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Outline

• Scintillators for low energy (<3 MeV) gamma detection

• C e3+ activ ated scintillators

• intrinsic scintillators

• Scintillators for electromagnetic calorimeters (G eV- T eV)

• R eq u irements

• sp eed

• ligh t ou tp u t and energy resolu tion

• density

• F u tu re p rosp ects and directions of research
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History of scintillators
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• a l l o w e d  5 d → 4 f  e m i s s i o n

• f a s t  τ =  1 5 - 6 0  n s

• a b s e n c e  o f  s l o w  4 f  → 4 f  
e m i s s i o n

• λ
em

d e p e n d s  o n  h o s t

• f l u o r i d e s  ≈3 0 0  n m

• o x i d e s     ≈4 0 0  n m

• s u l f i d e s    ≈5 0 0  n m

• d o p a n t i n  h i g h  d e n s i t y  L a ,  
G d ,  a n d L u - c o m p o u n d s
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X- r a y  e x c i t e d  e m i s s i o n  s p e c t r a  o f  
C e 3+,  P r 3+,  a n d  N d 3+

λem depends on

• l a nt h a ni de

• h ost

• 2 5 0  nm <  λ C e <  7 0 0  nm

• 2 1 0  nm  <  λ P r <  4 0 0  nm

• λ N d <  2 0 0

• sl ow  4 f → 4 f  em i ssi on P r  

a nd N d
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Scintillator performances

P u l s e - h e i g h t  s p e c t r a  ( 6 6 2  k e V  g a m m a  r a y s )
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60Co spectrum measured with prototype  
L aB r 3 : Ce scin til l ator

0 500 1000 1500
0

2000

4000

6000

8000
60Co

LaBr3:Ce3+

1.17 MeV

1.33 MeV

 

 

C
ou

nt
s

Channel



October 7, 2003 1 0

Speed of impurity activated scintillators

eE

( )pdlctir f ττττττ ν ,,,,=
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Radiative dec ay  r ate
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• d i p o l e  a n d  s p i n  a l l o w e d  t r a n s i t i o n s

• l a n t h a n i d e  5 d → 4 f  e m i s s i o n  C e 3+,  P r 3+,  N d 3+,  E u 2 +

• s 2 - e l e m e n t s T l +,  P b 2 +,  B i 3+  ( s p i n  f o r b i d d e n )

• c h a r g e  t r a n s f e r  l u m i n e s c e n c e

• c o r e  v a l e n c e  l u m i n e s c e n c e

• Y b 2 + + h V B → Y b 3+
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Limits to the decay time of impurity 
activ ated scin til l ators

activator Dip.
All.

Spin all. τ (ns)

Ce3+ d-f Yes 17-60
Pr3+ d-f Yes 10-30
Nd3+ d-f Yes 5-15
Eu2+ d-f Yes 700-1000
Tl+ p-s No > 200
Pb2+ p-s No > 200
Bi3+ p-s No > 200
STE π-σ No >1000
CVL CT Yes ≈ 1
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Core- v a l en c e L u m i n es c en c e i n  

Cs 2 L i Y Cl 6 : Ce3 +

Interfacultair R eacto r Ins tituut

Core  5p Cs

5d

4f

CB

Ce
luminescence

2F5/2

2F7/2

Core-Valence
luminescence

V B 3 p  Cl

~  1 5 - 2 5  e V
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Properties of CVL materials

• v e r y  f a s t  d e c a y  0 . 8 - 2  n s

• p o o r  l i g h t  y i e l d  7 0 0 - 2 0 0 0  p h o t o n s / M e V

• C V L  i s  o n l y  p o s s i b l e  i n  K , R b ,  a n d  C s  h a l i d e s ,  
a n d  B a F

2

• i t  h a s  n e v e r  b e e n  o b s e r v e d  i n  o x i d e s

• r e l a t i v e l y  l o w  d e n s i t y
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Efficiency of impurity activated 
s cintil l ators

eE

( )pdlcehdph QSNfN ηη ,,,,=
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LaCl3 : Ce 3+ e m i s s i o n  an d  d e c ay
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The LaX3 : C e s er i es
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Limits to the energy resolution
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Future prospects impurity activated 
scin til l ators

• Study of small band gap (3- 4  e V )  mate r i als

• >  1 0 0 . 0 0 0  ph / M e V  i s fe asi ble

• e ne r gy r e soluti on be low  2 %  @  6 6 2  k e V

• P D  and A P D  r e adout of long w av e le ngth  C e 3+

e mi ssi on

• pr e se nt study

• L aI 3: C e
3+ E g  ≈ 3. 5  e V 4 5 0 ,  5 0 0  nm

• K 2 L aI 5 : C e
3+ E g  ≈ 4 . 5  e V 4 0 5 ,  4 4 5  nm

• L uI 3: C e
3+ E g  ≈ 4 . 1  e V    4 7 5 ,  5 2 0  nm
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Scintillator requirements for the 
E L O I SA T R O N  calorimeter

