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WHpoKoe aHenpeHHe aneKTpOHHhiX Bhi'IHCnHTenhHhiX MaUIHH a paanH'IHhie aaeHhSI 

¢H3H'IecKoro aKcnepHMeHTa aa nocnenH 11e f'OJlhi Bhi3aano onpeneneHHhifi HHTepec co 

CTOpOHhl lPii3HKOB-8KCnepHMeHTaTOpOB K BOnpocaM Bhl'IHCnHTenbHO~ TeXHHKH li npo

rpaMMiipOBaHHID. nepCOHan lPH3H'IeCKHX naoopaTOpHfi npH nOJlf'OTOBKe 8KCnepHMeHTOB 

HnH o6pa60TKe 8KCnepHMeHTanhHbiX Jlai!Hb!X BbiHY)KJleH ( B OOnhlliHHCTBe cnyqaeB Ca

MOCTOSITenbHO) OCBaHBaTb TeXHHKY 38 'v\ H MeTOJlbl paOOTbl Ha Bbi'IHCnHTenbHbiX Ma

WHHaX. 

npH BCeM MHOT'006pa3HH MaTepHana KaK no CaMHM Bbi'IHCnHTenbHbiM MalliHHaM 1 

TaK H no BOnpOC8M nporpaMMHpOB8HHSI, B npouecce T8KOfi paOOTbl B03HHK8IDT ~CTeCT

BeHHbie TPYJlHOCTH, CBSI38HHhie, rnaBHbJM o6paaoM, c orpaHH'IeHHOCThiD nHTepaTyphi, 

paCC'IHTaHHOH Ha lPH3HK8-8KCnepHMeHT8TOpa HnH Ha nHU 1 3aHHMaiDIUHXCSI pa3BHTHeM 

MeTOJlH'IeCKHX aonpocoa aKcnepHMeHT8lihHOfi lPH3HKH. EcnH yqecTb npH aToM, 'ITO Me

TOJlHKa HCnOnh30BaHHSI 3BM B 8KCnepHMeHTanbHOfi lPH3HKe ObiCTpO COBepUieHCTByeTCSI 1 

TO 6yneT nOHSITeH HHTepec CO CTOpOHbl lPH3H'IeCKHX HHCTHTyTOB K neTH~~ WKOne 06~e
JlHHeHHOf'O HHCTHTyTa SIJlepHbiX HCcneJlOB8HHfi - "'npHMeHeHHe 3BM B 38Jla'laX ~Kcne

pHMeHTanhHO~ lPH3HKH
6

o 

WKona npOBOJlHnacb naoopaTOpHe i Bbl'IHCnHTenbHO~ TexHHKH H 8BTOMaTH3aUHH 

OYIHYI ( JlHpeKTop - qneH-KoppecnoHneH-r AH CCCP npo¢. M.r.MeruepSIKoa) a r. AnyUI
Te ( KpbiM) c 5 no 19 Mast 1968 rona. 

nporpaMMa lliKOnhi HapSIJlY C OCHOBononaraiDIUHMH aonpocaMH BKniD'Iana 

TaK)!{e neKUHH no HeKOTOpbiM KO iKpeTHhiM COBpeMeHHbiM! MeTOJlHK8Mo nnSI 

qTeHHSI neKUH~ O~InH npHrnaweHbl aeny:uHe cneuHanHCTbl H3 06~eJlHHeHHOf'O HHCTHTY

. Ta stnepHbiX HccnenoeaHHfi, HHCTHTYTOB cTpaH-y'laCTHHU 011 H.YI, a TaK)!{e ionnerH H3 

eapone~cKHX HccnenoaaTenhCKHX ueHTpoe - UEPHa ( illeefiuapHSI) H CaKne ( 4>paHUHSI). 

