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ABSTRACT 

The ARGUS d e t e c t o r a t the e l e c t r o n - p o s i t r o n s t o r a g e r i n g DORIS c o n s i s t s o f v a r i o u s 
p a r t i c l e d e t e c t o r s a r r a n g e d i n c y l i n d r i c a l symmetry i n and around an a x i a l magnet i c f i e l d . 
A f a s t secondary t r i g g e r p r o c e s s o r has been d e s i g n e d to f i n d and count c i r c u l a r t r a c k s i n 
the r-<j>-plane o f the d e t e c t o r t h a t o r i g i n a t e from the i n t e r a c t i o n p o i n t . The p r o c e s s o r 
s e r v e s a s a f i l t e r i n the t r i g g e r sy s tem o f the ARGUS d e t e c t o r and i s expected to reduce 
the r a t e o f background t r i g g e r s by two o r d e r s o f magn i tude . The p r o c e s s o r hardware i s b u i l t 
i n ECL to per form s i m p l e o p e r a t i o n s w i t h very h i g h speed and p a r t l y i n p a r a l l e l . The t r a c k 
f i n d i n g p r o c e s s t ake s a b o u t 9 ys p l u s 3 us f o r each encountered t r a c k e lement . Cont ro l 
i n f o r m a t i o n i s s t o r e d i n memories t h a t may be l oaded v i a CAMAC f rom the o n l i n e computer 
a l l o w i n g ea sy a d a p t i o n o f the p r o c e s s o r to d i f f e r e n t exper imenta l c o n d i t i o n s . 

INTRODUCTION 

A t the 5 GeV e l e c t r o n p o s i t r o n s t o r a g e r i n g DORIS i n Hamburg a new t h i r d g e n e r a t i o n 

4 T T - d e t e c t o r i s s e t up wh ich i s c a l l e d ARGUS. I t c o n s i s t s o f a l a r g e s o l e n o i d magnet, 

cen tered on the i n t e r a c t i o n p o i n t and f i l l e d w i t h a s e r i e s o f d e t e c t o r s and i s d e s i g n e d to 

t r a c k and i d e n t i f y the p a r t i c l e s genera ted from a p o s i t r o n e l e c t r o n c o l l i s i o n . As a 

p a r t i c l e l e a v e s the i n t e r a c t i o n volume i t p a s s e s th rough the f o l l o w i n g d e t e c t o r p a r t s 

( see F i g . 1) : 

( 1 ) The beam p ipe 

(2 ) A l a r g e c y l i n d r i c a l d r i f t chamber c o n s i s t i n g o f 36 l a y e r s o f d r i f t c e l l s . 

E i g h t e e n o f these have t h e i r s i g n a l w i r e s spanned p a r a l l e l to the c y l i n d e r 

a x i s ( 0 ° - w i r e s ) and 18 a re s t e r e o l a y e r s . The number o f c e l l s i n a l a y e r 

v a r i e s f rom 60 on the i n s i d e to 264 on the o u t s i d e . 

(3 ) A l a y e r o f s c i n t i l l a t i o n c o u n t e r s f o r t i m e - o f - f l i g h t measurements 

( T O F - c o u n t e r s ) . 

( 4 ) A l a y e r o f l e a d - s c i n t i l l a t o r - s a n d w i c h shower c o u n t e r s . 

( 5 ) The magnet c o i l and the i r o n yoke used as hadron a b s o r b e r . 

(6) A l a y e r o f p r o p o r t i o n a l chambers to d e t e c t muons. 

Some p a r t i c l e s w i l l emerge a t smal l a n g l e s to the beam a x i s . These pas s through o n l y 

some o f the c y l i n d r i c a l d r i f t chamber l a y e r s and then th rough a d d i t i o n a l TOF and shower 

counte r s i n the c y l i n d e r endcap r e g i o n . 
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The ARGUS t r i g g e r w i l l be d r i v e n from two s o u r c e s : 

1) The t o t a l energy t r i g g e r i s d e r i v e d f rom the t o t a l energy d e p o s i t e d i n the 

shower c o u n t e r s y s t e m . I t s d e c i s i o n t ime f i t s we l l w i t h i n the 1 u s t ime between 

bunch c r o s s i n g s a t DORIS and does no t produce any deadt ime. 

