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SCINTILLATION TECHNIQUES AND OPTICAL DEVICES

SUMMARY REPORT OF THE WORKING GROUP

A . Q r o t t

F e r m i N a t i o n a l A c c e l e r a t o r L a b o r a t o r y . B a t a v i a , II 6 0 5 1 0

R. R u c h t i
U n i v e r s i t y of N o t r e D a m e , N o t r e D a m e . In 46556

W. B i n n s , W a s h . D . S t . L o u i s A . L l o v u i n g , D . of B e r g e n
M. B o u r d i n a u d , S a c l a y A . L o n g o n i , P o l i t e c . di M i l a n o
G. H a l l . I n p e r i a l C o l l e g e R. M c l n t y r e , R C A , I n c . C a n a d a
J. K i r k b y . C E R N D . P o t t e r , C a r n e g i e - M e l l o n D .

I. INTRODUCTION

S c i n t i l l a t i o n d e t e c t o r s h a v e a l w a y s b e e a e s s e n t i a l
e l e m e n t s of h i g h e n e r g y p h y s i c s e x p e r i m e n t s , p a r t i c u l a r l y
f o r t r i g g e r i n g , h o d o s c o p y , a n d c a l o r i m e t r y . S e v e r a l d e c a d e s
a g o , a t t e m p t s w e r e m a d e to u t i l i z e t h e s e d e v i c e s as t r a c k i n g
d e t e c t o r s , by i m a g i n g t h e s p a t i a l d i s t r i b u t i o n o f
s c i n t i l l a t i o n p h o t o n s w i t h i m a g e i n t e n s i f i e r s . A l t h o u g h t h e
t e s t s s h o w e d p r o m i s e , l a c k of i m a g e i n t e n s i f i e r t e c h n o l o g y
a n d t h e s u c c e s s e s of the b u b b l e c h a m b e r t e c h n i q u e at t h e
t i m e l i m i t e d t h e e x t e n t of t h e e f f o r t .

H o w e v e r , o v e r t h e l a s t 1 5 y e a r s , t h e t e c h n o l o g i c a l
s i t u a t i o n h a s c h a n g e d d r a m a t i c a l l y w i t h :

( 1 ) s o p h i s t i c a t e d i m a g e i n t e n s i f i c a t i o n s y s t e m s n o w
a v a i l a b l e u s i n g e l e c t r o s t a t i c a l l y f o c n s s e d ( G e n - I ) ,
eaic r ochanne 1 — pi a te ( Ge n- 11, III ) , and p r oi im i ty- f ocu s s e d
photodiode intensifier tubes;

( 2 ) h i g h r e s o l u t i o n e l e c t r o n i c c a m e r a s s u c h a s
V I D I C O N . P L U M B I C O N , N E W V I C O N , C C D . C I D . a n d S I T d e v i c e s ; a n d

( 3 ) m a j o r a d v a n c e s i n t h e f i e l d o f f i b e r o p t i c s ,
i n c l u d i n g t h e c a p a b i l i t y t o d r a w c l a d d e d f i b e r s o f g l a s s a n d
p l a s t i c i n t o s i n g l e s t r a n d s , c o h e r e n t b u n d l e s , f u s e d
m a l t i f i b e r s , a n d c o h e r e n t f i b e r - o p t i c p l a t e s .

A d d i t i o n a l l y , r e c e n t e x p e r i m e n t s h a v e c o n t i n u e d t o
p l a c e m o r e s t r i n g e n t r e q u i r e m e n t s o n d e t e c t o r s , f o r e x a m p l e :

( 1 ) t h e a b i l i t y t o o p e r a t e a t h i g h r a t e s a n d i n h i g h
r a d i a t i o n e n v i r o n m e n t s ;

( 2 ) t o s e l e c t a n d i d e n t i f y r a r e p r o c e s s e s f r o m a u o c g
m a n y i n t e r a c t i o n s ; a n d

( 3 / t o h a v e e x c e l l e n t s i n g l e t r a c k a n d m u l t i t r a c k
r e s o l u t i o n .



It is e x p e c t e d t h a t f u t u r e e x p e c i m e at i, p a r t i c u l a r l y
t h o s e w h i c h m u s t o p e r a t e s u c c e s s f u l l y a t t h e 1 0 * ' l u m i n o s i t y
of the S S C . w i l l p l a c e e v e n g r e a t e r d e m a n d s o n d e t e c t o r
p e r f o r m a n c e . C o n s e q u e n t l y t h i s h a s f o r c e d t h e h i g h e n e r g y
p h y s i c s c o m m u n i t y to r e a s s e s s t h e e f f i c a c y of p a r t i c l e
t r a c k i n g in g e n e r a l at m a c h i n e s s u c h as the S S C a n d of
m i c r o v e r t e x d e t e c t i o n a n d h i g h r e s o l u t i o n t r a c k i n g in
p a r t i c u l a r .

C o n v e n t i o n a l c h o i c e s f o r t r a c k i n g d e t e c t o r s a r e s i l i c o n
m i c r o - s t r i p d e t e c t o r s , C C D s . a n d g a s c h a m b e r s u t i l i z i n g
s m a l l d r i f t c e l l s or i n n o v a t i v e c e l l s t r u c t u r e s , o f t e n with,
o p e r a t i o n a t e l e v a t e d p r e s s u r e s . Each, of t h e s e t e c h n i q u e s
h a s i t s s t r e n g t h s a n d w e a k n e s s e s . T a b l e I c h a r a c t e r i z e s
s e v e r a l of t h e i m p o r t a n t f e a t u r e s o f t h e s e d e v i c e s . A
c r i t i c a l a s s e s s m e n t of t h e t a b l e w o u l d i n d i c a t e t h a t n o n e of
t h e c o n v e n t i o n a l d e t e c t o r s r e p r e s e n t s a s a t i s f a c t o r y
s o l u t i o n t o t h e t r a c k i n g p r o b l e m . T h i s h a s l e d a n u m b e r of
g r o u p s t o p u r s u e a n a l t e r n a t i v e a p p r o a c h to t r a c k i n g b a s e d
o n s c i n t i l l a t i n g o p t i c a l f i b e r s a n d h e n c e t o a r e t u r n t o t h e
c o n c e p t of s c i n t i l l a t i o n i m a g i n g .