He HMest B03MO)!{HOCTH ony6nHKOB8Th eecb MaTepHan, peKTopaT WKonhi nonroTo

BHn K H3Jl8HHID OTJlenbHbie neKUHH 1 COJ:paHHB 1 B OCHOBHOM 1 HX B TOM BHJle 1 B KOTOpOM 

oHH OhinH npencTaaneHbi aeTopaMH. 

nHu, HHTepecyiDIUHXCSI neKUHSIMH :~ nonHOM OO~eMe, Mbl anpecyeM B OHOnHOTeKy 

O.YIHYI, rne HaxonHTcst nonHhifi c6opHHK npo'IHTaHHhiX B wKone neKuHit: •npHMeHeHHe 

3BM B aanaqax 8KcnepHMeHTanbHO~ lPP3HKH" • , 

PeKTop WKonhi 

JlOKTOp TeXHH'IeCKHX HayK 

r.3AE.YIHK.YIH 

0TneqaTBHO MeTOJlOM KCepOKC-p01~npHHT C MaTepHanOB1 nOJlf'OTOBneHHhlX 

peKTOpaTOM illKOnhio 



INTRODUCTION 
; . 

This paper will attempt to give an idea of the' way in which 

the HP.D or mechanical flying spot digitizer is used now to measure 

large n~bers of bubble chamber :?ictures. A new programming development 

(minimum guidance) will also be 'iescribed briefly. The emphasis will be 

on the computer programs and wor:c at CERN in particular. 

Unnecessary detail will be avoided, because many of the 

programs and techniques des.cribed have been the subject of lengthy 

papers themselves. The missing d·~tail in most cases can be found in the 

references, which are generally ·;o ·conference po.porc or othor 

~iso·~llaneou.s reports. There· is· also .the CERN FSD Bubble ·chamber 

Program Manu.al(l, and the ohapte:~ by P.v.c. Hough in a book on "Bubble 

and Spark·Chambers11 <2 • 

·THE HPD 

The first tests with the prototype HPD on-line to an I13M 709 
compu=ter were reported on in 196:. ( 3. There are now two HPD 1 s at CERN 

on-line ·to the CDC 6600 computer. namely the earlier HPD 1 which has 

been· used 'for two 81 em chamber mcperiments and several spark chamber 

experiments, and the larger and :~aster HPD 2 which is now· being used 

to measure a 2 m chamber experimont. In what follows, only HP.D 2 

measuring 2 m chamber film will he referred to; unless stated othervrise. 

A full description of HPD · 2 is g:.ven in a CERN report which ·has just 

been published(4. 

The HPD gives a map of the picture constituting one of the 

stereo vie\vs of the bubble chambor in digital form 1;o the computer • A 

mechanically generated flying spc•t of light, smaller than a bubble, 
• 

sweeps the picture at the same time as a precision stage carrying the 

table moves underneath-at right Et.ngles to the dj.;rection of sweep of the 

) 
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npot. The effect is to cover the pictuJ~e in a TV -lik:~- .:1;'.~~-~'::r;: :_scan 

with separation betv1een tho lines usually abQ)lt 60 1-1, the li:n.es being 

inclined at a calculable small angle• -~~he. method of generating the 

spot is shown in Fig. 1, and a diagram of the raster scan is shown 

in Fig. 2. It uill b~ noted that tho s·;age can move in a direction 

along the length of the·film (normal soan) and also at a right angle 

to this (abnormal scan). Tho abnorm.al ucan~is used for tracks which 

make too small an angle with the scan-J.inc in the normal scan. 

At. the beginning::o£, each scan-lin_e the two stage eoordinatos 

are read out, and. then. dur;lng each svT~Elp, a W-coordinate is read out 

rrhenever the spot encounters ~·object. su·ch as a bubbl.~,, a .. fiducial . . . . . . . . 
mark arm,. a. ~cratch· etc. ':I'h1.1s the computer.sees the pi_cture:_a.s a 

series of .coordinates for each ocan-l;ine,.: • ·~ •.•.• 

where X,Y arc the stage coordinates (one· of them will remain constant) 

and the. VP.s. are:- the spot.,.qoordina~es ./~h.9 stage least count (or quantum 

of.length) is 2.0. IJ.m:and "!;he_ sp<;>t.leas·;_ co"Q.n.t is 1.6 tJ.m. The result 

of plotting the .digiti~ing_s Qf:a.typical normal scan can be seen in 

Fig. 3. 

