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since the produced hadrons are to be detected simul-
taneously, no serious background problem arises from
Bhabha scattering and its radiative corrections. The
background due to hadrons produced in C = —states by
the bremsstrahlung of virtual photons in e+e collisions
appears to be strongly suppressed in the deep inelastic
region.
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%'e have measured the cross section for the reaction PP —~s &z, from 100-800 MeV/
c. A significant enhancement in the cross section is observed at a mean momentum of
600 MeV/c. A Legendre-polynomial analysis of the angular distributions also shows an
enhancement in the A2 coefficient in the same momentum range. A plausible explanation
of the data indicates a new meson state p(1970) with a mass M = 1968 MeV, width I'= 35
MeV, and 4 =1

Recently many theories and phenomenological
analyses have suggested the existence of addi-
tional vector-meson states. " Homever, no con-
clusive evidence for such states has been ob-
tained from any production experiment to date. '
Presumably if these states were formed in pro-
duction experiments they would be masked by
high-spin states. In contrast, formation experi-
ments with the pp system might be sensitive to
the existence of lom-spin states since high-spin
states should be relatively suppressed by the
centrifigal barrier at low antiproton momentum.
In addition the selection of particular annihila-
tion final states can enhance the signal to noise
for selected mesonic quantum members. Annihi-
lation states with K'K' pairs are particularly use-
ful for isolating selected charge-conjugation
states of the PP system. In particular the K~'Ks'
final state is a pure C = —1 state as are vector
mesons. In this note we report a study of the
cross section and angular distribution for the an-
nihilation process in the K~'E s' final state below
800 MeV/c antiproton momentum. We present
evidence for the existence of a new high-mass
vector meson.

The data reported in this note mere obtained
from a 250000 picture exposure of the Brookhav-
en National Laboratory 30-in. bubble chamber to
a separated antiproton beam at the alternating-
gradient synchrotron. The beam momentum was
varied so that the momentum range of 800-400

MeV/c was covered with approximate uniform
flux. The momentum range of 100-400 MeV/c
was covered with a considerably smaller flux.
The primary purpose of the exposure was to
search for s-channel structure in low-energy PP
scattering and several reports on this subject
have already appeared. ' ' Each picture con-
tained approximately ten antiprotons giving a to-
tal of 2.5&10' antiprotons in the exposure.

The film has been scanned for all events with
one or two pointing V's and a zero-prong star.
These events fall into the categories

pp —K,'+K,'+ n (w'),

PP -K,'+ (K') +n(~'), (2)

where (K') represents either a K~' meson which
leaves the bubble chamber or a Ks' with a neu-
tral decay and Ks' represents a visible m'n

K~' decay. All events of type 1 were tested for
the hypothesis

» —Ks'+Ks'

and only one event in this category was observed
in the entire experiment. The significance of
the low rate for this process is discussed in an-
other place. ' For Reaction (2) a missing-mass
spectrum recoiling against the Ks' mas construct-
ed and showed a very clean bump at the position
of the K' mass. The mass squared and half-
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pp -K '+K*(890) (5)

was computed. The K~(890) was selected from

width of the bump were

M'=0. 250 GeV', I /2=0. 08 GeV';

71 events were selected by a mass cut centered
on M, and by a physicist's examination of the
event. We expect less than one background event
in this sample.

Because of the low rate for process (3) the
bulk of these events must be attributed to the
process

'- &s'+Z

with less than one event being misidentified as
Reaction (3) with a Kz' that decays neutrally.
One half of the film was rescanned and the scan-
ning efficiency was found to be essentially inde-
pendent of beam momentum above 500 MeV/c.
The scanning, measuring, and program efficien-
cies have been taken into account in the present
analysis.

In order to obtain the reaction cross section a
careful measurement of the antiproton path length
as a function of beam momentum was made.
17 000 beam tracks were measured for this analy-
sis. The same fiducial volume was used for both
event selection and flux measurement. The path-
length distribution was found to be in agreement
with an earlier determination. ' As a further
check on the flux determination the cross section
for the process

events of type 2 within the missing mass of 890
+ 50 MeV. The cross section for this reaction is
shown in Fig. 1(a). The K*(890) production in Re-
action (1) was found to be negligible. The cross
section appears to fall rapidly (faster than I/v)
to a momentum of 300-500 MeV/c and then to
level off with no apparent structure in the cross
section above 500 MeV/c. A similar rapid fall
off at low momentum and a break in the cross
section at 300-400 MeV/c has been observed in
a. total annihilation cross-section measurement
and may be characteristic of many PP annihilation
channels. ' In Fig. 1(b) we present the cross sec-
tion for Reaction (4). The data have been plotted
in overlapping momentum bins to show better the
effects of binning for low-statistics data. A sig-
nificant enhancement of the cross section appears
in the vicinity of 600 MeV/c. For comparison we
show the cross section for Reaction (4) at 700
and 1200 MeV/c determined by two other groups. ''
The agreement between our measurements and
the measurement of Lorstad et al. at 700 MeV/c
is excellent. ' A comparison between the smooth
behavior of the K~'K*(890) cross section and the
K~'K~' cross section as shown in Figs. 1(a) and
1(b), respectively, indicates that the structure
in Ks'K~' does not come from the flux determina-
tion. An estimate of the mass and width of the
enhancement was made by comparing the data
with a calculation of the cross section which was
based on the incoherent addition of a background
and Breit-Wigner resonant amplitude. " The re-
sulting curve is also shown in Fig. 1(b) with
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I"IG. 1. Cross section for the reaction pp- K, 'K*(890) as a function of antiproton momentum. The K*(890) was
selected from the mass band 890+ 50 MeV. (b) Cross section for PP —K& Kz as a function of antiproton momen-
tum. The cross section has been plotted in overlapping bins to show the effects of different binning of the data.
Also shown are the cross sections for this reaction at 700 and 1200 MeV jc obtained from Refs. 7 and 8. The solid
curves in this figure represent a fit to the data with background plus Breit-Wigner- resonance form as explained
in the text.
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mass M =—1968 MeV and width I =—35 MeV. We