T h e f i r s t s t e p s in t h e r e b i r t h of t h i s f i e l d o c c u r r e d
in t h e l a t e 1 9 7 0 s w i t h t h e w o r k of B o r e n s t e i n a n d S t r a n d o n
p l a s t i c s c i n t i l l a t i o n f i b e r s a n d o f P o t t e r , w h o s e N a l
s c i n t i l l a t i o n c a m e r a r e p r e s e n t s t h e m o d e r n v e r s i o n of t h e
c l a s s i c a l , b u l k - s c i n t i l l a t o r i m a g i n g s y s t e m d e v e l o p e d c i r c a
1 9 6 0 . A s i g n i f i c a n t a d v a n c e o c c u r e d d u r i n g t h e p e r i o d
1 9 8 2 - 4 w i t h t h e d e m o n s t r a t i o n b y t h e N o t r e D a m e g r o u p , f i r s t
w i t h T e r b i u m ( 3 + ) a n d t h e n w i t h C e r i u m ( 3 + ) s c i n t i l l a t i n g
g l a s s e s , t h a t h i g h r e s o l u t i o n t r a c k i n g a n d v e r t i c i i i a g w a s
p o s s i b l e in c u b i c — i n c h — s i z e d c o h e r e n t f i b e r - o p t i c p l a t e s
c o m p o s e d o f u p to 1 0 * c l a d d e d , o p t i c a l f i b e r s of f a a l l c r o s s
s e c t i o n , > 1 5 urn. I m a g i n g in t h e t e s t s y s t e m w a s e f f e c t e d
b y c o n t a c t o r p r o x i m i t y f o c u s s i n g , a n d t h e s y s t e m w a s
t r i g g e r a b l e ( g a t e a b l e ) , h e n c e c a p a b l e of h i g h r a t e
o p e r a t i o n . W i t h t h e a b i l i t y to r e c o r d t r a c k s in f i b e r s a n d
w i t h the e l i m i n a t i o n o f l e n s c o u p l i n g , o n e c o u l d t h e n
e n t e r t a i n t h e p o s s i b i l i t y o f u s i n g t h e t e c h n i q u e f o r t h e
f a b r i c a t i o n o f d e t e c t o r s c o m b i n i n g s i m u l t a n e o u s l y t h e
a t t r i b u t e s o f h i g h s p a t i a l r e s o l u t i o n , h i g h r a t e o p e r a t i o n ,
a n d l a r g e f i d u c i a l v o l u m e . S i n c e t h e n , t h e r e h a v e b e e n
i m p o r t a n t i n i t i a t i v e s b y s e v e r a l g r o u p s t o d e v e l o p t r a c k i n g
d e t e c t o r s b a s e d o n g l a s s , p l a s t i c , a n d l i q u i d s c i n t i 1 1 a t o r s .
It is t h e p u r p o s e of t h i s s u m m a r y to r e v i e w t h e s t a t u s of
t h e c u r r e n t w o r k a n d t o s u g g e s t p o t e n t i a l l y p r o f i t a b l e
a v e n u e s f o r f u r t h e r d e v e l o p m e n t .

O p t i c a l f i b e r t e c h n i q u e s a r e b e i n g c o n s i d e r e d a s
i m p o r t a n t c o m p o n e n t s of c e n t r a l t r a c k i n g a n d m i c r o v e r t e x
d e t e c t o r s , f o r h i g h r e s o l u t i o n c a l o r i m e t r i c s a m p l i n g a n d
s h o w e r p r e c o n v e r s i o n , a n d a s w a v e s h i f t e r s . A s t h e
p a r t i c u l a r i n t e r e s t of t h i s w o r k i n g g r o u p w a s in p a r t i c l e
t r a c k i n g , t h e d i s c u s s i o a w h i c h f o l l o w s is d i r e c t e d
p r i n c i p a l l y t o w a r d t h i s i s s u e .



Table I

Characteristics of Current Tracking Detectors*

Detector Type Strength Weakness

Silicon la-strip:

CCD's

Drift Chambers

Scintillating Fiber
Detectors

Efficiency
Single Track. Resolution
(< 5pm)
Two Track Resolution
(> 50vun)
Fast Response

Efficiency
Single Track Resolution
(< 5um)
Two Track Resolution

Efficiency
Single Track Resolution
(> 80Vta)

Single Track Resolution

Two Track Resolution
(> 80pm)
Radiation Resistance is
good
Large volume coverage
Multiplexing simple
High granularity and
measurement density
Inexpensive

Radiation resistance of
on chip amplification,
etc.

Power dissipation
high
Multiplexing of
many chips
Cost

Slow readout
Cost

Two Track Resolution
(~mm)
Radiation resistance
Integration time
(Due to drift)

For glass fibers
attenuation length
is < 5 cm
For plastic fibers
resolution is coarse
> 0,5 mm
Integration time
(Due to phosphor
screens)

*This table is meant to indicate strengths and weaknesses of current devices.
It is a goal of this conference to indicate how all of these systems can be
improved with new R & D.



I I . S o i n t i l l a t i n s T r t o k l & | D a t t o t o n

T h e f u n d a m e n t a l s t r u c t u r e of a s c i n t i l l a t i o n t r a c k i n g
d e t e c t o r is t h e f i b e c - o p t i c w a v e g u i d e . A s c h e m a t i c d i a g r a m
of a g e n e r i c g u i d e is s h o w n in F i g . 1 . It c o n s i s t s o f a
s c i n t i l l a t i n g c o r e m a t e r i a l of i n d e x n , a B O B - S C i n t i 1 1 a t i n 6

c l a d d i n g o f index. Q 1 < n L > a n d a n o p t i o n a l c o a t i n g c a l l e d
e x t r a - m u r a l a b s o r b e r ( E M A ) w h i c h is t y p i c a l l y a n o p t i c a l l y
a b s o r b i n g g l a s c l a y e r or a l u m i n u m r e f l e c t i v e l a y e r w h i c h
r e s i d e s o n t h e e x t e r n a l s u r f a c e of t h e c l a d d i n g .

Fig. 1 Schematic of a fiber
optic w a v e g u i d e .

D e s i r a b l e p r o p e r t i e s f o r t h i s f i v e g u i d e s y s t e m a r e :

( 1 ) t h e q u a n t u m e f f i c i e n c y of t h e c o r e s c i n t l l l a t o r
s h o u l d b e h i g h ;

( 2 ) it s h o u l d p r o v i d e e x c e l l e n t l i g h t t r a n s m i s s i o n ,
w h i c h , r e q u i r e s :

( a ) t h e i n d e x d i f f e r e n c e A n - n L — n s b e t w e e n c o r e
a n d c l a d d i n g m a t e r i a l s be a s l a r g e a s p o s s i b l e t o
o p t i m i z e l i g h t c o l l e c t i o n b y t o t a l i n t e r n a l
r e f l e c t i o n ;

( b ) t h e c l a d d i n g m a t e r i a l s h o u l d b e t h i c k e n o u g h to
c o n t a i n t h e e v a n e s c e n t w a v e ( t o a s s u r e w a v e
p r o p a g a t i o n a l o n g t h e g u i d e ) y e t s u f f i c i e n t l y t h i n
t h a t m o s t of t h e v o l u m e of t h e f i b e r is a c t i v e
m a t e r i a l ;

( c ) E M A s h o u l d be i n c o r p o r a t e d a s n e c e s s a r y to a b s o r b
u n t r a p p e d l i g h t ( i . e . e l i a i n a t e " c r o s s - t a l k " ) ;

( 3 ) t h e a t t e n u a t i o n l e n g t h f o r t h e o p t i c a l w a v e g u i d e s
s h o u l d be l o n g - of o r d e r m e t e r s f o r l a r g e v o l u m e t r a c k i n g
d e t e c t o r s , a n d o f o r d e r s e v e r a l c e n t i m e t e r s f o r a c t i v e
t a r g e t s ;

( 4 ) a n d r a d i a t i o n r e s i s t a n c e of t h e m a t e r i a l s s h o u l d
b e g o o d - t h i s a p p l i e s t o b o t h c o r e a n d c l a d d i n g m a t e r i a l s .



A. S c i n t i l l a t i o n M a t e r i a l s :

C a n d i d a t e co
pl a s t i c or l i q u i d
of c u r r e n t l y d e v e
e f f i c i e n c y re I a t
d e p o s i t e d e n e r g y )
e f f i c i e n c y c o m p a
s c i n t i l l a t o r s a r e
m e a n t to s e r v e
e f f i c i e n t n i t e i i i
c a n be a c h i e v e d w

re m a t e r i a l s may be der
sc i n t i 1 1 a t o r s . T a b l e

l o p e d m a t e r i a l s i n d i c a t
ive to B G O (BGO = 10

Pl a s t i c a nd l i q u i d s
rab l e to B G O , w h e r e a s t
r o u g h l y 4 0 % as e f f i c i e n t
as a g u i d e o n l y . It

Is and i m p r o v e m e n t s in a
ith f a r t h e r R and D .

ived from g l a s s ,
II p r e s e n t s a list
ing s c i n t i l l a t i o n
p h o t o n s per keV of
c i n t i l l a t o r s h a v e
he b r i g h t e s t g l a s s

The t a b l e is
is h o p e d t h a t a o r e
t t e n a a t i o n l e n g t h

Table II

Fiber Properties*

Material

Polystyrene8

Polystyrene

Polystyrene0

(PBD + .02%
3-HF)

Scintillation
Efficiency

10 Photons/Kev

10

12

Attenuation
Length

120 cm

120

90

Diameter

1 mm

1

1

Glass GSl/SC20a 3-4

Liquids

i-Methylnapthalene
+BIS/MSB 10

1-Phenylnapthalene
+DPH
+DPA 10

<20
- 4

> 2.5

> 2.5

1
0.025

0.050

0.050

a) R. Binns, Washington University, St. Louis
b) R. Bourdinaud, SACLAY
c) A. Bross, Fermilab and R. Binns
d) R. Ruchti, Notre Dame, and A. Bross and J. Kirkby, CERN
e) D. Potter, Carnegie-Mellon University

*Please refer to contributions to these proceedings by the various authors
for further details.