. • .ft.. normal. FJ-can covering a 150 x 50 mm frame takes about 6 sec, 

and may contain about 100,000 digitizings. An abnormal soan covers an 

f!.rea. 50 mm. x 50 mm. Overall mcasuremen·; rat~·s,, wiJ-1: be diseusse51. later; 

tho're are several other factors \7hich appreciably reduce this. 

GATING AND FILTERING OF TRACKS 

The digitizings are at present reduced by about a faetor of 

ten on input to the computer by solncting for later ana-lysis only 

those uhich 'lie in the vicinity of tra<~ks of interest or in boXes 

4 
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around fiducial marks. The tracks to be measured arc indicated to the 

program by previously rough-digitizi~g manually threepoints~n each track 

(i.e·. at th<? beginning, middle and end) \7ith a precision of about 100 ~m • 

. This rough-digitizing operation is performed at the Milady scan-tables 

as tho film is being scanned for relevant events. 

Tho data reduction operation is called gating. It is done by 

fitting· a circle through the three points ,thus. defining a "road" of 

half-riidth 256 least counts (or 400 ~n) about this circle; only 

digitizings nhich lie \7i.thin such roais are kept. The gated road 

contents arc then transmitted to anot.:wr program for filtering out of 

the interesting tracks from tho immediate background within the road. 

Fig. 4 shorrs pi'inter plots of short sJctions of typical-roads. All 

. digi tizings within tho road arc plott ::~d relati vo to i t·s edge, thus in 

·effect straightening out the circle. 

Finding an algorithm for gating is straightforward. The only 

problem is to write coding which nill not take too much computer time 

per digitizing. Filtering techniques, on the pther hand, havehad to 

be developed and thon refined until their performance on a large_ sample 

of events proved satisfactory. The requirements arc stringent and.it 

\7a.S not obvious at the start that the;r could. be ·mot. On four-prong c:vents 

the failure of one track-vicu in 200. :.cads to more then 5 % event failure. 

In tho present experiment the event failure r~te is about 25 %. There 

arc a vc.riety of causes_. mainly erroJ~s at-the scan table -.filter 

errors contributing only a. fc\l percon1;,. though sometimes,· for example ---~------

in the case of a badly aligned road, i 1; is difficult to assign the__________ · 

blame u,niqucly. 

The road-filtering program Lt CERN was developed in 

collaboration with RHEL, and is dcscrjbed in several reports(5,( 6,(7. 
It is uort~uhilo summarizing here tho main features, though if uo had 

to \7ri to a nm•. road fil tor program today ue \7ould almost certainly 

8 



do it somewhat differently, treating it as a special case of a later 

development (Minimum Guidance). 

The road is divided up lengthwise into slices of 32 or 16 
scan-lines depending on the curvatlre. Within each slice, track ele

ments are sought by looking ~or pulses in a histogram of the W-coor

dinates relative to a road edge. W1en such a pulse is found, the bits 

·in it are averaged to give.a maste~ point. In the first slice, the 

road ed~e used for the histogram i3 that of the Milady road, and a 

relatively coarse histogram is use•l. The track is followed from slice 

to slice always making use of the :na.ster points previously found both 

to compute a. new road-edge in the :lext slice and also to predict the 

position of the next master point. 

I' 

Needless to say there is a. complicated logic to take care of 

the various unpleasant situations ·yhich can occur, for e:x;ample closely 

spaced parallel tracks, tracks cro3sing over and "shadowing' each other 

(due to the dead time of tho digit.Lzing circuit) tracks which fade out 

and reappear etc.1 etc. Short traclcs are treated· specially; as their 

angle is less well defincd,histograms with edges a.t different angles 

are used. Bubble dansity informa.ti~>n- is obtained from the number of hits 

in tho pulse divided-by the number of scan-lines in the slice. 

