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I': :~.'-'-~;.." L INTRODUCTION ',' , . 

:1 I • . , 

'. {.' , . ~ ,: ~ . 

. meaeure:1a.1nch hydrogen bubble-chamber tum trom the Cllr1"ent AlV&1"e.,;·' 

Sc'ann!Ds anc:1 Mea.ulng Projector. (SMp·.) have been used to. 

. . . 
. Group run, with 2.5- to Z.S-GeV/e K- meson, (1(.63 experiment) and 2. to:;' -,,' ", . ... ' . ~. . 

,. :' 4.aev/c 'ft. meson. (,1' .. 63 experiment). ,Thl. ta ouJ" first major meaeu.rl.D.l 

" ..... 
" ., . . . 

<. '. 
• r '. 

, ", 

effort ue1ng SMP' s and we report here on their performance. 

Our system consists ot five SMp·,IS, 11ke the one shown in Ft._ i... 
o '. I . 

opo~~ing on-line to an IBM 1040 computer.' t.(';['he SMP baa been describe4 
. '. , 
~ detail els~erel here we 1"MeW only a tew ot itl main leat~el. )2" 

~-

The typewriter (to the right ot the viewing acre en) i. ueed 141' communlc:&tloa 

between the SMP operator and tho SMP executive program Itored In the . . 

1040 c:omputer. The operator is plded by thl. program through a .equnce . 

at operatto118 leading to tho eomplete measurement ot an event. To the 

lett ot the viewing screeD. a1"e tho lentel u.ed to projeCt the eteNoscopic . , 
photographic images ot ,the 12.inch hydrogen bubble chamber viA & .,.atem. 

.. 
! .. 

~ • I : 

ot mirrors onto the SMP viewing screen. The viewins .creen 1. made UP"'j ,.' .... ! . ;. 
,... , 

01 white myla1" ,heets ,arranged .0 that .. 6.mm measuring aperture can .' ... '......: .. . ", ,", .~ 

~. '. " ~ 

be moved to iLDy part of the table. When the computer prolJ"am req,WtR's ;';',,:: ;;,' 
. . .: .,""'l-. 

1 . " '" 

a meIL'1U'ement. the operato1' move. tho 6.DUIl aperture alon, the tract _ " .• ,;. " ,',:,:':'; 
~.:~. ·~,t·:, ., ...... , 

(i. ; .'{,',' 
'1, . 

... ,.' .. , 
* . . 

Work sponsored by the U. S. Atomic Energy Commission. 
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~:.~. l~.:I:;· •. ~tf~(t~:}ff'0~:r;I'.~ .~.;,J !, f " . . t • " ,', • '.' •• ' •• ,'. " r • ,': • • I~ lI •• hJ)"~ '~'''·I''.'' .~.,,: ..... : ';: ~\ 

" ,,":,\ .'; ... ,':,,! . " or fiductal to be- measured, while presl~B a .trecorc1" button. and. dlgitbed 
::':; \'~~~>''':;';'-',:'' .~." ::' ~. '. .• ~ . 

··r.",\f;'~l:'~';":; , ' coordinate data ~ow automatically into a. ~er within the computer. t , 

.. ' 

"\'. 
~ . 

. ' ! ~ ' .. ' 

, ", 

"'. "'. \ 

'.~; " ,: '."',.;: ,. " Detail. of the digitizb,.g procedure and accuracy of· measUI'emente are 
.' . ~ .. :':.: " , ~ ., " \"'i"~" 

' .. ' , .. 1,~';';"" discussed in. the .next section. Relulta of uslng thie eystem to process . ',' 
,. "" .,' • \ '. I ". '4· " . . . . . - ., 

, ".: 'J ,.:. approximately 40000 bubble cbambol' event. ar~ discue.ed In Section. m ',:: ,'> 
I', / ' .. ' . 

. ~ . ' 

" :.\ :' : '.',·and IV in terms of event l'ejectiOZ1ratiofJ and mea$urement I'ato" " 
.. " 

",1:, 

" j 

,,:-.:, ,i, .,:.:~:'.' t respec:tively •. : ... .',.' .. ,. ' ... ' _ '.' ..• 
.. , '.' ... " " . '. 

