitransparent /200
Photocathode g

Photoelectron
Dynodes

Anode

53X 53X 35X 35X 5X5%X5%X5%X5x%x5=5%=10,000,000



S-11 PM Tiiptin
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Bazi kristallere ait salinim spektrumlari ile iki farkl fotokatotun sogurma bantlari



FOTOCOGALTICI TUPLER

Kuantum Etkinligi ve Spektral Cevap

QE = Salinan fotoelektron sayisi /  Gelen foton sayisi
Ikincil Elektron Cogalimi
0 = Salinanikincil elektron sayisi /  Gelen primer elektron




SINTILATORLERDE PULS ANALIZI

1
ip l C
= I 7
i(t) =i+ ig
R C _F V(t)
v

Fototlip anot devresini temsil eden RC devresi

Bir sintilasyon olayinda meydana gelen isik fotonlarinin zaman igerisindeki
davranislari basit bir Gstel ifade ile temsil edilebilir.



ANOT AKIMI

Sintilasyon fotonlarinin olusumuna benzer olarak anotta olusan akim:
i(t) = iy eN

A, sintilatorin azalim sabitidir. Baslangic akimi ise tim puls boyunca toplanan Q
yukudur.

Q=1 i(t)dt=i,feMdt=i,/A
0 0
Bu nedenle,
i,=Q A

i(t)=Q AeM



Anotta olusan V(t) voltaj pulsunun irdelenmesi icin 6nce paralel RC devresine
giden akimin, kapasitor ve R direncinden gecen akimlarin toplami oldugu dikkate
alinirsa:

i(t) =i, +ig

Q=CV i=dQ/dt=CdV/dt

i(t) = C[dV(t) / dt] + [V(t) / R]

i(t) = Q A e™ ifadesini kullanarak ve C’ye bélerek,

[dV(t) / dt] + [1/RC] V(t) = (QA/C) e™



[dV(t) / dt] + [1/RC] V(t) = (QA/C) e™

V(0) = 0 baslangi¢ sarti ile ¢cozilmesiyle,

V(t)=[1/(A-06)1(AQ/C)[e ®t-e™M] bulunur

Burada 6 = 1 / RC anot zaman sabitinin tersidir.



Sinyal pulsunun anot ve sintilatorin azalim sabitlerine gore
Ve her sabit icin t'nin uzun ve kisa degerleri icin irdelenmesi

V(t)=[1/(A-08)1(AQ/C)[e ®t-eX]

1. Durum: Anot zaman sabitinin sintilator azalim zamanina gére uzun olmasi

(t>>t) (B<<A)

Anot azalim sabiti: 6=1/ =

Sintilatorin azalim sabiti: A =1/ t,

Vit)=(Q/C)[e VT -etts]



1.a Pulsun baslangiciicin (kisa zaman durumu ) :t <<t

Pulsun kisa stiredeki 6n kenari dikkate aliniyor. Bu
surenin uzun olan t gore ¢ok kisa olmasi gerek

Vit)=(Q/C)[1/e"" - 1/e+]

!

1

Vit)=(Q/C)[1-eM] (t<1/8)



1.b  Uzun sirede puls sekli : t >> t,

Pulsun kuyruk kismi dikkate aliniyor, bu strenin kisa
olan sintilatoérun azalim zamanina gore uzun olmasi
gerekir

V(t)=(Q/C)[1/e"T - 1/e""]

!

0

V(t)=(Q/C)[e®t]  (t>>1/A)



SINYALIN ZAMANA BAGLI DAVRANISI
(B<<A) (T>>t,)

1. Pulsun 6n kenarinin zamana bagh davranisi [ 1 - e ] ile verilirken, dogus
zamani sintilatortin ( A ) azalim sabiti ile degisir.

2. Pulsun kuyruk kisminin davranisi € 9t ile verilir ve anot devresinin zaman
sabitiile (RC=1/6) azalr.

1. Pulsun genligi basitce Q / C ile verilir, bu degere ancak 6 << A sartinda
ulastlir.

V(t)

v

v

Zaman Zaman

Istk pulsunun beklenilen davranisi Uzun zaman sabitinde anot pulsu



2. Durum: Anot zaman sabitinin sintilatér azalim zamanina gore kisa olmasi

V(t)=[1/(A-06)1(AQ/C)[e ®t-e™]

(B>>A)  (1<<t,)

Anot azallm sabiti: 6=1/ 1

Sintilatorin azalim sabiti: A =1/ t,

Vit)=(A /6)(Q/C)[ e™ - e O]



2.2 Pulsun uzun zaman durumu :t >>t

Pulsun 6n kenar davranisiicin t'nin uzun olan sintilator azalim
zamanina gore cok kisa olmasi gerek

Vi)=(AB/QC)[1/es - 1/e']

!

1

Vit)=(AB8/QC) [1-e°]



2.b Pulsun uzun zaman durumu ) :t>>7

Tum puls bilgisinin toplanmasi icin t'nin kisa slire olan t
gore uzun olmasi gerek

Vit)=(AB/QC)[1/e¥s - 1/e"]

!

