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ABSTRACT 

The results presented in this paper were obtained from a l05,OOO-frame 

exposure of the FNAL Hybrid Proportional Wire Chamber-30-inch Bubble Chamber 

System, in a tagged beam of 147 GeV/c negative particles. Elastic, total and 

topological cross sections were obtained for both n-p and K-p interactions. 

Comparisons with other data, taken with various beam particles over large mo­

mentum intervals, show good agreement with KNO scaling, and similarity in the 

scaling behavior of an for the different beam particles. 



I. INTRODUCTION 

This paper presents the 'total, elastic and topological cross sections for 

w-p interactions at 147 GeV/c, together with similar information for K- mesons 

of the same momentum, the T1'-K separation being accomplished by means of a 

~renkov signal. These results are based on approximately 15,000 events from 

the complete analysis of a 105,000 - frame exposure of the Fermilab Hybrid 

Proportional Wire Chamber - 30-inch Bubble Chamber System in a tagged beam of 

negative particles of 147 GeV/c momentum. An analysis of a portion of the 

1data was presented in a previous paper. 

The hybrid system, developed by the PHS Consortium, is briefly described. 

The cross section results and multiplicity distributions are given and are 

compared with results obtained in other experiments at various momenta and 

with different beam particles. 

II. EXPERIMENTAL PROCEDURE 

A. Apparatus 

Fig. 1 is a schematic representation of the hybrid system with the 

3D-inch bubble chamber as target, and with spectrometer elements both up­

stream and downstream. The spectrometer is composed of multi-wire pro­

portional chambers (PWC's) at locations A-G, and makes use of tIle bubble 

chamber magnetic field. The upstream portion, the beam-tagging telescope, 

utilizes PWC' s with 2 mm wire spacing and 10 em x 10 em active area where­

as the downstream multiparticle spectrometer portion utilizes PWC's with 

2 mm wire spacing and 31 em x 31 em active area. The counter at each of 

the detector locations A-G is made up basically of three planes of wires, 

the wire direction in a given plane being oriented at 120 degrees with 
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respect to the other planes of the triplet. Counters D. F and G include . ...,; 

additional staggered wire planes for greater measurement precision. The 

upstream system also includes a ~erenkov coun~er;2 the downstream system 

includes a muon counter, and a y detector consisting of a PWC triplet at 

location H, behind 0.5 inch of lead. The muon detector. situated down­

stream of the entire spectrometer, consists of 100·cm of iead followed by 

a 30 cm x 60 cm x 0.6 cm scintillator which in turn is backed up by 320 

cm of concrete and another scintillator. 

The signal pulse from each sense wire in the system is discriminated 

and amplified in the immediate locality of the planes. All signals are 

brought into an area near B and a master gate, formed by a coincidence 

from scintillators SCI and SC2 ,. is used to strobe all signals into local 

memory. The signals from the ~erenkov counter and the lJ detector are . 

treated as if they originated from proportional chamber sense wires and 

are also strobed into local memory. The transmission cable~ provide the 

time delay necessary to form the master strobe gate. ~uring this experi­

ment the width of the gate was set at ~75 nsecsand an additional 50 nsecs 

of dead time was imposed by the storage system to allow the individual 

particle signals to be recorded unambiguously. Every sense wire in the 

system and each of the pseudo-wires used for tag signals has its own 16­
, 

bit local memory word which allows storage of time-correlated information 

for 16 incident beam particles at a rate of ~8 MHz. Partic1e identifica­

tion is thus accomplished for :each partic1e individually. At the end of 

a bubble chamber spill, the local memory is read out into a computer. 

The scanning of the local memory is done by hardware at a rate of 250 KHz. 

The trajectory of each particle through both upstream and downstream -.J 
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sections of the spectrometer is determined by least-squar~fit of the 

straight line particle path, outside any magnetic field region, to co­

ordinat~determined from the individually known PWC wires that have re­

corded hits. The trajectory is then extrapolated through the magnetic 

field region to the track- in the bubble chamber in order to obtain the 

particle momentum. These procedures are carried out Wholly by off-line 

3 4 computer programs. ' 

B. Beam 

During this experiment, the beam was set to deliver to the hybrid 

system negative pions of 147 GeV/c momentum, with a measured dispersion 

bp/p ~.9 percent. The spatial definition of each particle trajectory 

was accomplished by the upstream telescope portion of the PWC spectrometer 

as described in Section IIA. 