. ". : . 
,', . , ' 

, I· 
• " . 1 {; . 

of"- ." 

; ,i i' !,~.'.;, .. 
• ", . ,,:' ,'i : . 

. , 
, : ",'. I .~ ': . . . . '. . ...: ~ •• " /. • • l" :. ~;,,:;~: • • 

.;' . ~ 
~ ... , .' 

, -. ' ,;-, ,-: n. DXCiITIZING SYSTEM AND ACCURACY OF SMP MEASUREMENTS 

, , ... 
. '. 

, . 
_:. I': j. .~ • .1 'l;" 

• :',:" --!" 

The prectelonof theSMP t. ~chtevod by ina1dDg me •• ~.m.nt •. ' .:::-.' 
, . '::; 

~e1atlve to an &I'ray of precisely p1a.ced bench mat-b., Tb~ ··~~c;h mal'~' 

consist of transparent holes.' 20 mlls::m diametere ,;contact.printe4.0~" . 
, 
! 1 " 
i' .~ 

, , 
",: ,'I I'" . " 

" : :. '.~: glass photographic plate the size, 01 the measuring table, and are located . ' 

, ,', .. '" ,: .,: .. , in a square array t cm on a .ide.. CoorcUDatee on tr8.cke f.ft tb~ proJected' 
.. ' . .: .' ,. . . '. -. . \ 

image &1'0 automatically measul'ea by cit.p~einl tho tracks by a known . . 
amount with a rotating periscope (Fig. 2.) which can be moved to any poW, 

(' 

," '. in the viewing screen. (The entrance to the periscope ie the 6-mm ::. 

~" :;~"':' .;~ apel"ture in the my,lar ecreen.) The angular position of tho perl.cOpe 
1 

• 

, 

, ,) ',' .' , 

'" 

Is known at aU timee by tho ~ontent" ottwo .cale1'e, AX and AY, which 

count signal_ from magnetic recordings 'on the 1'0tattngd1'um. The.' 

number of count. recorded on two magnetic .stripe on the dl'um uo 

proportional to R cos (I and R eill (J tor AX and AY J'e'pecttvely, whero . . 
R i. the radius of the periscope, and. 8 i. its angu1u poSition.' 

" . 

:':.;" 

, t . 

'" .... : 

Ae the trac.k·tmage sweepe over a bench mark, the AX.and AY .'.' 
;1' . 

: ~ , 

~ . ,,: " . 

.. 'c' ~. 
,a:", 

, > .. , ... ~ 

ecalera are eamplec1; giving the cUspiacoment of the track point trom the.. .. .., .. ,'. ' . 
.. . ~ .. "~' ._........ .--::~ 

,. bench mark. Tho bench mark I'eeponslble for the measurome .. Ie located -: /:~.' ,~., 
. .' ..' 4~' ' , : 

,'. with tho aid of a coa1". digitimatioft of the 'position of the rotatills periscope."," .~-: " <> 
. . ' '. ~~ 

',' ',' 

~ . 
, . ; . '. .' ~. . 

• ·f 
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: \ ','.:\\.' <':;."" i '/ 'I:' . . ":,.:.. '. ~ . . .. " .... ~ ..... ~ . ..;;:~ .~ :: 

':'.<' ;~·""::.'i,·;:;><: 'The least count of resulting X and ,yo ~oordinate. 1. 80 14 on the table, . ': ",. ,', 

;;','~>'}">\ "', '~'whichcorre8PCnd' to ~ 5 I4bthe rum,plane •. With the present SMP' .': .. :.' .... ~'~;::'/ 
· .•..... · .• ' .... ·.,""·,.·~·,~i.::'~~!'.:, .. ,.. .. ... :. 41,',' ',:" "..... " :: .• ' " :.' , ~.~. 

