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We have observed substantial b.++(1236) production in the inclusive reaction p+p A++

+ everything at 303 GeV/c (~s =23.9 GeV). This process with t&, &&1.0 GeV2 accounts for
-14% of the tota1 PP ine1astic cross section. The mean invariant mass of "everything" is
-11 GeV, which implies that the b++ is usually part of a higher-multiplicity system mov-
ing in its hemisphere. The distribution in squared transverse momentum to the &++ fa11s
off exponentially with a slope of about 12 GeV

In a recent exposure of the National Accelera-
tor Laboratory (NAL) 30-in. hydrogen bubble
chamber to a 303-GeV/c proton beam (fs = 23.9
GeV), a sample of 2245 pp interactions was ob-
tained. A multiplicity study of these events has
already been reported. '

Despite the large momenta involved in the in-
teractions, particles which travel backward in the
pp c.m. system have comparatively low momenta

in the laboratory and can be measured and ana-
lyzed with conventional film-measuring machines
and analysis techniques. In the present work,
results are reported on the inclusive reaction

p+ p —b. "(1236)+ "everything"

obtained from measurements of all tracks with
lab momentum P»~ &1.4 GeV/c. With this mo-
mentum cutoff, ful1. acceptance is obtained for
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all breakup angles of the 5 '"(1236) when PA++"
&1.35 GeV/c, corresponding to a momentum
transfer between target proton and 6"of t~ ~
& }.0 GeV'.

With P„b &1.4 GeV/c, it is possible to distin-
guish pions from protons in a nearly ambiguity-
free manner. ' Each event in a reduced fiducial
volume sample of 1750 events' was examined
once by a scanner and once by a physicist, and
the curvatures of all tracks in three views com-
pared with a 1.5-GeV/c template'; those tracks
with greater curvature were measured on image-
plane digitizing tables. For these tracks, the
measurers also recorded a n pio-nization deci-
sion which was subsequently checked by the phys-
icist who examined the event. All measured
tracks were passed through the Berkeley pro-
gram TVGP (three-view-geometry program) to
obtain their stereo-reconstructed space angles
and momenta.

In the fiducial volume used for these measure-
ments, 806 events were found which contained a
proton with P &1.4 GeV/c. Of these, 214 events
contained in addition at least one w' (166 events
had one w', 41 had two m', and 7 had three m'

among the tracks measured). The distribution in
m'P invariant mass for these events (all combina-
tions plotted) is shown in Fig. 1(a). A substantial
signal for Reaction (1) is seen; the smooth curve
is hand drawn to qualitatively represent the non-
b, "(1236)background. Figure 1(b) is a similar
plot of all Pm invariant-mass combinations in the
corresponding sample of 187 events with a proton
and at lea, st one ~'. Although a small A'(1236)
signal seems to be present, the nearly identical
shapes and absolute magnitudes of the non-4
backgrounds in the two cases is perhaps the more
interesting feature of the distributions and fur-
ther enhances the credibility of the 4" signal.

Figures 1(c) and 1(d) show the effects of the
selection t~ z, &1.0 GeV'. Although the background
is considerably reduced, the 6" signal is hardly
diminished, indicating that it is confined almost
entirely to low t~ z, . We henceforth select events
with 1.16 &yn„,~&}.32 GeV and t~ ~& }.0 GeV',
and summarize some of the properties of Reac-
tion (1). 89 events have one m'p combination and
8 events have two combinations which satisfy this
selection. At the present level of statistics,
there is no significant difference between the
multiplicity distribution of these events and that
of the total data sample. '

We find a cross section for Reaction (1) with

t~ / & }.0 GeV' of 4.3 +0.5 mb, after multiplying

50
a)

40-

b)

30-

10-
g

pl,
30 c) g

O~ 20-

t & I.O GeV2

0
-e)

20-

IO-

~ n I

)&)
'

t & I.O GeV
p~&O. I GeV~J

I.2 I.4 I,6 I.8 I.2 I.4 I.6 I.8
+

7r p Invariant mass (GeV)

FIG. l. (a), (c), (e) w+P and (b), (d), (f) n P invariant-
mass spectra. (a), (b) All combinations with &1~b&1.4
GeV/c for both P aud x. (c), (d) Same, but with the ad-
ditional restrictions that t&, A&1.0 GeV . (e), (0 Same. ,
but with additional restrictions. that (P& )&& 0.1 GeV .
See text for relevant numbers of events and multiple
mass combinations. Curves in (a) and (b) are identical
and hand drawn to provide an approximate representa-
tion of the non-& background.

by a factor of 2 to correct for the (symmetric)
forward-going 4'+'s which have not been detected
(and assuming that simultaneous 6"production
in both hemispheres is a small fraction of the
total). This value may be compared with the cor-
responding value determined at 6.6 GeV/c. Col-
ton and co-workers' ' have measured cross sec-
tions for all processes of the type p+p-4+'
+nucleon+nw, where m=0, 1, 2, and find o =9.2
mb; the states with n ~ 3 are estimated to contri-
bute only an additional -0.8 mb, yielding op
-10+}mb. Thus the cross section for Reaction
(1) drops only about a factor of 2 between 6.6 and
303 GeV/c.