Identification of each particle in the beam was obtained from the 

~erenkovcounter and the muon detector. The composition of the beam in 

the bubble chamber, with corrections made for interactions in the up­

stream wall, was found to be: ~-t 94.2 ± 0.1 percent; K-. 1.9 ± 0.1 per­

cent; p, 1.3 ± 0.1 percent; and ~-, 2.6 ± 0.1 percent. The quoted errors 

are statistical. 

c. Scanning and Event Reconstruction 

For the ~ data, the bubble chamber film was scanned for all events 

in a fiducial volume defined to give sufficient track le~gth of the pri­

mary to check its direction, and sufficient downstream length to allow 

fast forward-going tracks to separate. Approximately 16 percent of the 

16,460 events found were not measured by the scanners. 10.4 percent be­

cause the frames were overcrowded, having more than 10 beam tracks or 
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background tracks entering the fiducial volume, and 5.3 percent because .~ 

the events were judged unmeasurable, usually because a secondary inter­

action occurred very close to the primary. The remaining events were 

predigitized as they were found, then measured by the automatic system 

PEPR. View-to-view track matching was done in the geometry reconstruc­

5tion program GEOMAT. The location of the primary interaction vertex 

reconstructed by this program waR then compared with the expected trajec­

tories of the beam particles entering the chamber, as determined by their 

4signals in the upstream PWC's, in order to establish the identity of the 

interacting particle, and to identify the accompanying signals of the 

forward-going secondaries in the do~~stream PWC system. 

The trajectories of particles in the downstream PRe's were recon­

4structed by means of the program PWGP, using the coordinates determined 

by the wires activated by the particle. These trajectories were then ex­

trapolated back to the chamber, and matched to track measurements in the 

bubble chamber. The linking of track trajectories in the bubble chamber 

and the downstream system was carried out by means of the progratli TRACK 

ORGANIZER. 6 

D. Effective Track Lertgth 

For the ~-p cross section calculations, all the events as found by 

the scanners were counted, except those in the overcrowded frames. Beam 

counts were made in every ten frames, again excluding overcrowded frames, 

and the beam composition was determined as described in Section lIB. 
~ 

Correction was made for the ~- contamination of 2.6 percent. The correc­

tion for K- and p in the beam amounted to a 0.6 percent effect on the 

total cross section, as determined from the percentages of K- and p in 
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the beam and the total cross sections for K-p and pp interactions given 

in Reference 7. This 0:6 percent correction was applied to each of the 

topological cross sections. The fiducial volume used was 44.7 em along 

the beam direction. except that in abo~t 24 percent of the film a shorter 

volume. 26.3 em. was defined for events with more than two prongs. The 

density of liquid hydrogen was taken as 0.0627 ± 0.0005 gm/cm3• The to­

tal	 track length scanned corresponds to 0na 2 .. (1.392 ± O.Oll)N }.lb and
2 

0n>2 -(1. 552±O. 013)N }.lb, where n is the charged particle multiplicityn 

and N the true number of events of topology 11 obtained from the scanningn	 ) 

results as described below. 

E.	 Scanning Couec tions 

A number of corrections ~re made to find the numbers N of events of 
n 

charged particle multiplicities n from the numbers found in scanning: 

(i)	 Scanning Efficiencies 

The data in this experiment are based on a single scan, and the 

scanning efficiencies for randomly missed events have been determined 

by double scanning about 40 percent of the film. These scanning ef­

ficiencies, for the various topologies, were found to be: two-prong, 

89.6	 ± 1.3 percent; four-prong, 95.1 ± 1.1 percent; six-prong, 96.0 ± 

0.8 percent; greater than six-prong, 96.2 ± 0.8 percent. 