~ - :.. : .... '=. . ' •. ' • 

" ~.! ',' '.:' • " parameters of R II 2.4 em a.ncl t.cm bench-mark spacing, we digitize . , .' c, .;,' 
• • I • '", ••• : I~.' <~':"~ 1, ~"'/' 

".~ !~.\,' -.,.' t" .'. '. I ." , .' . • • ~. • 

, , ,'. .about 8 pointe/em on a ,soUd track. . . < »'.:~::~';::: 
:.~; .:' :"l~;i. .: I 'i,' .. , ' ; , : . ~ ',' ·: .. ;:,t/: ,:; 

'.' ',," .... .' , By measuring the shadowe ot etretche4 wlres. we find that individual. . ,.' ' 
. I' ," ,", , . 1 •• • ..'. ,"/ " 0,,'. 

' .. ,' ' .' dlgitizations have an rms spread of o.o06*.OOi em on the SMP table 01"' > ).:\,:',1':: 
'. ..' . . '. '. ~ '. :' . ' . . '. " . ': ... '.'., \,"" 

, . .' ,:,' about 4 .,.in the film plane., Figure 3 is a plot of the point. mellaured on a . :,:.: .. :~« 
~ ," .' ,.~... .' . ..' . .. , . ./,. ,. , . : t :., . ; " 

:. ~~ .... :t,~\ ).,.>, .. ;i • 4 • 

. ~. ~. straight Une. The least count is e1ea~~y visible as vertical. linea ot point" 
-. ";" ' .. , 

.- --- ,along the track. The track was aligned approximately along the Y axis, 
1 •• • _ • . " • • .: • ..,'.: • ~:. :: 

changing 3 least counts in X in 40 em. The hoi°Usontal scale is 200 times 
' ••• ' \ I. , • , 

, . 
the vertical scale. On such a track ~ea.urement we average to SMP , 

.' . , 
" , . . , , 

"! .. " .. , .-~. :·i' ',-' ... 
. ~w,,.~II'·.':I~.,t-;·;'!,;i. 

pointe to obtain one "amootht~.point. which there!ore hal a precision ot . .' . ,', .. ' . 
• • l • ~ 'j .' •• '", ,,:! .~. _.' 1 •• '.':' I" ',.: .... " • 

> ' _jf.:' !. 

,approxlmately t.5 ... in the fi~ plane. We conclude that the bastc accuracy 
. . 

.', . ot individual SMP emooth points i. adoClluate tor bubble cbam~r measure_ 
" 

, • o. • • ments of very blgh precision. ',' 
. , ~, ~. , ' . , . ., ' . .' '. . . '~ 

, . 
There remains to be disc".eed the problema aaeoctated with " 

, 

. ',' 
, 0 " , • 

',' " 

'. " . 

, ' 

.' .... . , '''" 

measurements made ott.axls and via mirror.. The I~ss, delects in the ,," 
i ". ,. 

, ' 

•• 1, 

optical sy8te~ due to lena d1at~rtlon and tilting 01 mirrors are .,aeUy '., .... t, 

I, .", " '.' . 

