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SUMMARY 

A discriminator has been developed for digitizing 
both Intercepted total charge and location of electro
magnetic shower end particle trajectories In multi-
wire proportional chambers read by delay lines. Deter
mination of shower trajectory Is aided by video signal 
Integration followed by centrold-locatlng discrim
ination. Calibrated run-down of the signal Integrating 
capacitor gives the charge Information above a given 
threshold level. 

The discriminator 1s designed to handle up to 
four shower-Induced video signals per event by In
corporating steer.'ig circuits within the module. 
Each video signal Is examined for time over an ad
justable threshold. Video pulses with separation of 
less than 20 nsec are treated as a single pulse. 
Counter-logic circuits Indicate the number of video 
signals digitized. These signal processing circuits 
provide a f i rs t level of data sifting which otherwise 
niust be carried out with additional discriminator 
channels and added complexity In data recognition. 

INTRODUCTION 

The application of multi-wire proportional cham
bers (MWPC) as position sensors 1s well known. A 
familiar method of readout uses the "ampllfler-per-
wlre" system where each wire of the chamber is con
nected to an amplifier and logic chain. Output data 
from this type of system 1s comonly d ig i ta l , In
dicating onlj whether a particular wire has been "hit". 
Another method uses the delay line technique', where 
al l the wires of a chamber plane are elctr ical ly 
coupled to a common delay l ine. The location of a 
"hit" 1s determined by measuring the time that the 
resulting signal takes to reach an end of the delay 
l ine. The delay line has the Important characteristic 
of preserving the amplitude of the signal; thus, 1f 
the chamber is operating in a proportional mode, the 
intercepted charge in the chamber by the passage of 
ionizing particles can be measured. 
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Another notable characteristic of MWPC delay line 
readout 1s the Inherent abi l i ty of the line to coalesce 
a cluster of Induced signals such as are produced by 
the passage of electromagnetic showers. The re
constituted output voltage of the delay line then 1s 
a signal profile from which the Intercepted amount of 
charge and the location of the shower can be deter
mined. 

The application? for which this discriminator is 
developed requires 1) digitizing the charge developed 
by each of up to four showers per chamberper event 
and 2) determining the location of each shower. Be
cause of the characteristics listed above, the delay 
line readout scheme 1s Ideal for this purpose, 
provided that dead-time effects can be minimized 1n 
the manner shown In a i associated paper3. 

DISCRIMINATOR OPERATION 

The discriminator 1s essentially composed of two 
functional sections: the video steering section which 
Includes circuitry to separate the showers, arj a 
section containing four Identical charge-to-time con
verters. Circuit function can be readily followed 
with the aid of the simplified block diagram In 
Figure 1 . The timing sequence for an event during 
which for example two showers traversed the chamber 
1s shown In Figure 2 . The two video pulses re 
sulting from the two showers are labeled VI amd \'2. 

Video Steering Section 

The presence of an event 1s signalled by the 
Muster Trigger. I t causes flip-flops FF1 through 
FFtl to be set Into their ini t ia l condition: FF1 is 
sett the others, reset. 

The video signals from the delay line f i r s t pass 
through an Inspection Gate. This gate, operated by a 
signal from the Hazard Inspector3, Is used to gate 
out signals from the delay l ine which »rt unrelated 
to the event. As pulse VI exceeds a predetermined 
threshold, the TIme-over-Threshold (TOT) discriminator 
simultaneously opens video gate Gl and triggers the 
Integration Period (IP) one-shot. 
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As pulse V I re -c rosses the threshold on t h e t r a i l i n g 
edge, the TOT d i s c r i m i n a t o r c loses v ideo gate & 1 . 
rese ts both the IP one-shot and F F 1 , and sets FF2 i n 
p repara t ion f o r pulse V 2 . Under normal s i g n a l c o n * 
d l t l o n s , v ideo t i m e - o v e r - t h r e s h o l d w i l l be less than 
the per iod o f t h e I P one-shot . 

As the second p u l s e , V2 , crosses the th resho ld 
o f t h e d i s c r i m i n a t o r , i t opens video gate G2 and 
aga in t r i g g e r s the I P one-shot . As pulse V2 r e -
crosses the th resho ld on the t r a i l i n g edge, t h e d i s 
c r i m i n a t o r c loses v ideo gate G2, rese ts both FF2 and 
the I P one -shot , and sets FF3. The process r e p e a t s 
I t s e l f f o r up t o f o u r video pu lses . The l a s t f l i p -
f l o p , FF5, I n d i c a t e s an over f low where more than f o u r 
pulses above t h r e s h o l d l e v e l s a r e r e c e i v e d . 