11. F i b e r M t n u f t c t u r e :

T a b l e I I I l i s t s s e v e r a l m a n u f a c t u r e r s o f p l a s t i c a n d

g l a s s f i b e r s f o r h i g h e n e r g y p h y s i c s . I n t h e c a s e o f

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

o w n a n d u t i l i z e g l a s s c a p i l l a r y a r r a y s t o p r o v i d e t h e

c o n t a i n m e n t f o r t h e l i q u i d .

Table III

Scinti l lat ing Fiber Manufacture

Plastics: Saclay, France

Washington University, St. Louis, MO, USA

Fiber Optic Development Systems, Santa Barbara, USA

Galileo, Sturbrldge, MA, USA

Glasses: Levy-Hill Laboratories, UK

SES Technology Consultants, UK

Collimated Holes, Inc . , Campbell, CA, USA

Liquids (Capillaries):

Collimated Holes, Inc . , Campbell, CA, USA

Galileo, Sturbridge, MA, USA

C . P r o p e r t i e s o f S c i n t i l l a t i o n M a t e r i a l s a n d W a v e g u i d e s :

P l a s t i c a n d g l a s s w a v e g u i d e s h a v e b e e n p r o d u c e d
r o u t i n e l y w i t h A n = U j - a , ^ 0 . 1 . I n c r e a s i n g An
f u r t h e r i s d e s i r a b l e b e c a u s e i t i m p l i e s m o r e e f f i c i e n t l i g h t
t r a p p i n g . T h i s m a y b e a c c o m p l i s h e d b y i n c r e a s i n g t h e c o r e
i n d e x a n d / o r d e c r e a s i n g t h e c l a d d i n g i n d e x .

How o n e s i t s a b o u t t o a c h i e v e t h e s e a d j u s t m e n t s i n
r e f r a c t i v e i n d i c e s d e p e n d s u p o n t h e a p p l i c a t i o n . F o r t h e
e x a m p l e o f g e n e r a l p a r t i c l e t r a c k i n g , w h e r e m u l t i p l e
s c a t t e r i n g a n d b r e m s s t r a h l u n g a r e i m p o r t a n t c o n c e r n s , o n e
d e s i r e s l a r g e v a l u e s o f o t i n c o m b i n a t i o n w i t h l o w m a t e r i a l
d e n s i t y ( l o n g e f f e c t i v e r a d i a t i o n l e n g t h ) . F o r c a 1 o r i m e t r i c
f i b e r s o r s h o w e r p r e c o n v e r t e r s . o n e w o u l d h o p e t o a c h i e v e
h i g h Hj, i n c o n j u n c t i o n w i t h h i g h m a t e r i a l d e n s i t y ( a n d s h o r t
r a d i a t i o n l e n g t h ) .



T a b l e IV i n d i c a t e s s o m e i n i t i a l a t t e m p t s t o i n c r e a s e

t h e r e f r a c t i v e i n d e x f o r C e r i u m ( 3 + ) b a s e d g l a s s e s . T h e s e

e f f o r t s v e t s s u c c e s s f u l in d e v e l o p i n g
m a t e r i a l s : n 1 i n c i e a s e w a s a s s o c i a t e d
r a d i a t i o n l e n g t h . T h e q u a n t u m e f f i c i e n c y h a s

c a l o r i m e t r i c

w i t h r e d u c e d

a l s o d r o p p e d

i n d i c a t i n g

n o c e s i a r y .

t h a t f u r t h e r o p t i m i z a t i o n o f t h e c o m p o s i t i o n i s

T a b l e IV

PROPERTIES OF SCINTILLATING GLASSES CONTAINING C e ( 3 + )

PROPERTY NRL GS1/SC20 SC20HT SC40 SC40UT SC56 SC61

Refractive index.
Density (g/cc)
Efficiency(NRL=l)
Radiation Length(cm)
Emission maximum (am)
Fluorescence decay at

emicsion maximum(ns)

1.58
2.69

1
9

395

1.56
2.62
4 - 5
9 . 7
395

1.51
2.40
2-3
10.4
403

1.58
3 .00
3 - 4
6 . 5
404

1.55
2 . 7 0
2-3
7 . 2
—

l.iy
3 . 3 4

2
« . 5 5
403

4 . 3 4
0 . 3
2 . 2 8
4S8

48 48 56 — — —

NRL i s a r a d i a t i o n r e s i s t a n t g l a s s which a l s o s c i n t i l l a t e s .

The b a s e g l a s s c o m p o s i t i o n f o r c u r r e n t s c i n t i l l a t i o n f i b e r s i s GS1/SC20.

G l a s s e s SC20HT and SCAOHT h a v e Na added t o improve f l u i d i t y - h i g h t e m p -
e r a t u r e p r o p e r t i e s o f the g l a s s .

SC40, SC40HT, SC56 and SC61 h a v e Ba added t o i n c r e a s e r e f r a c t i v e i n d e x
o f the g l a s s .

A f l u o r i d a t e d v e r s i o n of SC30 i s y e t t o be t e s t e d .

Measurements by A. B r o s s and R. R u c h t i .

The o p t i m u m c l a d d i n g m a t e r i a l i s t h a t w i t h t h e l o w e s t
p o s s i b l e v a l u e o f u x . I n t h e c a s e o f h a r d c l a d d i n g s f o r
p l a s t i c f i b e r s , t y p i c a l v a l u e s o f n 2 a r e 1 . 5 0 f o r a c r y l i c s
a n d 1 . 4 6 f o r v i n y l a c e t a t e . F o r s i l i c a t e c l a d d i n g g l a s s e s ,
t y p i c a l n , v a l u e s a r e 1 . 4 9 f o r N 5 1 A , 1 . 4 7 f o r p y r e x . a n d
1 . 4 6 f o r f u s e d s i l i c a . T h e s e a r e t o be t a k e n a s
r e p r e s e n t a t i v e o f m a t e r i a l s f o r w h i c h f i b e r d r a w i n g i s
p o s s i b l e . S o f t c l a d d i n g s , b a s e d o n m a t e r i a l s s u c h a s
s i l i c o n e , h a v e l o w e r i n d e x 1 . 3 5 . b u t are
l e s s d e s i r a b l e f r o m t h e s t a n d p o i n t o f h a n d l i n g .