compensated for by means of a 8=1'18 Unear t1r8t~rd.OI' correction te1"Dl ,v 

.' :. -
of the form ". ," \ 

" . ~;j~~.bj~~:~;~\~" I • 

£:/:-11 :;l:~~.?~.;~re:. 
~~~~~.<'~H~·;l 1t~ ~ 

<1, ',.., • 

. , .. 

,'., 
~. . .', 1 

: : 

. ~ ;,! 
, " 



" I 

'. 
", 

~'. ; 

',''', :1 , '" 'I;" "~ " , 'I 

,j, 

.{ " ".', system.',' Out' experience ~h new' optical element" indicates that thle 

'-;"'" ;;; , 'eUect c~ be' red~ced to f. ~ ~ thi. ,..eqUir~a a l1atne~.'~t t;i'£~1nge ,-, '::'" " "::'~ :.,,: 

. ;",,' 

, ;,' .. ' (5000 A) in ,6 b". for the celling mirror. 
")' . 

k , , 
" i . 

, .. , ~. .' '" 
, " 

':' .. ' ..... . 
", . 1. ;~ .. ; .. ~.~. , ': . . _, j~ 

. I ,1 1', ;. ': • . '. " .,.~. ~; . , 

", IlL" PERCENTAOE OJ' EVENTS RE3ECTEJ)i,' ~i ~ ,'::",<,,',,;,~~ ',:,,;,"':;::' . ,~',,' 

" : ,. " , ~ ,:"" :, n;ure 4 .howe the ~ow ~th tor cWa fro~ the,'~~u~~~~' eta.se ,':: , .. >' ~ " , ' . ' 
. . ' , .' .. ,.-.' . 'I 

,', ~ttu.ough the fin&1.exper~~nt analysle. 3 Event. can ~)'.Je~~~,at two ",:,' 
• '~. ~ , I. • • , .' ~ • \ ' '.' 

levels. at the track processing level or at the event.ana1yate 01" hypothesi •• . .' . . .. 

testing level. Table l,umm&rizee the failure. at thevariou. 'etage. for, 
• • '. . , 'l" ' ~ . 

the K.63 and '11'",,63 experiments. " ", . < I , , ' 
, ." 

, • 1 \ • • 1~' .; I 
.',!\ ,I, " 

The' first rQ.w gives the number of event. me,~.ure'~ o~ ~ SMP or ' 
... ,. ... •••• " • • , ,;, • .' • •.•• j , ,. • • 

FrancbneteiD. The second row givol the percental. of'~e.e 'event.,' . 
• . . ,. I.' ~ . " '.' :. . 

rejected at the trl.ck-ana1ysls level. Improper !.nd1cati..,. Wonnatlo1\ .. ' 
, . • '.. .' ~ t' ., ,: , " .' 

and other operator errors are, also included in W.' cla~.' of, ~~ure., We ,; 
'., , ,; .; ~ f '. .. • " 

eee that the SMP ~s had & eUghtly to'"l' ,reJect l"ate ~ 'th(t' ~ranckenstelD. : 
. ". , • .' '. ..'., ' 'I '. 1. \. . ~ ~ , . , ' 

dU1"lng We first perted of operation.' ,Much can be 4o~eto f~er decreue 
, , • I' • ,., :, • ' , ~:;' '. ~ f. • c 

this 1"ate on the SMP because, in principle all tests ~. :lu PANAL and 
. . ,:. : ~ " " .~. ~ 't' -'1 \ :';~ '\ "\;.' 

the track 1"econltructioll part 01 PACKAOE eM be tnco~z\a~e. ,into the " 
~ " .f " : • " ." '. t ,~. ~. ~, 1.-:' 

'~ . '" , SMP, executive p1"ogram. ,For ultimate efficiency o~ crtOraU,op~n:atton •. 

" 

" • ',' ; .. ~: ;.: J "p \ . ,,~, 

we ha~ put QUI" major progl'a.mmlng eftori into tmp:r~g, fUt$\t"tns &1\4 ~ ,,>""~ I 

. t '· 1
1

' , • It i ,~ .' . ;.-. ~ ".' . 

vertex.m.easurement, parts of the executive p1"ogr&man4: ~vel~l'inl ", , 
, ' """ " ,:.. ,~, . fl.:' 

&gnoatlcprograrna. Theee .!forte yield not ,only lo~r ~je~-"ate. .' ',;:, , 
, : ': • ,. '. 4 'j' I ,' .• f' .. ::' '. 

but also highermeasulng ratea. Now we are ltartlnS to b,corp6~~at. ' ,', 
. ..:.' '. ,:, .. }' ,~ " .' .,':.,... :. 

:', . ~ , . ,. ~ . , . 

. ) 

" , ; ~. , ' ' 

, , 



1 
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<f • 

' .. ~ \.:.: ..... 

;I"',~.",:t~~':<~~;~:~~;;,':I:~,, .' . .5. :' ',:"~"':_i UCRL .. tt425 Rev~ 