0

V(t)=(A /08)(Q/C) [e ]



SINYALIN ZAMANA BAGLI DAVRANISI

1. Pulsun 6n kenarinin davranist [ 1 - e 9t ] ile verilir ve anodun zaman sabiti
ile belirlenir RC=1/06

2. Pulsun kuyruk kismi [e™ ] ile verilmekte olup sintilatdr 1sigina benzerdir

3. Pulsun maksimum genligi [A Q / 6C ] olup l’inci durumdakinden hayli
klcuktur.

V(t)

n
»

\ 4

Zaman Zaman

Isik pulsunun beklenilen davranis Kisa zaman sabitinde anot pulsu



Sintilator Elektroniginin Basit Diyagrami

Sayici

Sintilator ~ PM Tiip  Onyiikseltec Yiikselteg

Kaynak .
" ® O Analizor
/ \
Cok
Kanalli
Yiiksek Voltaj Analizor

Kaynagi



Enerji Ayirimi

Gelen gama foton enerijisi ~ Sintilatorde olusan 1sik fotonu sayisi ~ Kattottan salinan
Elektron sayisi ~ Anota gelen elektron sayisi ~ Cikis pulsunun genligi

Vie — NYs —X€ — NXe - V

1y, — 4x10* — 8-10000e —102e — 10mV

! !

1MeV ~ 3eV
250 keV » 2.5 mV
500 keV » 5 mV
1.0 meV » 10 mV



ORGANIK KRISTALLER

4 Uyarilmis seviye

Taban seviye

Atomlar aras1 mesafe

Molekulln basitlestirilmis enerji diyagrami



TIPIK ENERJI SEVIYELERI

= H H

Singlet Triplet
S
S, =—=————=c——= T
3eV S,
Vibrational
levels \
S EEEEE:"E‘E!E—” Fluorescence
Oev "0 . (Slow)
Absorption Fluorescence 10 Sn

(Fast)

a) At room temperature practically all electrons in ground state. since energy of S1 states >> 0.025 eV)

b) Incident radiation populates S1 states vibrational levels within S1 band decay radiation-less to S1 base
state, which in turn decays under emission of light to the SO band.

c) S1 can also decay to adjacent triplet levels. Since their energy is significantly lower, the decay time is
much longer.



ORGANIK KRISTALLER

Sintilasyon olayi molekulin enerji seviyesindeki gecisler ile gerceklesir ve
Sintilatorin fiziksel yapisindan bagimsizdir (kati, sivi veya gaz halinde olabilir veya
polimerlerin icine katilabilir)

Yanit sireleri son derece hizlidir (10 nSn)
Uyarilma enerjisi bir molekilden digerine transfer edilir

Sintilasyon etkinliginin arttirilmasi icin organik sintilator bir ¢dzicunun igerisine
Katilir. Radyasyon once ¢ozuclude sogurulur ve enerji sintilatore transfer edilir.

Cozucu-sintilator karisimina bazen sintilatorden salinan dalga boyunu degistiren
Bir madde daha ilave edilir. Boylelikle sintilatorin kendi 1sigini sogurmasi 6nlenir ve
PM tlipe uygun isik olusturulur.

Cok disiik atom numaralari nedeniyle gama spektrumlarinda fotopik yoktur
Compton platosu kullanilr.



SOGURULMA VE SALINIM SPEKTRUMLARININ CAKISMASI

% ¥ ] assoreTiON

m EMISSION

2\
A

Absorption
or

emission

intensity

Absorption

Emission

Wavelength A ——3

—¢.—— Photon energy 2v



SINTILASYON ISIGININ ZAMANA BAGLI DEGISIMI

Isigin T, zaman sabiti ile dogusu I(t) =1—exp(-t/T,)

Isigin T, zaman sabiti ile s6n s I(t) = exp(-t / 7¢)
Toplam puls I(t) =1, (exp(-t / T¢) - exp(-t / T,)
Ty 17;
$ BN
I(t)

t—b-



ENERGY

GECISLERDE FOTON SALINMASI

X CONFIGURATION CO—ORDINATE
Atomlar arasi mesafe

Uyarilma: A— C Cok hizl
Termaldenge C— B 10° daha uzun
Foton salinimi:  B— D

Termaldenge D-— A

C —» B ve D — A gecislerindeki enerji
molekuler veya latis vibrasyonlari ile
yok olur.



ENERGY

QUENCHING : GECISLERDE FOTON SALINMAMASI

Uyarilan elektron F'ye ulasirsa ve F— F1
gecisi foton salinmadan gerceklesirse

Uyarilma: A — C
Taban seviyeye gecis F — F1

Termal denge F1 — A

X CONFIGURATION CO—ORDINATE
Atomlar arasi mesafe



BAZI ORGANIK SINTILATORLERIN OZELLIKLERI

Material Maksimum salinimin | Sintilasyon | Azalim zamani Yogunluk
dalga boyu (nm) verimi (%) (ns) (103 kg/m3)

Antrasen 445 100 ~30 1,25
Trans-Stilben 385 ~60 4-8 1,16
NE 102 350-450 ~65 2 1,06
NE 110 350-450 60 3 1,06
NE 213 (sivi) 350-450 ~60 2 0,867
PILOT B 350-450 68 2 1,06
PILOTY 350-450 64 ~3 1,06




ORGANIK SINTILATORLER TURLERI

Saf Organik Kristaller
Yuksek sintilasyon etkinligi, yiksek yanit hizi (Antrasen, Stilben)
Sivi Organik Kristaller

Cozucu ve dalgaboyu kaydirici ile kullanilirlar, sayim etkinligi %100° ulasir
(Karbon-14 ve Tirityum sayiminda kullanilir)

Plastik Sintilatorler
Eriyik haldeki organik sintilator polimerize edilir

ince film sintilatorler

Agir iyonlarin sayiminda kullanilir. Son derece ince (10um) olan detektorden
gecen parcaciklar sayilir



