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Within the past decade the bubble chambers and spark chambers 

together with the large accelerators have conspired to generate a new 
- 

- experimental problem. It has become possible to acquire interesting 

and information-rich photographs of the production, interaction and 

E!. • 
decay of elementary particles in quantities 1 to 2 orders of magnitude 

_ _  beyond our capacity to analyze them. And the statistical limitations 

sspange-particle physics are sufficiently famous that I need only 

uggest that the extra data, 'if it can be made available, will find 

immediate honorable work in choosing between alternative theories or 
=.I 

. in framing quantitatively new postulates for a theory. 
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5 2 his rathir tantalizing situation of inanalyzed data has 
, ' ,  called forth very much experimental-physics and engineering-development 

- effort. The cloud-chamber days of circular templates to measure track 

ture have been succeeded by an elaborate and successful development 

of the two-dimensional coordinate comparator familiar from classical 
astronomy. The automated coordinate comparator finds its highest 

;gpression in the Franckenstein measuring projector of the Lawrence 

ion Laboratory in Berkeley. Until the last month or two. virtually. . 

all the bubble chamber film in the world had been measured on two- 

ional coordinate comparators, either of the measurinq-projector 
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o r  measuring-microscope type .  By now, however, about  60 bubble 

chamber events  have been measured on a  new type of p r e c i s i o n  

measuring, instrument c a l l e d  a f l y i n g  spot  d i g i t i z e r  (FSD). The FSD 

i s . t h e  p r i n c i p a l  ins t rumenta l  component of t h e  new system I want t o  

descr ibe  t h i s  morning. I n  t h e  t a l k  by Professor  P l e s s  which fo l lows 

you w i l l  hear  about a system which may we l l  be t h e  next  genera t ion  i n  

our  s t e a d y  s e a r c h  f o r  t r a n s f e r  of r ecogn i t ion  and measurement f u n c t i o n s  

from humans t o  d i g i t a l  conlputers. 

The mechanical f l y i n g  spot  d i g i t i z e r ,  o r  FSD, o r  HPD, was 

imagined, toge the r  with a system permi t t ing  human scanning . . t o  guide it, 

about 3 y e a r s  ago by B. Powell and myself a t  CERN., A prototype FSD 

was t e s t e d  success fu l ly  a t  CERN about a  year  and a  h a l f  ago, and a t  

about t h e  same time CERN, Berkeley and Brookhaven began cons t ruc t ion  

of product ion machines. A l l  t h r e e  product ion FSDts wereworking l a s t  

summer as machines and s i n c e  then a l l  have been pu t  under c o n t r o l  of 

t h e i r  IBM 7090 o r  709 computers. They a r e  j u s t  now beginning t o  

opera te  with t h e i r  computer programs. The master a r c h i t e c t  of t h e  

programming system i s  H.  White, head of t h e  'Data handl ing Group a t .  

Berkeley. Playing .a l ead ing  ro le '  i n  t h e  system development.have been 

B. Powell and G .  Moorhead a t  CERN, D. Lord and J .  Burren a t  Harwell, 

H..White, J. Franck and J,A.G.  Russe l l  a t  Berkeley, and R.B. Palmer, 

M .  J.. Rosenblum, N.W. Webre, P.L. Connolly and myself a t  Brookhaven. 

Mark I1 machines of an  advanced design due l a r g e l y  t o  R.B. Palmer a r e  

under cons t ruc t ion  a t  Brookhaven and Harwell and planned f o r  t h e  

Univers i ty  of Pennsylvania, Columbia Univers i ty ,  Imperial  College 

(London), CERN, and severa l  o t h e r  l a b o r a t o r i e s  i n  t h e  United S t a t e s  

and abroad. 



. . 

The bas ic  idea  of the  HPD i s  extremely simple, a s  shov~n by 

F i g ,  1. A mechanical ape r tu re  - 2 0 ~  o r  0 .8  m i l  square i s  formed by a 

means f a m i l i a r  t o  e a r l y  workers i n  t e l e v i s i o n .  Approximately r a d i a l  

s l i t s ,  8 i n  number and each 20p wide, a r e  c a r r i e d  by t h e  r o t a t i n g  d i s k .  

