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ABSTRACT

We report the final state charged-hadron multiplicities and topo-
logical cross sections for inelastic scattering of 16 GeV u 's from
hydrogen in the SLAC 40~inch bubble chamber. We find that for 1.8
<W<5, 0 GeV the charged hadron multiplicity is generally lower at

Qz =1.5 GeV2 than for photoproduction.
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In this letter we present some results of a hybrid bubble chamber experi-

ment examining the process

pTrp —p” X (W)
where the charged tracks‘in the final state X+, which has mass W, are detected
with 47 geometry. A study of the properties of the hadronic final state was un-
dertaken to provide further experimental information on the nature of scaling
phenomena observed in the SLAC-MIT inelastic electron scattering experiments.
Here we concentrate on one aspect of the hadronic final state, the charged par-
ticle multiplicity. This and the associated topological cross sections, including
those for visible strange particles, will be discussed here. A more complete
description of the experiment, kinematics, and additional but preliminary re-:.
sults, was presented earlier. 1 For a discussion of vector meson production in
this experiment see Ref. 2.

This experiment was performed at SLAC using a secondar-'y 16 GeV/c
beam into the 40-inch hydrogen bubble chamber. The chamber flash lamps were
triggered by a u telescope placed downstream from the bubble chamber. This
telescope consisted of two scintillation counter hodoscopes and 11 magnetostric-
tive wire spark chambers sandwiched between four 1-ft. thick pieges of steel.
When an online trigger indicated a p-scatter of 1. 40, a picturé was taken, and
spark chamber and counter information were recorded on magnetic tape. Re-
constructed events occurring in the bubble chamber fiducial volume were re-
quired to have a negative track coincide with penetrating spark chavmber tracks.
This procedure yielded 3723 inelastic and 1043 elastic events, representing 5000
events per microbarn. During the majority of the data taking time, the bubble
chamber pulsed at 10 expansions per second, with an average of 100 u's per

pulse.
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Particular care was taken to eliminate 7's from the trigger. Beryllium
placed_in the beam transport system reduced the incident 7's to a measured
value of m/u = (6 + 2) >'<,10_5. The 12 interaction lengths of iron in the telescope
suppressed triggers from final state 7's. The m-induced contamination in the
final data sample was measured to be less than 1%.

In the reconstruction process the outgoing u was separated from all tracks
emerging from the vertex in the bubble chamber by using the recorded y~ tele-
scope information. Combining the telescope information with that in the bubble
chamber also improved the momentum measurement of the u~ by a factor of 15,
on the average. In Figure 1 we show the distribution of the 4766 events in a
scatter plot of Q2 vs W. Elastic events can be seen clearly as a vertical line at
the proton mass. Inelastic events extend to about Q2 =3.0 GeV2 and W =5.0
GeV. Superimposed on the scatter plot are contours of the detection probability,
P, for scattered muons in this experiment as obtained from a Monte Carlo cal-
culation. The charged hadron multiplicities and partial topological cross sec-
tion ratios are insensitive to P.

The flux of muons in our beam was monitored with scintillation counters in
the beam. This enabled us to extract the observed cross section.fmd compare it
to known ep inclusive cross sections. In the determination of o {up) we have made
small corrections for scanning inefficiency (1%), spark chamber inefficiency
(3%), unmeasurable events (2%), pion contamination (1%), and radiative correc-
tions (typically 5%). We estimate a 12% average systematic error vin the absolute
cross section based on uncertlainties in P (+10%), absolute beam flux (%), spark
chamber efficiencies (+3%), and scanning and measurement losses (#2%). Com-

bining all our inelastic data, we obtain

o @up)/olep) =0.91 + 0.12.
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The error is a combination of statistical (2%) and estimated systematic errors
(12% for this experiment and 5% for ep cross sections). 3

Next we consider relative prong cross sections, Gn/atot’ where n is the
number of charged hadron prongs in. the final state. Table I gives an/ %ot for
n=1, 3,5, and 7 (only four events were found with an apparent even prong num-
ber). Also given are relative partial cross section ratios for strange particle
production with visible decays, q, t/atot' For comparison these same quantities
are given for photoprodu.ction.4 In Figure 2a and Table I we show the relative
contribution of each topology to the cross section for increasing Qz in three W
ranges. No strong Q2 dependence is seen, within errors, for n =5 or 7 prongs

t

as Q2 increases, while for the lowest W bin 03/01:ot tends to decrease.

or strange topologies. However, as seen in Figure 2a, ol/oto tends to increase

We now compute the mean charged hadron multiplicity {N).