(ii)	 Low MOmentum Transfer 

Two-prong events of momentum transfer to the target proton of 

less than a certain minimum (]t!<O.04 (GeV/~) are systematically 

missed and are not corrected for by double scanning. To estimate the 

numbers missed, the measured two-prong sample was divided into 



-6­

elastic and inelastic components and treated as described in Section ~ 

IlIA. To correct for events missed in the region 0.0~ltl<0.04 (GeV!c)2, 

16.7 ± 2.8 percent has been added to the elastic sample and 5.2 ± 3.0 

percent to the inelastic sample. 

(iii) Close SCatters and Short Stubs 

Among the 14,750 events included in the sample, 160 had odd num­

bers of prongs. Such events appeared if a secondary interaction oc­

curred too close to the primary vertex to be distinguished, so that 

its. outgoing tracks were ad~ed into the primary prong count, while 

the connecting track was missed. An odd number of prongs would also 

result if an outgoing proton had very short range, so that its track 

was not visible. In order to estimate how large these effects are, 

the numbers and the distribution in distance from the primary vertex 

of the observed secondary interactions and of stopping tracks were 

found as functions of primary topology. For primary interactions 

with two prongs the efficiency for distinguishing secondary interac­

tions was low for vertex separations of less than 5 mm, and this re­

gion of reduced resolution increased to about 20 mm for primary in­

teractions of more than eight prongs. Similar regions of reduced ef­

ficiency for perceiving short tracks were determined also. The two 

effects together are of the correct magnitude to account for the odd­

prong topologies observed, the missed short stubs being more import­

ant in two-, four- and six-pronR events and the close interactions 

more important at higher multiplicities. 

The distribution in prong n~mber of about 1100 observed secon­

dary interactions was determined as a function of primary topology, 
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and the odd-prong events were distributed statistically into appro­

priate even topologies in accordance with the relative number of mis­

sed short stubs and secondary interactions, and with the prong number 

distributions of the secondary interactions. The average secondary 

interaction multiplicity was found to vary slowly, from about 3.3 

charged prongs for a primary prong count of 2 or 4, to 2.2 for 16 

prong primary interactions, the overall average secondary interaction 

multiplicity being 2.9 charged prongs. 

(iv) Close VO's and Electron Pairs 

Distributions in neutral connecting-track length as a function 

of topology showed regions close to the primary vertex Where secon­

•.0 + ­dary v and e e vertices were systematically not resolved, similar 

to the regions of confusion described in Section IIE(iii}.Correc­

tions were made for each topology, on the basis of estimates of the 

n~bers missed, by shifting events to the next lower even topology. 

Approximately 5 percent of all these secondary vertices are system­

atically missed, andfewer than one percent of all the events are af­

fected. 

(v) Unidentified Dalitz Electrons 

The number of Dalitz pairs expected at each topology was calcu­

lated by using ~he preliminary result of this experiment for the 

mean number of 1£0 mesons, [<rl.j]n per event for each primary charged 

8
multiplicity n. The directly determined numbers were used for n<12, 

and a linear extrapolation of the data was used for n~12. The value 

0.0117 ± 0.0005 was used for the branching ratio for Dalitz pro­

9duction. Dalitz pairs were expected in 550 of the events scanned; 
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42 percent satisfied the scanning criterion of at least one slow .~ 

electron and were thus identified. Corrections for the remaining 

undetected Dalitz pairs at each multiplicity were made by shifting 

events from an even number topology to the next lower even number, 

to avoid counting electrons as prongs. 

The observed and corrected numbers of events of the various topolo­

gies are given in Table I, together with the cross sections. 

III. ~ -p CROSs SECTIONS 

A. Two-Prong Interactions, Elastic and Inelastic 

The separation of elastic from inelastic two-prong events is essen­

tial to the determination of the cross sections and to the analysis of 

the inelastic interactions. The downstream PWC information provides a 

sensitive technique for making this separation. As described in Refer­

ences 1 and 10, an accurate identification of elastic events was obtained 

by using the measured momentum (or range) of the slow recoil proton in 

the bubble chamber to predict the trajectory of the outgoing pion as it 

traversed the downstream proportional ~re planes. The predicted and 

observed trajectories were then compared, ~th a spatial resolution of 

0.5 mm and an angular resolution of O.l inr in the downstream counters. As 

.. a second technique, all 2-prong event~.were fitted to the four-constraint 
. - _. --.'
 