The I n t e g r a t i o n Per iod one-shot guards a g a i n s t 
v ideo s i g n a l s whose t i m e - o v e r - t h r e s h o l d w i t h t ime 
1n excess o f the IP one-shot per iod w i l l a l l o w t h e 
one-shot t o t ime o u t , thereby s e t t i n g the a p p r o p r i a t e 
I n t e g r a t i o n over f low f l a g — O F l to OF4. 

Video I n t e g r a t i o n and P r o f i l e Cente r -F ind ing Sect ion 

Each charge conver te r s e c t i o n opera tes I d e n t i 
c a l l y as f o l l o w s . 

I n t e g r a t i o n o f the v ideo s i g n a l begins Immed
i a t e l y upon opening o f t h e v ideo g a t e . A c u r r e n t 
p ropor t iona l t o the s i g n a l v o l t a g e from the v ideo 
gate ou tput i s used t o charge an I n t e g r a t i n g 
c a p a c i t o r . The I n t e g r a t e d v o l t a g e thus developed 
i s a p p l i e d t o the t i m i n g d i s c r i m i n a t o r t o generate a 
STOP pulse which I s t ime r e l a t e d t o t h e c e n t r o l d o f 
the shower induced waveform. A s i m p l i f i e d c i r c u i t 
o f the t i m i n g d i s c r i m i n a t o r I s shown I n F igure 3 a . 
F igure 3b shows t i m i n g r e l a t i o n s o f t y p i c a l waveform 
I n t e g r a t i o n and t i m i n g pu lse g e n e r a t i o n . The I n 
tegra ted video s i g n a l f o l l o w s tve pa ths . I t 1s 
a p p l i e d t o a t imes Z a t t e n u a t o r t o produce h a l f -
h e i g h t waveform A In F igure 3 b . I t i s a l s o a p p l i e d 
t o a 400ns de lay to produce a delayed u n i t - h e i g h t 
waveform B. I f the i n p u t v ideo s igna l 1s less than 
400ns l o n g , waveform A acts to produce a h a l f - h e i g h t 
t h r e s h o l d a t t h e comparator; the t ime o f a r r i v a l o f 
the h a l f - h e i g h t o f the delayed waveform B I s then 
d e t e c t e d by t h e comparator. T h i s t i m e I s s y s t e m a t i c a l l y 
r e l a t e d t o the t ime of a r r i v a l o f the c e n t r o l d o f the 
shower pulse a t t h e Inpu t t o t h e d i s c r i m i n a t o r . 

Video Charge-Time Conversion Method 

Generat ion o f t h e STOP pulse s t a r t s t h e charge-
t ime convers ion . The STOP pulse sets Q f l i p - f l o p 
(QFF) which s t a r t s a c a l i b r a t e d c u r r e n t source to 
d ischarge the I n t e g r a t i o n c a p a c i t o r . Output o f the 
QFF 1s brought t o the f r o n t panel t o g a t e an e x t e r n a l 
s c a l e r . Run-down o f the I n t e g r a t i o n c a p a c i t o r i s 
monitored by a comparator which rese ts QFF as the 
c a p a c i t o r v o l t a g e crosses zero b a s e l i n e . The t ime 
i n t e r v a l between s e t and r e s e t o f QFF then represents 
t h e r e l a t i v e charge o f the video waveform. 

Pulse-Width Sca l ing 

C h a r a c t e r i z a t i o n o f showers I s enhanced w i t h t h e 
a d d i t i o n a l c a p a b i l i t y t o measure the width o f the 
I n t e r c e p t e d p a r t i c l e s . The width In fo rmat ion 1s 
generated by t h e TOT d i s c r i m i n a t o r as p r e v i o u s l y 
d e s c r i b e d . 

The output pulse o f each v ideo gate 1s t r a n s - ' 
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m l t t e d to s t a r t / s t o p an assoc ia ted sca le r e x t e r n a l t o 
the d i s c r i m i n a t o r . The content o f each s c a l e r then 
i s s y s t e m a t i c a l l y r e l a t e d t o shower w i d t h . 

KtSULTS 

A pro to type has been t e s t e d using a 14 GeV e l e O o n 
end plon beam and t h e r e s u l t s met w i t h pr imary o b 
j e c t i v e s . Inherent charge r e s o l u t i o n I s 251 p r e 
dominant ly determined from shower e l e c t r o n m u l t i p l i c i t y 
s t a t i s t i c s and c e n t r o l d l o c a t i o n 1s b e t t e r than 1 m. 
Construct ion o f 28 u n i t s * r e be ing read ied t o be used 
1n experiments E -192 /45* a t FERMILtt , 
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Figure 

1 . Block Schematic o f 4XQT D i s c r i m i n a t o r 

2. Timing Sequence (two TOT event) 

3 . Waveform I n t e g r a t i o n and Timing Pulse Generat ion 
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FIGURE 2 



WAVEFORM INTEGRATION AND TIMING 
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FIGURE 3<0) 
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FIGURE 3(b) 