" I' ,', "':', I;;: , final,teasts of the data ae loon l!Lfter, measur~ment &8 po"ible. in order 
:' ,;,"''; ,,; ~,I."} " ' ' ' • ". : 

, ,.' 

.... ,,~',: , :. ';,:': '" . to catch the' rejects remaintns at thi$ leve1. Our 10-.1 tl to surpas., lor~. 
~::~, ':"" :<, :>" .' " ' , (,'~ t 

: .~~ '.:. .';-,;",',1"", aU types ot ~vents, the performance of the SMP n'loasudng the ".63 4,pro,:,£e ~,,~~,\:~ 

'~"',,'.,.' ,; :' ',', (8eo Table I). . , ".':, '!~ 
" ':t,'" " -', '~ .. :: . ,; , , . , 

.' "':" '. The third row of Table I gives the pe~centale of event faUuree at tho" ' , ' .. " , 
\ ' . ;'.' ... 

. : :. '. :. ': '.-{. 
" 

'. hypothe,8is.testtn~ level. Th~re are two main reAson~ that ~vent. tau, ,o'~';',,:':,,·.,,;,:~~:;=:>t"~ ': 

... ~ 

, ~ ... , ...- ~-:---

~ I . 

, \ ',. 

,r :' 

( 

.... ~ " . '. 
" .' I 

into this category. First, the event"may be of a type DOt tl'led in the ,,'/\ . 

hypotheses programmed for its topology. This i, especially true for the'" ' :': " 

K.63 events, since there is a 20% background of pions in the incident . . ,:":'~, 

beam, and no incident-pion hypotheses are tried in the normal K-63 ' 

PACKAGE program. The" number of events 01 this typo depends on th~ 

, t 

. . 

topology of the event. Approximatoly 3010 of the 4 prongs in this categotty " ' , . " 

fit pion hypotheses, and .... 5% ot the Z proq + V lit pion hypotheses. A 

second main reason for tatUng to fit a hypothesi. is undetected small-angle 

ecatters and decays of f1n.al-stat~·,partlcles which give ,bad mome~ and 
, , 

angle measurement of trackl. ' A careful examlnation of the traCks of 
'f . . . . 

such event. usually reveals the scatter or ~ecaY8 anc! remealuremcm.t .' 

stopping at the point of scatter or decay causes the eveDt to fit. To 

decrease this class of rejection in the SMP, we wU1 Sncorporatea kink. ' 

detecting routine and approprlate feedback ,to the meaeurer. . There alwaye , 

. ,. " 

': , .. :. 

\ ' 'f" 

"remains a ama.11 percentage ot ttunmeasurable" events which becauae of " 

" , .. 
< 

",. . . 

~ , 'e.. "', ;0'; 

, . ,i ," 
,',f' ',," '. 

", \. ;. 
'I 

Ihnltationa in the curreDt production analysis program. must be handled . , , 

in ,a special way. In the tuture we wU1 probably use a lingle SMP',a,nd a ' ' . 

J " 

. '- \ ) 

',' , 
," 

:-:',' ~ • " • J 

special "script" in the executive program to handle thi.problem. . " , ' . . . ~.." 

' .. \, .,'. 

In comparing the percentage of rejects lor,the SMP and Fr&llckenat.~:;:\" .. ,~? 
': in Table X. we should bear In mind the Itrong d.e~ndence on the tyPe ot ,:':'.,: ,", ';:\ 

/:, ,::~"~~" > .. :·i 
event. For in8tance. in the third column the '1'-63 SMP flpea are bale4 ... " ", ,. 

~ -" .. ' 
," ... '" .. 



- , .' 

.', 
. \ " .," 

. ",~,.;~~::':~~.\,(·;·f~;.;·:?~",· .. ".'" ' .. :.,'; ....: ,i.".:: '.' .6~,.. . .': .. ,.: .... , UCRL ... ii425 Rev.. . ~:.~; .. 
'.';..::- ".>::' measurement of single-vertex,4-prol1g event ... whoreao c;olumn 2 refers 

•• ~' ;......, • '. II of ~ • 