Fiducial marks are also :~ound by histogramming; the angle of 

each arm· is assumed well knovm beforehand, so that a straight line 

at this angle can be used as a 11 ro1~d" edge to find a given arm. The 

location of the fiducial marks in ·;his way is I in fact done in the 

GATE program immediately after mea11urement of the normal scan. If a 

sufficient number of them are not found the frame is re-mea.sured. 

I' 
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THE PH.OGltAM CHAIN 

1l'hc HPD bubble chambc r analysis system at CERN consists of 

tha chain of programs sho'm in :ng.5a.. Data is passed from one program 

to o.nother via magnetic tape. T.1.o programs are >7ri tten in Fortran 

whenever possible except for so;no routines where computer s p:3ed is 

important, for example in gatin,5. There is a tendency for most labora

tories to usc a similar· sub-di v.L.sion of programming tasks >~i th tho HPD. 

Tho basic functions of tho diff·~rcnt programs of the chain are almost 

evident. 

The MIST program sort:;, chocks and performs preliminary --------

calculations on the data output by the Milady scan-tables. MIST decides, 

for oxo.mplc, nhen a track or paJ't of a track should be measured in tho 

abnormal scan. It also outputs en index tape for accounting. In a ncrr 

development, the Milady tables E.re being attached to a small computer 

(IBM 1130) in vrhich all tho prcJiminary checking will be carried out. 

GATE is tho program wr.ich controls tho HPD and, as its name 

implioo, gates~~he digitizings into roads for tho FILTER program. Tho 

output from FILTER consists of o set of average points, and the bubble 

density information. SMOG combines tho normal and abnormal scans of the 

same ovent-vim·1, and also merges tho ovcnt-vie>~s from tho different 

rolls of film. ' 

Track-matching means the association of track-image from tho 

different views. Doing this automatically ~aves ~uch time an~ effort, 

o.nd avoids errors, at tho'sco.n-t:~.blo. The geometry pro·g:ram(a (THRESH) 

is very nearly tho sa.mo as tho standard version used for manual 

measuring, machines. It nou makes mass-dependent points for each track(9. 

:.1 
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Fig. 5·~ 

track • 
match ,geometry 

l 
KINEMATICS 

etc. 

~D program chain f~r road guidance 

t----~r MGFILT ~====~ MGSLOG 
l 

~'b 

track 1 

I 
geometry match 

"V 

KINi':fM'l'ICS 
etc. 

HPD program chain for minimum gujdanc~ 

---· .. ___________________________ , 
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Tho above description o:~ tho programs pannot giv·o ah adequate · 

idea of the effort required to de·rolop such a production system. There 
. . 

is much detailed work concerned for example uith tho transformati:on 

from tho coordinate system of tho scan-table to that of tho HPD, with 

the detection of nearly all possible human and hardware errors, with 

the problems created by poor qual:~ty rolls of film, etc. etc. Thoro 

is considerable incentive to make usc of work already dono by other 

groups whore this is possiblo. An important point is that all those 

progrnms ru;e under continuous dovolopmont and care must be taken uhen 

changes from ono-affect an other. 

IONIZATION 

One of tho advantages o:: tho HPD is i ts-abili "GY, in principle, 

to give bubble density informatiOJl to help choose betueqn different 

hypothetical mass o.ssignomonts at the kincmo.tics stage. This is possible 

bcco.use of tho small spot size an<l tho fact· jthat tho track is sampled 

on scan-lines which arc sopo.ro.tod by only a. ~ow bubble ~amotcrs. 

·I .. 

Tho basic mcth6d· uo.s ·fi:~st dcvelop~d· by Strand~ 11 • It ho.s 

also been dealt with in sev·eroJ. papers since, then; a fairly concise 

description is given by Hough( 2 • ~~he procodlirc will be sketched here 

extremely briefly. 

where I 

Tho bo.sic relation used is : 

ko. = 
k = 
a. .,. 

T .,. 

