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cbecause of the availability of the spiral reader. The search for heavy A's, quarks 
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INTRODUCTION 

Propvo~ 121 originally estimated that first results would be obtained within 

3 to 6 mon~hs after the exposure date. That time estimate has now been reduced to a 

~ weeks by our having arranged to use the LRL spiral reader facility for measure

ments. This speedup will not in any way reduce the charged particle multiplicity 

information or the momentum distribution information described in the original pro

posal. However, since the analysis time is so short now, it seems feasible to ex

pand the proposal to include more than one incident energy. We will then be able to 

de~ermine multiplicities and momenta spectra as a function of beam momentum in one 

experiment, with one consistent set of analysis procedures for all incident momenta. 

Therefore, we propose to take 50,000 photos each at 100, 200, 300 and 400 GeV 

incident proton energies. 

PHYSICS 

The ~ind of information that one could expect to obtain from small bubble cham

ber exposures to NAL proton beams has been clear for some time now, namely charged 

";.-tic1e multiplicity distributions, the average multiplicity as a function of tn(S), 

and the lower end of the laboratory momentum spectra, which for pp collisions are by 

symmetry equivalent to the high momenta. In fact, as we describe below, because of the 

limited transverse momentum distribution, one obtains all but a very small fraction 

of the single particle differential cross sections in the center of mass for pp 

collisions. 

The original proposal pointed out that backward particles in the center of mass 

would be slow in the laboratory and therefore would be measurable. We now show below 

in more ~~tai1 the explicit kinematics. Figure RS-2 is taken from the Berkeley High 

~nergy PhYSics Study, Summer 1961. (UCRL-10022). The shaded portions of Figure &5-2 

represents the pions and protons emitted backward in the center of mass and having 
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less than 1 GeV/c of transverse momentum. It is seen that at 90 GeV/c incident momen

tum all of those backward secondaries have less than 9 GeV/c in the laboratory and can 

therefore adequately be measured. The 1 GeV/c transverse momentum restriction is not 

serious at all, since nearly all of the particles will have much less than this. We 

have made similar calculations for 100, 200, 300 and 400 GeV/c incident momenta and 

that for laboratory momenta below ~9 GeV/c we can obtain the following data: 

d2a(1) dPLd ..~?) for p+p+Vo + anything, where VO=Ko or AO, as well as any ~ heavy AO,s. 

~he AO(1115), the entire backward center of mass longitudinal momentum range can 

De searched, with the (weak) restriction that PT S 1.0 GeV/c at 100 GeV/c,for example. 

2 
(2) d 0 . for p+p+n + anything over the entire center of mass distribution with

dP (I='1::t)l 
P - .86, .70, .60 GeV/c for an incident momentum of 100, 200, 300, 400 GeV/c, T < 

resp,,_ . .::·-1. 

2(~) d 0 for Ip+p -+n! + anything} separately, except for the lower one-third 
~ dP d(PT2) lP+p -+ p + anything \L 

of the IPLI spectrum in the center of mass. The lower one-third, however, may not be 

so inte:.. ..sting in the case of protons as it is in the case of Tf- mesons, because the 

protons (at present energies) are known to favor larger values of IPLI in the center 

+of mass. The separation of the proton and Tf secondaries is done automatically by the 

:"<,iral reader pulse height information. This separation is known to be reliable below 

~l GeV/c in the laboratory momenta. It is, of course, this 1 GeV/c limitation that 

_imits us ~o the upper two thirds of the Ip~1 spectrum. Figure 3 shows explicitly 

, .•e regior..... of separation in the center of mass. 

d 2a
(4) dP d(P 2) for p+p -+ the above reactions (1), (2), (3) can be obtained for each 

L T 
prong multiplicity separately. This kind of data provides tests of multiperipheral 

model calculations as well as bearing on the question of frames of forward-backward 

symmetry (quark-quark center of mass systems). 

(5) Cor=~lations among the particles of the above inclusive reactions, will also be 

ob'ca:'.'lec.. Many possibilities exist here and we do not list them all. (See Ken Wilson, 
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"Some Experiments on Multiple Production", CLNS-13l, November 1970.) 

(6) Apart from any measurement of momentum at all, the frequency distribution of the 

charged particle multiplicity, nch at each incident momentum can be obtained. The 

distribution in nch can then be compared to, for example, a Poisson distribution. 

Also the average multiplicity as a function of incident momentum (or S) can be obtained 

and compared to a tn(S) distribution. 