. ,'. f··".··.\::,:::':.·.,,-.. '. ~. measurement ot.a variety of topologies (41oe Fig. 5).:U we average'-.· 
,. " 

. -: :, .1'.,''','.;.', ~ 
". • "( ,I ~ ! " ~~", 

.: ..... : '. over an topologiee, there t. no significant di£.ference MW between the .: .i· .; • 

. , • ~ " . _' 1 

" .' .' ' .. ' .•. ~ ". Franckenstein and SMP for the hypothesi. type of reject. ..... ' '" .. ' ,'. ::.'\).'.' 

,I ':. 

,. .( ~c: . '.' . 
: .r : 

. '. :",. ' 

comparable with those tor Franckenstoh\e. Clearly •. adding more toste ! .. ":.' ; 
• _~ __ ' ''. • • • • • '. ~ ~. r ': .',. 

." 

t" .: 

, "'''',:' 

''', 'i'. 

01 tho SMP data to tho. executive program will reduce rejeC%t. ratee •. In' ',' '. ,:':'" 
• ,--- "j,,,, .. "t 

this section we' examine the SMP measUl"lngrate. and compare them to 

those lor Fr~kenste!.ns. :" Again we find the SMP on a pur with. . '" 

,'. ~ ... 
.:. . ~ . .- ..... '. ,'. ~ .. 

. .. " .~ 

Franckensteine anc1 showing room for improvemem In the future •. ,;(: .... ":~ .. ;.,'" ':'; .. < 
'. • ' .. ,'" . .' .. ,' f . 

. : .. In Fig. 5,.a and b give the measurement rate calculated over Jwoe ' .... :.. . 

week periods 101" all the measuring ma~hlnes used in the Alvarez. QrouP •. :~ .. / .. ',:' .'. 

The heavy dark Une gives the average for all evems measured dunn, .' .'.' .. ' .. ," . 
. ,...... (" . 

the ~.week pe~dl 1.01' SMP' e (5a) and Franekensteina .(5b). Thero te . 

an overall trend toward ,reater measuring I'ate $. during the period covered,' • "0 . 

primarily duo to the constant e&rt 01 Mr. Edward Hoedemake1 and the·. 

data analysts )le supervises to strive /.or Ir~ater reUabWty of tho mea.a~ . : ", ,. '-.' 
• . : .",. - :", . .' .' ~::. r· . 

urements and greater emctency in operating the machtne ••. Over and " .. · .. r ,; .. / .>':' 
.' .' 4' • • • t .. ' .' ~ .,c ~' 

above this general trend. we see'that the SMP measuring rate ie essentially' ... :: .. :.~ . . ... . . . ~,. 

the same as !,ranckensteln' .: .. These ligul'oa ~ol'e obtained during a period ", .' 
.',' " . 
. ' " .. 

when (a) the SM~ was worklng with a. mtntDUll executive 'program which was : '.' . ::: . ' .. 
undergoing' continuous development •. (b) 'new machines were add~ to tho. 

. .. ,' " 

system. and (c) measurer. bad to measure. eaeh vemx by lUling repeated.. :" ,. .",; '.~".::: , . .,' ~"~" ~'~<~'. ~.".">; 

. measurexnents 01 tl"ac;k$ 0"- measurements Oil a spocial croSS.' ..At time. . : ;<::<';";~:: 
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'['able 1. Percentage of fitted and rejected events for- the 

, K-63 and Tr,..63 experimentsa 

c ' 
K-63 

SMP Franck- SMP 
enst~in 

Number of measurements 26145 15589 11197 

Percent rejected at or before 

track processing 13.4. 16.3 4.7 

Percent failing to fit hypotheses 

tested 14.1 10.4 2.4 

Percent fitting kinematics 

hypothesis 

'rtJ..63 

, Franck-
enstein 

17936 

7.7 

14.3 

; 
'I 

78.0b\i~. 

'a. These events were measured between August 196~ and ~ay 1964. 

b. For some S to 10% of these events X 2 is still too high for final acceptance. 
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!10URE LEGENDS 