2) The cha rged p a r t i c l e t r i g g e r f i r e s , i f a minimum number o f charged t r a c k s i s 

coming f rom the i n t e r a c t i o n volume i n t o the d e t e c t o r . D e t e c t i o n o f t r a c k s i n 

ARGUS i m p l i e s p a t t e r n r e c o g n i t i o n a t l e a s t w i t h i n the r-c|>-plane o f the d r i f t 

chamber. S i n c e t h i s i s no t p o s s i b l e to a c h i e v e w i t h i n the DORIS bunch - to -bunch 

t ime o f 1 vs, the charged p a r t i c l e t r i g g e r u t i l i z e s a two s t e p d e c i s i o n p r o c e s s . 

The f i r s t s t e p d e c i s i o n o r p r imary t r i g g e r i s d e r i v e d from f a s t c o i n c i d e n c e s between a d 

j a c e n t g roups o f TOF and shower c o u n t e r s . I t d e c i d e s a t each bunch c r o s s i n g time w i t h i n 

l e s s than 0 .5 us whether an event o c c u r r e d which i s o f f u r t h e r i n t e r e s t . I t i s s e n s i t i v e 

to l o c a l t r a c k e lements f a r f rom the i n t e r a c t i o n p o i n t and i t s r a t e i s e s t i m a t e d to va ry 
-1 - 1 

between 100 s and 1000 s . With an ave rage r e a d i n t ime o f an event i n t o the o n l i n e 

computer o f 50 ms these r a t e s a re a t l e a s t two o r d e r s o f magni tude h i g h e r than can be 

hand led by the da ta a c q u i s i t i o n and a n a l y s i s s y s t e m . 

A second s t e p d e c i s i o n i s e s s e n t i a l . I t i s made by an e l e c t r o n i c p r o c e s s o r c a l l e d 

' L i t t l e Track F i n d e r " , the d e s i g n and per formance o f wh ich i s the t o p i c o f t h i s paper . The 

t r a c k f i n d e r i s s t a r t e d by the p r imary t r i g g e r and uses da ta from the 0 ° - d r i f t w i r e s and 

the TOF c o u n t e r s to f i n d and c l a s s i f y c i r c u l a r t r a c k s i n the r-<(>-plane o f the ARGUS d e 

t e c t o r . T h i s p r o c e s s t akes more than the t ime between bunch c r o s s i n g s and some deadt ime 

i s i n t r o d u c e d i n t o the d e t e c t o r per fo rmance . Wi th a maximum pr imary t r i g g e r r a t e o f 

1000 s ~ * and a l l o w a n c e f o r 5% deadtime an a c c e p t a b l e p r o c e s s i n g time f o r the t r a ck f i n d e r 

i s 50 u s . W i t h i n t h i s t ime the t r a c k f i n d e r l o g i c i s expec ted to reduce the number o f 

a ccep ted e v e n t s t o about 1 s~* t h a t can be r e a s o n a b l y hand led by the data a c q u i s i t i o n and 

a n a l y s i s s y s t e m . 

The t a s k o f the t r a c k f i n d e r i s now we l l d e f i n e d : 

1) To i d e n t i f y c i r c u l a r t r a c k s from the i n t e r a c t i o n volume i n the r-<j>-plane 

o f the d e t e c t o r by l o o k i n g i n t o d a t a from the d r i f t chamber and the TOF c o u n t e r s . 

2) To c o u n t these t r a c k s and make a t r i g g e r d e c i s i o n w i t h i n about 50 u s . 

3) To s t o r e a l l i n f o r m a t i o n c o l l e c t e d a b o u t the t r a c k s o f an event f o r p o s s i b l e 

l a t e r use by an a d d i t i o n a l s o f t w a r e f i l t e r i n the o n l i n e computer. 

Problems o f a s i m i l a r k ind have been encountered a t many l a r g e d e t e c t o r s i n the p a s t 

and have found v a r i o u s s o l u t i o n s ^ , r a n g i n g from f u l l y p a r a l l e l hard w i r e d p a t t e r n 

r e c o g n i t i o n down to f u l l y s e q u e n t i a l programmed a n a l y s i s , the former b e i n g ex t reme ly f a s t 

b u t i n f l e x i b l e , the l a t t e r b e i n g most f l e x i b l e but s l o w . I n ou r case we dec ided to make 

a f a i r compromise between speed and ea sy a d a p t a b i l i t y to v a r y i n g exper imenta l c o n d i t i o n s . 