(7) One can also, of course, hope to see quarks or monopoles, although this experiment 

is not the best one to put upper limits on their production cross sections. One-ninth 

minimum/ionizing tracks (or pairs of such tracks!) coming from a vertex can be iden

tified for most of the tracks. (The transverse momentum is limited, so most tracks 

will not dip much.) Monopoles could be identified by their unusual trajectories (the 

magnetic field of the bubble chamber would act like a force field for them) as well as 

by their 10nization. 

Clearly there is much good physics to be obtained from the proposed exposure. 

We have only outlined some of the more obvious studies. The next question is how 

long the analysis would take,. and what biases might exist. 

ANALYSIS PROCEDURES 

The time period for data reduction will be minimized by (1) using the LRL spiral 

reader for measuring and (2) splitting the film between two simultaneous scans. One 

scan will be a fast scan to locate the frame numbers and zone locations of events. 

The other scan will be designed to count the number of tracks in each event and to 

find events with peculiar characteristics (e.g., less than miminum ionizing tracks). 

We show below that by these procedures we can, within 30 days of startup, have 900 

even~s of known charged particle multiplicity at ~ of the four incident beam momen

ta, have 4,700 inelastic events measured at ~ of the four beam momenta, and have 

oreached a 1.6 ~b limit for the production of very heavy V particles. 

3 



These ~esults are adequate to provide a rather good measure of the average charge 

multiplicity as a function of S, a rather good measure of the charged particle fre

quency diBtribution, and a fair test of limiting fragmentation and scaling behavior, 

and could detect "pionization" peaks or "fireball" dips in dN/dP •L

These estimates are based on a spiral reader rate of 75 events/hour, 12 hours 

per day. This rate is a quite conservative one. There is no doubt that it can be 

maintained even after deducting losses for "crutch point" helping and minor break

downs. It may be possible to have the reader for more than 12 hours, but we can at 

this time guarantee only twelve. (Details of the spiral reader measurements are dis

~u5sed later on.) 

To feed the spiral reader, the fast scan will locate the frames in which events 

exist and will provide the vertex location. Such information speedBthe spiral reader 

operation. Only the frame number and a two-character zone number need be recorded. 

We expect therefore a rate of 200 frames per hour. We have achieved a sustained rate 

+of 150 frames per hour on more difficult film (K deuterium, limited topologies), so 

we are confident of the 200 figure. One scan table operating 8 hours per day can thus 

match the spiral reader. 

The other scan will proceed simultaneously. There the scanner will not only 

find th~events, but will record the number of tracks in each event. Counting the, 

tracks will take the most time, but will not, we think, be very difficult. First, if 

we may believe the Echo Lake cosmic ray experiment, the average inelastic charged 

multiplicity at 400 GeV will be only ~6.6. This average is also what one would get 

by tn(S) scaling of present accelerator energies, approximately. Thus the numbers 

of high multiplicity events (8, 10, 12) will not be so large (14%, 9%, 5%, respectively). 

Further, one-half of these numbers will be tracks that go backward in the center of 

mass, by the symmetry of p-p interactions. For these tracks the laboratory angles 

will be large. For example, at 400 GeV/c the peak of the transverse momentum distri
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bution (~300 MeV/c) has a laboratory angle greater than ~25 mi11iradians no matter 

what the backward longitudinal momentum in the center of mass. Twenty-five mi11i

radians means a 12 mm displacement in 50 cm. Thus essentially all of the backward 

center of mass tracks will be well distinguished. We are now reduced to considering 

not 8, 10 and 12 tracks, for example, but only 4, 5, and 6. Most of these will be 

pions and will therefore have low longitudinal momentum in the center of maas, and 

consequently relatively longer laboratory angles. Thus relatively few tracka in any 

interaction will have extremely large laboratory momenta. Some will however. Con

* +sider one very likely source, ~ (1236) production and decay to ~. Assume a 200 

GeV/c t++. The maximum transverse momentum from the decay is 230 MeV/c. Such a 
~ <t-:~~, 

decay pion would be emitted at an angle of ~~. 9 mrad with respect to the ~++ 

direc~ion. That angle would give a 4.5 mm separat~~n 50 cm, or about 9 track widths.' 

