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7+ and 77— momentum distribution normal to the production plane
in the reaction pp — pp + mesons*
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The 7+ and 7~ momentum distribution normal to the production plane is studied. The dispersion of the
momentum distribution normal to the production plane is independent of the transverse momenta of the
trigger protons.

Seeking direct experimental evidence for the ciation into tracks was performed by the track-
constituent structure of the proton is of current recognition code PITRACK.? The events were
interest in high-energy physics. One possible ap- fitted to a common vertex and were classified ac-
proach to this problem is to study high-transverse- cording to prong number (2-14 prongs).
momentum (P,) reactions. This is based on the Since in reaction (1) both protons are identified,

" commonly accepted assumption that high P, is a one can define two production planes. For con-
signature of close collision. This hypothesis
needs further scrutiny since production of a large- 03 ]
mass fireball with isotropic decay distribution g g 7
can also contribute to large-P, events. Although %
we cannot prove correct or rule out with certainty o0zl 33 % 3 N
all constituent or fireball models, there are cer- L , . | % . |
tain features of the data which can rule out that 0.5 I 1.5
class of fireball or nova models for which the 0.3f Py, (Gev/e) .
temperature increases with P, or the multiplicity ? 3 2 3
grows less than linearly with the fireball mass & %
while the fireball mass grows at least linearly o2} & 3 3 ? } R
with P,. s ¢

The experiment was carried out at the Brook - s F ; o5 ' . * X
haven National Laboratory AGS with the Multipar- E o3k Pay (Gevre) i
ticle ARGO Spectrometer System (MASS).! Using - 5 2
all three spectrometers, namely the high-momen- Ln_>- § 3 g
tum spectrometer (HMS), the low-momentum S ook 5 8 ? 5 % i
spectrometer (LMS), and the vertex spectrometer 1 ) 3
(VS),? we studied the reaction ) . 5= L 5 = G

Dr+Dy~Ds+ Pt 0T (1) 0.3} Prnax 1 (GeV/c) g
at 28.5 GeV/c. The HMS was used to trigger upon, I '“'"“‘§"“§~§—§“§—H§“
identify, and momentum-analyze a forward proton
(ps). Proton (p,) was also identified and momen- o2~ 0% i o~
tum-analyzed (by the LMS). The data reported gld) | 1 ) I . !
here are 8726 events which cover 1.3<M <6 GeV © 0,55 (Gev/e) to -
and 0< P, < 1.5 GeV/c, where M denotes the miss- 3L+l
ing mass to p, (M,) or p, (M,) and P, is the trans- FIG. 1. Width of the negative-pion momentum distri-

bution normal to the production plane for two X |~ in-
tervals as a function of (a) P3, (b) P4, (¢) P)max, and
(d) P 3 +P,,. The symbols O and O denote the intervals

verse momentum of p, (P,,) or of p, (P,). The VS,
which consisted of nine cylindrical wire spark

f:hambers surroun?ling the liquid hydrogen tax;ggt —0.025<X7"=<0.025 and 0.025< X[~ =0.100. In (d) the
in a 10-kG magnetic field, detected the remaining least-square fits of D (PJ") =a +b(P 3 +P, ) to the data
charged particles in all reactions. Spark asso- are shown.
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venience we choose P, X B,/ 19, X B, | as our produc-
tion normal. (The small vertical aperture of the
vertex magnet imposes approximate coplanarity
of P, and P,.) In what follows we choose our Y and
Z axes along the production normal and the inci-
dent beam direction, respectively. The choice of
a right-handed coordinate system defines the X
axis. The mean square deviation, D*(P,), of P,
for the outgoing charged particle (other than p,
and p,) observed in VS is defined as

DXPT)=((PT —(PE))).

We studied the functional dependence of D(P%’)
=[D*(P7")]*/2 on P, in the —0.025<X*=0. 025
0.025<XT* =0.100, 0.100 <X;§*<o 200, 0.200

< X™=0.400, and 0.400<X"%* intervals, where
X,=2P;"/Vs. The symbols P;"“' and s denote the
Z component of the pion momentum and Vs the
total center-of -mass energy. The P, dependence
of D(P,) for a fixed X value can be determined as
a function of P,,, P,,, P, ... Or P53+ P,, for both
m* and 77, or for the combined distribution. In
Figs. 1(a)-1(d) we present the P’;' variation as a
function of all four possible cases for the two
smallest X7 bins where we have the highest sta-
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FIG. 2. Width of the positive-pion momentum distri-
bution normal to the production plane for all XT ™ inter-
vals as a function of P,,. The symbols o, O, A 0, and
V denote the 1nterva1s ~0.025< X7 =<0 025 0 025<X
=0.100, 0. 100<X’ﬁ = 0.200, 0 200<X” =0.400,
and 0. 400 <XT'=1.0. The least-squares fit of D(P;”)
=a+bP,, to the data are shown for the two lowest X|*
intervals.