f r a g i l e a n d



E x t r a m u r a l a b s o r b e r h a s b e e n f o u n d t o be n e c e s s a r y , in
g e n e r a l . to m i n i m i i e c r o s s t a l k in f i b e r l a t t i c e s . I n t h e
c a s e of s c i n t i l l a t i o n m a t e r i a l s , t h i s is i m p o r t a n t f o r t w o
r e a s o n s . F i r s t , if A n s O . 1 , t h e n t y p i c a l l y l e s s t h a n 1 0 %
o f t h e s c i n t i l l a t i o n l i g h t is t r a p p e d w i t h i n a g i v e n o p t i c a l
f i b e r . T h e b u l k o f t h e l i g h t ( 9 0 % ) is f r e e to p r o p a g a t e
a c r o s s f i b e r b o u n d a r i e s , a n d h e n c e p r o v i d e s n o i n f o r m a t i o n
a s to i t s p o i n t o f o r i g i n w i t h i n t h e f i b e r l a t t i c e . S e c o n d ,
m o s t s c i n t i l l a t i o n m a t e r i a l s h a v e t h e p r o p e r t y of
s e l f - a b s o r p t i o n . I n t h e c a s e o f g l a s s a n d i n o r g a n i c
sc i nt il U t o r t , t h i s is u n i n t e n t i o n a l a n d u n d e s i r a b l e , a n d i s
d u e to f o r e i g n i m p u r i t i e s o r i m p r o p e r v a l e n c e s t a t e s i n t h e
m a t e r i a l . I n t h e c a s e of p l a s t i c s c i a t i l U t o r s , h o w e v e r ,
t h i s p r o p e r t y is n o t o n l y i n t e n t i o n a l , b u t is e z p l o i t e d - to
s h i f t t h e w a v e l e n g t h o f t h e p r i m a r y ( f o r e x a m p l e ~ 3 0 5 n m
f o r p o l y s t y r e n e ) i n t o t h e v i s i b l e s p e c t r u m . S e v e r a l s o l u t e s
a r e u s e d t o a c c o m p l i s h t h i s . W h i l e t h i s s h i f t i n g p r o c e s s i s
e x t r e m e l y e f f i c i e n t , it o c c u r s o v e r a s p a t i a l v o l u m e w h o s e
s i z e is d i c t a t e d b y t h e m e a n f r e e p a t h f o r a b s o r p t i o n o f
i n t e r m e d i a t e r a d i a t i o n - t y p i c a l l y l m n . T h i s i m p l i e s t h a t
t h e r e s u l t a n t l i g h t e m i s s i o n i s n o n - l o c a l r e l a t i v e t o t h e
o r i g i n a l e n e r g y d e p o s i t i o n o n a ~ l m m d i s t a n c e s c a l e . T h u s
o n e e x p e c t s p l a s t i c f i b e r s t o b e c o m e v e r y i n e f f i c i e n t t o r
c o h e r e n t p a r t i c l e t r a c k i n g f o r f i b e r d i a m e t e r s w e l l b e l o w
l m m u n l e s s n e w m a t e r i a l s c a n b e d e v e l o p e d w h i c h a v o i d
i n t e r m e d i a t e r a d i a t i v e t r a n s i e r s . O n e p o s s i b i l i t y is t h e
u s e of 3 - H y d r o x y f 1 a v o n e ( 3 - H F ) in p o l y s t y r e n e ( s e e A . B r o s s
i n t h e s e p r o c e e d i n g s ) ; a n o t h e r is t h e u s e o f l i q u i d
s c i n t i 1 la t o r s i n c a p i l l a r i e s ( s e e D . P o t t e r i n t h e s e
p r o c e e d i n g s ) . I n t h e l a t t e r c a s e , t h e e n e r g y t r a n s f e r
b e t w e e n s o l v e n t a n d s o l u t e is o v e r s h o r t d i s t a n c e a n d
n o n r a d i a t i v e .

G l a s s s c i n t i l l a t o r s , l i k e i n o r g a n i c s c i n t i 1 1 a t o r s ,
f l u o r e s c e b y e n e r g y t r a n s f e r t o a c t i v a t i o n c e n t e r s - f o r
C e r i u m b a s e d g l a s s e s , t h e s e a r e C e r i u m ( 3 + ) s i t e s . T h i s
e n e r g y t r a n s f e r p r o c e s s is o f s h o r t r a n g e a n d i s
n o n - r a d i a t i v e , w i t h s u b s e q u e n t C e l i g h t e m i s s i o n l o c a l t o
t h e o r i g i n a l e n e r g y d e p o s i t i o n . T h i s p e r m i t s t r a c k i m a g i n g
i n f i b e r s o f v e r y s m a l l c r o s s s e c t i o n , £ 1 5 u a . H o w e v e r ,
C e r i u m - b a s e d g l a s s e s p r e s e n t a d i f f e r e n t a n d f u n d a m e n t a l
c o m p l i c a t i o n : s e 1 f — a b s o r p t i o n d u e t o t h e p r e s e n c e o f t h e
v a l e n c e s t a t e C e r i u m ( 4 + ) i n t h e g l a s s . C e ( 3 + ) a n d C e ( 4 + )
a r e p r o d u c e d i n o x i d a t i o n r e a c t i o n s w h i c h o c c u r d u r i n g t h e
m e l t i n g p r o c e s s . U n f o r t u n a t e l y , C e ( 4 + ) h a s a b r o a d
a b s o r p t i o n b a n d w h i c h c o m p l e t e l y o v e r l a p s t h ? e m i s s i o n f r o m
C e ( 3 + ) . If p r e s e n t in s u f f i c i e n t c o n c e n t r a t i o n , t h e 4 +
s t a t e w i l l e f f e c t i v e l y a b s o r b a w a y t h e d e s i r e d s c i n t i l l a t i o n
l i g h t . It is b e l i e v e d t h a t t h e s h o r t a t t e n u a t i o n l e n g t h o f
c u r r e n t C e r i u m g l a s s e s s u c h a s G S 1 / S C 2 0 is d u e to t h e
p r e s e n c e of C e ( 4 + ) a t t h e f e w p e r c e n t l e v e l . E l i m i n a t i o n o f
t h i s u n d e s i r a b l e v a l e n c e s t a t e r e q u i r e s c a r e f u l c o n t r o l o f
t h e g l a s s p r o d u c t i o n p r o c e s s , w i t h s p e c i a l a t t e n t i o n t o t h e
u s e o f r e d u c i n g o r i n e r t a t m o s p h e r e t h r o u g h o u t . S t u d i e s o f
C e r i u m c o n c e n t r a t i o n a r e c u r r e n t l y in p r o g r e s s ( s e e
J. K i c k b y , t h e s e p r o c e e d i n g s ) .



I). A t t e n u a t i o n L e n g t h

A t t e n u a t i o n l e n g t h s of c u r r e n t l y u s e d m a t e r i a l s a r e
p r e s e n t e d in T a b l e I I , a n d a r e in t h e m e t e r r a n g e f o r
p l a s t i c f i b e r s o f l m m d i a m e t e r , a n d in t h e 4 - 5 c m r a n g e f o r
g l a s s f i b e r s o f ~ 25(im d i a m e t e r a n d f o r l i q u i d s c i n t i 1 1 a t o r
c a p i l l a r y a r r a y s o f ~ 5 0 ( i m d i a m e t e r . T h e s e v a l u e s a r e
t h o u g h t t o b e d o m i n a t e d i n t h e c a s e o f p l a s t i c s a n d g l a s s e s
b y i r r e g u l a r i t i e s i n t h e c o r e / c 1 a d d i n g i n t e r f a c e a n d
A d d i t i o n a l l y b y so 1 f - a b s o r p t i o n a n d l o c a l d e n s i t y
v a r i a t i o n s , s u c h a s c r y s t a l l i z a t i o n , i n t h e c a s e of g l a s s e s .