._.__ elastic hyPothesis us:Lng the kit}.~aticprogram SQUA'ol. The results of the
 

two procedures were found to be in excellent agreement. Approximately 5 
-

. percent of the two-prong events. have no.informatio~ on the fast out~oin~ 

- .. 
negative track in the downstre~PWC'~•. because this track has scattered 

either in the liquid hydrogen or th~ exit window of the bubble chamber. For ~s 
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events the results of the SQUAW fit to the bubble chamber measurements 

were accepted in making the elastic/inelastic assignment. Among the two-

prong events found, 62.1 ± 2.1 percent are identified as elastic and 

37.9 ± 2.2 percent as inelastic. 

The elastic It I distribution is shown in Fig. 2; it is fitted very 

well, over the range 0.o4~ltl<0.6 (GeV/c)2, by the equation 

do -Bltl-. A e , (1)
dt 

where A • do/dt It=o = 26.9 ± 2.2 mb/(GeV/c) 2 and B • 8.29 ± 0.32 (GeV/c) ~ • 

2 .
The X -value of the fit is 26.8 for 26 degrees of freedom, corresponding 

to a confidence level of 0.42. The intercept A is within 1.25 standard 

2deviations of the optical point, 29.6 ± 0.2 mb/(GeV/c) , derived from the 

7total cross section measurements of Carroll et a1. 

The elastic channel and the inelastic one with identified protons 

appear to have systematic losses when there is very low mom~ntum transfer 

to the target proton. The number of elastic events found with Itl<o.04 

(GeV/c)2, amounts to 49 percent of the number expected in this region, 

based on extrapolation of the fitted exponential. The number of elastic 

events has been increased by 16.7 ± 2.8 percent in order to correct for 

this loss. 

The inelastic events with identified proton have a similar It I dis­

tributionlO and the same percentage loss at low It I has been assumed for 

them, while the remaining inelastic events appear to have no comparable 

loss. The overall result is a low t correction of 5.2 ± 3.0·percent for 

the entire inelastic sample. 

After all corrections have been applied, we determine the total 
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2-prong cross section to be 5.04 ± 0.15' mb. with 3.24 ± 0.14 mb elastic 
.~ 

scattering and 1.80 ± 0.12 mb inelastic scattering. 

B.	 Total Cross Sections 

The total ~ p cross section measured in this experiment is 24.24 ± 

0.29 mb. while the total inelastic cross section is 2l.00± 0.28 mba This 

confirms our preliminary result. l and is in excellent agreement with the 

value atot(~-p) = 24.07 ± 0.06 mb from reference 7. 

C. Topological Cross Sections 

The corrections described in Section lIE have been made to the data 

to obtain the cross sections a for the various topologies. The data and n 

the cross sections are presented in Table I and in Fig. 3. Column 2 of 

this table lists the observed numbers of events for each topology. Be­

cause in part of the experiment different fiducial volumes were useq for 

scanning two-prong events and events of hiPller lllultiplicity. the numbers of 

events in Column 2 are not in proportion. Numbers of event~normalized to 

the scanning length for n>2 and with all the correctio~s described in Sec­

tion	 lIE carried out. are given in Column 3. In Column 4 the cross sec­

tions are given. These cross sections - total. elastisand topological ­

have been determined absolutely in the experiment; they have not been nor­

malized to any other measurement. 

The values of the inelastic cross sections are plotted with other 

datall- l4 in Fig. 4, to show the variation of the topological cross sec­

tions with momentum of the incoming n-. Over the momentum region shown 

in Fig. 4. the 2-prong cross section is seen to be decreasing. at first 

relatively rapidly. then. above about 20 Gev/c. more slowly. This change 

in slope is qualitatively consistent with an interpretation in terms of a 
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diffractive component of the cross section, varying slowly with energy and 

becoming dominant at higher energies. For n~4. all the cross sections 

display an initial rapid rise from threshold; for n<16 this is seen to be 

followed by a flattening off of the cross sect~on. For the lower multi ­

plicities, n-4 and n=6. the cross section is seen to be decreasing slowly 

at high momenta. while for higher multiplcities, n>,16, a is still rising . n 

steeply at the highest momentum plot~ed. Meanwhile the total inelastic 

cross section remains almost constant. Similar behavior is seen in pp 

+ 15 16	 ­and ~ p interactions. • as well au in K p events (Section IV). The 

form of the curves implies scaling. which is discussed below in Section V. 