Downstreamof t h e  l i g h t  beam by 8 m i l s  i s  a . f i x e d  s l i t  a t  r i g h t  ang les  

t o  t h e  moving r a d i a l  s l i t s .  For s t r i c t l y  r a d i a l  s l i t s  t h e  perpen- 

d i c u l a r i t y  o b t a i n  f o r  only one d5sk 'angle but ,  as Professor  Mc Mil lan of 

Berkeley has  shown, appropr ia t e  curving of t h e  moving s l i t s  l e a d s  t o  

pe rpend icu la r i ty  f o r  a l l  d i s k  angles  and moreover t h e ' l i n e a r  speed of 

t h e  20p.square a p e r t u r e  becomes cons tan t .  The o v e r a l l  l eng th  of t h e  

f i x e d  s l i t  i s  i l lumina ted  by t h e  high p ressu re  mercury' a r c  shown a t  t h e  

l e f t  and a s  t h e  d i s k  r o t a t e s  a  f i n e  spot  of l i g h t  t r a v e r s e s  a ' l i n e  

( f i x e d  and s t r a i g h t  t o  a f r a c t i o n  of a  micron) 4-80 t imes/sec.  The 

f l y i n g  spot  i s  imaged a t  2.1 r educ t ion  both on a bubble chamber o r  

spark chamber negat ive and on a p r e c i s i o n  g r a t i n g  c o n s i s t i n g  of a l t e r n a t e . . - :  

opaque and c l e a r  s t r i p s  each 1 6 ~  wide. By counting g r a t i n g  l i n e s  and i :  . 

i n t e r p o l a t i n g  between them t h e  coordina te  on f i l m  of t h e  f l y i n g  spot i n  ' . : .  

i t s  d i r e c t i o n  of motion i s  known a t  any time t o  wi th in  a  few microns. 

The f i l m  i s  clamped to .  a p r e c i s i o n  s t age  and d r iven  i n  t h e  coord ina te  

perpendicular  t o  t h e  f l y i n g  spot  coordina te  a t  a r a t e  of 1-1/2-3 cm/sec, 

y i e l d i n g  l i n e  separa t ions  of 3 0 - 6 0 ~ .  . - Since t h e  f l y i n g  spot  diameter 

on t h e  f i l m  (wi th  a b e r r a t i o n s )  i s  15-201.~ i n  diameter,  and s ince  bubble ' 

image diameters  a r e  t y p i c a l l y  2 5 - 3 0 ~ ,  t h e  ' 3 0 ~  l i n e  spacing mentioned 

' i n s u r e s  t h a t  every bubble image on t h e  negat ive i s  t r ave r sed  by the  

f l y i n g  spot .  This  i s  how.we have been t h e  Mark I FSD a t  

Brookhaven. 



When t h e  f l y i n g  spot  encounters  a bubble image it 'is 

a t t e n u a t e d  t y p i c a l l y  25-75% depending on t h e  d i r e c t n e s s  of  h i t  and 

t h e  bubble chamber photographic and opera t ing  parameters .  The width 

of t h e  bell-shaped a t e n u a t i o n  curve i s  roughly t h e  Su.Iil of t h e  spot  

and bubble image diameters ,  o r  40-50y. The high p r e c i s i o n  .of t h e  FSD 

d e r i v e s  from t h e . f a c . t  t h a t  i t  i s  p o s s i b l e  t o  f i n d  t h e  c e n t e r  of a r e a  

of t h e  a t t e n u a t i o n  curve t o  a  s tandard dev ia t ion  of 3-4y out  t h e  much 

l a r g e r  fu l l -wid th  a t  t h e  base.  Each f ly5ng spot coordina te  i s  then 

of a p r e c i s i o n  about equal  t o  t h a t  given by a 'measuring p r o j e c t o r ,  

but t y p i c a l l y  16 f l y i n g  spot  p o i n t s  a r e  obtained t o  one measuring-.  

p ro jec to r ,  po in t ,  so t h e  e f f e c t i v e  e r r o r  can be 4  t i m e s  l e s s .  