tistics. Inspection of the figure reveals no P, de-
pendence. The same is true for the other X} bins
though the statistical errors are large. The data
of Fig. 1(d) were fitted with straight lines giving
slopes of 0.000+0.010 and -0.003 + 0.015, thus
showing no P, dependence of D(P}*). In Fig. 2
D(P"") is plotted as a function of P, for all XT"
intervals. The fitted lines are shown for the two
smallest X* intervals; their slopes are 0.021
+0.017 and 0.012+0.017, which is again consistent
with no P, dependence. To improve our statistics
in Flg 3 we combined the 7* and 7~ data and plotted
D(PT’) as a function of Py, + P, . The fitted lines
are shown for the lowest two X 1’, intervals. Their
slopes are 0.012 +0.007 and 0.013 +0.010.

Although the data for the three higher X1r lines
fluctuate over a wide range of the dispersions
D(PT') and D(PY") in Fig. 2 and Fig. 3, there is an
indication of a slight P, dependence at higher X**,
To examine this further we show in Table I the re-
sults of the least-squares f1ts to the linear form,
D(P,)=a+bP,, for each X7 interval. We find an
increase of the numerical values of the fitted
slopes with increasing X,. However, their values
are consistent with zero within errors thus indi-
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FIG. 3. Width of the positive- and negative-pion
momentum distribution normal to the production plane
for all X7 intervals as a function of P,3+P,,. The
symbols O a, A, ¢, and V denote the mtervals -0.025

<XT*=0 025, 0 025<X7*=0.,100, 0 100 <X =0.200,

0 200 <X{\r =0.400, and 0.400<XJ*=<1.0. The least-
squares fits of D(P’r Yy=a + b(PLB +PL4) to the data are
shown for the two lowest XT * intervals,
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TABLE I. Results of least-square fits to the data of Figs. 1-3 of the form D(P,)=a+bP,.
For the meaning of the symbols in the fourth column, see the figure captions.

C. EZELL et al.

Figure P, (P,) X7 a GeV/c) b x2/N
1(a) P, D(PI) ) 0.218+0.007 —0.026 £0.011 4.17/3
] 0.245+0.015 0.019+0.027 4.13/3
1(b) Py D(PT) @) 0.203 +0.006 0.003 0,012 7.67/4
O 0.270+0.010 -0.032+0.018 3.26/4
i(c) P ax D(P]) e) 0.207 0,010 —0.005+0.015 4.59/4
a 0.260 £0,015 —0.008 £0.023 5.73/4
1(d) P,;+P,, D(PT) ) 0.205+0,010 0.000£0.010 0.20/4
a 0.259 £0.015 —0.003 +£0.015 1.42/4
2 Py, D(PT™ @) 0.194 £0.006 0.021 £0.012 2.67/4
] 0.216+0.009 0.012+0.017 6.28/4

A 0.254+0.018 0.086£0.,038 18.0/4
O 0.345+0.031 0.00520.069 6.68/4
v 0.463 +0.077 0.269 +0.200 0.72/3
3 P s+P,, D(P;'*) o 0.192 £0.007 0.012 £0.007 8.63/4
O 0.226+0.010 0.013+£0.010 4.61/4

A 0.288+0.021 0.033 +0.021 31.6/3
<o 0.374 £0.045 0.052 +0.048 3.97/4
v 0.577+0.106 0.051 +0.117 8.59/4

cating no significant dependence of the momenta
distribution on P, of the trigger protons.

This observation of nearly constant width of the
distribution of pion momenta normal to the pro-
duction plane with increasing P, of a trigger pro-
ton contradicts two classes of single-fireball mod-
els: those for which the temperature increases
with the P, of the trigger protons and those for
which the multiplicity grows less than linearly
with the fireball mass* while the fireball mass in-
creases at least linearly with P,. Each of these
classes of models requires an increase of the mo-

menta of the secondary particles normal to the
production plane. However, our results are in
agreement with either the hard-scattering models
or small-fireball models® and support earlier re-
sults obtained from the momentum distribution of
the negative pions in the reaction pp - p+ X.°
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