H .. 

log T/(T-H) = T/M 

bubble densi·ty (i .c. bubbles per mm) 

apparent bubble d:Lametor 

number of scan lines intersecting tho tra.ck 
.• I 

number of hits (i.e. number o'f digitizings in histogram 
pulses) 

111 = number of misses 0: = T-H) 

lJ 



From the description of filtering ·gi-ven ·earlier ·it should be 

evident hou H and hence :M, is obtair,od from tho histogram pulse. Tho 

quantity ka.; so derived is coi·roctod for non orthogonality of the 

track to the sc~-lino, nnd for inclination of tho track in the chamber 

· ~7ith the film pla.no,to give a. value in tho chamber. The values from tho 

throe separn.te views of ench track ore combined together to give ba. 

and its error Ylharo b is tho chamber bubble density. After tho· 

momentum of erich track is known, a)} fit of tho evant can be mnde 

fo:r a. given sot of mass ·assignments, making usc of the fact that 

in the cho.mbor b = c/~ 2 r;hcro ~ is the velocity of tho particle 

and c is a. constant nhich depends on the chamber operating conditions. 

In order to obtain reliabla results from this, within the 

theoretical limits, it is necessary to study tho following questions 

1) Is the HPD spot sufficiently small, with uell-dofined edges, and 

\ri th no halo? 2) Do the histogram pulses ;found by FILTER generally 

include all tho hits on tho track-slice, no more and no less? 

3) Do tho number of hits on a track depend on r1horo it is situated. 

on tho photograph, for pxmplo· duo t) film background?· 4) What 

correction fa.ctor is needed for trn.c:<:s or pa.rts of tracks measured 

in the a.bnorlllll.l scan~ 5) Do the fi:1a.l rosul ts depend strongly on 

the digitizing throohold level of th) photomultiplier? (Any such effect 

is norr minimized by automatic control of the level by the GATE progro.m 

based on the· number of hits on bea.m ·~racks.) 6) What is the best uey 

of combining information from the th:~eo vier~s? 

It is rather difficult to noparn.to out the data necessary 

·to study any of those queE:tiona in~inolation. For ·HPD 2 at CERN some 

of tho studios c.ro still 'being mn.de :.n parallel ni th the mca.suror.lCnt 

of tho first oxpurimcnt. Ho·;revcr, thu overall roliabili ty o'f tho bubble 

density info~~tion has been chocked on a sa.mple of 4-c fits. Tho 

results look vo.ry encouraging but oa.zmot be. published yet. · 

14 



ROAD GUIDANC:C SYSTEM PERFOHMAIWE 

The performance of the road cuidance system using HPD 1 

a ttc.ched to the CDC 6600 hc.s been d cal t rli th ;tn previous papers ( 11 • 

The first 2 m chc.mbcr/HPD 2 cxpc:drnont consists :of strn.ngo particle 

events produced by a 3.6 Gcv/c anti-proton beam. 

The ma.in. problems. encountered in this experiment and tho 

methods of solution nero reported ct a mootinG in AuGUst 1967( 12 • 

Tho present status is that about 25000 events have boon measured 

including about 8000 6-prong events .-rhich have also boon used for 

ioniza.tion and other studios. Horrevcr, only a small fraction has yet 

been through thofull o.no.lysis chain. Present indications arc, o.s 

already stated that tho first-pass rejection rate is about 25 %. 

The scanning o.nd moo.suring rate at the Milady to.bles ia 

about 5- 10 events per hour, tho density of;cvonts being one in seven 

frOJJcs. Tho time on HPD 2 ,fo:;:· measuring o.n o.vorv.gc event consisting of 

one normal o.nd. one abnormal scan hns. been found. to be about 16 soc, 

as against a theoretical time of .12 sec. Tho theoretical time uill not. 

be docreo.sed until tho HPD is equipped \7i th o. no\7 hydro.ulics system. 

The 16~soc time per event .corresponds to a measurement rate of.about 

70 events per hour. 

