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- i ‘ x. m'rnonucrxon , T
: ’ Sca.nnlng and Measguring Projectors (SMP's) have been used to ‘ .

'  . measure 72-inch hydrogen bubble«.chamber film from the current Almez '. _‘
" Group runs with 2,54 to 2.8-GeV/c K" mesons (K-63 experiment) and 2 to_ - S
4-GeV/c w" mesons (w63 experiment). This is our first major moasuring :
 effort uaing SMP' s and we report here on thetr performance, .
Our system consists of five SMP!s, like the one shown in Fig. 4, .
opora.ting oneline to an IBM 7040 computor. (',t‘he SMP has been doscr&bed
in detail elaewhere: here we réview only a few of its main featurea. )z -
The typewriter (to the right of the viewing screen) is used for communico.tioa
L between the SMP operator and the SMP executive program stored in the )
7040 computer. The operator is guided by this progrem through a sequme A
. of operations leading to the completo measurement of an event, To the - '
left of the viewing screen are the lenses used to project the stereoncopic
photographic images of the 72-!m:h hydrogen bubble chamber via a syatem
_ of mJ.rrors onto the SMP viewing screen, The viewing screen is made up - T
. : : .. of white mylay sheets arranged 80 that a 6-mm meaguring aperture can P
7 © . be moved to any part of the table. When the computer program requests ﬂ .
y ", ameasurement; the operator moves the 6-mm aperture along the trw‘c o

.
1

#Work sponsored by the U, S, Atomic Energy Coinmiaqion.‘ '
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i or !iduclal to be mea.sured. whue preuing a "record" button. and dlgitized
" coordinate data flow automatically into a buffer within the computer. |

i . Detalls of the digitizing procedure and accuracy of measuremeonts are

.+ 'discussed in the next section, Results of using this system to process . - | )j:_',
%" approxtmately 40000 bubble chamber svents are discussed in Sectlons IM <
. ~and IV in terms of event rejection ratios and measurement rates | ; 3

"7 11, DIGITIZING SYSTEM AND ACCURACY OF SMP MEASUREMENTS .
M ,'. . The precision of the SMP s achieved by making meg.aurementc -

L rela.tive to an array of prcciaely placed bench marka. 'I'he bench marko .

. eonsist of transparent holea. 20 mils:in diamaeter, . contactoprintod ona

gla.ss photographic plate the aize of tha measuring table, and are located

. in a square array 4 ¢em on a side, Coordina.tes on tracks in the projected | B

imago are a.utomatica.uy measured by alsplacing tho tracks by a known
" amount with a rotating perlacope (Fig. 2) which can be moved to ady point
.. .. . in the viewing screen., (The .entrance to the poeriscope is the 6-mm
‘" S aperture in the mv}‘la.r screen.) The angular position of the periscope

18 known at all times by tﬁe contents of two scalers, AX and AY, which ‘4 ffl., -

count signals {rom magnetic recordings on the rotating drum, The

number of counts recorded on two magnetic strips on the drum are '

' i proportional to Rcos 0 and Rsinf for AX and AY respectiwiely. where
o : R is the radius of the periscope, and 0 is its angular poaitlon;' ;
o |  Asthe track image sweeps over a bench mark. the AX and AY
scalers are sampled, givlng the displacement of the track point from thg

bench mark. The bench mark responsible for the measurement is loe_ated ‘

.
4.
.

 : S with the aid of a coarse digitization of the position of the rotating periscope,

L ege o ucwtuzsmm
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e "rho loaat count of resulting X and Y coordinateo is 80 1 on the table.
L 'which corroapondo to -8 p. in tho i'ilm piano. Witk tho present SMP

pars.motors of R = 2.4 cm n.nd i-cm bonch-mark sp&cing. we digitizo | ‘. :

D digitizations havo an rme eproa.d of 0.006&.001 em on tho SMP table or

about 4 p. in the film pla.no. Figure 3 1s a plot of the pointa modaured ona E

"a.bout 8 pointa/ cm on a solid tra.ck.

w8e ucax..-iuzs Reve | -

By measuring tho shadows ot atretched wiros. we {ind that individua.l

g "atraight line, 'rho loa.st count is cleariy visibio as vortical lines ot pointu

-along the track. 'I.‘he track was aligned approxima.toly along the Y a:d.s, e .{‘,:" ‘
. cha.nging 3 Ioa.at counta n x in 40 em, The horizontal scalo is 200 timeo o