S u b s t a n t i a l l y  l e s s  than one-micron s tandard dev ia t ions .have  been 

obtained, b u t , i n  t h e  presence of o t h e r  p ress ing  system problems t h e  

' t h r e e  product ion d i g i t i z e r s  a r e  showing 1-2p s tandard e r r o r s  so f a r .  

The d i g i t a l  e l e c t r o n i c s  problem a s s o c i a t e d  with a , f l y i n g  spot  

d i g i t i z e r  i s  b a s i c a l l y  t h e  t rapping  of t h e  g r a t i n g  count a t  t h e  time 

a  bubble image center '  i s  found, t h e  s to rage  of t h e  number temporari ly  

u n t i l  t h e  IBM 7090 computer i s  f r e e ,  and then  t h e  t ransmiss ion  o f  t h e  

coordina te  t o  t h e  computer. ~ t '  t h e  end of each  scan l i n e  t h e  perpen- 

d i c u l a r  s t a g e  coordina te  i s  a l s o  transmitted;so t h a t  t h e  information 

flow c o n s i s t s  of a s t r i n g  of f l y i n g  spot  coordina tes  of bubble c e n t e r s  

encountered along one scan l i n e ,  then  t h e  coordina te  of t h e  scan l i n e  

i t s e l f ,  then  t h e  sequence repeated f o r  t h e  next  scan l i n e ,  e t c .  u n t i l  

perhaps 2000 scan l i n e s  have been t r a c e d  and 15,000-40,000 coordina tes  

have been t r ansmi t t ed .  



Fig .  .2 shows the-Brookhaven Mark I FSD as f a r  a s  mechanics 

and o p t i c s  a r e  concerned. Ins ide  t h e  c i r c u l a r  box i s  t h e  spinning 

d i s k ,  and t h e  f l y i n g  spot  i s  imaged both on t h e  g r a t i n g  a t  t h e  l e f t  

and on t h e  f i l m  a t  a  p o i n t  not  very v i s i b l e  in .  t h i s  p i c t u r e .  F ig .  3 

shows t h e  type and i n c i d e n t a l l y  about t h e  q u a n t i t y  of e l ec ' t ron ics  

r equ i red  f o r  t h e  information flow. With t h i s  amount of hardware 

e n t i r e  p i c t u r e s  can be encoded and '  t r ansmi t t ed  t o  t h e  computer and 

then  repa in ted  by t h e  computer on i t s  d i s p l a y  CRT so one can judge 

t h e  adequacy of t h e  d i g i t i z i n g . .  Fig.  4 shows a BNL 20" chamber photo- 

graph, i n  t h e  o r i g i n a l ,  and Fig .  5 a  playback .from the computerls 

d i s p l a y  CRT. The d i s p l a y  has been s t r e t c h e d  a r b i t r a r i l y  i n  t h e  ver -  

t i c a l  d i r e c t i o n  by about a f a c t o r  4/3. To overcome t h e  l i m i t e d  

r e s o l u t i o n  of t h e  d i s p l a y  CRT we have had t h e  7090 p l o t  t h e  d a t a  

i n  s e c t i o n s  and have then pas ted  t h e  s e c t i o n s  toge the r  by hand t o  g e t  

an e n t i r e  picture . .  In Fig .  4 may be noted t h e  coded p i c t u r e  number, 

and i n  both f i g u r e s  t h e  e x t e r n a l  o r '  "road" f i d u c i a l  Xf s, and t h e  

i n t e r n a l  o r  "prec is ion"  f i d u c i a l  X I S .  Apart from t h e  CRT d i sp lay ,  

t h e  d e t a i l e d  .computer p r i n t o u t  i s  analyzed, e .g .  f o r  t h e  p r e c i s t o n  of 
1 

t h e  data which w e  have qilnted. me downstream two-prong, i n c i d e n t a l l y ,  
. .  

i s  t h e  f i r s t  event '  processed by t h e  new system a t  Brookhaven and t h e  

only  event we.have processed completely.  