For various other ronsons such as tho frcquo;nt: film changing 

necessary, dif'ficul tics \7i th tho film a.nd tomporn.ry diff:icul tics 

with tho HPD o.nd tho GATE pro gran, the o.ctuo.l average rc.tc over longer 

periods is 30-35 events per hour. At Broohl1avun a rate of 100 events 

per hour is mo.into.ined rri th the HPD o.ttachocl on-line to an IBM 7094 

computer. So there is room for improvement o.t CERN. Perho.ps one lesson 

to be learnt is the uoofulnoss of a CRT diopa.o.y \lith tho GATE proeran 

for monitoring tho. porformnnco. (At CEUN a teletype is used for co•nmuni

cation \7i th the computer, o.nd printers for dioplay of roM. contents P.ncl 

fiducial boxes) 
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MINIMUM GUIDANCE 

The HPD offorn the theor~3tical possibility of automatically 

recogni~ing events as T:ell as measuring them) in fact attempts have 

been made and are still being made to do this at other laboratories. 

At CERN, however, it was considere<l that v;i th the film quality soon up 

to now and given the still limited computer capacity available, this 

is not yet a practical economic proposition. 

A project was begun with the limited obje~tive (at least 

initially) of finding and measuring the tracks of an event given only 

a Milady measurement of the vertex on each vie\1 and an indication of 

the number of tracks at the vertex. This system is·called '"minimum 

guidance" and was started in June 1966, in collaboration with RHEL. 
Progres:J with the system and results from triais on three experiments ____________ _ 

were reported in August 1967 (14 (l~i 

As can be seen from Fig. 5b tho·pr06Tam chain is very similar 

to the read guidance chain. MGGATE finds and checks the picture number 

as usual, but instead of gating ro~:.ds, merely outputs the r1hole of tho 

useful part of the picture in pack(·d form. The W1 s are packed foUl.· per 

60-bit CDC 6600 word, and there arE ·tYro separa to arrays (a) for stage 

coordinates (X's or ~'s) and (b) fer pointers to the beginning of each 

scan-line in tho W-array. Tho MGFII,T pro~a.m thus has semi-random 

access to the whole picture. 

It is impossible to describe tho MGFIDr program i~ a few 

words. Hanover, one basic technique used for finding tracks should 

be mentioned, namely stringing(l3, as it has a bearing on what 

.data reduction: may be done in MGGA'IE. Stringing means associating 

together, in clumps of not more then eight, digitizings which arc close 

enough together to be_ nearly certain of belonging to a small piece of 

track, fiducial or scratch. (The analogy in the case of tho FSD spark 

chamber programs-is finding groups of' digitizings bolpnging to sparks 

and roplacing:them by their centroids). The effect of stringing a part 

16 
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of a picture can be seen in Fig. 6 ?. :r;oints belonging to the. same string 

are marked by the same letter or figure locally. Techniques based on 

stringing are used in conjunction with histogramming in MGFILT. Track 

followinB' is anotherba.sic technique. 

Some general principles were observed when writing 

the MGFILT program, partly because it was a collaboration projects 

(1) Until the techniques were folnd to work, it was written 

entirely in Fortran , except fo:rt the J:"outine which gates ono scru.l-

lines. (2) It was v~itten in modularf1shion, in the form of routines 

to perform basic functions, the overall strategy and flow-chart being 

decided later.· (3) Adeq"Ll:ate facilitie3 for testing, including printer 

plot·s, were built in. (4) The number )f parameters which thave to be 

adjusted for different experiments VH13 kept to a minimum.: (5) The program 

·has been documented as it nas written, and any modifications to any 

routine noted immediately. The amount of data ~hich has to be trans

mitted from the MGGATE program is fai::•ly large - about four times that 

of the road guidance system. Assuming 24,000 . 60-bi t v1or<ls per event

vie'l7, then 150 event-vierrs can be sto:"ed on 1 11 magnetic tape. At 100 

uven ts per hour this means· a·. change o:: tape every haJ.f-hour, or about . -
every 20 minutes withhalf-inch tape •1-t 800 b.p.i. It is not believed 

to be feasible to achieve any major ~r·~du'ctio"n \7i thout in effect combining 

MGGATE and MGFILT. One possibility uh:Lch could reduce the amount of 

data by about one third rrould be to f:l.nd strings in the on-line phase. 