- 'tho vertical acalo. On ouch a track moa.outament we average 10 SMP

o :monta ol very high procioion. ’
. ‘ moasuremonte mado oftnaxia and via mirrora. 'rhe grosa do{octs intho )

| compensated for by means of a simple linear firat-ordor correction toun

| 'rho iargeat cortoction termn are o! the ordor of 10 3 o.nd tho negioct o!

o -havo found that there are roaidual effacts not compenﬂ&“d 10" by the .
. above tranoforma.tion. These are primarily omall °dericd “m’ oo "“f{}
o introduced by mirrora that are not flat onough a,nd. by defect! in th‘ 1°"°“

_optical system dus to iona distortion and tilting of mirrora are eaauy . K

‘o! the form

| points to obta.in ono "amooth"fpoint. which thoroforo haa 2 preciaion oi »
: .approximately i.5 u in tho film pla.no. We concludo tha.t tho baaic accuracy
B of individual SMP emooth pointa is axioqu.ate for bubblo chambor measuroe

’

There remaine to be discuuod tho problomo uoocia.tod with

s
W,
y

Rt a4+ a,‘x bayY +agxl+ ¥ n it e
Y e Y4+ X +e,¥ + ayx? + ). '

aocond-ordor cori‘oction torma 1s justiﬂod. In our pfonont SMP' . wo

o
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o We are now replae!ng defective eptical cempouento with better que.lity

R P A f

de | L ucm...tuzszm

| . ji"? components, ' In most areas ef the tables, the effeets are less than 5 s Which

| o eorreeponde to the aize ef the uncertaintiee 1n the bubble chamber optics o
: -Zor the 7z-£nch chamber. -These etieeta e.vera.ge out ever a.ll the data. but
 some oi our’ "large X Zn evente undoubtedly are cauaed by the optleal

-threugh the ﬂnal-experlment analyeie. 3 Evente can be rejeeted at two

[

system. Our experience wlth new optiea.l elemenu indicatea that thle SR .‘ ‘

4' ‘effect can be reduced todn but this xequiree a ﬂe.tneu ot 1/2 fringe
", . (5000 &) in6 in. for ¢ the celllng mirror.
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.. PERCENTAGE OF Evm'rs REJECTED * § ¢ boiiin e

Figure 4 shows the {low path for daxa. from the meuuremont sta.ge ‘,

levels: et the track processing level or at the event-mlyaie or hypothesit-

testing level. Table I lummarizea the wlurea at the varioue etagea for .
the K63 and «-63 experimenta. , R ;’ o y
The: ﬁret row gives the number o£ eventu mea.eured on the SMP or
E‘ranckenstem 'rhe eecond row giveo the percentage el theee eventa
vejected at the tmck-analysts lavel, Impropex' Lndiea.tlve inlerma.tion |

‘and other operator errors are also included in thie c!.au ef tanure. We ¥

" see that t.he BMP hae ha.d a slightly lower rejeet rate than the rranckenateln

during thie ﬁret per!.od of operation. Much can be done to !urther decreue |

 this rate on the SMP because in principle all tests mde tn PANAL and

the track recenstmction part ef. PACKAGE ce.n be ineorpefated\ into the

- SMP exeocutive program, .For ulthnate et’fieleney of overau operat!.on. “
T we ha.ve put our major progra.mmiug eifert into improving ﬁItdnlring a.nd b

vertex-meaeurement parta of the exscutive progrem an.d developing

dia.gnostlc programs. ‘rheee ef!erte yleld not only !ewer reject (Fatet . |

but alao higher meaeuring ratea. Now we are etartlng to Lqeorpox-ate ,

_P'
i s o

3
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. {nto thie category, First, the event may be of a type not tried in the

i1 I L e

ﬁna.l teste of the da.ta ag soon a.ﬁer meaaurement as poulble. in order

+. all types of events. the performa.nce of the SMP meaauring the w-63 4 pronge (oaga
i (see Table 1), |

o hypotheals-testing level. There are two main reasons that events fall

e UCRL:14425 Rev.

