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Abstract 

A modif icat ion to the standard hit detection e l ec tron ics , used on 

m o s t flying spot d ig i t i zers , has been developed for the RIPPLE sys tem. 

The new e lec tronics has made a dramatic improvement in the ability of 

RIPPLE to reso lve c lo se ly spaced tracks . Design features and opera-

tional resul t s are presented. 
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Introduction 
The RIPPLE, a unique flying spot bubble chamber film measurement 

device using a CRT, was f i rs t described at the Cambridge Conference in 1970. 
The system is currently being used to measure very complex events in a hy-
drogen-neon mixture in the SLAC 82" bubble chamber. A serious problem 
throughout this measuring effort has been the ability to resolve complex track 
topologies on the digitized display. In the absence of this information, even 
the intervention of an operator does not result in reliable measurements of 
complex events . The hardware changes described in this paper have made it 
possible to measure multiprong events (14 prong at pr imary vertex) and 
e -pa i r s f rom gamma conversion within the chamber. 

History of the problem 
When RIPPLE was f i r s t designed, careful attention was given to the 

ability to digitize nearby t racks . It was anticipated that the device would be 
used on high momentum hydrogen interactions with high multiplicities of fo r -
ward going t racks. These forward tracks a re often very close together over 
a large fraction of their path length. Since the RIPPLE, like other flying spot 
devices, must digitize each bubble encountered during a sweep* it is essential 
that the digital part of the system be able to respond to bursts of sequential 
hi ts . While the use of gates, roads, or short sweep lengths might reduce the 
incidence of these burs ts , the general problem would remain and still be ap-
parent during a rea scan or track acquisition operations. 

With 10 MHz electronics used throughout the controller, the only real 
speed problem occurs at the interface between the hard wired controller and 
the computer. The multiplexer channel speed of the SIGMA-5 computer we 
a r e using is fairly typical at about five microseconds per word. This p re -
sented a severe mismatch with RIPPLE where it was estimated hits could 
occur as close together as 200 nanoseconds. This mismatch was softened 
with the aid of a ser ies of eight hardware word buffers arranged in a cascade. 



The cascade accepts data words at the top spaced as c l o s e a s 100 ns apart and 

makes them available at the bottom at whatever rate the computer channel can 

manage , as shown in Figure 1. 

It was a s s u m e d that this device would permit the detect ion of c l o s e 

spaced hits s ince the m a x i m u m sweep speed for RIPPLE i s 6 / 1 / 1 0 0 na. 

However , operational exper ience quickly showed that RIPPLE could not 

digi t ize tracks c l o s e r together than about 60 ju, and a check of the digital 

e l ec t ron ic s failed to show any bug. Because of other factors this problem 

was ignored until recent ly . 
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Cause 

Inspired by dif f icult ies encountered while trying to m e a s u r e events 

in the H-Ne mixture, the source of this res idual digitization problem was 

finally recognized to be at the analog-digital interface . Consider a spot of 

3 0 / i d iameter sweeping over a random col lect ion of 30 ja diameter bubbles. 

Some bubbles will be hit squarely such that the spot i s covered, Case A. 

Others wil l be hit so that the spot i s partially covered, Case B, More c o m -

plex c a s e s occur when the spot encounters a second bubble before moving 

c lear of the f i r s t . Several dist inct poss ib i l i t i es ex is t : Case C, both bubbles 

are hit squarely; Case D, both are only partial ly covered; the general Case 

E in which one is hit squarely and the other partial ly. A typical analog s i g -

nal (PHOTO) from the photo mult ipl ier ampl i f i er i s displayed in Figure 2a 

for the above c a s e s . Each of the c a s e s descr ibed i s represented on the f igure 

by a l e t tered peak. Note that the operational RIPPLE s y s t e m descr ibed here 

has a spot s i z e of 30 p.. This i m p l i e s that the bubble centers for Case C must 

be 60 p. apart before the val ley returns to the background leve l . 

Following common pract ice , the RIPPLE u s e s a fast analog compara-

tor c ircuit which s e t s at a spec i f i ed threshold voltage on the leading edge of 

& bubble, and then r e s e t s at approximately the s a m e voltage on the trai l ing 

edge. The hit posit ion i s determined as being midway between these digital 

leading and trai l ing edges . In RIPPLE this threshold leve l i s set as a f r a c -

tion of the distance between the local average background leve l and the m a x i -

mum pulse height. F igures 2a and Zb show examples of the digi t ized pulses 

obtained for a 30 percent threshold leve l and a 70 percent threshold l eve l . 