This would in any case be desirable in order to estimate the number of 

hits on beam tracks, for control of the digitizing level in the 

MGGATE program. 

At present the minimum guid1mce system is being set up to 

measure an 81 em chamber experiment u:ling HPD 1. The exp_erimont consists 

of four-prong events from a 750 Mev/c anti-proton beam. The complete 

chain of programs required for produc·;ion measurement works but requires 

improvement here and there. Tests ind:.cato that events can· be measured 

on the Milady tables at a rata of about 30 per hour. 

17 



Pll)T ur ':"[" ,, 
a tt• SUE . 4f •• , 

417· • ....... I 2 
ol729 •·"~ I ~ 2o 4 
4175.t 410o\ I ~ 2o • 
411, 4 •••• , I ~ 

, 
•Jih :1: •.• .,6 . ~ 7 • 
4181~ 41 19~ 73 ,. 
•115:' .. .,~ ·' 16 
ol871 . ,,.., 7 • .,.,,!' . ,, ... ll7 II 
•19;."6 •.. .,.,_. . ' 

., ft • . 
4105 4·'U"\ A ,,. I 
41976 4•141\ 9 A A • 
42"''' •·'''" . • A D D 

-4202• •.. .,~ e 9 A • . A 
420•~ .... ,, . c . . .. A "· . 8 D 
42073 '"9-\ {' • A e D 
42097 ........ c . n F. II D 
4212! c .• ,.., '· e 2 n 
421•e ... .,6 I, c r e • D 

4217: •·•?/) . c , 
; ,E 7 ·; 4214·~ 4·19"\ ~ l .. F. D 

•nl• ..... , .. , r • F , t • I 
•2-'4' ••ott :s I • ,. . a 5 • I, 
42&'tolt •"'•"\ ~ I .. 5 I 
42?4;" 410'\ . • 7 ft 2 , • c 
42Jl7 4···~ ' 8 7 . , • c 
e2~• ,..r . "'" 3 A 7 t: • ' • ' 42~(·· •··•·· • A N 7 r. F 
4239 4•1»'\ ' n 7 t: r E • c 
•2•1' ... .,, . ·: • . 3 7 c r f I 
4Ze39 4·Jfllt • 2 7 c , I • I . 
42•c.: •... , ... a • 3 c , £ l 
424118 •.. ,, c II 3 . c E l 
42'HZ •·n ' I :s . r E l 

··~J7 
.. ,, . I 6 . , ' . l 

•251t:' "'"" : 3 • 7 ' l 
•Z~t& •""' .. I, ' ' A .. 7 , • • 4161 ''"~ I ' 6 • c 7 .. ' f 
42'1o3• . ,"'~ I ' ' 41 7 .. .. f 
42•59 • tf)o\ . • .. ... 0: 7 't , f 
426fl~ .. .,., I, ' D ' r Cl 7 " f 
.n f 4 '''"" 

I " . ~ • t: r 7 ~ :s f 
•l>Jl 4''f'l-' I 4 I' 

, I l a 
•2757 4·f4,fA I , II ' r l 7 s • 
427tJ: ••• ,1\ . r l 7 I 3 • 
42"'' .. ..,,. 