We d e s i g n e d a p r o c e s s o r t h a t works p a r t l y i n p a r a l l e l and p a r t l y s e q u e n t i a l under s o f t 

ware c o n t r o l . The i n t e l l i g e n c e s h o u l d be i n memories r a t h e r than i n c a b l i n g . 
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PR INC IPLE OF OPERATION 

The d e s i g n o f the t r a c k f i n d e r i s s t r o n g l y i n f l u e n c e d by the p r o p e r t i e s o f the ARGUS 

d r i f t chamber. Th i s i s c h a r a c t e r i z e d by a c o n s t a n t h i g h d e n s i t y o f r a t h e r sma l l (18x18 mm ) 

d r i f t c e l l s . Thus a very good t r a c k d e f i n i t i o n i s a l r e a d y o b t a i n e d from j u s t u s i n g the 

w i re h i t s as s u c h , and i g n o r i n g the d r i f t t ime i n f o r m a t i o n . For i n s t a n c e the a n g u l a r 

r e s o l u t i o n f o r s t r a i g h t t r a c k s i n <f> i s then s t i l l 0 . 7 ° . The h i t i n f o r m a t i o n i s e a s i l y 

a v a i l a b l e from the LeCroy TDC modules 4291B which are connected to the ARGUS d r i f t w i r e s . 

They c o n t a i n the i n f o r m a t i o n whether a w i r e had a h i t d u r i n g the s e n s i t i v e t ime i n t e r v a l 

i n so c a l l e d h i t r e g i s t e r s which can be a c c e s s e d v i a a backp lane c o n n e c t o r . 

The b a s i c idea o f the t r a c k f i n d e r i s the f o l l o w i n g : 

- T r a n s f e r the h i t i n f o r m a t i o n o f s e l e c t e d l a y e r s o f the ARGUS d r i f t chamber i n t o b i t w i s e 

a d d r e s s a b l e memories to make i t a v a i l a b l e to s e q u e n t i a l da ta p r o c e s s i n g . T h i s t r a n s 

f e r i s done in p a r a l l e l s t r o b e d w i t h each pr imary t r i g g e r . 

- Have ano ther memory f i l l e d b e f o r e the exper iment s t a r t s w i t h a p r e e s t a b l i s h e d l i s t 

o f a l l p o s s i b l e good t r a c k s . Each e n t r y i n t h i s l i s t c o n s i s t s o f a sequence o f w i r e 

numbers, one number f o r each l a y e r , which t o g e t h e r d e s c r i b e s a p o s s i b l e good t r a c k 

i n the d e t e c t o r . Such an e n t r y i s c a l l e d a mask. 

- Have a p r o c e s s o r t h a t s e q u e n t i a l l y compares the e n t r i e s i n the mask l i s t w i t h the 

c o n t e n t s o f the w i r e memory each t ime a pr imary t r i g g e r o c c u r r e d . The compar i son i s 

done i n p a r a l l e l f o r the l a y e r s p a r t i c i p a t i n g i n a mask. I f t he re i s a match d e t e c t e d 

between a mask and the w i r e h i t p a t t e r n a t r a c k counter i s i nc remented . I n c a s e the 

t r a c k counte r exceeds a p r e s e t t h r e s h o l d the secondary t r i g g e r i s s e t . I f the l i s t o f 

good t r a c k s i s exhaus ted and the t r a c k coun te r d i d no t exceed the t h r e s h o l d a r e s e t 

command i s s e n t to the d e t e c t o r . 

- One w i l l n o t i c e t h a t each w i r e p a r t i c i p a t e s i n many p o s s i b l e t r a c k s . T h i s f a c t can 

be used to c o n s i d e r a b l y speed up the s e a r c h o f the t r a c k f i n d e r . Once i t i s de tec ted 

t h a t a w i r e has no h i t , i t i s o f no use to check on a l l the r e s t o f the masks c o n 

t a i n i n g a l s o t h i s same w i r e . A c l e v e r i n c r e m e n t a t i o n scheme f o r the mask a d d r e s s w i l l 

s k i p o v e r masks c o n t a i n i n g t h i s same w i r e . T h i s f e a t u r e o f the t r a c k f i n d e r i s the 

key p o i n t f o r a f a s t s e q u e n t i a l s e a r c h and s aves a f a c t o r o f 10 i n the p r o c e s s i n g 

t ime . 

I n the a c t u a l d e s i g n o f the t r a c k f i n d e r some f e a t u r e s had to be added to the b a s i c 

i d e a . 

Because the number o f masks has to be f i n i t e and s h o u l d be p r e f e r a b l y s m a l l , one mask 

must cover a c e r t a i n r e g i o n o f good t r a c k s i n space and momentum as shown i n F i g . 2. T h i s 

r e g i o n extends we l l o v e r a few n e i g h b o u r i n g c e l l s i n some l a y e r s . Each mask l i s t e n t r y 

t h e r e f o r e does c o n s i s t n o t o n l y o f one w i r e number per l a y e r , bu t to each w i r e number are 

added 3 b i t s which c o n t a i n the number o f c o n s e c u t i v e w i r e s t h a t have to be ORed t o g e t h e r 

to cover the mask r e g i o n c o m p l e t e l y . The p r o c e s s o r hardware must c o r r e c t l y execute t h i s 

O R - p r e s c r i p t i o n i n the c o m p a r i s o n . 