D.	 The Multiplicity Distribution 

Some moments of the multiplicity distribution are given in Table II. 

together with corresponding results found at 50.11 100,12 and 205.GeV/c. 13 

Our measured value for the mean charged particle multiplicity in in­

elastic n~p interactions at 147 Gev/c is <n> a 7.40 ± 0.04. We have fit ­

ted the values of <n> at the four beam momenta both to a power law and to 

a logarithmic law in sIs (5 = I(GeV)2). with the results, respectively:o 0 

<n> • (2.02±O.Ol)(s/s )0.231±0.OOl • 
o 

X
2

INDF = 0.08/2, Confidence Level - 0.96; 

<n> • (-l.2±O.l) + (l.S3±O.03)tn(s/s ).o 

2x /NDF • 1.0/2, Confidence Level • 0.61. 

Both expressions fit the data very well. The power law fit has the lower 

2X value. but the data are also consistent with the logarit~ic formula. 
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The value found at 147 GeV/c for <n>/D is 2.09±O.02, where D _ 

2 2 ~ 
«n > - <n> ) • Comparison ~th the results at other momenta listed 

shows that this ratio is consistent with being constant over the ~- mo­

mentum range 50-205 GeV/c; this linear variation of D with <n> also holds 
]A

down to much lower values, at least down to <n> - 3. It holds as well 

for w--nuc1eus interactions at 100 and 175 GeV/c, for targets ranging 

17from carbon to uranium. A similar relation appears to be valid for
 

,other particles as well (Section IV, and References 11, 15, 16).
 

IV.	 K P INTERACTIONS 

A.	 Scanning for K-p Interactions 

The counter telescope system was employed in the search for K-p in­

teractions.	 The K- particles 'in the film were identified by a c~mputer 

18 scan of the data tapes using a program called K TRACE. The wire cham- ~ 

ber information was read for each frame of the film and the .~erenkov tag 

checked for each beam track. For the K- tracks, the u~stream trajectory 

was projected downstream through the field of the bubble chamber magnet, 

to predict where a non-interacting K- would pass through the downstream 

PWC's. The predicted trajectory was then compared to the actual hits in 

the downstream wire planes. If the mean squared deviation for any K­

2beam particle exceeded 1.0 mm , then the computed information for each 

beam particle in the frame was listed. The listed frames were checked 

by an experienced scanner and a physicist to identify the K- track in 

the film by comparing the calculated coordinates of each beam particle 

with the film images. When the K- track was identified, the scanner re­

corded Whether an interaction occurred within the visible volume of the 
I. 
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bubble chamber and,if so, the prong count. Unambiguous identification 

and separation of the K~ interactions from possible ~- interactions was 

achieved for 99 percent of the listed kaons. Consideration of the prob­

abilities of the possible ways to produce the observed configurations al­

lowed us to resolve the remaining events statistically. This procedure 

added an uncertainty of ±5 tracks to the incoming beam flux and ±2 events 

to the interaction sample. All interactions seen on K tracks in the 

film were recorded and used for the determination of the total cross sec­

tion, but to ensure accurate prong counting a fiducial cut was made for 

the topological cross sections. The effective fiducial volume length in 

the chamber was 69.8 em for the total cross section and 57.1 em for the 

topological cross sections. 

B. K-p Total and Topological Cross Sections 

Table III shows the results of our scan of events produced by the 

9059±13 kaons entering the bubble chamber. The raw charged particle mul­

tiplicity data obtained are listed in the Column 2, with 87 additional 

events found in the enlarged volume used only for determination of the 

total cross section. The corrected numbers appearing in Column 3 and the 

cross section values in Column 4 were arrived at by considering the fol­

lowing corrections. 