" 1 ~ • :s 4 

4ZA.J:"' •·'"" . (o l , 
" a • 

421H ...... 
' 7 ,. l ~ 4 

42Af,' 4''",. 7 .. l • :s 4 
•H . 4 .... , . ,. II 4 

•2029 .. ,,., .. 7 .. A 9 3 4 I 
•l9',;. 4 '~I() I' A • . R I 
42079 4'0'- . " ' • I 
4Jr.J • ~~ " • • I 
4lC1~ .. ·~ .. . ll .. • 
43":'~~ 4•04\ . ·' r • p 

•307: .. ,..,. . .:, I• • " 43\l 0 4 ...... I• r • • 
•J:&t .... ,.. c " r. . 
•3:-:, 4•1n4 . II r ·I . 
43: 7. 4 '"A . . ~ 0 F. 1 J I 
4llo• 4'·v~ I, 2 0 r J I 
.3,~3 .... ,._ I 2 3 I 
43!'46 •·'01\ I , . • , , I I. 
4317 4 IOO . 2 " . ' 

,. l 

•31'''=' ... ,,,, I, . 7 4, ' A l 
•J,,, •• oo I 7 9 

•.J~•: ..... I 7 ~ ' 4lJt>7 4'UJ4\ I ' • . " .. ,9 

•J~9~ ...... . 7 A & • 
•3••-:. ....... I .. ' ~ 9 
43439 , ...... I ' . ' .~ .. , ... " I . ' 

~ 9 

to 

Stl:i.D9ID9~ 
0 

..EJg. 6 . • 
D 
t 
0 

·----··-----------------
18 



Out of a sru.1plcJ of 101 ()Vcmts rri thout noticoablo ncan~ta.ble 

crro:r.·, 62 uoro reconstructed .:md fi tteC'. in tho kinomatics progra.m 

succosr;fully. Furthermore, in n.ll bJ.t t\rO or thrue events out of tho· 

rema.indor, MG:PILT outputs ;.;;ufficicnt info:.c·mation for successful 

reconctJ..'Uction, if only the t:ra.ck-m:..tch .:md geonwtry progra.m \7orc 

clove,;r enough to recognize it. 'l'his 1as boon proved by making a manual 

noloction of corrospondin{; trcck im.1ges from those output by MGFILT. 

In some cases there are oxtrc track images, for cx.amplc from a pc.ssing 

beam track, a.nd in other cases., a s.Lnglo tra.ck-view· io missing. This 

::;election is made with the: a.id of t:10 plots of the average points found 

by MGFILT. An exa.mplc of' such plots is shorm in Fig. 7; in this case, 

there arc extrn tr11cks on vicus 1 end 3 and tho beam track is missing 

on vi orr 3. A ttontion iG norr being C•mccntrated on improvements to 

track-matching .'2-s offering thu boo·~ hope of imp:rovine the performance 

of tho minimum guidance system. 

'l'o conclude on minimum guidance, tho reoul ts from the first 

100 events seem extremely encourn.ging; it is hoped that tho next sa.mple: 

vlill not sho\7 a deterioration, but ·;;hio is l;>y no means .certain yet. 

If it is nccessn.ry to ce.ll in human judgment to help tho computer, it is 

hoped that' this can bo at the lovol of track-match r;hcro the qun.nti ty 

of data. to be kept and dioplayod by tho computer is very much less than 

at tho MGFILT stage. 
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CONCLUSIONS 

At CEHN, two 80 em Bub111e Chamber experiments have bee:rJ. 

measured using HPD 1, and n;t; present a 2 m chamber experiment in being 

measured using HPD 2 on-line to the CDC 6600 us in{~ the road-guidance 

system. The progra..'ll system has had tc, bo modified somewhat both for 

HPD 2 and for some problems oncountel·cd .fer tho first time in this 

2 m chamber experiment. Chocks on the measurements of all the experiments 

havo shown the precision to be 'bettel' than that of the mr.mual devices 

(IEP). Bubble density information is noy; being really used for tho 

first time and is believed to bo satisfactory. 

The average rate of meaGurc.ment on the HPD is at present 

about half the peak rate. of 70 event~: per hour, which in turn is 

loss then the 100-:por-hour theoretict:.l rate. ':pho average rate is 

continually being improved, and tho l•o.ck-log· of events measured on the 

Milady tables boing reduced. For the moment, measurement on tho Milo.dy 

tables is not a bottleneck. To be ro£;dy for .tl).O day when it is, tho 

minimum gu.iQ.anco system 'is bc1ng dovc:loped. 
. r 
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