A s can be s e e n from the f igure , the 30 percent leve l d ig i t i zes only 

bubbles A and B correc t ly while the 70 percent l eve l gets A, both parts of 

C, and the la s t part of E. Normal pract ice was to run near a 50 percent 

threshold, producing a 'resu l t only marginal ly better than those shown. 

Simply stated the d i l emma i s as fol lows: to get al l of the bubbles 

digit ized, including partial h i ts , it i s n e c e s s a r y to digit ize with a lower 

threshold; to obtain high resolut ion of c lo se bubbles, it i s n e c e s s a r y to 

digit ize with a high threshold; actually, the bes t setting i s near the top 

of any particular hit pulse . 
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Fig. 2. Representat ive PHOTO s ignals resul t ing f r o m 

var ious bubble configurations are shown (a) together with the 

corresponding digital output f rom a fas t comparator se t at a 30 

percent threshold (b) and at a 70 percent threshold (c). 

Solution 

The requirement that each bubble pulse be dig i t ized based on in for -

mation obtained only near its peak i s a diff icult one. B e c a u s e of the variable 

bubble pulse heights the s ing le threshold method descr ibed above m u s t be 

ruled out. A method which would work in principle i s peak detect ion by 

finding z e r o s in the dif ferentiated PHOTO s ignal . This method was quickly 

d i scarded for two r e a s o n s . F i r s t , the PHOTO signal i s no i sy and bubble 

hits are s o m e t i m e s f lat topped; and second, the method i s diff icult to i m p l e -

ment within the exis t ing RIPPLE digital hit l og i c . All that remains i s s o m e 

general s c h e m e to vary the threshold s o i t i s high for high pulses and low for 
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low pulses. An analog method of varying the threshold was tried but aban-
doned because of failure on cases like £ in Figure 2a. Finally, the simple 
method of four separate threshold levels equally spaced between a programm-
able minimum and the "dark11 level was implemented. Each PHOTO bubble 
pulse is digitized by the highest threshold level crossed. Referring back to 
Figure 2, and simplifying to only two threshold levels, this scheme would 
accept as the best digital hit signal for pulse A, the hit signal of 2c; for B, 
the hit in 2b; for both parts of C, the hits in 2c; for D, the incorrect hit of 
2b, and for E, the correct but incomplete hit in 2c. The result is still not 
perfect, but is a major improvement over either threshold separately. 

Details 
The scheme was easily implemented within the framework of the 

existing hit detection system. A diagram of the multi-level system is shown 
in Figure 3; the digital portion has been simplified for clarity. It should be 
noted that in the system shown, PHOTO is a negative signal rising toward 0 
volts for a hit. Also, the signal PSHFTC is the original threshold signal 
used in the old one level system; it is also a negative signal riding at a 
programmable fraction of distance between the background and the highest 
PHOTO pulse. 

The essentials of the digital mechanization are as follows. When the 
PHOTO signal crosses one of the comparator levels A* B, C, or D, the 
corresponding PH flip-flop is set by the master clock signal 10 MHz. On 
the next clock cycle the corresponding H flip-flop sets . The signal PH» H 
then becomes a 100 ns leading edge pulse. Similar signals f rom each th res -
hold a re OR'ed together to form HITJLP which can be used to t ransfer the 
contents of the sweep position scalar to a half speed scalar . Each bubble 
pulse may produce up to to four such t ransfers ; later t ransfers to the half 

m 

speed scalar must correctly overwrite ear l ier ones. A similar AND/OR 
circuit (not shown) for* PH* H will generate a trailing edge pulse HITTP. 
The f i r s t of these HITTP pulses following a HITLP is used to stop and save 
the half speed scalar as a HIT position, thereby accomplishing the desired 
result . 
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Fig . 3. Schematic shows e s sent ia l f ea tures of four 

l e v e l threshold c ircui t . Port ions of the digital c ircui t have 

been removed for c lar i ty . The leading edge output HITLP 

wi l l produce a 100 ns pulse a s the analog s ignal PHOTO 

c r o s s e s the threshold on each of the four comparators . 