A t  t h i s  s t a g e  two jobs remained t o  be accomplished i n  p r a c t i c e ,  

- The f i rs t  was computer c o n t r o l  of t h e  FSD. It does no good t o  measure 

a  bubble chamber frame i n  a few seconds u n l e s s  you can g e t  t o  another  

one t h a t  needs measuring i n  a  comparable t ime.  The q u a n t i t y  of 

e l e c t r o n i c s  r equ i red  f o r  computer c o n t r o l  i s  about equal  t o  t h a t  f o r  

t h e  information flow and s e v e r a l  of t h e  problems a r e  n o n - t r i v i a l .  A s  

a  kind of slide-with-time-dimension we have made a small  f i l m  s t r i p  of 



our Mark -I under computer control. 

(Begin Film ~ormentary), 

Here is one of our senior technicians initializing the 

machine at the beginning of a run. In starting a run we set the Moire- 

fringe counters for the stage to standard values and run in a few frames 

of film so the FSD knows what picture number'it has currently in its 

platen. 

Through open double doors from the 'last scene is the 7090 

computer. The second of these.smal1 consoles in the foreground 
. . 

shepherds orders from 7090 to the FSD and coordinate flow in the reverse 

direction. 

Here we see the indicator lights showing orders received from 

the computer. When all these left-hand lights are on, a measurement 

pass is being made. Of the two left-hand lights, the extreme-Ieft 

shows'film-advance complete and the next stage-retrace complete. 'We 

are in real time for,the slowest measurement speed of our Mark I, 

giving the close-spaced scan lines which catch every bubble. 

Here are the mechanical motions. The next two film advances 

are of 62 frames and 101 frames respectively.' (This) is stage retrace, 

and (This) the measurement pass. 

We run the Mark I at twice this cycling rate for the pattern 

recognition programs. 

(End Film commentary) 



Now l e t l s  consider  how t h e  7090 can make use  of $he mass of 

coordina te  d a t a  t o  o b t a i n  Franckens te in- l ike  p o i n t s  f o r  p a r t i c u l a r  

events  . 
It may be t h a t  t h e  7090 o r  i t s , imrnedia te  descendent w i l l  be 

a b l e  t o  make sense d i r e c t l y  of t h e  15,000-40,000 coordina tes  t r a n s -  

mi t ted  t o  it by t h e  HPD. I n  f a c t  R: Marr and G .  Rabinowitz a t  

Brookhaven, with col leagues  a t  Brookhaven, I l l i n o i s  and ~ e r k e l e ~ ,  have 

made r a t h e r  deep inroads  i n t o  t h e  problem and h o p e ' t o  g ive  u s  an 

experimental  computer program wi th  which t o  s t a r t  t r y i n g  ou t  machine 

scanning i n  a  month o r  two. 

However, i n  advance of success fu l  computer p a t t e r n  r ecogn i t ion  

we a r e  r e l y i n g  on human scanning of photographs and on a  scheme f o r  , .  

d i r e c t i n g  t h e  computerls a t t e n t i o n ' t o  t h e  events  found by t h e  humans. '.': . :  

The scheme i s  t h i s :  a t . t h e  scan t a b l e ,  as shown i n  Fig .  6, t h e  scanner . 

u s e s  a  s imple measuring r i g  t o  record  t h r e e  low-precision p o i n t s  f o r  ..'. . : . . . , 

each t r a c k  on punched ca rds .  The c a r d s  a l s o  r ece ive .  t h e  p i c t u r e  number, ,...;,,. 
.., , . .  .. 

and an event-type number which says  t h a t  t h e  event  i s  2-prong, s top  '. : 

p l u s  s i n g l e  V a double-Vee, e t c .  The punched ca rds  f o r  a  t r i a d  of 

b 0  f t .  r o l l s  of f i l m ,  con ta in ing  t y p i c a l l y  100-1000 events ,  a r e  

converted,  a t  a 1401 computer i n t o  "scan tapes1?,  one f o r  each v 1 . e ~ .  Wlth 

view 1 scan type mounted, e .g . , and t h e  view 1 r e e l  .of f i l m  mounted on 

t h e  f l y i n g  spot  d i g i t i z e r ,  t h e  computer r eads  t h e  scan tape,  winds f i l m  

t o  t h e  frame-riumber requested,  and makes a  measurement pass .  I n  th.e 

measurement phase it u s e s  t h e  rough coordina tes  taken a t  the .  scan t a b l e .  