2 
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I n s t e a d o f a s k i n g f o r a f u l l c o i n c i d e n c e between mask and w i r e h i t s i t i s sometimes 

advan tageous to d e f i n e a match d i f f e r e n t l y , e . g . to a l l o w f o r one l a y e r to be m i s s i n g to 

a ccoun t f o r a c e r t a i n chamber i n e f f i c i e n c y . There i s q u i t e some f l e x i b i l i t y i n the d e f i 

n i t i o n o f a match i n the t r a c k f i n d e r s i n c e up to 64 a l t e r n a t i v e p a t t e r n s f o r t h i s d e f i 

n i t i o n can be l oaded i n t o one o f i t s memories. 

To a v o i d doub le c o u n t i n g o f one t r a c k which p a s s e s through c e l l b o u n d a r i e s o r which 

t o g e t h e r w i t h some random h i t would g i v e r i s e to two ma tche s , an ' a n t i c h a t t e r i n t e r v a l ' 

can be d e f i n e d such t h a t f rom sub sequen t matches the second one o r even a l s o the t h i r d 

one w i l l n o t be r e c o g n i z e d . 

The d e s c r i b e d p r i n c i p l e o f the t r a c k f i n d e r can be extended to c o v e r a l s o t r a c k s t h a t 

l e a v e the d e t e c t o r th rough the e n d c a p s . The n e c e s s a r y minor e x t e n s i o n s to the l o g i c w i l l 

be implemented but they a re n o t d e s c r i b e d i n t h i s pape r . 

SEQUENCE OF OPERATIONS 

A b l o c k d i a g r a m o f the p r o c e s s o r i s shown i n F i g . 3. The main components have a l r e a d y 

been i n t r o d u c e d above. One n o t i c e s t h a t no CPU i s p r e s e n t . Indeed the a c t u a l p r o c e s s i n g 

u n i t i s not much more than a 50 Mc c l o c k t h a t c o n t r o l s memory c y c l e s and some s i m p l e l o g i c 

c i r c u i t s . 

Le t us go b r i e f l y t h rough the sequence o f o p e r a t i o n s . 

P r i o r to the s t a r t o f an exper imenta l run the t r a c k f i n d e r r e g i s t e r s a re l oaded v i a 

CAMAC from the o n l i n e computer o f the exper iment . The da ta s e t s t h a t a re loaded to the mask 

memories (MMB), the inc rement memory ( I M ) and the c o n t e n t s a d d r e s s a b l e memory (CAM) o f the 

t r a c k f i n d e r a re prepared by a s p e c i a l mask g e n e r a t i o n program t h a t runs on a l a r g e com

p u t e r . The s i m p l e i n p u t s to t h i s program r e p r e s e n t the p h y s i c a l r equ i rement s o f the e x p e r i 

ment : P r o p e r t i e s o f the l a y e r s connected to the t r a c k f i n d e r , s i z e and o r d e r i n g o f mask s , 

d e f i n i t i o n o f good t r a c k s , and the t r i g g e r t h r e s h o l d . The c o n t r o l i n f o r m a t i o n loaded i n t o 

the t r a c k f i n d e r remains unchanged d u r i n g an exper imenta l r u n . 

Each pr imary t r i g g e r w i l l i n i t i a l i z e the t r a c k f i n d e r and w i l l s t r o b e the c o n t e n t s o f 

the T D C - h i t r e g i s t e r s i n t o the w i r e memory boards (WTB). A t the same t ime the mask add re s s 

r e g i s t e r (MAR) p o i n t s to the f i r s t mask on the MMBs. There i s one MMB f o r each l a y e r . Three 

b i t s o f one mask memory word d e f i n e the WIB o f the l a y e r , one o u t o f e i g h t , t h a t i s to be 

a d d r e s s e d . Another 8 b i t s a re the a d d r e s s o f a 256 word x 32 b i t - P R O M . L o g i c a l l y 5 o f the 8 

b i t s d e s c r i b e a base w i re number on the WIB and the 3 o t h e r b i t s c o n t a i n the number o f 

c o n s e c u t i v e w i r e s t h a t have t o be ORed t o g e t h e r w i t h the base w i r e . The PROM decodes t h i s 

i n f o r m a t i o n by a c t i v a t i n g tho se o f i t s 32 o u t p u t l i n e s t h a t are d e s c r i b e d i n the 8 b i t 

i n p u t code. The o u t p u t l i n e s o f the PROM s t r o b e the c o n t e n t s o f the a d d r e s s e d w i r e memory 

c e l l s i n t o one b i t o f the C A M - r e g i s t e r (CAMR) thus e f f e c t i v e l y p e r f o r m i n g an OR over the 

a d d r e s s e d c e l l s . 