(i) Cqntaminqtion of the K Sample 

The pion contamination of the ~erenkov signal is estimated to 

be of the order of 1/4 percent. Somewhat more significant is the 

contamination produced by kaons decaying into pions which remain in 

the beam. Similar decay into muons was not a problem as these were 

detected and tagged by the muon counter downstream of the PWC's. 
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Since the transverse momentum of the decay product 1s nearly the 

same for both decay modes and the branching ratio is well known, we 

studied the decay muons to estimate the n contamination, finding that 

1.O±O.3 percent of our tagged K's are actually n's by the time they 

reach the bubble chamber. The appropriate correction has been app­

lied to the cross sections. 

(ii) Scanning Efficiency 

The efficiency of the computer scanning technique for finding 

events was checked by applying this method of locating interactions 

to every beam track (not only K-) for a small sample of film. A 

double visual scan, with an efficiency of 99 percent for n-2 and 

greater than 99.5 percent for n>2, yielded 516 observed events. Of 

these the program detected 512, t~ 2-prong and two 4-prong events 

having been missed. Accordingly, 1 percent of the total observed 

events was added to the data, equally divided between the two- and 

four-prong channels. The visual scanning efficiency was then applied 

to the resulting data. 

(iii) Low t Losses and Other Corrections 

~e very small sample of two prong events in the K-p data did 

not allow reliable estimation of the low momentum transfer loss by 

fitting the do/dt distribution and extrapolating to t - O. However, 

since the data were consistent with the n-p data, we assumed the 

same corrections as for n-p, which were described above (Section 

IIE(ii»). The division between the elastic and inelastic events was 

made by assuming the same ratio as determined for n-p interactions in 

this experiment. 
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Other corrections were made as described in Section lIE (iii) ­

(v) for ~-p interactions. All the effects were very small: the s1n­

gle odd-prong event, with n=3, was added to the n=4 group, on the as­

sumption that it involved a missed short stub; six events were esti ­

mated to have unresolved VO or y vertices, and 6 of 11 expected 

Da11tz pairs were not identified. 

After all the above corrections have been applied we find a K p total 

cross section of 21.5 mb±l.O mb, in agreement with the 20.57±0.09 mb reported 

7by Carroll et al. The K-p topological cross sections a are plotted in F1g­
n 

- 11 19 20 21 
Jure 5, as functions of the K momentum, " In the momentum region 

covered by Figure 5, the 2-prong cross section is declining with increasing p, 

the 4-prong cross section reaches a broad maximum, then decreases, the 6-prong and 

8-prong cross sections level off, while the higher multiplicities continue to rise. 

The parameters of the inelastic charged multiplicity distribution are 

listed in Table IV. There are no significant differences from the n-p para­

meters J at our level of statistical accuracy. The similarity bet~en the n-p 

and K-p charged multiplicity distributions is shown also in Figure 3, where the 

topological cross sections a for both interactions are plotted as a function of n. 
n 

The depende~ce of <n> on s for K-p interactions is shown in Fig. 6. The 

data have been fitted with both a power law and a logarithmic law in sIs , s ­
o 0 

21 (GeV) , with the following results: 

<n> a(1.37±0.06) (s/so)0.3l±0.Ol , 

x2
/NDF= 16.W4, Confidence Level - O~002; 

<n>	 - (-O.78±0.23) + (1.39±O.07)1n(s/so)' 

2x /NDF - 17.0/4, Confidence Level - 0.002 • 
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As is clear from Figure 6, the low momentum data arf' much more heavily weighted 

than the point at 147 GeV/c. The fit has been extended over a much larger mo­

mentum interval than was used for the n-p data, and it appears that the para­

meters of the power law and logarithmic law ~re not constant over the whole 

range. Although there are no K- data between 33.8 GeV/c and our point at 147 

+GeV/c, it	 is interesting to note that for K p interactions at 100 GeV/c, <n> • 

226.65±0.3I, Which falls between the fitted lines and agrees with both within 

the error. 

V. SCALING 

Assuming Feynman scaling at asymptotic values of s, Koba, Nielson and 

Oleson (KNO)23 have shown that as s ~ =, <n>a /a 1 becomes a function of 
n ine 

n/<n> only: 

(2) 

This prediction appears to be well satisfied even at rather low momenta, as 

shown by the n-p data in the momentum interval from 50 to 205 GeV/c, plotted 

in Fig. 7. No other K p data are available in this momentum region, but 'a KNO 

plot for K-p is given in Fig. 8, to compare the data of this experiment at 147 

21GeV/c with the low momentum data, ~.2 GeV/c - 33.8 GeV/c. Even over this wide 

range of momenta, scaling seems to hold within the experimental errors. In ad­

dition, the n-p and K-p plots are similar to each other, and, as shown i~ Fig. 9, 

follow closely Slattery's empirical fit to corresponding data for pp collisions 

24between 50 and 303 Gev!c.
 