It construct ' s  a c i r c l e  through t h e  t h r e e  rough p o i n t s  wi th  an e r r o r  

band on e i t h e r  s i d e  of  t h e  c i r c l e .  The ' region of t h e  two e r r o r  bands 

we c a l l  a road. Nuw as data f lows i n  through the  FSD, t h e  ''7090 accep t s  

only  coordina tes  l y i n g  i n  t h e  roads  and throws away t h e  r e s t ,  Since 



t h e  roads a r e  reasonably narrow, - 3 0 0 ~  wide on f i l m  o r  3mm wf de on-  

the scan t a b l e  p ro jec ted  image, one might expec t ' . t he  p a t t e r n  r ecogn i t ion  

problem t o  be reduced t o a  t r i v i a l i t y .  I n  f avorab le  circumstances t h i s  

i s  t h e  case,  as  shown by tihe next  few s l i d e s .  Fig.  7 shows a l l  t h e  

p o i n t s  i n  t h e  road f o r  two successive 20-pt b i t e s  of c l ean  t r a c k .  The 

computer program f o r  r>oad-gating t h e  new coordina tes  and f o r  screening 

ou t  bad p o i n t s  due t o  c ross ing  t r a c k s  and e l e c t r o n  s p i r a l s  i s  c a l l e d  

HAZE, wi th  an important i n n e r  core c a l l e d  FILTER. HAZE has  a  f i n a l  

ou tpu t  "master. po in t s "  o r  "~ranckenstein-equivalent po in t s"  shown a s  

X I S  i n  t h e  f i g u r e .  F ig .  8 shows FILTER working a b i t  harder ,  i n  one 
. . 

cask wi th  2 t r a c k s  i n  t h e  road and i n  t h e  o t h e r  wi th  a c ross ing  t r a c k .  

I n  t h e  second case it refused  ' t o  genera te  a  master  po in t ,  but t h i s  

was J u s t  because it had p len ty  of master  p o i n t s  a l r eady  f o r  t h i s  t r a c k .  

I n  Fig .  g I show a p l o t . o f  t h e . m a s t e r  p o i n t s  of t h e  s c a t t e r e d  proton f o r  

our  i n i t i a l  event,  which i s  tr+ + p - trf + p + irO with 1 ~ e v / c  T+ i n c i d e n t . '  

A l i n e a r  t e s t  func t ion  has been sub t rac ted  and t h e  l a t e r a l  s c a l e  expanded. 

In Fig .  10 f o r  t h e  same t r a c k  a  quadra t i c  t e s t  func t ion  i s  sub t rac ted  

a n d - t h e  s c a l e  expanded f u r t h e r  t o  show t h e  s c a t t e r  i n  t h e  p o i n t s .  The 

r c a i d u a l  alopc and curvature  a r e  not  ~ i g n i f i o a n t  because the. t e s t  

func t ions  were not  l eas t - squares  f i t s .  The master-point 'standard 

dev ia t ion  of  1 . 8 ~  i s  t h e  one which very l i k e l y  can be made 1~ o r  l e s s .  

The master-point d a t a  f o r  t h e  t h r e e  t r a c k s  i n  t h r e e  views of 

our  f i r s t  event were transformed by hand i n t o  a format s u i t a b l e  f o r  

inpu t  t o  t h e  s tandard  geometry and kinematics  programs FOG-CLOUDY-FAIR 

of  H.  White. We a l s o  had t o  do cons iderable  .hand measurement of 

f i d u c i a l s .  F i n a l l y  about December 1 we f i t t e d  our  f i r s t  event t o  tr+ 

2 s c a t t e r i n g  with irO production, with a s a t i s f a c t o r y  x . (about 3) and 



~tisfactory.agreement between measuring-projector and FSD determination 

of all geometrica1,and kinematical variables. 

It was then necessary to arrange, first, that the 7090 .find 

its own fiducials. Second, since we had up -to this time run events in 

two .steps, first storing coordinates on tape and then running the tape 

as input to HAZE, it was necessary to learn to run HAZE in real time. 