The problem o f ORing d r i f t w i r e s a c r o s s WIB bounda r i e s has been s o l v e d by a d d i n g an 

' o v e r f l o w b i t ' to the mask i n f o r m a t i o n . I f s e t , t h i s b i t a c t i v a t e s v i a some s imp le ga te 
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l o g i c the p rope r l i n e s on the nex t WIB a l s o . There i s a l s o the prob lem o f ORing w i r e s 

a c c r o s s the 2ir-boundary o f a l a y e r , t h a t i s f rom the h i g h e s t to the l o w e s t w i r e numbers o f 

a l a y e r . T h i s i s s o l v e d by f i l l i n g unused i n p u t s f o l l o w i n g the l a s t w i re on the l a s t WIB 

o f a l a y e r i n p a r a l l e l w i t h the f i r s t w i r e s o f the f i r s t b o a r d , thus a c h i e v i n g the n e c e s s a r y 

w r a p - a r o u n d . 

A f t e r the WIB g a t i n g the CAMR c o n t a i n s the h i t p a t t e r n o f the f i r s t mask, each b i t 

c o r r e s p o n d i n g to one l a y e r o f the d e t e c t o r . T h i s h i t p a t t e r n i s now compared to the p r e 

d e f i n e d p a t t e r n s o f good t r a c k s s t o r e d i n a 64 word CAM. I f there i s a match the t r a c k 

c o u n t e r TC i s incremented and the c o n t e n t s o f the MAR a s we l l a s the h i t p a t t e r n f rom the 

CAMR a r e l oaded on t h e i r s t a c k s MST and HST, r e s p e c t i v e l y . I f the t r a c k coun te r exceeds 

the v a l u e i n the p r e d e f i n e d t r a c k t h r e s h o l d r e i g s t e r the secondary t r i g g e r o u t p u t e n a b l e s 

t h e r e a d i n o f the even t i n t o the o n l i n e computer. 

Three p r e d e f i n e d c o n s e c u t i v e b i t s f rom the CAMR and the 9 l e a s t s i g n i f i c a n t b i t s f rom 

the a c t u a l MAR v a l u e a re taken to f e t c h the new mask a d d r e s s i n c r e m e n t a t i o n v a l u e from the 

I M . (To l i m i t the s i z e o f the I M , use i s made here o f the 4 - f o l d symmetry o f the ARGUS 

c e n t r a l d e t e c t o r . ) The increment v a l u e i s added t o the a c t u a l MAR, thereby s t a r t i n g a new 

mask c y c l e . 

E s s e n t i a l f o r the f u n c t i o n o f the MAR i n c r e m e n t a t i o n scheme i s a s y s t e m a t i c o r d e r i n g 

o f masks i n the mask l i s t . Th i s l i s t i s l o g i c a l l y d i v i d e d i n t o g r o u p s . Each group i s 

c h a r a c t e r i z e d by the same w i re number i n some r e f e r e n c e l a y e r . There i s a l s o a s u b d i v i s i o n 

w i t h i n each group a c c o r d i n g to the same w i r e numbers i n two l a y e r s a d j a c e n t to the f i r s t 

r e f e r e n c e l a y e r . The three CAMR-b i t s f rom the f i r s t r e f e r e n c e l a y e r and i t s two a d j a c e n t 

l a y e r s are used to c o n t r o l the MAR i n c r e m e n t a t i o n . For s i m p l i c i t y , l e t us assume t h a t an 

a c c e p t a b l e t r a c k s h o u l d have a c o i n c i d e n c e i n a l l l a y e r s . I f then the f i r s t mask o f a g roup 

i s checked w i t h the r e s u l t t h a t the r e f e r e n c e l a y e r has no h i t one may s k i p o v e r the r e s t 

o f t h e masks o f the g roup s i n c e no match i s p o s s i b l e w i t h any o f them. I f the r e f e r e n c e 

l a y e r i s h i t , but the next l a y e r i s n o t , then there may be a s k i p ove r a subgroup and so 