C u r r e n t e x p e r i e n c e a l s o i n d i c a t e s t h a t a s t h e d i a m e t e r
o f p l a s t i c f i b e r s i s r e d u c e d , so a l s o i s t h e a t t e n u a t i o n
l e n g t h . F o r a c r y l i c p l a s t i c m u l t i f i b e r s o f t h e t y p e
f a b r i c a t e d b y W a s h i n g t o n U n i v e r s i t y S t . L o u i s ( s e e W .
B i n n s , t h e s e p r o c e e d i n g s ) , t h e a t t e n u a t i o n l e n g t h i s f o u n d
t o b e ~ 6 0 c m f o r f i b e r s o f lOOjim c r o s s s e c t i o n a n d w i t h n o
E M A b e t w e e n f i b e r s . O n e e x p e c t s t h e a t t e n u a t i o n l e n g t h t o
d e t e r i o r a t e f u r t h e r w i t h s m a l l e r d i a m e t e r a n d E M A u s a g e , a t
l e a s t f o r c o n v e n t i o n a l p l a s t i c m a t e r i a l s .

It i s h o p e d t h a t n e w d e v e l o p m e n t s i n g l a s s e s a n d
p l a s t i c s , m a n y o f w h i c h a r e n o w u n d e r w a y , w i l l s o l v e t h e s e
p r o b i e m s .

E . R a d i a t i o n R e s i s t a n c e

C e r i u m g l a s s e s a n d p o l y s t y r e n e p l a s t i c s c i n t i l l a t o r s
h a v e b o t h b e e n s h o w n t o h a v e r e m a r k a b l e r e s i s t a n c e t o
r a d i a t i o n d a m a g e . C e r i u m s a m p l e s o f 4 m m t h i c k n e s s c a n
t o l e r a t e d o s a g e s i n e x c e s s o f 1 0 * r a d s w i t h - 2 0 % l i g h t
t r a n s m i s s i o n l o s s a t p e a k f l u o r e s c e n c e ( 3 9 5 n m ) . I n f a c t
C e r i u m is a c o m m o n a d d i t i v e t o m a n y g l a s s e s t o e n h a n c e
r a d i a t i o n r e s i s t a n c e . P o l y s t y r e n e s c i n t i l l a t i o n f i b e r s o f
t h e S a c l a y t y p e , a f t e r a n e x p o s u r e o f 3 x 1 0 * r a d s , a r e
f o u n d t o h a v e a f a c t o r o f 2 r e d u c t i o n i n a t t e n u a t i o n l e n g t h .
T h i s i s s i g n i f i c a n t l y b e t t e r t h a n c u r r e n t e x p e r i e n c e w i t h
a c r y l i c s c i n t i 1 1 a t o r s .

O n e f u r t h e r a n d e q u a l l y i m p o r t a n t c o n s i d e r a t i o n i s t h a t
t h e r a d i a t i o n r e s i s t a n c e o f c l a d d i n g m a t e r i a l s i s a l s o
e s s e n t i a l . I n a f i b e r - o p t i c g u i d e , e n e r g y p r o p a g a t e s w i t h i n
t h e c l a d d i n g a s w e l l a s t h e c o r e , a n d a t t e n u a t i o n i n e i t h e r
m e d i u m c a n l e a d t o l o s s o f t h e p r o p a g a t i n g w a v e . T h e
r a d i a t i o n r e s i s t a n c e s t n d i e s d i s c u s s e d a b o v e i n c l u d e d t h e
e f f e c t s o f c l a d d i n g d a m a g e f o r p l a s t i c f i b e r s ; t h e g l a s s
m e a s u r e m e n t s w e r e f o r t h e b u l k c o r e m a t e r i a l o n l y .



I I I . I m s g t a g S y • t e n s

T h e g e n e r a l ^ , - c o n s e n s u s of the g r o u p w a s t h a t m o s t of the
b a s i c b u i l d i n g b l o c k s n e e d e d for f i b e r d e t e c t o r r e a d o u t
e x i s t at t h i s t i m e , but r e q u i r e o p t i m i z a t i o n .

A. I m a g e I n t e a s i f i e r s

I m a g e i n t e n s i f i e r s n o w e x i s t w k • o » :•-:'• c & p a b ~" t. of
s i n g l e p h o t o n c o u n t i n g when, u s e d in c a s c a d e , i n c l u d i n g G E N - I
( e l e c t r o s t a t i c a l l y f o c u s s e d ) , G E N - I I ( c o n t a i n i n g
m i c r o c h a n n e l p l a t e s ) , a n d p i o x i n i t y - f o c m t e d p h o t o d i o d e s.
O f t h e s e d e v i c e s , the G E N - I I t a b e s p r o v i d e the h i g h e s t
a v e r a g e g a i n b u t at the e x p e n s e of s i g n a l u n i f o r m i t y , d u e t o
t h e e x p o n e n t i a l n a t u r e of the g a i n d i s t r i b u t i o n . T h i s c a n
c r e a t e h a v o c if one is a t t e m p t i n g t o i m a g e s i n g l e
p h o t o e l e c t r o n s . O n the o t h e r h a n d , G E N - I t u b e s h a v e
s u b s t a n t i a l l y l e s s a v e r a g e g a i n , b u t b e t t e r u n i f o r m i t y of
r e s p o n s e - a s c r i b a b l e to a m o r e P o i s s o n - l i k e g a i n
d i s t r i b u t i o n .

A p r o t o t y p i c a l s y s t e m w h i c h p r o v i d e s r e a s o n a b l e
u n i f o r m i t y a n d h i g h g a i n is t h a t e m p l o y e d b y t h e N o t r e D a m e
g r o u p f o r a c t i v e t a r g e t i m a g i n g . In t h e i r s y s t e m , t w o G E N — I
i n t e n s i f i e r s a r e u s e d as a p r e a m p l i f i e r to p r o v i d e m o d e r a t e
i n i t i a l g a i n a n d g o o d u n i f o r m i t y , f o l l o w e d b y a G E N - I I
d e v i c e w h i c h p r o v i d e s v e r y h i g h g a i n w i t h g e n e r a l l y
a c c e p t a b l e u n i f o r m i t y b e c a u s e t h i s t u b e is n o l o n g e r l o o k i n g
at s i n g l e p h o t o e 1 e c t r o n s at its i n p u t . U t i l i z i n g s u c h a
c a s c a d e t e c h n i q u e , one c a n i m a g e s i n g l e pb.o t o e 1 e c t r o n s w i t h
f i l m or e l e c t r o n i c c a m e r a s .

B. E l e c t r o n i c C a m e r a s

T h e r e a r e c u r r e n t l y a v a i l a b l e a g r e a t v a r i e t y of
e l e c t r o n i c i m a g i n g s y s t e m s i n c l u d i n g d e v i c e s b a s e d e n
V I D I C O N . P L D M B I C O N , N E W V I C O N . C C D , C I D , a n d S I T c a m e r a s .
T h e s p e c t r a l r e s p o n s e , r e s o l u t i o n , a n d i n t r i n s i c g a i n ( i f
a n y ) of t h e s e d e v i c e s v a r y m a r k e d l y . T h e l a t t e r t h r e e a r e
p e r h a p s the b e s t s u i t e d f o r h i g h e n e r g y p h y s i c s i m a g i n g
a p p l i c a t i o n s .