Finally it was necessary to make the HAZE Franckenstein-equivalent 

output directly acceptab.le to FOG-CLOUDY-FAIR, which demanded a 

slightly revised FOG. 

These basic chores we finished about two weeks ago at which 

time we put the HPD on line to HAZE. H. White at Berkeley has been 

in this desirable situation since about mid-December. The system in 

this condition we have both found to be like an uncaged and largely 

untrained beast. H. White has recovered to the extent that he is 

now beginning ser'iously to analyze the performance of HAZE and 

especially its basic ingredient FILTER. He has carried 55 events 

successfully through HAZE-FOG-CLOUDY-FAIR. 

We have obtained HAZE output, i.e. Franckenstein-like data, 

for only 5 more events. And we are just.getting the HAZE-adapted 

version of FOG to work on our 7090 so we have not yet run these 5 events 

through reconstmxction and fitting. In general, with programming the 

final problem in the system, we hav.e a phase .lag behind Berkeley-by the 

time to put new programs in service. H. White has studied the filtering 

of -1000 tracks and reports that at the moment -15% of all tracks are 
. . 

being rejected but that the removal of obvious bugs should drop this 

We have filtered -100 tracks but actually have not really accomplished, - -2P 

the reduction to practice of on-line high-speed operation of HAZE. 



A t  t h e  rough d i g i t i z i n g  scan t a b l e  our  f i rs t  Brookhaven run  

of 1000 even t s  showed a  product ion r a t e  i n  agreement wi th  o r  a  b i k  . . 

above our  e a r l y  e s t ima tes .  So i f  FILTER i n  p a r t i c u l a r  and HAZE i n  

genera l  w i l l  f a l l  i n t o  l i n e  we should be a b l e  t o  process  600-1000 

simple even t s  p e r ' d a y  with t h e  3 rough-d ig i t i z ing  scan t a b l e s  now 

working, and double these  numbers with t h e  a d d i t i o n a l ' s c a n  t a b l e s  t o  

be ready l a t e r  t h i s  sp r ing .  

Berkeley has  some experience wi th  s t r ange  p a r t i c l e  events  

and s t a t e s  t h a t  HAZE f i n d s  no marked ' increase i n  d i f f i c u l t y  over  t h e  

2-prongs t o  which we have so far r e s t r i c t e d  ourse lves ,  

A t  Brookhaven R . C .  Strand has  analyzed t h e  f i l t e r e d  output  

d a t a  from HAZE t o  o b t a i n  t h e  bubble d e n s i t y  and he f i n d s  good agreement 

wi th  t h e  most c a r e f u l  hand measurements and only s l i g h t l y  h igher  

s tandard e r r o r s .  It i s  planned t o  o b t a i n  and u s e  bubble d e n s i t y  

information f o r  a l l  t r a c k s .  F ig .  11 shows t h e  FSD hi t -miss  sequence 

with which he works. There remains t h e  de terminat ion  of t h e  sys temat ic  

e f f e c t s  of t r a c k  angle  and t r a c k  l o c a t i o n  i n  t h e  chamber on t h e  measured 

bubble dens i ty .  

Finally,  just a few p a t t e r n  r ecogn i t ion  r e s u l t s .  An e a r l y  

program div ided  t h e  p i c t u r e  of F ig .  12 i n t o  a  recognized p a r t  ( F i g .  13)  

and a r e s i d u e  ( ~ i ~ .  1 4 ) .  It was r a t h e r  slow. The newer programs 

(opera t ing  a t  4 5 , 0 0 0  coordinates/sec on t h e  7090). have been used so f a r  

only f o r b e a m - t r a c k  recogn i t ion .  F ig .  15 shows t h e  program " i n i t i a t i n g "  

over  t h e  f i rs t  32 scan l anes  and then  us ing  r a t h e r  s o p h i s t i c a t e d  look- 

ahead with roads only 1/5 t h e  w i d t h  of t h e  HAZE roads .  . 15 shows 

a. heam track i n t e r a c t i n g .  Tne search f o r  cnnt imrat ion i s  poignant .  