• Bunch spacing: τb <  2 0  ns

• r e q uir e m e nt :

• cr y st al  l e ngt h: >  2 5  cm

• cr e at io n t im e  io niz at io n t r ack : τi ≈ 1  ns

• l ight  co l l e ct io n t im e : τl c ≈ 3  ns

• ul t im at e  r e spo nse  t im e : τr ≈ 4  ns

• scint il l at io n d e cay : τν <  4  ns

( ) nsf bpdlctir 54/,,,, =<= τττττττ ν
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ELOISATRON calorimeter
s p eed  con s id eration s

• Ce3+ i s  t o o  s l o w

• P r 3+ a n d  N d 3+ a r e f a s t er ,  b u t  i n  a d d i t i o n  s l o w  4 f → 4 f  
em i s s i o n .  E m i s s i o n  a t  t o o  h i g h  en er g y  f o r  r ea d -o u t

• CV L  i s  f a s t  ( n s )  b u t  l i m i t ed  t o  t o o  l o w  d en s i t y  ( h a l i d e)  
m a t er i a l s

• R em a i n i n g  o p t i o n

• q u en c h ed  l u m i n es c en c e
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Internal luminescence quenching
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LaI3: C e ;  q u e n c h i n g  v i a t h e  c o n d u c t i o n  b an d ?
T evolution

Interfacultair R eacto r Ins tituut
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Quenching of PbWO
4

em is s ion
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ELOISATRON calorimeter
lig h t y ield  an d  res olu tion  con s id eration s

( )
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E
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E

E ⊕⊕=σ

• a t  T e V  e n e r g i e s  s t o c h a s t i c  t e r m  a n d  n o i s e  
c o n t r i b u t i o n  v a n i s h  a n d  l a s t  t e r m  r e m a i n s

• e n e r g y  l e a k a g e

• i n t e r c a l i b r a t i o n  e r r o r s

• i n h o m o g e n i t i e s  a n d  r a d i a t i o n  d a m a g e

• t e m p e r a t u r e  f l u c t u a t i o n s

C o n c l u s i o n

c r y s t a l  q u a l i t y  i s  m o r e  i m p o r t a n t  t h a n  l i g h t  y i e l d

N . B .  1  p h o t o n / M e V → 1 0 6 p h o t o n s / T e V

l i g h t  o u t p u t  c a n  b e  t r a d e d  o f f  a g a i n s t  f a s t e r  d e c a y
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• Requirement: optically transparent + high density 

• transparency

• w ide b and gap inorganic compound

• ab sence of  optically activ e electrons

• ions w ith closed shell conf iguration

• D ensity

• high atomic numb er of cations and/ or anions

• small radius of cations and anions

• high ratio of  cations to anions

• large pack ing f raction of  the lattice

ELOISATRON calorimeter
d en s ity  con s id eration s
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Density of binary compounds
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Ionic radii of anions in inorganic 
com p ou nds
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What compound can do the job?

• H i g h  d e n s i t y  o f  f l u o r i d e s ,  o x i d e s ,  a n d  n i t r i d e s  i s  
r e l a t e d  w i t h  s m a l l  i o n i c  r a d i u s

• D e n s i t y  L u F 3< L u 2O 3< L u N b e c a u s e  o f  h i g h e r  c h a r g e  
o f  a n i o n → l a r g e r  c a t i o n / a n i o n  r a t i o

• N i t r i d e  c o m p o u n d s  i s  n o t  a  f e a s i b l e  o p t i o n  f o r  
c a l o r i m e t e r

C o n c l u s i o n
T h e  h i g h e s t  d e n s i t y  c o m p o u n d s  m u s t  b e  f o u n d  
a m o n g s t  t h e  o x i d e s
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Ionic radii of high atomic number
cations
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Future prospects and directions for 
research

• Ultimate density of 10 g/cm3 is feasib le

• to ob tain τν <  4 ns,  a q u ench ed lu minescence 
mech anism is needed

• imp u r ity activ ation may intr odu ce p r ob lems w ith

• tr ansfer  time

• concentr ation gr adients →inh omogeneity

• r adiation h ar dness

• A  q u ench ed intr insic lu minescence mech anism is th e 
b est op tion
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Future prospects and directions for 
research

• 3P 1 →1 S 0 e m i s s i o n  i n  Pb 2 + o r  B i 3+

• Pb - c o m p o u n d s  a r e  m o r e  d e n s e  t h a n B i - c o m p o u n d s

• Pb - c o m p o u n d s  w i t h  s i m i l a r  p r o p e r t i e s  a s  Pb W O 4 b u t  
h i g h e r  d e n s i t y  s h o u l d  b e  s e a r c h e d  f o r .

• C e 3+ e m i s s i o n  i n  Pb - c o m p o u n d s  h a s  n e v e r  b e e n  
o b s e r v e d  

• Pb H f O 3 h a s  a  d e n s i t y  o f  1 0 . 2  g / c m
3