~1 " ' 1 

· ." ..... '. ; ' .. Fig. t.:· .. Overa,U view ~t an S.MP ISho~ the viewing ~cr~ell (conter). 
• , . 

. . , 'I';' ". typeW1"iter (right). projector (left) and electronic. rack (top center). 
. . " . . 
· '," '. Fig. 2. Cross sectional view of the digitizing e~em,. .,bowlng (a) llSht ." 

, ~", . " , .' :.' ray incident from film projector, (b) motor rotor. (e) motor etator. ',: 
"~' /, . .' ".< , 

I .':'.'; ,.:, ",' (el) white viewing curtain, (e) periscope mirl'ore. (t) rotating drum , 

I' , 

• ' .; ': ~.' ;' "': t~ I.;": ' 'I :'~ • 
with magnetic recording, (g) photomult1pUer tube. .(h) light-collector 

. , ..... ,.,."',:.,. ,~, ~ .. a.aemb.ly (follows mot tOll of periscope Aesembly) •. (1) g1aas bench •. ' 
.... ,." ",' .' ,J '; • • . ' 

. ;':''--':'':~'.~'',/;:, :'.! .mark p1a~e (bench marks .are contact-printec1 onto.emulalon.). 
· 'l :. ,...... . · ," .. . · , .' 

· . ';,: . '.;.:, ... 0) magnettc ... recording pickup heads to detect 4rum uimuth, and' 
.• - ,: I :., • " ;~ , ~ • t' .'~" ,', . . .. . -
:"'" ,: .~ .. ,i,.,'.(k),ball bearings. : .. \'. : .... ' .. ::' \ , ;' '. '. '. 

· . ,. . '. . 

· " .. ;- ,Fig. 3 •. (' Measurement 01 A.lJtrl,Light line Oll the SMP .... ~ SMP 10a81: . 

l .' ~ ~ · ' . -• ~ t·. 
. ': count can be 8een as ~ho distance betweon vertlcalli.nel, 01 poW •• 

, '",:, ::, '.,',' Divide Unear scales by ~ is,to estimate correspondS»g c.Ustance. Ia 
· . .. . . - '.. .. 

,.., . t ,', :.~e film plane. ,: .. ;" .' : 
, ., •• 1' 

" i' 

" 
'. Fig. 4. Flow ot data in the x.63 and·"..61 expe~«Intl" The astensk 

. "'" '. ~dicat~1S po~s where the Ubl"~Y eyeteJ;n (L~GO) We1'aet. wlth· 

. .' '. ~ 
, , . , , the main.event-analysiCi lya~em. 
'. ~',. '. . . . ,',,: ", 

Ftg~ ,5. Rates 01 mea(S\U'ome=, on (a)"and (e). SMP'. azul'(b) and (d) 
• '. • ' • .' I' ' .' . . 

._ : ,: FJtanc~ensteina (a.) and (b) ~how oVeIltS ~easured permeuurtns hour . 
t , •. '; . ~~~f' ~ : ~ .' ft. . '. .. . . ,.... 

· "';;.: . . .' 'Ilvel'aged over two.w~ekportods't ?;he avel"~Bels, th~ ratio ol aU 
• • .', 1 : •• ,.. ". • • .' • 

. ';'. I •• ." ,. '. ~ve~8 measu1"~d ~ t~ weeka divl~d. by the total .meaeu:ring time •.. 
• • ~ .' '.. f 

(c) and (d) s~w t~,eventlJ measured lor two-week.pe1"iods4; . , . 

- " , ' of . ; '. . '~',' Machines Ai. not scheduled lor, aU hoUl"8 becawfe 01 a lack of mall- . 

power. 
, '; • I •.•• ~ .1' • ,f ... t '." 

.: ; . .. . .. Fig. 6 •. Dl,trtbutlOD 01 measuring rate &mo11l moa8~1'e.·· ·with a break40Wll 
-: ~. . . . 

" " ;.',. _" . .'. ' .. ' of topologies. measured.·:, The ,~pology uaoclated. with &Jl event type I. 

, . ." '.' 
given on the figure. tt~aelu1t' ~vent' U'e those tor which each track 

. . . , • f 
, , ." 

. . .... . ~ 

. , ' 
. t .',',. :'~." . ': :~. ~ ol the event was .uccesGlu11y reconstructed in space • 

.. 

'. 

,'~ ... 

<.': ,."- ... 
, , 

' .. 

, , 

. '.~ 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or proce-ss disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed 1n 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




