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Strong 7I, q, and cu peaks have been observed in the reaction p+d —He +missing
mass at incident proton momenta of 8.5-8.8 GeV/c and proton-to-meson momentum
transfer t = —1.5 (GeV/c) . The mesons are produced with center-of-mass cross sec-2

tions on the order of 10 cm /sr at a center-of-mass angle of about 60'. The missing-
mass spectrometer combined the "Jacobian peak" and the orthogonal dispersion tech-
niques.
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We have observed the reaction

P+d -He'+ m'

and, for the first time, g' and co' production in
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at laboratory proton momenta (P,) of 3.5-3.8
GeVjc. The center-of-mass differential cross
sections (dv/dQ) are of order of magnitude 10
cm'/sr for mesons emitted at 60' (c.m. ). The
data, which are shown in Fig. 1 and listed in
Table I, were obtained with a missing-mass
spectrometer. Several interesting aspects of
the data, in addition to the three obvious peaks,
are mentioned below:

(1) A sharp shoulder appears at the 2m thresh-
old which we have not. been able to explain on
the basis of pure phase space. Its appearance is
different from the peaklike observations of the
"ABC" effect "

(2) The po meson from the reaction
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is not apparent. However, because the shape of
the multiparticle spectrum in the region of the

p meson is not known accurately, the cross sec-
tion for Reaction (4) could be as high as that for
Reaction (3).'

FIG. 1. The differential cross section as a function
of the square of the missing mass. Each point corre-
sponds to from 10 000 to 40 000 events. The points
presented are the differences between full- and empty-
target data. The empty-target distribution was smooth
and constant. Because of the kinematics of our experi-
ment d 0/d&c 111 dm which we present is very similar
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in shape to d 0/dQ~~bdP~~ which we detected.
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Table I. Mesons observed in the reaction P+d-He3
+missing mass at proton momentum of 8.8 BeV/c.

Mass t u do/dQ (c.m. )

Meson (MeV) (BeV/c) (BeV/c) (10 cm /sr)

133+3 —1.33 —5.54

Movable
Rack

Sc intillatio, i

Hadoscope

Target

"ABC" 300

—1.60

-1.38

qo 550 + 1 —1.44

783 + 1 —1.60

—5.14

-4.67

-4.67

-5.40

0.6

1,5

&1.6
Rear Track

side view

Rctating
Turntable

( ' )

The three masses are fitted by a two-parameter fit
for beam energy and angle calibration. Neither the p
nor the "ABC" was observed as a peak. The absolute
values of the cross sections are good to within only a
factor of 2 because of uncertainties in normalization
and calibration of the absolute proton beam intensity.
The relative values of ab/da (c.m. ) are good to 10'.

(3) The cross section for Reaction (1) at 3.8
GeV/c (this experiment) is a factor of 1600 low-
er than the cross section found in an earlier ex-
periment at 1.5 GeV/c. "

(4) The cross section for nonresonant produc-
tion rises rapidly with missing mass. This
could be due to the effects of multiparticle phase
space. (On the basis of the momentum transfer
to the meson or the probability of the He' stick-
ing together, the lower masses should be slight-
ly favored. )

An important aspect of Reactions (1)-(4) is that
the mesons are produced at momentum transfers
which are in order of magnitude higher than the
momentum transfers involved in typical reso-
nance production studies. If t is defined as the
deuteron-to-Hea (proton-to-meson) momentum
transfer and u as the proton-to-He' (deuteron-to-
meson) momentum transfer, then for this ex-
periment t lies in the range from -1.33 to -1.6
(GeV/c)' and u lies in the range from —5.54 to
—4.67 (GeV/c)2 for meson masses between 0.135
and 0.782 GeV.

The experimental setup is shown in Fig. 2.
The external proton beam (2&10"protons/sec)
of the Princeton-Pennsylvania Accelerator (PPA)
was incident on a 10-in. -long liquid-deuterium
target. The He' particles were bent vertica11y
through an angle of 25' by a conventional magnet
with an 8-in. gap. Identification of the He' was
made by combining information from the pulse
height in the counters, flight time, and momen-
tum for each particle entering the system. All
of the counters were attenuated to be sensitive
only to particles with more than five times min-

ntable
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Top View

Rais

FIG. 2. Missing-mass spectrometer used at PPA.
The plan view shows He trajectories deflected verti-
cally by a conventional bending magnet which was
turned on its side. Parallel rays from the right are
focused at the same lateral position at the left by the
fringe field of the magnet. Since the He angle is di-
rectly related to the mass of the missing meson, the
lateral position in the 50-element hodoscope placed in
the focal plane indicates the missing mass. Each
hodoscope element was 1.5 in. wide. Coincidence be-
tween the overlapping sets of counters in the front and
the rear of the hodoscope system provided lateral
resolution of 4 in. The momentum bite was defined by
(1) the vertical size of the beam (4 in. ); (2) a 2-in.
vertical collimator before and in the magnet (not
shown); (3) the aperture of the last two counters. The
target dimensions (10 in. long) and the gap width (8 in. )
were exaggerated for visibility.

imum ionization. The time of flight of the He'
was determined by a coincidence between the rf
structure of the proton beam (the extracted pro-
ton beam at PPA consists of 2-nsec pulses
every 33 nsec) and a signal from the scintillation
counters. '

The spectrometer was set to the momentum
corresponding to the Jacobian peak. ' The lab-
oratory angle of the He~ ((),) determines the mass
of the missing meson. The momentum of the
He' was measured only to about 7% without sig-
nificantly affecting the mass resolution. The
kinematics for the reaction are shown in Fig. 3.

All He' emitted at a given angle from the long
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The resolution in M may be obtained by dividing
(5) by 2M.

In this experiment the He' is emitted backward
with respect to the proton in the center-of-mass
system, at about 120'. We assume that this cor-
responds to the exchange diagram shown in the
upper right-hand corner of Fig. 3. The upper
vertex is the "fundamental" nucleon-antinucleon-
meson vertex, which is open to all I =0, 1 ex-
citation channels, in contrast to the reaction of
the type z+P -nucleon +meson, in which the

type of meson produced depends strongly on the
exchanged particle and its coupling to the pion.

Barshay has attempted to explain the large
decrease in the cross section from 1.5 to 3.8
GeV/c, using both a Regge and a Feynman propa-
gator. A Regge propagator without damping at
the He' vertex, s' ('l 'with u(t) = —0.35+i,
gives a depression of 1:870 between 1.5 and 3.8
GeV/c and the corresponding t values. An al-
ternative explanation, which introduces a damp-
ing at each of the vertices in the exchange dia-
gram, gives a depression of the order of 1:720.
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