We now turn to a discussion of the 6'+ distri-
butions in the variables K= 2P,~/v's and P~', dis-
played in Fig. 2, where the momentum subscripts
refer to the components in the c.m. system both
parallel and perpendicular to the beam momentum.
The kinematics are summarized in Fig. 2(e)
which shows, in the X-P, ' plane, contours of
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FIG. 2. (a) X&distribution of the n++ for the selec-
tion (P~~)&&0.1GeV~; (b} (P~2)gof the 6++ for K&& —0.6;
(c), (d) same, but for all protons (filled circles) and for
protons coming from A++ decay (unfilled circles}. The
selections made in (c) and (d) are (P~')&& 0.1 GeV2 and

X&& —0.4, respectively; in (d) the missing unfilled-cir-
cle points are zero and do not appear on the plot.
(e) Kinematic curves. Dashed lines, contours of 1.4
GeV/c lab momentum for n 's and p s. Solid curves,
contours of &++ lab momentum which correspond to
t&, & =1.0, 0.5, and 0.1 GeV2, respectively (reading
from top to bottom). Dash-dotted curves, lines of
constant missing mass to the &+ j, mass of "every-
thing" in Eq. (1)J of 7, 11, and 15 QeV, respectively
(reading from left to right) .

proton and p distributions, the complete set of
which shall be published elsewhere.

The distribution in X'~ [Fig. 2(a)] is seen to
display a broad maximum centered at about X~
——0.8 (a less stringent cut on P ~ leads to the
same type of distribution but with smaller errors).
On a, missing-mass (m~) scale, the peak occurs
at about - 10—11 GeV. Such large missing-mass
values are likely if constituents of the "every-
thing" system in Reaction (1) travel in the same
hemisphere as the b,". Because of the broad
range in missing mass, the distribution in t»
is not, in itself, very transparent. The mini-
mum value in t~ ~ depends on m~ and varies over
a correspondingly large range as can be seen in
Fig. 2(e). More germane are the variables t'
= t —t;„or P, '; for the small c.m. production
angles encountered here, these variables are
related by t'=P~'/X. The (P, ')~ distribution
shown in Fig. 2(b) for X~& —0.6 is seen to drop
off exponentially with a slope of about 12 GeV '
(because (X) -0.75, the exponent in the t' distri-
bution is - 9). We thus find that b, ++(1236) pro-
duction takes place predominantly at small t'
(or'P, '), independently of X~ (or missing mass)
in Reaction (1).

The distributions in X~ and (P, ')~ of the protons
which come from 5,"decay are shown in Figs.
2(c) and 2(d), respectively. In each case, the
distributions are compared with the correspond-
ing distributions for all protons. It can be seen,
for example, that whereas protons with large
IX t do not contribute to 4" production, at IXi
-0.6, 5(@ (or more) of all protons come from the
decay of 4'"(1236). The (P~')~ distribution for
protons from 6's falls off more sharply than
does the distribution for all protons. This is
kinematically related to the observed (P, ')~
distribution and the (relatively) low momentum
in b.(1236) decay.

Finally, we consider the spin alignment of the
The results can be expressed in terms of

the Y,' spherical-harmonic moment of the 6"
breakup angular distribution in its c.m. system.
For a spin- —', particle, —0.126 «(Y,') «+ 0.126,
where the lower (upper) limit corresponds to
pure m =+ a (+ 2) alignment. We find in the &-

and t-channel frames the values (Y,') = 0.111
+0.030 and 0.092 +0.028, ~ndxcat~ng that nz = + —,

'
dominates. (Y,') is found to be 0.078+0.032 and
0.092+ 0.031 in the two frames, respectively,
similar to that found at lower momenta. ' The
mw0 moments (Re1 ), (ReY,'), and (ReY,'),
which measure dependence on Treiman-Yanp;
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angle, "are found to be compatible with zero.
Our values of (Y',') suggest a somewhat higher
degree of alignment of the 6" than in the g-ex-
change-dominated ~+' production reactions at
lower beam momenta. '
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sure a sharp cutoff momentum.
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find 0.04+0.02, 0.02+0.02, and 0.02+0.02; and 0.00
+0.02, —0.03+0.02, and 0.02+0.02 in the s and t chan-
nels, respectively.

ERRATUM

THEORY OF MANY-BODY EFFECTS ON CONDUCTION-ELECTRON SPIN RESONANCE IN A g-AN-
ISOTROPIC METAL. D. R. Fredkin and R. Freedman [Phys. Rev. Lett. 29, 1390 (1972)].

On page 1391 the equations for 6F. s(k, r) and )( (~) contain misprints. The equations should read

" d'k' " d3k''
M„(s,k)r=a distr l~

== —,6f(k', r)+be„s tr, , v f(6kr),
27r ' (2 1T

i.e. , in the second integral 6f(k', r) should replace f(k', r); and

1 — ——Z(d G Oo

i.e. , the exponent —1 should apply only to the last factor in square brackets.
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