: ..v’,_to catch the rejects remaining at this levei. Our goal {s to surpass, for '

b
u’l

~ The third row of 'rable I gives the percentage of event follures at the -3 _

hypotheses prdgrammed for its topology., This {s especially true for the

K63 events, since there is a 20% background of pions in the incident w

beam, and no incident«pion hypotheses are trfed in the normal K-63

' . decrease this class of rejection in the SMP, we will hcorporate'a doke .
o  detecting routine and appropriate feedback to tho measurer., There alwa.yg :

\’5: ;o;:_.o‘, ¥ L BN
S T

.remains a small percentage of "mmeasurable” events which because of .

" i Table I, we should bear in mind the strong d.ependence on the type of
o event, For instance, in the third column the w63 SMP figurea are baaed

PACKAGE program., The number of events of this type depends on the ‘
topology of the event. Appro:dmately 30% of the 4 prongs in this category
£it pion hypotheses, and ~ 5% of the 2 prong + V fit pion hypotheses, A

second main reason for failing to fit a }xypothesie is undetecte# smalleangle i

scatters and decays of ﬂnal-sté.fg‘_particlés which give bad momentum and o
angle measurement of tracks, : A careful emxinatién of the tracks of |
such events usually reveals the scatter or decay, and remeasurement

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

limitations in the current production analysis programs must be handlecl
in a special way, In the future we will probably uao a single SMP a.nd a-

. special "script" in the executive program to ha.ndle this problem.

In comparing the percentage of rejecta for the SMP and Frmckenstein
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. to meagurement oi,a variety of t°P°1°81@8 (see ,Fig-~ 5),. If we average  -' N ,'

- over all topologies, there is no significant difference now between the . - N
R .f?:"‘,'Franckenstein and SMP for the hypotheals typs of reject, o SRR

St Al IV, MEASUREMENT RATE i e

3 We .h'ave seen that the accuracy and .reject' rates for SMP' s are L
lcombarable with those for Franckensteins. Clearly, adding more tea.ts,. ;' )
of the SMP data to the executive program will reduce reject rates, . In : {
this section we examine the SMP meaguring rates a.nd compare them to B
~ those for Franckensteins. . Again we find the SMP on a par with Lo, : _A
Fra.nchensteina and showing room for improvement in the futnre. " : 3
" In F!g. 5, .2 and b give the measurement rate calculated over ;wo- o
week periods for all the meaaurlng machines used in tho Alvarex Group. ;‘ '
The heavy dark line gives the average for all events meaaured during . _
the twosweel periods for SMP's (5a) and Franckensteins (Sb) There is
an overall trend toward greatcr meaaurtn‘g rates during the period covered,
~ primarily due to the constant effort of Mr. Edward Hoedemakor and the S
data analysts he supervises to strive for greater reliabﬁity of the meu; ' f'ifr
.., urements and greater efficiency in operatlng the machines., Over and ,,,':,.-;,L
| | above this general trend, we ‘sea'that the SMP measuring rate is escentially g:
i the same as Franckenetein' 8. These figures were obtaincd during a period e
S when (a) the SMP was working with a minimal executive program which was
J . undergoing’ continuous development. (b) new machines were added to the -
e | system, and (c) meagurers had to measure each vertex by using repeated :
. -+ measurements of tracks or measurements on a epecial cross, At times

* during this period, measurers operated SMP!s that were not optimally .
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| adjusted. which made many mmeasuxemenu of indlvidual tracks necessary. ,

The reason for this is that there was a dearth of good diagnoatic progra.ms ' g
“.+" available to the’ maintenance crew, and they were "1““"* to stop th° . "

- entire system long enough to debug an individual SMP, ' The present |

' : diagnostic program gives enough Lnforma.tlon for efficient maintenance ol
our system, - L. L o o T T T o

- " Variation of the meaaux-lng rafe with individual mcaaurcfs a.nd type o '

_of meagured évent, is shown in Fig. 6. The key on the aide of the ﬁg\n'e L

' i | gives the rela.tionship between the Alvarez Group eventstype numbers and -

. the topologles of the evente. A fact not contained in tho figures should be

s ~mentioned, We find a strong correlation between a measurer' s rate on
5 ‘Franckensteins and that on the SMP, .
SR | Figure 5, c and d, glves the intogral number of events produced
o m m-mek periods,  Our total production is Umited by the number of -
; . meagurers, At present, we have approximately 30 full tima equivalents
- '(F. Te E.) for measuring. out of a total staff of 60 F. T, E.’ 6., The sum - e
0f 14000 events meagured on Franckenstein and SMP in two weeka ' , - o
o - implies a capability of appro:dmately 300.000 events per yeay,, ‘We expact ‘
A’ | o .. ~ this capability to increase by from 25 to 50% with improvements in the - A _
- , | . SMP executive program and a shift of nieu_uriag personnsl from S M,, "
R Franckensteins to SMP's, IR BT
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Table 1. Pércentage of fitted and rejected events for the

