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Inclusive n distributions from 20-6Ge V/cPp interactions, covering the full range of
longitudinal and transverse momenta, have been obtained using the 30-in. hydrogen bub-
ble chamber at the National Accelerator Laboratory. These data provide new evidence
for scaling in the fragmentation region and for a plateau in the central region of rapidity.
The 90'-c.m. invariant cross section varies as exp[- {10+2)Pr ] in the range Pr -0.1
(GeV/c) .

In this Letter, we report on a measurement of
the single-particle inclusive distribution for the
reaction PP- ~ +anything at 205 GeV/c. This
measurement covers the entire range in both the
center-of-mass longitudinal (P~*) snd transverse
(Pr) momenta. This is also the highest energy at
which a single experiment covering the entire
range of these variables has been reported. Simi-
lar data" have been reported from the CERN in-
tersecting storage rings (ISR). These ISR experi-
ments cover various restricted intervals of P~*
and P~, at energies corresponding to laboratory
momenta between 225 and 1500 GeV/c.

Qur data were obtained from approximately
17000 pictures taken with the 30-in. hydrogen
bubble chamber exposed to a 205-GeV/c proton
beam at the National Accelerator Laboratory
(NAL). The results reported here are confined
to negative-particle production. Qrdinarily, the
measurement of momenta and angles of secondary

tracks in a bubble chamber is a routine matter.
However, for this high beam momentum and for
high-multiplicity events, there are practical com-
plications involving track matching in the differ-
ent stereoscopic views, overlapping track imag-
es, and poor momentum determination for fast
forward-going secondaries. To determine how
these complications might affect our data, we
have made two independent sets of measurements,
using somewhat different experimental methods.

Following the scan' of the film, a fiducial vol-
ume was selected that yielded a 20-em minimum
track length for outgoing tracks. For the first
measurement method, each view was examined
at high magnification (6 times life size), and the
spatial pattern of the bubbles was used to match
all secondary tracks. The event was then mea-
sured in two views and spatially reconstructed
using TVGP. For the second method, a minimum-
sagitta criterion was used to determine which
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negatively charged secondary tracks were candi-
dates for production in the backward c.m. hemi-
sphere. ' These tracks were then measured in
three views and processed through TVGp, using a
computer track- matching program. The numbers
of events (negative tracks) analyzed by each meth-
od were 440 (1250) and 1484 (1854), respectively.
The two methods yielded compatible results in a
track-by-track test as well as compatible distri-
butions for the entire samples, and the data have
been combined.

Typical measurement errors in y *= tanh '(P~*/
E*), Pr, and x =2P~*/vs were also determined
by repeated measurements of a sample of the
events. For 40-GeV/c negative tracks (x =+0.2;
95/o of the negative tracks have lower momenta),
typical errors are Ay*-0.2, AP+-0. 1 GeV/c,
and ~ -0.03. These, as well as the smaller er-
rors associated with backward hemisphere and
90' c.m. tracks, provide ample resolution for the
spectra presented here.

Since PP collisions are symmetric in the c.m.
system, the backward hemisphere is equivalent,

for single-particle spectra, to the entire solid
angle. This symmetry may be used to check the
track selection and measurements for the above
two methods. However, to exploit this symmetry
and to calculate kinematic quantities (e.g. , rapid-
ity) on an individual track basis requires mass
identification, which we do not have.

Since the negative tracks are mostly pions, we
have used a simple Monte Carlo technique to es-
timate the effects of the K and p contamination.
%'e tried several functional forms for the K and
p spectra with intensities' ' of t% K 's and 2% P's
in the Monte Carlo generation. The resulting cor-
rections were insensitive to reasonable varia-
tions of the shape of the K and p spectra.

Figure 1 shows the m invariant cross section
Ed'o/dP' as a function of x for different values of
Pr'. ' Also shown are published data at 28.5 GeV/c" and at ISR energies. " For jr' ~ 0.1, the data
are equal within errors to the ISR results.