12 25
A related scaling function ' which emphasizes lower multiplicities is 

(3) 

Fig. 10 shows na /a 1 plotted vs <n>/n for our n p and K p data at 147 GeV!c. n i ne 

These points lie very close to a line draWn to rep~esent other n-p, pp and 
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+w p data. (See Reference 12, and papers cited therein.) 

VI. CONCLUSION 

Total, elastic, and topological cross sections have been determined for 

w-p' and K-p interactions at a beam momentum of 147 GeV/c, using the hybrid PWC-

Bubble Chamber System. ~~ments of the multiplicity distributions have been ob­

tained. Comparison with other data show that KNO scaling holds, starting at 

momenta at least as low as 50 GeV/c, and that very similar behavior in a is 
n 

- + ­shown over the momentum region 50 - 300 GeV/c, for ~ , ~ , K and protons. 
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TABLE I
 

TOPOLOGICAL CROSS SECTIONS IN 147 GeV/c 'If p INTERACTIONS
 

Number of Number of 
charged events 
prongs, n seen 

2	 2888
 

3 22
 

4 2442
 

5 7
 

6 2752
 

7 12
 

8 2593
 

9 32
 

10 1890
 

11 21
 

12 1097
 

13 27
 

14 534
 

15 22
 

16 253
 

17 11
 

18 98
 

19 2
 

20 37
 

21 1
 

22 5
 

23
 

24 3
 

. 25
 

26 1
 

TOTAL 14750
 

Corrected 
number of 
events, N 

n 
3248.0±93.4a 

Elastic 2081.3±85.l 

Inelastic l160.7±69.3 

2657.3±62.5 

288l.1±61.1 

2769.7±64.6 

1991. 7±55.8 

ll45.5±42.8 

, 533. 5±30. 3 

250.7±19.8 

95.0±12.0 

34.9±6.5 

4.5±2.3 

3.1±1.8 

l.O±l.O 

Cross Sectionb 

(mb) 

5.04±O.15 

3.24±O.14 

1.80±0.12 

4.12±0.10 

4.47±0.10 

4.30±O.11 

3.09±0.09 

1.78±O.07 

O.83±0.05 

O.39±O.03 

O.15±O.Q2 

O.054±O.010 

O.0070±O.0036 

O.0048±0.0028 

O.0016±O.0016 

24.24±O.29 

a)	 The number of two-prong events in Column 2 was found in a somewhat longer 
fiducial volume than was used for n>2. In column 3, this number has been 
normalized to the same scanning length. 

b)	 These flgures are the cross sections as determined from this experiment; 
they are not normalized to any other absolute measurement. The listed 
errors include statistical errors" and the uncertainties in the corrections~ 

~s well as uncertainties in the determination of the total pion path length, -' 
the hydrogen density, and the elastic/inelastic assignment of 2-prong events. 



r- TABLE II 

MlMENTS OF THE ~IDLTIPLICITY DISTRIBUTION FOR w P INTERACTIONS AT VARIOUS MOMENTA 

SOc 100d 147 20Se 

<n> S.78±O.04 6.79±O.O8 7.40±O.O4 8.02±O.12 

<n(n-1)> 34.9±O.48 49.±l. S9.9±O.7 7l.6±l.8 

<n2> 40.7±O.48 S6.±l. 67.3±O.7 79.6±1.8 
f a l.S3±O.15 3.2±O.3 S.14±O.22 7.24±O.612

bD 2. 70±O. 03 3.16±O.O4 3.S4±O.03 3.91±O.11 

<n>/D 2.14±O.O3 2.15±O.04 2.09±O.O2 2.0S±O.05 

a) f • <n(n-1» - <n>2
2
 

b) D = «n2> _ <n>2)~
 

c) Reference 11
 

d) Reference 12 

e) Reference 13 
~ . 