C C D a r r a y s a r e c o m m e r c i a l l y a v a i l a b l e in s i r e s w h i c h
a r e t y p i c a l l y l e m 1 in a r e a . R e a d o u t t i m e s a r e in the 1 - 3 0
m s e c r a n g e d e p e n d i n g u p o n t h e s p e c i f i c a r c h i t e c t u r e
e m p l o y e d . L a r g e r a r e a d e v i c e s ( w i t h m u c h s l o w e r r e a d o u t
s p e e d s ) are a J. s a a v a i l a b l e . M o s t of t h e c o m m e r c i a l
a r c h i t e c t u r e s a r e not p a r t i c u l a r l y w e l l m a t c h e d to h i g h
e n e r g y p h y s i c s r e q u i r e m e n t s . a n d o f t c a t h o s e w h i c h h o l d
p r o m i s e ace d r o p p e d f i o n p r o d u c t i o n . (A n o t a b l e e x a m p l e of
the l a t t e r is t h e R C A I C C D t u b e , w h i c h u t i l i s e s b a c k - t h i n n e d
C C D s . A m a n a g e m e n t d e c i s i o n e n d e d p r o d u c t i o n a n d f u r t h e r
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d e v e l o p m e n t of s u c h d e v i c e s j u s t p r i o r to t h i s c o n f e r e n c e ) .
N e v e r t h e l e s s , l a r g e a r e a d e v i c e * a n d s p e c i a l a p p l i c a t i o n s
d e v i c e s a r e e x p e c t e d t o b e c o m e a v a i l c b l e s h o r t l y ,
p a r t i c u l a r l y f r o m T e k t r o n i x . C C D s m a d e b y F a i r c h i l d a n d
T h o B E O n / C S F a r e c a p a b l e o£ f a s t c l e a r i n g o n m i c r o s e c o n d t i m e
s c a l e s - a f a c t o r of i O ' - l O 4 f a s t e r t h a n it t a k e s t o r e a d
t'lem. T h i s f e a t u r e is p a r t i c u l a r l y u s e f u l f o r d u m p i n g
u n w a n t e d d a t a . o r e l i m i n a t i n g a c c u m u l a t e d d a r k c u r r e n t .
D e v e l o p m e n t a n d r e f i n e m e n t of C C D s t r u c t u r e s is c l e c r l y a n
a r e a w h i c h n e e d s s u b s t a n t i v e i n p u t f r o m t h e h i g h e n e r g y
p h y s i c s c o m m u n i t y .

C I D a r r a y s , l i k e C C D a r r a y s , a r e t w o d i m e n s i o n a l a r e a
t e n s o r s c a p a b l e o f d e t e c t i n g t h o t o n s . T h e 7 a r e s t r u c t u r a l l y
d i f f e r e n t f r o m C C D c i n t e r m s o f a c c e s s i n g t h e c h a r g e in a
g i v e n p h o t o s i t e ( p i x e l ) a n d a r e a r c h i t e c t u r a l l y m o r e c l o s e l y
r e l a t e d t o m e m o r y . I n g e n e r a l C I D c a m e r a s a r e l e s s
e x p e n s i v e t h a n C C D c a m e r a s , 4 f a c t w h i c h m a y b e i m p o r t a n t
f o r a l a r g e v o l u m e d e t e c t o r w h i c h w o u l d r e q u i r e m a n y s u c h
d e v i c e s .

T h e S I T t u b e i s p o t e n t i a l l y i m p o r t a n t b e c a u s e o f i t s
f a s t a n d f l e x i b l e b e a m s c a n c a p a b i l i t y ( d u e t o e l e c t r o s t a t i c
d e f l e c t i o n ) a n d b e c a u s e o f i t s h i g h i n t r i n s i c g a i n ( - 1 0 0 0 ) .
T y p i c a l l y , a 2 0 m m x 2 0 m m a r e a c a n b e ( c a n n e d i n a f e w
m i l l i s e c o n d s w i t h a c o m p o n e n t p i x e l s i z e o f 3 0 p m x 3 0 u m .
B e c a u s e o f i t s i n t r i n s i c g a i n , l e s s i m a g e i n t e n s i f i c a t i o n i s
r e q u i r e d i n f r o n t o f t h e S I T t h a n w o u l d b e r e q u i r e d f o r a
C C D . I m p r o v e d o v e r a l l s y s t e m r e s o l u t i o n i s t h e r e f o r e a
p o s s i b i l i t y . O n e d r a w b a c k o f t h e S I T i s t h e t u b e l a g , t h e
l a t e n t c h a r g e r e m a i n i n g a f t e r t h e s i l i c o n t a r g e t i s r e a d
o u t . F o r t h e S I T t h e l a g is ~ 2 0 % . H e n c e s e v e r a l r e a d
c y c l e s m u s t b e p e r f o r m e d t o e f f e c t i v e l y e r a s e t h e t a r g e t
s u r f a c e .

A c o m p a r i s o n o f t h e e l e c t r o n g a i n f o r C C D a n d S I T
d e v i c e s , u t i l i z i n g v a r i o u s c o m b i n a t i o n s o f i m a g e
i n t e n s i f i e r s , i n d i c a t e s t h a t e i t h e r o f t h e s e c a m e r a s is
s u i t a b l e f o r s i n g l e p h o t o n i m a g i n g . ( S e e E . R u c h t i , t h e s e
p r o c e e d i n g s . )

C . D i g i t i z i n g S y s t e m s

A t y p i c a l e l e c t r o n i c c a m e r a s y s t e m s u c h a s a C C D o r S I T
h a s i n e x c e s s o f 1 0 * p h o t o s i t e s . e a c h o f w h i c h c o n t a i n
p o t e n t i a l i n f o r m a t i o n f o r a g i v e n e v e n t . It is e s s e n t i a l t o
d i g i t i s e t h i s i n f o r m a t i o n A n d s t o r e it r a p i d l y a n d c o m p a c t l y
in a m e m o r y , w h e r e it c a n r e s i d e u n t i l a h i g h l e v e l t r i g g e r
d e c i s i o n i n i t i a t e s t r a n s f e r o f t h e d a t a t o a s t o r a g e m e d i u m .
C o m m e r c i a l d e v i c e s w h i c h c a n p e r f o r m s u c h t n k $ a r e c a l l e d
f r a m e g r a b b e r s . T h e s e d e v i c e s a r e u s u a l l y c a p a b l e o f
h o l d i n g o n l y a s i n g l e f r a m e a n d d i g i t i z a t i o n is a c h i e v e d a t
c o n v e n t i o n a l t e l e v i s i o n r a t e s - c h a r a c t e r i s t i c s w h i c h a r e
n o t p a r t i c u l a r l y w e l l s u i t e d t o h i g h r a t e d a t a a c q u i s i t i o n .

A p r o t o t y p e o f a m o r e s o p h i s t i c a t e d s y s t e m f o r d a t a
m a n a g e m e n t h a s b e e n d e v e l o p e d b y F e r m i l a b a n d N o t r e D a m e f o r
u s e w i t h t h e S c i n t i l l a t i n g G l a s s A c t i v e T a r g e t f o r T e v a t r o n
e x p e r i m e n t E 6 8 7 ( R . R u c h t i , t h e s e p r o c e e d i n g s ) . T h e
s y s t e m , k n o w n a s V D A S ( f o r V i d e o D a t a A c q u i s i t i o n S y t t e n ) ,
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f e a t u r e * up to 1 0 0 M H z o p e r a t i o n , 6 B i t A / D a n d f a s t
s p a r u f i:i t i o n to e l i m i n a t e z e r o p i x e l s ~ p i x e l s b e l o w
m i n i m u m t h r e s h o l d . T h i s l a t t e r f e a t u r e is p a r t i c u l a r l y
i m p o r t a n t f o r d a t a h a n d l i n g : in a t y p i c a l f i x e d t a r g e t
e v e n t o c l y 1 0 % of p i x e l s a r e a c t i v e ; for a c o l l i d e r
d e t e c t o r , w h i c h . d o c s n o t see t h e p r i m a r y i n t e r a c t i o n
d i r e c t l y b u t r a t h e r e m e r g i n g s e c o n d a r i e s , the n u m b e r of
a c t i v e p i x e l s is e v e n f u r t h e r r e d u c e d . T h i s is s t i l l t r u e
at S S C l u m i n o s i t i e s , w h e r e n u m e r o u s e v e n t s ( — 1 0 ) c a n o c c u r
in a t y p i c a l i n t e g r a t i o n t i a c of - 1 0 0 n s . F o r t e m p o r a r y
d a t a s t o r a g e V D A S u t i l i z e s a n 8 M B y t e F I / F O ( e x p a n d a b l e to
2 5 6 K B y t e s ) . T h e d a t a is s u c c e s s i v e l y s h i f t e d t h r o u g h t h e
F I / F O , p r o v i d i n g a m p l e t i m e f c r t h e f o r m a t i o n of a h i g h
l e v e l t r i g g e r to d e c i d e w h e t h e r to w r i t e t h e d a t a t o t a p e or
o p t i c a l d i s k .