Figure 2 shows Ed'o/dp' as a function of Pr'
for Ixl &0.02," as well as the integral with re-
spect tox of the invariant cross section. The in-
tegrated distribution at 205 GeV/c is very simi-
lar to the distribution observed" at 28.5 GeV/c.
Our Ixl ~0.02 (-90' c.m. ) data are in good agree-
ment with ISR data' for x —=0 and P~ ~ 0.23 GeV/c.
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FIG. B. The & rapidity distributions for various
charged multiplicities.

The dashed curve is given by 146exp( —6.39Pr
+0.36Pr') and is taken from the fit of Banner et
al. ' to their Ks =23.2-GeV data. The extrapola-
tion of this curve into the region Pr &0.23 GeV/c
is also shown. It is clear that the extrapolated
curve lies considerably above our data points.

In the range Pr' &0.1 (GeV/c)', our 90' invari-
ant cross section is well fitted by (55+ 4) expI- 10
+ 2)Pr']. A similar Gaussian behavior at small
Pr (for x =0.2) has previously been observed at
12 GeV/c by Akerlof et al."and at 24 GeV/c by
Allaby et al." In these low-energy experiments,
the data, are not consistent with an exp( —BPz)
variation at small P~. Our 90' c.m. data also
favor a Gaussian variation at small P~, and are
inconsistent with the exponential behavior at
small P~ given by the extrapolation of the fit of
Banner et al. '

The small-P~ region is quite important in de-
termining the behavior of m 'do/dy in the central
region as a function of s. The region P~' ~0.05
(GeV/c)', according to our data, contains -33%
of the 90' cross section.

Integrating our data over P~', we obtain

m '(der/dy); 0
= 6.5 + 0.5 mb.

The fit of Banner et al. to their ISR data, when
integrated over all Pr, gives m '(do/dy), * o

——7.7
+0.5 mb. However, if the form A exp( —BPz')
+ C exp(- OPr'), which is consistent with both our
data and low energy data, were used with the da-
ta of Banner et al. , the 90 cross section would
decrease by -15%. Therefore, the absolute val-
ue of the integrated 90 cross section at the ISR
energies is correspondingly uncertain.

In Fig. 3 we present our rapidity distributions

FIG. 4. The inclusive & rapidity distribution at 205
GeV/c. The curve represents the 28.5-GeV/c data.

for various multiplicities. '4 There is a definite
trend" for the width of the distribution to de-
crease as the multiplicity increases. The rms
width of. the highest multiplicity data shown in
Fig. 3 is a factor of 1.3 +0.1 smaller than that of
the lowest multiplicity data.

Figure 4 shows the m inclusive rapidity dis-
tribution (summed over all multiplicities) and a
compa. rison with the 28.5-GeV/c data. Because
of the above inconsistency between our results at
low P~ and the P~ parametrization used for some
of the ISR data, we have not shown integrated ISR
results in Fig. 4.

From the rapidity data shown in Fig. 4, we
note the following:

(1) The scaling of the invariant cross section
Ed'g/dp' in the fragmentation region appears as
scaling for n 'dv/dy for y&,b

~ 1 and seems to oc-
cur at energies less than 30 GeV/c. In this y re-
gion, our dv/dy results are equal to those at
28.5 GeV/c within the experimental precision of
-~ 10%.

(2) Our data show evidence for a plateau in the
central region. The full width of the plateau is
of the order of two units of rapidity. In fact,
even the separate multiplicity curves in Fig. 3
are individually consistent with such a plateau.

(3) dv/dy for v in the central region is increas-
ing with s; i.e., scaling, if it occurs in this re-
gion, is being approached from below.

Finally, it is interesting to point out that Lan-
dau's hydrodynamical model" is not ruled out by
the inclusive distributions shown here. This
model predicts a Gaussian distribution in rapid-
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ity and provides an adequate description of our
data.
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