The "experimental  computer program" I mentioned w i l l  i n i t i a t e  over  

t h e  e n t i r e  p i c t u r e ,  not  j u s t  a t  t h e  top, and both i n i t i a t e  and t r a c k  

fol low f o r  a l l  angles  of t r acks ,  not  j u s t  beam t r a c k s .  A s t rong  

argument f o r  d i g i t a l  p a t t e r n  recogni t ion ,  us ing  t h e  high p r e c i s i o n  

coordina tes  d i r e c t l y ,  i s  the  following: i f  t h e  programs begin t o  work, 

then  the,  s teady inc rease  i i l  speed of d i g i t a l  computers a p p l i e s  

au.t,omatically. And an order  of magnitude inc rease  i n  computing speed 
. . 

is due j u s t  next  year  with the. CDC 6600. 

To summarize our  cu r ren t  s i t u a t i o n ,  our  Mark I hardware i s  

opera t ing  q u i t e  s a t i s f a c t o r i l y ,  but our  sof tware i s  s t i l l  s p u t t e r i n g  

i n  seve ra l  p l a c e s .  We w i l l  be working c l o s e l y  with H. White on making 

t h e  programs f i r s t  secure and then  i n c r e a s i n g l y  v e r s a t i l e  and powerful 

i n  t h e  d i r e c t i o n  of p a t t e r n  recognition' .  Concurrently our  Mark I1 

hardware f o r  80" chamber f i l m  i s  being assembled under th,e d i r e c t i o n  

of R .Be .Palmer. 

. . 



Figure Captions 

1. The bas ic  scheme f o r  genera t ing  t h e  f l y i n g  spo t .  

2. The mechanics and o p t i c s  of theBrookhaven Mark I FSD. 

3. Showing t h e  type  of e l e c t r o n i c s  cons t ruc t ion  used i n  the  Mark I. 

4. An o r i g i n a l  BNL 20" chamber nega t ive .  

5. A computer r e -d i sp lay  of t h e  negat ive of  F ig .  4 .  

6 .  The rough-dig i t iz ing  scan t a b l e .  

7. Road-gated and f i l t e r e d  p o i n t s  f o r  two successive 20-pt.  b i t e s  

of c l ean  t r a c k .  

8. Two more d i f f i c u l t  cases  f o r  FILTER. 

9 .  Master p o i n t s  f o r  t h e  s c a t t e r e d  proton t r a c k  of t h e  downstream 

two-prong i n  Figs .  4 and 5. A l i n e a r  t e s t  func t ion  has been 

sub t rac ted  and t h e  v e r t i c a l  s c a l e  expanded. 

10 .  The master p o i n t s  of F ig .  g with a quadra t i c  t e s t  func t ion  

sub t rac ted  and t h e  v e r t i c a l  s c a l e  f u r t h e r  expanded. 

11. The h i t -miss  sequence obtained from t h e  FSD f o r  u s e  i n  

determining bubble dens i ty .  

12 .  A computer d i s p l a y  of input  d a t a  f o r  t h e  e a r l y  p a t t e r n  r ecogn i t ion  

programs. 

13. The recognized p a r t  of the  d a t a  of F ig .  12.  
\ . 

14. The unrecognized res idue  from t h e  d a t a  of F ig .  12 .  

15. Showing t h e  new Marr-Rabinowitz program " i n i t i a t i n g "  over t h e  

first 32 scan line. 

16..  Showing look-ahead f o r  a  beam t r a c k  which has i n t e r a c t e d .  



Pbdial&. reflecting 
Pho~omuitiplier 

Photomultiplier 

I I 

: ZOpm wide 
cn disc 

in front of 
wide 
disc 

I - 
Scheme to derive flying spot 

FIGURE 1 













HPD FILTERED 'TRACKS 

. x 

FIGURE 7 





+roo I I I 1 I 1 I I 

+ 50-  - 

0 .  