Z n;/P, Z no'n

S RS |
events _ prongs

3, 1/ P D %G

events prongs

N> =

where n, is the number of prongs in the i,Ch event, Pi is the muon fletection prob-
ability mentioned previously and %, is the partial cross section f;)r n-prong
events. We have applied radiative corrections to the data. 5

In Figure 2b, {N) is plotted as a function of Q2 for fixed W ranges. 7 Also
shown are the photoproduction values at Qz =0, obtained from the data of Ref. 4.
We observe that for the two lower W intervals {N) decreases by 10% to 15% be-
low the photoproduction values. For the high W.bin, a flat Qz dependence cannot
be ruled out.

These trends cannot be explained solely by the behavior of the vector
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. 2
meson cross sections. ™’

When one attempts to remove the p contribution using
a model of p photoproduction and p electroproduction,2 one finds less than a 3%
change in {N) in any of the data points, and a relative change in a single (W) bin
of less than 2%.

Figure 3 shows the mean charged multiplicity plotted versus WZ. Here

2

data from two electroproduction experiments and from photoproduction4 are
also included. Fitting our data for QZZ. 24 to a logarithmic dependence in W2,
we obtain
N> =(.89+.14)+ (.92 £ .07)!&nW2

which ’falls below the photoproduction line but approximately parallel to it.
These results are in good agreement with those of Ref. 8 but appear to disagree
with Ref. 9.

In conclusion, we find that for 1.8sW=<5.0 GeV, (N) generally decreases
as Q2 increases at fixed W, and that this is primarily due to an. increase in
0;/cfup)and a decrease in “3/",‘“?)'

We wish to thank Bob Watt and the crew of the 40-inch bubble chamber for

30 million good expansions.
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TABLE CAPTION
Partial cross section ratios for n =1, 3, 5, and 7 prong events. Strange
pa;’;icles are included in the prong distributions. Visible strange particle
production is also shown separately. a has been corrected for elastic radi-
ative effects. vThe mean charged hadron mulﬁplicities <N > are radiatively

corrected values and are adjusted to the <W > values shown for the photo-

production points.



2
W @ NUMBER o/, %/ %ot %/ %o %/ % %t/ %ot <N
(GeV) (GeV®)
Inelastic up
2.24 .25 382 .31 +.03 .64 £ .04 .04 +.01 - .06 + .01 2.49 + .06
2.27 .56 290 .35 % .04 .63 +.,05 .02 +,01 - .06 £ .02 2.36 .06
2.27 .95 137 .42 + .06 .53 .06 .04 .02 - 07 £ .02 2.25+ .10
2.25 .14 106 .42+, 06 .54 + .07 .03 +£.02 - .04 £ .02 2.24 + .11
3.25 .24 269 .18 + .03 .59 £.05 .21 +£.03 014+ . 008 .06 £ .01 3.18 .09
3.16 .54 155 .22 .04 .61 +.06 17T +£.03 006+ . 006 .09 £ .03 3.02 £ .11
3.24 .95 78 .17 £.05 .63 + .09 .18 £ .06 026+ . 019 11 + .05 3.18 £ .16
3.28 .80 67 .22 + .06 .68 £ .10 .09+ .04 012+ . 012 06 £ .03 2,80+ .14
4.30 L0675 335 .00 .06 .67 £ .05 .29+ .04 .05 £ .01 .10 £ .02 3.76 £ .12
4.24 .20 186 .14 .05 .57 + .06 .27+ ,04 05 £ .02 .10 + .02 3.49 = .13
4.33 .56 80 .14 .06 .46 £ .08 .31 .07 .08 £ .03 .08 .03 3.61 .21
4,27 .38 39 .20 % .09 .46 .12 .31 .10 .02 + .02 .07 £ .03 3.37+ .38
Photoproduction

2.25 .00 .24 +,02 LT3+, 02 .03 +.01 - . 055 .01 2,53 +.04
3.25 .00 .12 £.02 .68 £ .02 .19 £, 02 .01 £ .003 L0698 .01 3.13 .03
4.25 .00 .07 £ .01 56 + .02 .30 + .02 .06 = .01 004 3.66 + .03

L075% .
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FIGURE CAPTIONS
Sgatter plot of Qz (GeVz) vs W(GeV) for 4766 events. Superimposed on the
data are contours of P, the outgoing u detection probability.

The fractional part of %o contributed by n =1, 3, 5, and 7 prong events

t
Vs QZ for three ranges of W. The open symbols show photoproduction
data.

The mean charged hadron multiplicity vs Q2 for three ranges of W.

The mean charged hadron multiplicity vs Wz.
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