" K-63 and w-63 .expe'rirrientsa

" Number of measurements

Percent rejected at or before

-track processing

- Percent failing to fit hypotheses

tested

- Percent fitting kinematics

hypothesis

o

K-63 C w63
SMP - Franck- ' SMP .Franck;-
enstein . enstein
26145 15589 - 11197 17936
13.4. 16.3 . . 471 T
14.1 10,4 2.4 14.3
_ b
72.5P 73.3®  92.9®  7g.0°

ca. These events were measured betwéen August 1963 and May 1964,

b. For some 5 to 10% of these events )(2 is still too high for final acceptance.
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e 1. . Robert!. Hula!.zer. Nucl. Instr, Methods 20, 384 (1963); L
° W. E, .Humphrey, "Programming for the 8MP,"in .. , ,, "
. R : .. Proceedings of the Conference on Programming for HPD and - :
- . Othey mying-Spot Devices, . College de. Fra.nce. Parls. Auguat 3y
i -24+23, 4963, CERN Repoxt 63-36, 4963, p. 44, = . .. . 1,'.7""

'Z P. G. Davey,R. . I. Hulaizer.~W . B. Humphrey, J. H, M\maon.
. Re R. Ross, and A, J. Schwamin, The Scanning and Measuring
+ Projector, Lawrence Radiation Labora.tory chort UCRL-M!M R.ev
Decembex 6, 1963 (to be published in Rev. Sci.. hstu Yooo e e

' 3, , _For & more detalled description of the Alvar_ea;group data-gn&lysla .

» T Lt
T, & system see Rosenfeld and Humphrey, Ann. Rov, Nucl, Sci, 13,
103 (1963). L
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SO  FIGURE LEGENDS . ..
Fig.. 1.. Overall view of an SMP showing the viewlng screen {center), )
. typewriter (right). projector (left) and elactronics rack (top center).
Fig. 2, Cross sectional view of the digitizing system, . -showing (a) light -
v ray incident from ﬂlm projector, (b) motor rotor. (c) motor sta.tor.
(d) white viewing curtain, (e) periscope mirrors, (f) rotating drum -

'» & . i _assembly (follows motion of periscope agsembly), (i) glass benche -

| mark plate (bench marks are conta.ct-prinzed onto emulsions),

‘3__;‘: :' NG ma.gnetic;recording pickup heads to detect drum azimuth, and

,,’ i 09 ball bearings, . | . |

Fig. 3. Measurement of ; straighz line on the SMP. The SMP least . _
.+ count can be seen aa the distance between vertical lines of pointa. ‘_ _
" . Divide linear acales by =~ 45 to estimate coriepponding distances in = .

theﬁlmplane.: ’ : -

Fig.. 4. Flow of data in the K63 and w63 experimenta. ‘The uteriak

| indicates points where the Hbra.ry system (LINGO) interacts with-

thomainevent-&nalysiﬂ system, BT T I

ot

et

Fig. 8. Rates of meaauremenz on (a) and (c) SMP' s and ('b) and (d) o
. Franckensteins (a.) a.nd (b) show events meaaured per. measuring hmu‘ -

. ‘a,velgaged over two-wgok.poriods, The average is the ratio of all
. events méaaured in t;w& weeks diﬁded by the total .meaaurin_.g tlme.. .
(c) and (4) show total events meaaured for two-week periods, |

L pomr‘ . . - '. e s N '.—,-_,,,,;.-,,, '~'
Fig. 6 Diatribution of maauring rate among moaamra. with & breakdown
.of topologlea meaeured. _The topology a.asocia.ted with an ovent type is

_ given on the ﬂgure. "Usoi’ul" events are those for which each track

; »%  of the event was successfully yeconstructed in spacec

.
. .

', . with magnetic recording, (g) photomtdtiplier tube,. (h) light-couector ST

: ‘Machines are not acheduled for all hours became of a lack of mane SR
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Distance along track
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. - . Al o
»Sltoigm-lihe measurement SMP 1 June 10, 1964
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” o 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 proceéss 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 in
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.