~An Q~d~tiona1 millimeter would come from the proton emission angle.) Averaging over 

the 1+3 cos2e decay distribution will reduce t4e average separation to about 5 track 
~J5~/c 

widths, still appreciable. In addition, the(!j)Gev/c 'IT+ would bend about 20 mr in 

50 cm of 32 K gauss field, giving a displacement of ~ 5 mm or 10 track widths at 50 

em from the vertex. Such displacements are more than adequate to enable the scanner 

to detect the tracks. Of course, in anyone view (film strip) there can be projec

tion overlap, but the other view will resolve those ambiguities. Finally we note 

that when two tracks do exactly overlap, their bubble density looks twice minimum (if 

both are minimum, as most of the forward tracks will be) and hence the scanner will 

be alerted to examine it closely. 

These considerations, and even more that we do not set down here, lead us to be

1ieve that a rate of 50 frames per hour is reasonable for this track-count scan. 

Since every other frame will be blank, on the average, that rate means two minutes 

per event. But events with 6 or more total prongs will occur in only 25% of the 

frames, so there are actually about four minutes for every event of 6 prongs or 

greater. In 40 hours one scan table can thus produce about 900 inelastic events 
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(assuming 0inel • 30 mb). Assuming the cosmic ray results to be correct, these 900 

events will have the following distribution: 128 2P~ 260 4P, 260 6P, 128 8P, 80 lOP, 

44 l2P, and smaller numbers of higher multiplicity events. These numbers are suffi 

cient to get <n > quite accurately and also provide a rather good measure of
ch 

the distribution in n
ch 

' In four weeks, these numbers would be available at all four 

beam momenta. 

We mention now some details of the spiral reader operation. The 75 event/hour 

rate means 6300 measured events in even l2-hour days. About 3/4 of these will be 

inelastic events, say 4700. The reader will pick up "hits" from all tracks in the 

picture, and it might be thought that the fast forward tracks, lying close together, 

would cause trouble for the reader even though the human scanner can detect them. 

Indeed, they might, but these are just the tracks that we do ~ need to measure. 

The large angle and/or low momentum tracks are the only ones we. need to measure, and 

these are the tracks that the spiral reader can handle well. The other tracks will 

be rejected in the filtering process. 

We expect no difficulty due to the ten beam tracks per picture. They would give 

difficulty only with fast forward secondaries, and we do not measure those. At 12 

GeV/c, we have found no loss of events up to an incident beam intensity of sixteen 

tracks per picture. Thus we do not believe that 10 will cause trouble with the low 

momentum secondaries. 

Bubble density information will be obtained automatically, of course, and will 

+ +enable us to separate ~ and P below 1 GeV/c in the laboratory. This corresponds, 

for 100 GeV/c incident, to center of mass greater than ~2.6 in the backward direction. 

Thus a large fraction (~ 2/3) of the center of mass longitudinal momentum range will 

be susceptible to separation of ~+ and p+. 
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\ '-...The two vertical lines are drawn where the in the forward hemisphere in the c. m. system 

" tl'anS~Cilrse momentum is 1 Gev/c, a momentum from those produced in the backward region. 


"whiCh we have seen from cosmic-ray data is al  Figure RS-2 is a magnification of the low-momen

, ready in the tail of the transverse-momentum tum region of Fig. Wi-I. It shows that if one 
:l distribution. Thus most of the particles will be confines oneself to a study of particles emitted 
. ,", observed in the very narrow strip going up the backward in the c.m. system all particles with 

" :; center oC the figure. a transverse momentum less than 1 Gev/c (those 
'- in the shaded region) have a lab momentum of 


less than10 Gcv/c, a momentum which can be 

Because there mllst be forward-back-ward measured with an accuracy of 5% with present


symmctry in proton-proton interactions, one can dny bubble chamher techniques. Even particles 
',:'

," 
learn all one needs to know about these inter- withtrnnsverse momenta oC 3 Gev/c will have

:<' actions from a study of only those particles which lab momenta less than 25 GeY/c. This means 

, come out in the backward region in the ccntel'-of- that onc can obtain (Iuite nCCU1'atE> momentum and 
<:" mass system. Lines dra\\1l at about 8" on Fig. angular distrihutions Cor pal·t1cles (rom proton- , ! 
,;~ RS-l separate the particles that were produced proton inlel·actions. 

)', ~dC.WQ."cl COM FW'P COM aG\C.~""6."'O (OK 
~,.. """""'-= 'l 

2 4 6 8 10 12 14 

(Gev/c) 

Fig. R5-2. Berkeley High En~rgy fhys~ce Study 

Summer 1961 ~CRL ~10022 

G. Lync.h 
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