on w i t h the t h i r d l a y e r . The c a l c u l a t e d v a l u e s i n the IM c o r r e s p o n d to the o r d e r i n g o f 

masks and ensure the p roper i n c r e m e n t a t i o n v a l u e s . I f , due to i n e f f i c i e n c i e s a m a j o r i t y 

c o i n c i d e n c e d e f i n e s a t r a c k , the a l g o r i t h m d e s c r i b i n g t h e i n c r e m e n t a t i o n s t e p s as a 

f u n c t i o n o f the re sponse o f the r e f e r e n c e l a y e r s i s somewhat d i f f e r e n t , bu t the p r i n c i p l e 

i s s t i l l a p p l i c a b l e and very u s e f u l . 

The mask c y c l e s c o n t i n u e u n t i l the MAR c o n t e n t s exceeds a p r e s e t maximum v a l u e , t h a t 

i s u n t i l the mask l i s t i s e x h a u s t e d . I f the t r i g g e r t h r e s h o l d has no t been reached up to 

now, a r e s e t s i g n a l i s s e n t to the d e t e c t o r e l e c t r o n i c . I f the t h r e s h o l d had been reached 

a LAM i s genera ted to i n f o rm the o n l i n e computer t h a t the da ta b l o c k o c n t a i n i n g the t r a c k 

i n f o r m a t i o n TC, MST and HST i s ready to be read v i a CAMAC. These da ta can be used f u r t h e r 

i n some s o f t w a r e f i l t e r r o u t i n e o r w i l l be added to the even t r e c o r d . 
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PERFORMANCE 

The time needed f o r one mask cyc le i s 150 ns . The processing t ime o f an event depends 
on the number o f t r a c k elements t h a t are encountered i n the three r e f e r e n c e l a y e r s dur ing 
the mask c y c l e s , s ince they determine the incrementa t ion steps o f the MAR. There i s a f r e e 
choice o f the p o s i t i o n o f the t h r e e ad jacen t re fe rence l a y e r s w i t h i n the d e t e c t o r , s ince 
only the o r d e r i n g o f masks by sof tware i s i n v o l v e d . The choice w i l l be made i n such a way 
t h a t the processing time i s minimized w i t h the actual background cond i t ions taken i n t o 
account. The processing t ime o f an event i s made up o f two p a r t s . The f i r s t p a r t i s con
s t a n t and independent o f whether any wi res have been h i t . This i s the t ime requ i red to 
check in each mask group whether the re fe rence l aye rs have h i t s which would mean t h a t the 
group deserves c l o s e r i n s p e c t i o n . With 60 c e l l s in the re fe rence l a y e r t h i s gives 60 mask 
cycles or 9 ys o f basic processing t ime . The second c o n t r i b u t i o n depends on how o f t e n h i t s 
are encountered i n the r e f e r e n c e l a y e r s , inducing the t r a c k f i n d e r to s tep through the 
respec t ive mask group i n d e t a i l . With 20 masks in a group i t takes 3 ys to s tep through 
i t . Thus w i t h a t o t a l number o f 1200 masks the processing t ime o f an event amounts to 

9 ys basic t ime plus 3 ys per each encountered t rack element i n the r e f e r e n c e l a y e r s . 
From Monte-Carlo s imula t ions o f background t racks we got a t y p i c a l processing t ime o f 
about 20 ys which i s very encouraging. 

Add i t iona l computer s i m u l a t i o n s o f the t r a c k f i n d e r response to Monte Carlo generated 
t racks have shown the p r o p e r t i e s o f d i f f e r e n t mask s e t s . Assuming d r i f t chambers w i t h 
100% e f f i c i e n c y we c a l c u l a t e d the t rack d e t e c t i o n e f f i c i e n c y to be 100% f o r t racks which 
approach the nominal i n t e r a c t i o n p o i n t c l o s e r than d = 3 cm and w i t h t ransverse momentum 
l a r g e r than 130 MeV/c. This e f f i c i e n c y then drops almost l i n e a r l y from 100% to 0% between 
d = 3 cm and d = 5 cm. These numbers apply to the b a r r e l region o f the ARGUS d e t e c t o r , 
t h a t is to 75% o f 4TT. A f t e r extens ion o f the t rack f i n d e r to inc lude a lso the endcap r e g i o n , 
the accepted s o l i d angle w i l l r i s e to 91% o f 4tr. 