TABLE III ....., 
TOPOLOGICAL CROSS SECTIONS IN 147 GeV/c K-p INTERACTIONS 

Number of charged Number of events Corrected number Cross Sectio 
E.rongs, n seen of events, No (mb) 

2 .69 81±10 4.27±O.53 

elastic 52±8 2.74:!:O.42 
inelastic 29±6 1.53:!:O.32 

3 1 

4 64 68±9 3.59±O.47 

5 0 

6 90 90±11 4.75±O.58 

7 0 

8 60 62±9 3.27±O.47 

9 0 

10 62 62±9 3.27:10.47 

11 0 

12 26 25±6 1.32:10.3" 

13 0 
...., 

14 10 9±4 o .47j().21 

15 0 

16 3 3±2 . o .16!).11 

17 0 

18 7 6±3 o •32:lO .16 

19 0 

20 2 2±1 o .111>.05 

TOTAL 394 

FULL VOLUME 481 496±22 21.5±1.0 



TABLE IV· 

MOMENTS OF THE MULTIPLICITY DISTRIBUTIONS FOR K P INTERACTIONS AT 147 GeV/c 

<n>	 7.33 ± 0.21 

<n(n-I»	 58.7 ± 3.7 

2<n	 > 66.0 ± 3.9 

f a 5.0 ± 1.12
 

D I:>
 3.51 ± 0.17 

<n>/D 2.09 ± 0.09 

a) £2 • <n(n-I» - <n> 2 
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FIGURE CAPTIONS
 

Fig. 1 Schematic diagram of the Hybrid PWC-30-inch Bubble Chamber System~ 

showing the location$of counters upstream and downstream of the 

bubble chamber. The muon detector ~ which is located downstream 

of the telescope, is not shown. The trajectories of the particles 

in a typical 2-prong event are sketched 1n. 

Fig. 2 do/dt vs -t, the momentum transfer to the proton, for elastic events. 

The line is a fit to the points over the interval 0.04 < ItI < 0.6 

(GeV/c)2. It has the form dc/dt c 26.9 exp (-8.29Itl). 

Fig. 3 Topological cross sections 0 
n 

vs n, for n p and K-p interactions 

at 147 GeV!c. 

Fig. 4 Topological cross sections a 
n 

vs beam momentum (laboratory) for 

w p. .The data points at Pn- C 147 GeV!c~ indicated by an arrow, 

are from this experiment. Data at other momenta are from references 

11-13~ and references cited in 14 for p
1f­

< 50 ~V/c. The liDes 

are drawn through the data points to guide the eye. 

Fig. 5 Topological cross sections 0 
n 

vs beam momentum (laboratory) for 

K p. The data points at PK­ = 147 GeV!c, indicated by an arrow, 

are from this experiment. Data at_other momenta are from references 

11, 19, 20, and 21. The l~nesare drawn through the data points 

to guide the eye. 

Fig. 6 Charged particle multiplicity <n> VB s for K-p interactions. The 

solid and dashed lines are fits to the data of functions of the 

form <n> = a + b tn(s/so) and <n> ~ a(s/so)b, respectively. 



Figure Captions -- continued 

Fig. 7 KNO scaling funct!on <n>o 101 1 VB 
n ne n/<n>, for ~ p interactions 

at 147 GeV/c, and for other ~-p data at 50, 100, 205 CeV/c, from 

References 11-13. 

Fig. 8 KNO scaling function <n>o /oi 1 VB n ne n/<n>, for K-p interactions 

at 147 CeV/c, and for low-momentum K-p data from Reference 21. 

Fig. 9 The KNO scaling function <n>o /oi 1 vs n/<n>.n ne Points are plotted 

for n-p and K-p at 147 GeV/c. The solid line is an empirical fit 

to the data for pp collisions from 50-300 GeV/c (Reference 24). 

Fig. 10 The scaling function no 10i 1 n ne vs <n>/n.· The solid line is one 

drawn by eye through points (not shown) from n p, +n p and pp 

interactions in the range 50-300 GeV/c. The points are the data 

of this experiment for n-p and K-p at 147 GeV/c. 
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