T h e V D A S s y s t e m r e p r e s e n t s a n i m p o r t a n t i n i t i a l s t e p i n
d a t a h a n d l i n g a n d p r o c e s s i n g . N e v e r t h e l e s s , f u r t h e r e f f o r t
is d e f i n i t e l y r e q u i r e d to u n d e r * t a n d h o w t o a c c o a o d a t e d a t a
f r o m t h e - 1 0 0 0 C C D s n e e d e d to i m a g e a l a r g e s c i n t i l l a t i n g
f i b e r d e t e c t o r s u c h as t h e S C I F I D d e v i c e c o n s i d e r e d at
S n o w m a % t ' 8 4 .
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I V . T r i g g e r i n g

T h e a b i l i t y o f s c i n t i l l a t i n g f i b e r d e t e c t o r s t o h a n d l e
h i g h r a t e s i s d u e t o t h e i r g r a n u l a r i t y . S e v e r a l l e v e l s o f
t r i g g e r i n g a r e r e q u i r e d i & o r d e r t o e x t r a c t i n f o r m a t i o n
e f f i c i e n t l y . T a b l e V i n d i c a t e s i m p o r t a n t t i m e i n t e r v a l s o f
r e l e v a n c e t o a n S S C s c i n t i l l a t i n g f i b e r d e t e c t o r .

T a b l e V

Time Intervals of Relevance to a Scintillation
Tracking Detectors at the SSC

(1) Interval between successive beam Interactions ~10 ns

(2) Phosphor decay time on image intens i f ier
preamp stages S100 ns

(3) Formation of a level 0 trigger (fast
calorimecry; Ef) 1 us

Time to perform a fast clear of a CCD : 1

5 i l ) 2(5) Time to read Cr.D ( * 105 pixels) 2 Ifms

! 1

A major d i f f i c u l t y i n running a t the h i g h e s t
l u m i n o s i t i e s p r o j e c t e d for the SSC i s t h a t an o p t i c a l d e l a y
l i n e would be r e q u i r e d t o " p i p e l i n e " e v e n t s during the
0 . 5 - 1 . 0 (i s e c format ion t ime of a l e v e l "G " t r i g g e r . The
only s o l u t i o n a r r i v e d at dur ing the workshop was a long
(250m) c o h e r e n t f i b e r bundle to i n t r o d u c e the r e q u i r e d
d e l a y . An a d d i t i o n a l d i f f i c u l t y i s the e f f e c t i v e 100ns
i n t e g r a t i o n t ime i n t r o d u c e d by a v e i l a b l e phosphors (P—46 and
P—47). The development of f a s t e r ( y e t e f f i c i e n t ) phosphors
i s e s s e n t i a l to a i n i n i i e e v e n t p i l e u p .

One can c o n c e i v e of i n c o r p o r a t i n g the t r a c k i n g
i n f o r m a t i o n from the CCOs d i r e c t l y i n t o a h igh l e v e l t r i g g e r
at the 10 Hz. l e v e l .
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V . T r i c k i n g

T h e r e i s n o w i m p r e s s i v e e v i d e n c e t h a t p a r t i c l e t r a c k i n g
i s i n d e e d p o s s i b l e i n f i b e r d e t e c t o r s . T r a c k s a n d
i n t e r a c t i o n s h a v e b e e n r e c o r d e d u s i n g g l a s s f i b e r - o p t i c
d e t e c t o r s a n d p l a s t i c f i b e r s . F i & u r e s 2 - 5 » h o w e x a m p l e s a n d
T a b l e V I s u m m a r i z e s t h e c u r r e n t r e s u l t s . I n g e n e r a l , t h e

q u a n t u m e f f i c i e n c y a n d a t t e n u a t i o a l e n g t h p r o p e r t i e s o f
p l a s t i c f i b e r s a r e s u p e r i o r t o g l a s s f i b e r s , w h e r e a t t h e
g l a s s f i b e r s p r o v i d e s u b s t a n t i a l l y b e t t e r t r a c k r e s o l u t i o n .

T r a c k s and I n t e r a c c i o n s R e c o r d e d i n S c i n t i l l a t i n g F i b e r D e t e c t o r s

/ - *

2 nun

ig- 2 Interactions of 50 GeV/c pions recorded in GSl glass using the

FermiLab NH beam: left, 40 \im fibers with EMA; right, 25 Um

fibers with EMA. (Ruchti, et al.)
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Fig. 4 Track recorded in a bundle of 1 nun diameter
Saclay fibers of 1 m length. (Bourdinaud, et al.)

1 1
1 1

1 I
I i

I i
1 I

t I

i !
t i
• i

i

** —-

t t

t" i
i i

i i

My
i i i

|

1 i

|

1
1

I
1
I
1
1

SSI
j

1
1•
1

1
1
1
1

) 1

~i~ 1

i i

i
1
f
i

MS

T
i

1

2 mm

Fig. 5 Stopping Fe fragment in a bundle of polystyrene
multifibers of 100 pm diameter. (Binns, et al.)
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V I . Photodiode Devices

Photodiodc devices, APD's, were discussed. Although
some of these detectors offered impressive performance in
some areas: gain = 10* - 1 0 ' for Geiger-mode APD's. high QE
(40 - 6 0 % ) , tad 20 psec response time, the likelihood for
producing useful arrays was very small making this type of
technology an unlikely candidate for the readout of a many
fiber system.

VII. Calorimetry

There was alto some limited discussion of optical
scintillation techniques for calorimetry. A prototype
system consisting of laminated sheets of 8 mm thick Pb
interspersed with layers of scintillation fibers 1 mm thick
was presented by A. Elovning. (The fibers were made by
Saclay). The prototype modules gave AE/E of approximately
2% for 30 Gev electrons.
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Table VI

Fiber Performance

Property

Information density

Xo

Optical Atcenuation Length

Decay time

Radiation Hardness

Glass

6 Hits/mm
(in 25 um fibers)

U/mm

- 20 cm

50 ns

iO6 rad Co60

I inch length

Plastic

12 Hits/mm
(in 1 mm fibers)

0.25Z/mm

120 cm

a few ns

106 rad Co60

reduces Act. Len. by

Usable in vacuum

Power consumption in detector
volume

yes

factor of 2

yes (probably)

18



C O N C L U S I O N S A N D C O M M E N T S

S c i n t i l l a t i n g f i b e r d e t e c t o r s r e p r e s e n t a p a r t i c u l a r l y
e l e g a n t s o l u t i o n t o t h e S S C t r a c k i n g p r o b l e m . T h e f i r s t
i m p o r t a n t i t e p h a t b e e n t a k e n - d e m o n s t r a t i o n t h a t t r a c k i n g
i s f e a s i b l e i n g l a s s , l i q u i d c a p i l l a r y a n d p l a s t i c f i b e r
d e v i c e s . D e t e c t i o n e f f i c i e n c y is e x c e l l e n t , w i t h g l a s s
p r o v i d i n g h i g h s p a t i a l r e s o l u t i o n (s20\im) a n d p l a s t i c f i b e r s
p r o v i d i n g l o n g a t t e n u a t i o n l e n g t h ( X - 1 . 2 t n )

H o w e v e r , t o r e a l i z e a u s e f u l d e t e c t o r b a t e d u p o n t h e s e
m a t e r i a l s , it i « n o v e s s e n t i a l t o e x t e n d t h e R a n d D e f f o r t
i n t h e f o l l o w i n g a r e a s :

1 . O p t i m i s a t i o n o f b a s i c s c i n t i l l a t i n g g l a s s e s a n d
p l a s t i c s f o r i n c o r p o r a t i o n i n t o f i b e r s .