The e f f e c t o f a d r i f t chamber i n e f f i c i e n c y on t r a c k d e t e c t i o n can be minimized by 
a l l o w i n g one l a y e r to be missing on a good t r a c k . For a chamber i n e f f i c i e n c y o f 1% and 
10 se lec ted l a y e r s i n a t r a c k the t r a c k i n g e f f i c i e n c y r i s e s from 90% to 99%. 

At the same t ime the i n t r o d u c t i o n o f an ' a n t i c h a t t e r i n t e r v a l ' o f 2 (see above) r e 
duces the p r o b a b i l i t y o f count ing a s i n g l e t r a c k twice from 5% to 0.3%. Fur ther improve
ments a re possib le by widening the ' a n t i c h a t t e r i n t e r v a l ' to ignore 2 o f 3 subsequent 
matches or by using an a d d i t i o n a l software f i l t e r in the o n l i n e computer. 

PACKAGING 

The t rack f i n d e r l o g i c i s housed i n th ree CAMAC s i z e c ra tes w i t h spec ia l bus connections 
between them. The l o g i c i s done i n ECL to o b t a i n high speed o p e r a t i o n . The power consumption 
o f the device i s 1 kW. 
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The t r a c k f i n d e r cons is ts o f 4 types o f modules : 

1) The w i r e i n p u t boards (WIBs) 
2) The mask memory boards (MMBs) 
3 ) The CAM memory boards (CAMs) 
4 ) The l o g i c boards 

A l l WIBs are i d e n t i c a l having 32 w i r e inputs each . Up to 8 WIBs are grouped together to 
cover a l l inputs from one d e t e c t o r l a y e r . To each l a y e r belongs one MBB, a l l o f them are 
i d e n t i c a l c o n t a i n i n g RAMs o f 2k x 12 b i t s to s t o r e the mask i n f o r m a t i o n . There are 12 
groups foreseen so f a r w i t h a t o t a l o f 12 MMBs and 54 WIBs. Together w i t h the two CAM-
boards these modules f i l l 90% o f the c r a t e space. 

The actua l l o g i c boards take on ly 3 s l o t s o f the c r a t e s . The l o g i c accomodates up to 
16 d e t e c t o r l a y e r s . Since only 12 a re used u n t i l now there is more space f o r f u t u r e 
a d d i t i o n a l l a y e r s , f o r ins tance beam pipe p r o p o r t i o n a l chambers and o ther d e t e c t o r com
ponents . 

The connection o f the t rack f i n d e r to the CAMAC branch i s accomplished by a p a i r o f 
modules, one r e s i d i n g i n the t r a c k f i n d e r c r a t e , the o ther i n a normal CAMAC c r a t e . The 
t r a c k f i n d e r looks l i k e a simple CAMAC address to the computer. 

TESTING 

Easy and s e l f - c o n t a i n e d t e s t i n g f a c i l i t i e s a r e o f primary importance f o r any t r i g g e r 
processor . To t e s t the t rack f i n d e r alone i t i s poss ib le to d i s a b l e the inputs from the 
TDCs to the WIBs by a CAMAC command and to access w i t h read and w r i t e a l l r e g i s t e r s o f the 
t r a c k f i n d e r from the o n l i n e computer v ia CAMAC. This inc ludes a lso the WIBs which can be 
w r i t t e n w i t h predef ined h i t p a t t e r n s to t e s t the response o f the t r a c k f i n d e r . Also the 
c lock can be c y c l e d under sof tware cont ro l to f o l l o w the mask cyc le i n d e t a i l . These 
f e a t u r e s proved to be extremely h e l p f u l dur ing the checkout procedure o f the d e v i c e . 

Another type o f t e s t i n g i s the v e r i f i c a t i o n o f the q u a l i t y and performance o f the s o f t 
ware d a t a s e t s t h a t are loaded i n t o the memories o f the t rack f i n d e r . These t e s t s can be 
e a s i l y and thoroughly done by s i m u l a t i n g the t r a c k f i n d e r hardware on a l a r g e computer and 
by s tudy ing i t s response w i t h d i f f e r e n t i n p u t d a t a . 

STATUS 

A l l par ts o f the t rack f i n d e r have been produced by the f i r m Dr. B. S t r u c k , Tangstedt 
and have been d e l i v e r e d to DESY. The system t e s t i s under way and has been q u i t e s a t i s 
f a c t o r y so f a r . An extension o f the t rack f i n d e r to a lso d e t e c t t racks t h a t l eave the 
d e t e c t o r through the endcaps has been s p e c i f i e d and w i l l be ordered soon. 
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SUMMARY 

The p r o p e r t i e s o f the t r i g g e r p r o c e s s o r f o r ARGUS can be summarized i n a few s t a t e m e n t s : 

The p r o c e s s o r f i n d s and c l a s s i f i e s c i r c u l a r t r a c k s i n the r-c|>-plane o f the ARGUS d r i f t 

chamber by l o o k i n g f o r w i r e h i t s i n the 0 ° - d r i f t - l a y e r s . I t i s s e n s i t i v e to p a r t i c l e s 

f rom the i n t e r a c t i o n r e g i o n o n l y . 