>• 

The o s c i l l o s c o p e t r a c e s shown on the lower half of Figure 4 show a 

typical PHOTO signal and the HITLP and HITTP p u l s e s generated by the 

digital log ic shown on Figure 3. The PHOTO signal shown i s the re su l t o£ 

the flying spot c r o s s i n g a two or three bubble c l u s t e r . Note that the PHOTO 

signal generates two HITLP pulses as i t s e t s comparators A and B whi le 

r i s ing to the f i r s t broad peak. As PHOTO fa l l s into the shallow va l l ey it 
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r e c r o s s e s threshold B generating a HITTP pulse and a digit ized bubble. A s 

PHOTO r i s e s again to the narrower peak, it again s e t s comparator B y i e ld -

i ng a s ingle HITLP pulse . As comparator B r e s e t s on the trai l ing edge, a 

second HITTP pulse d ig i t izes the second peak. Comparator A r e s e t s later 

on this trai l ing edge but the corresponding HITTP pulse i s s u p p r e s s e d by 

digital e l ec tron ics (not shown on Figure 3) which requires that at l e a s t one 

HITLP pulse separates HITTP pu l se s . A s ingle l eve l s y s t e m would m o s t 

likely generate a s ingle hit for the whole peak and would y ie ld a digi t ized 

point near the val ley between the peaks . 

Operational r e su l t s 

The threshold s y s t e m outlined above has been in routine u s e for some 

three months . It i s diff icult to quote any percentage improvement in m e a s -

uring rate or quality a s a resu l t of the changeover to this threshold s y s t e m 

because near ly s imultaneous changes to the sof tware occurred . However, 

t h e v i sual e f fec t of this s y s t e m can be rather dramatic as i s shown on the 

upper half of Figure 4 . These "before and af ter" pictures w e r e taken f rom 

a routine display and request for operator a s s i s t a n c e during the m e a s u r e -

m e n t of an event ver tex . The beam track extends toward the right in both 

p ic tures but i s cut off by the display. Hardware and software conditions 

were unchanged between the two displays except that the s ingle l eve l t h r e s -

hold was u s e d on the l e f t display while the new s y s t e m was used on the right. 

(The lack of a cursor on the l e f t display i s of no s i gn i f i cance . ) These p i c -

tures were taken within a few minutes of each other s ince the new e lec tron ics 

c a n b e e a s i l y reduced back to a one leve l s y s t e m by holding off f l ip - f lops 

P H B , PHC, and PHD on Figure 3. 

Two f eatures of these displays are m o s t prominent. F i r s t , it can be 

seen that the three forward tracks radiating out toward the le f t a r e r e s o l v e d 

m u c h better in the rigRt hand display. Second, the right display shows two 

stubs approximately 200 microns long on the f i l m , while the le f t display 

shows only one. The scan comment 2STUB shown at the bottom of each 

display conf i rms the added detail shown by the four l eve l s y s t e m . 



Conclusion 

This m u l t i - l e v e l threshold s y s t e m has made a s ignif icant i m p r o v e -

ment in the abil ity of RIPPLE to r e s o l v e c l o s e l y spaced tracks . Since an 

older generat ion cathode ray tube with a 30 m i c r o n spot i s current ly u s e d 

on RIPPLE, the pos i t ive ef fect of this s y s t e m is somewhat exaggerated. 

However, even with a 15 m i c r o n spot available on the newer tubes the 

technique should s t i l l provide a not iceable improvement in resolut ion. 



Fig . 4 . Upper pair of this composi t shows a before 

and af ter display of a v e r t e x with three forward tracks and 

two stubs; the beam track i s to the right and has been cut off 

by the display. The stubs a r e about 200 p. long on the f i l m . 

These otherwise identical sweeps are taken with the s ingle 

threshold on the left s e t equal to the lowest of the four t h r e s -

holds used on the right. 

The lower t race shows some bubble pulses on a typi-

cal PHOTO signal and the corresponding leading edge pul ses 

HITL.P and trail ing edge pu l se s HITTP. Each HITTP pulse 

shown on the lower t race indicates the acquis i t ion of a d ig i -

t i zed bubble by the four l eve l threshold e l ec t ron ic s . 
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