2 . O p t i m i z a t i o n o f c l a d d i n g m a t e r i a l s f o r f i b e r - o p t i c
t r a n s m i s s i o n .

3 . O n c e s c i n t i l l a t o r a n d c l a d d i n g a r e i d e n t i f i e d ,
i n d u s t r i a l e x p e r t i s e s h o u l d b e e n l i s t e d t o p r o d u c e h i g h
q u a l i t y o p t i c a l f i b e r s u s i n g t h e s e m a t e r i a l s .

4 . W o r k o n i m a g e i n t e n s i f i e r s y s t e m s is n e e d e d ,
p a r t i c u l a r l y i n t h e d e v e l o p m e n t o f f a s t e f f i c i e n t
p h o s p h o r s c r e e n s w i t h T s l O O n s e c a n d g r e e n o r l o n g e r
o u t p u t w a v e l e n g t h , a n d f o r h i g h q u a n t u m e f f i c i e n c y
p h o t o c a t h o d e s ( - 2 0 % ) .

5 . H i g h r e s o l u t i o n , f a s t r e a d o u t C C D c a m e r a s a r e e s s e n t i a l
- I C C D t u b e s c o u l d b e p a r t i c u l a r l y u s e f u l . R e a d o u t
t i m e s o f i 1 m s e c a n d c l e a r t i m e s o f s 1 u s e c a r e
r e a s o n a b l e o b j e c t i v e s .

6. Finally optical delay line; will probably be necessary
for active event storage during intermediate
triggering. Industrial assistance in this area would
be use ful.
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It is e x p e c t e d that f u t u r e e x p e r i m e n t ! . p a r t i c u l a r l y
t h o s e w h i c h m u s t o p e r a t e s u c c e s s f u l l y at the 1 0 1 1 l u m i n o s i t y
of the S S C . w i l l p l a c e o v e n g r e a t e r d e m a n d s on d e t e c t o r
p e r f o r m a n c e . C o n s e q u e n t l y t h i s h a s f o r c e d the h i g h e n e r g y
p h y s i c s c o m m u n i t y to r a n s e s s the e f f i c a c y of p a r t i c l e
t r a c k i n g in g e n e r a l t.t m a c h i n e s s u c h as the S S C and of
m i c r o v e r t e x d e t e c t i o n and h i g h r e s o l u t i o n t r a c k i n g in
p a r t i c u l a r .

C o n v e n t i o n a l c h o i c e s for t r a c k i n g d e t e c t o r s are s i l i c o n
n i c r o - s t r i p d e t e c t o r s , C C D s , a n d g a * c h a m b e r s u t i l i z i n g
s m a l l d r i f t c e l l s or i n n o v a t i v e c e l l s t r u c t u r e s , o f t e n w i t h
o p e r a t i o n at e l e v a t e d p r e s s u r e s . E a c h of t h e s e t e c h n i q u e s
h a s its s t r e n g t h s a n d w e a k n e s s e s . T a b l o I c h a r a c t e r i z e s
s e v e r a l of the i m p o r t a n t f e a t u r e s of t h e s e d e v i c e s . A
c r i t i c a l a s s e s s m e n t of the t a b l e w o u l d i n d i c a t e that n o n e of
the c o n v e n t i o n a l d e t e c t o r s r e p r e s e n t s a s a t i s f a c t o r y
s o l u t i o n to the t r a c k i n g p r o b l e m . T h i s h a s l e d a n u m b e r of
g r o u p s to p u r s u e an a l t e r n a t i v e a p p r o a c h to t r a c k i n g b a s e d
o n s c i n t i l l a t i n g o p t i c a l f i b e r s a n d h e n c e to a r e t u r n to t h e
c o n c e p t of s c i n t i l l a t i o n i m a g i n g .

T h e f i r s t s t e p s in the r e b i r t h of t h i s f i e l d o c c u r r e d
in the late 1 9 7 0 s w i t h the w o r k of B o r e n s t e i n and S t r a n d o n
p l a s t i c s c i n t i l l a t i o n f i b e r s a n d of P o t t e r , w h o s e N a l
s c i n t i l l a t i o n c a m e r a r e p r e s e n t s the m o d e r n v e r s i o n of t h e
c l a s s i c a l , b n l k - s c i n t i l 1 a tor i m a g i n g s y s t e m d e v e l o p e d c i r c a
1 9 6 0 . A s i g n i f i c a n t a d v a n c e o c c u r e d d u r i n g the p e r i o d
1 9 8 2 - 4 w i t h the d e m o n s t r a t i o n b y the N o t r e D a m e g r o u p , f i r s t
w i t h T e r b i u m ( 3 + ) and t h e n w i t h C e r i u m ( 3 + ) s c i n t i l l a t i n g
g l a s s e s , that h i g h r e s o l u t i o n t r a c k i n g a n d v e r t i c i z i n g w a s .
p o s s i b l e in c u b i c - i n c h - s i z e d c o h e r e n t f i b e r - o p t i c p l a t e s '=
c o m p o s e d of up to 1 0 ' c l a d d e d , o p t i c a l f i b e r s of s m a l l c r o s s
s e c t i o n , > IS um. I m a g i n g i n t h e t e s t s y s t e m w a s e f f e c t e d
by c o n t a c t or p r o x i m i t y f o c u s s i n g , a n d t h e s y s t e m w a s
t r i g g e r a b l e ( g a t e a b l e ) , h e n c e c a p a b l e of h i g h r a t e
o p e r a t i o n . W i t h the a b i l i t y to r e c o r d t r a c k s in f i b e r s a n d
w i t h the e l i m i n a t i o n of l e n s c o u p l i n g , o n e c o u l d t h e n
e n t e r t a i n the p o s s i b i l i t y of u s i n g the t e c h n i q u e f o r t h e
f a b r i c a t i o n of d e t e c t o r s c o m b i n i n g s i m u l t a n e o u s l y t h e
a t t r i b u t e s of h i g h s p a t i a l r e s o l u t i o n , h i g h r a t e o p e r a t i o n ,
a n d l a r g e f i d u c i a l v o l u m e . S i n c e t h e n , t h e r e h a v e b e e n
i m p o r t a n t i n i t i a t i v e s i>y s e v e r a l g r o u p s to d e v e l o p t r a c k i n g
d e t e c t o r s b a s e d o n g l a s s , p l a s t i c , and l i q u i d s c i n t i l l a t o r s .
It is the p u r p o s e of t h i s s u m m a r y to r e v i e w t h e s t a t u s of
the c u r r e n t w o r k and to s u g g e s t p o t e n t i a l l y p r o f i t a b l e
a v e n u e s for f u r t h e r d e v e l o p m e n t .

O p t i c a l f i b e r t e c h n i q u e s a r e b e i n g c o n s i d e r e d as
i m p o r t a n t c o m p o n e n t s c£ c e n t r a l t r a c k i n g a n d m i c r o v e r t e x
d e t e c t o r s , for h i g h r e s o l u t i o n c a l o r i m e t r s a m p l i n g a n d
s h o w e r p r e c o n v e r s i o n , and as v i v e t h i f t e r t . As t h e
p a r t i c u l a r i n t e r e s t of t h i s w o r k i n g g r o u p w a s in p a r t i c l e
t r a c k i n g , the d i s c u s s i o n w h i c h f o l l o w s is d i r e c t e d
p r i n c i p a l l y t o w a r d t h i s i s s u e .
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