I t i s expec ted to reduce the t r i g g e r r a t e by two o r d e r s o f magn i tude to a few per 

second . 

The p r o c e s s i n g t ime f o r s i m u l a t e d background even t s w i t h a t o t a l number o f 1200 masks 

d e f i n e d i s o f the o r d e r o f 20 u s . T h i s i n t r o d u c e s l e s s than 5% deadt ime i n t o the 

d e t e c t o r per fo rmance . 

The t r a c k d e t e c t i o n e f f i c i e n c y i s 100% f o r f u l l y e f f i c i e n t d r i f t chamber and f o r 

charged p a r t i c l e s w i t h t r a n s v e r s e momentum l a r g e r than 130 MeV/c i f the p a r t i c l e 

approaches the nominal i n t e r a c t i o n p o i n t c l o s e r than 3 cm. The e f f i c i e n c y drops to 

zero f o r p a r t i c l e s w i t h a d i s t a n c e l a r g e r than 5 cm from the i n t e r a c t i o n p o i n t . 

Even w i t h a d r i f t chamber i n e f f i c i e n c y o f \% and 10 d r i f t l a y e r s connected to the t r a c k 

f i n d e r the t r a c k d e t e c t i o n e f f i c i e n c y can be 99% f o r p a r t i c l e s from the i n t e r a c t i o n 

r e g i o n . 

A t the same t ime the p r o b a b i l i t y to count a s i n g l e t r a c k tw ice can be kept lower than 

1% by s a c r i f i c i n g to r e s o l v e p a r a l l e l t r a c k s c l o s e to each o t h e r i n s p a c e . 

The t r a c k f i n d e r can be e a s i l y adapted to c h a n g i n g exper imenta l c o n d i t i o n s by 

d i f f e r e n t l y l o a d i n g i t s memories . 

The t r a c k f i n d e r can be e a s i l y and t h o r o u g h l y t e s t e d from the o n l i n e computer v i a 

CAMAC. 

The c o m b i n a t i o n o f s e r i a l and p a r a l l e l g a t i n g l o g i c to check more than 1000 masks i n a 

t ime o f about 20 us by compar ing the add re s s o f h i t s to the s t o r e d l i b r a r y o f p o s s i b l e 

t r a c k c o o r d i n a t e s seems to be an e x c e l l e n t compromise between speed and c o s t . E s s e n t i a l 

f o r the speed o f the d e v i c e i s the use o f a p r e c a l c u l a t e d s k i p l o g i c which s h o r t e n s the 

e f f e c t i v e p r o c e s s i n g t ime by an o r d e r o f magn i tude . Very new developments o f f a s t ECL 

b i t s l i c e p r o c e s s o r s a re p r o v i d i n g the chance to use such p r o c e s s o r s i n f u t u r e a p p l i c a t i o n s 

o f our d e s i g n . 

ACKNOWLEDGEMENT 

The a u t h o r s w i s h to thank Dr . W. S c h m i d t - P a r z e f a l 1 f o r s t i m u l a t i n g d i s c u s s i o n s and 
Dr . E. McC l iment , who d i d e a r l y work on the computer s i m u l a t i o n . Thanks a re a l s o due to 
H. Quehl from DESY and R. ö l s c h l ä g e r from the f i r m Dr . B. S t r u c k f o r t h e i r e x c e l l e n t 
s u p p o r t i n the c o n s t r u c t i o n o f the d e v i c e . 

REFERENCES 

^ see f o r i n s t a n c e the rev iew t a l k o f 
P. Wa lo schek , I n t e r n a t i o n a l Conference on E x p e r i m e n t a t i o n a t LEP , U p p s a l a , 

16-20 June 1980, p u b l i s h e d as DESY 80 /114 , Nov. 1980, o r 
G. F r a n k e , " T r i g g e r s and D e c i s i o n P r o c e s s o r s " , DESY 80/109, Nov. 1980. 



(1) Beam pipe 
(2) Drift chamber F i g . 2 Definition of masks 
(3) Time-of-flight counters 
(4) Shower counters 
(5) Hadron filter (magnet coil and yoke) 
(6) Proportional chambers for muon detection 
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