- 5 0 -  - 

-100 - - 

-150 - - 

-200 - - 

-25 0 I I I I I I 1 I 
- 1000 0 1000 2000 3000 4000 5000 6000 7000 , 8000 

X-1647 DECIMAL LEAST COUNTS 

FIGURE 9 



FIGURE 10 

--1 v, a(, + 4 -  

I 1 I I I I I I 

2.54mm 

3 z - +---+i - 

0 3  + 2 -  
0 - 

0 -  
3 (, - 21: -2- 
Y -4- - 

I I *  I I I I I I 
- 

- 1 000 0 1000 2000 3000 4000 5000 6000 7000 8000 
X -  1647 DECIMAL LEAST COUNTS 











--- 
3 7  - -  - -  J - H H H - B C B  a 

36 
-- --- 

J8J HI(H BBB 
39 - JJ.~ m~ ~ B B  -------- 
40 JJC) H*H BBB 

43 . _ . - --- - JJJ - - imtL - . ~.~~ -. - --up- --. - - - 
44 J8 J )IYH BBB 
45 - JJJ ww . A ! f @ - -  . - -  -- 
46 JJJ Hktl BaB 
U . . -- - - -- - - M J  ? -- -.m M b  - -- 
46 JJI  HLHl BBB 
49 - - -  J1J -- HW( BIB - -- - 
50 JIJ WH B#B 

-51 - - - - - -  HH* .BIB - --- 
52 JCJ HUH 888 
53 . - - - - - '44 - - - - H - _. -BIB - - - - - - - - 
54 I 3  J Hkr 600 
55 J IJ  ..Urn a00 - - - .- 
56 J I  J HHH BBB 

- 1;-. - -  -.aa A B B k -  - .- -.- ---- - - .- - --, - 
58 JJJ WH, BBB 

-59- - - - - -- w. HHT Mn-- - -  PA---- -+--- - 
60 8JJ HHM 888 

FIGURE 15 



W HHH .- - 
IJ HMH 
!d HHH 
Id HHH 
L -- HUH 
IJ HWH 
Id. _- HMH 
Id HYH 
!d HMH 
IJ HMH 
U - HllH 
IJ HWH 
iJ -- HNH 
IJ HWH 
Id • HHM 
1J HMH 
1 - n n ) l - - - -  
la 
U HHI- 
IJ HWH 
la HYH 
I# HMH +-- - HHH . --- 

HHH 
IC --,. . ----. H W > . .  Am 
J HHM 
I@ HHW 
1J HMH 
IJ _. _ H M .  - .  
IJ HWH 
!4 - L .- - - . -. wllY - . --- 
IJ HHM 

LBk - -  -.-A. - .----  ------ 
IDB 
lee - .  - 
IDB 

188 - - - . -. - .- - - -- - - - - . . - - - .- - - - - 
IBB 

-E-.x-*--_ -- JJJ • HWH EBB ----- 
154 JJJ 9 HHH - BBB 
155 - --  . - -  - -  - - & .  2 Hk@ LW-,8k!-.- -. .- -- 
156 JJJ HHY BBB 
LU .- . -- - - --a 4 4  -. H n n z - . - a u L  - - .. - --_ 
158 JJJ HHW 888 
159 . .- JJJ - hnn EBB -A- * JJJ HWH BBB 

-- -- A L  L -  HH)( ---- -.- - .EL@& - - - -- 
1 0 ~  • JJJ • H)m BBB 
163 - .  - . - - .- -- - - - 4 - - - - .  M4L BBB - - . - - 
164 JJJ HHM 880 
165 JJJ HHM BBD c 
166 JJJ HHM 888 • 

168 JJJ HHM 8 0 8  
169 JJJ J - + - & B B B .  - -- 
170 * JJJ HHH 888 

&.-- * -4JJ H m  BBB - • rn 
172 JJJ HHW BBI  • • 
173 - .. --AS-& JJJ- ---* HHtL B B I  - - .. 
174 I JJJ HHH DBB • 
175 - - JJJ 2 - _HllK_-- - ,888 - • 
176 JJJ HHM 88, 
177 • -nH))= 
178 . JJJ wr BBD 

1179. t - A I L  MuH -A_- .- a 

I I /  
180 JJJ H IH  BBB 

ll.%,5 

FIGURE 16 