consider the existence of this enhancement to be
indicative of a new C =-1 state.

We have fitted our data and the data of Lorstad
by a Legendre-polynomial expansion,
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do/dQ =+A„P„(cos&); (7)

+p is simply related to the total cross section
shown in Fig. 1(b). The angular distribution was
folded around 90' because only the even n coeffi-
cients can be different from 0 for the KK final
state. A check on possible biases in the data was
made by fitting the unfolded data to expression
(7) allowing even and odd A„'s. The A„values for
odd n were found to be small and consistent with
zero. We cannot prove that the higher coeffi-
cients are zero, but the 4, coefficient is definite-
ly larger than the A4 and A, coefficients below
700 MeV/c. " This conclusion is confirmed with
better statistics by the data of Lorstad et al. at
700 MeV/c. In fact these authors have suggested
that Reaction (4) is dominated by the 'D, initial
PP state leading to a 4 =1 final state. '" Our
study supports this conclusion in the vicinity of
the 600 MeV/c enhancement. Figures 2(a) and
2(b) show the ratios of Legendre coefficients A, /
A, and A, /A„respectively, for this experiment
and the experiment of Lorstad et al. ' A striking
peak in the A, /A, ratio is observed in the vicinity
of 500-600 MeV/c. The A, /A, ratio expected for
a pure 'D, transition is 1 and the peak value of
A, /A, reaches -2 indicating some interference
with the 'S, initial state. A pure 'S, state would
give A, /Ao = 0.

The quantum numbers available for the enhance-
ment at 600 MeV/c are 1 ('S, or 'D, ), or 3
('D, or 'G, ). In the second case it would be ex-
pected that large values of A, /A, and A, /A, would
be observed and that these ratios should show
structure in the vicinity of the enhancement.
Since neither the present experiment nor the ex-
periment of Lorstad et al. shows evidence for
large A, /A, or A, /A„' ""we conclude that the
striking structure in A, /Ao is suggestive of the
quantum numbers 1 for the 1970-MeV enhance-
ment. Of course much higher statistics would be
required to furnish conclusive proof.

We also note that the reaction
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though structure has been observed in the back-
ward hemisphere PP elastic scattering, ' ' this
structure appears to occur at a slightly lower
mass than the structure observed here. We note
also that some data exist for the PP -K'K chan-
nel '4

We note that the state observed here has the
correct mass to be a member of the "s" tower or
equivalently the third daughter of the (p, &u) tra-
jectory. '

P „(MeV/c)
LAB

FIG. 2. (a) The ratio of the coefficients &2/&0 from
a fit to the PP -Ks Kz angular distribution by a Le-
gendre-polynomial expansion. Also shown are the re-
sults of a fit to the data of Lorstad et al. The horizon-
tal lines denote the value of this ratio expected for
either a pure S& or D& initial state. In some cases
the data are plotted in overlapping bins. (b) The ratio
A4//Ao from a Legendre-polynomial fit to the pp Kg Eg
angular distribution from this experiment and the ex-
periment of L'orstad et al. The horizontal line shows
the expectations for this ratio of a pure 3S& or 3D& ini-
tial state.

shows an abrupt change in the angular distribu-
tion in the vicinity of 600 MeV/c, "which is per-
haps related to the structure reported here. Al-

*Work supported in part by the U. S. Atomic Energy
Commission under Contract No. At(11-1)-881-305.

'These states have been variously called p' or &'
states. See, for example, G. Veneziano, Nuovo Cimen-
to 57A, 190 (1968); V. Barger and D. Cline, Phys. Rev.
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' The parametrization that was found to fit the data

best was v =C& exp(-C2p) +C3{I'/[(E—M) + I' /4] ),
where M and I' are the mass and width of the enhance-
ment, respectively, and are solved along with the un-
known constants C&, C2, and C3. The center of mass
energy of the Pp system is E, and the momentum of the
antiproton in the center of mass is p. The curve shown
drawn through the points of Fig. 1(b) is very nearly the
same curve for both binnings of the data.

"All fits to our data gave values of A6/Ao that were
consistent with zero.

If the Dg initial state were to dominate, the result-
ing angular distribution would have cos48 terms. In
this case A4/AD=0. 84 and A2/AD=1. 14, which is incon-
sistent with the magnitude and sign of A4/Ap shown in
Fig. 2(b).

'3We have compiled the available data on the reaction
pp —n+n below 800-Me V/c antiproton momentum and
have made a Legendre-polynomial fit to the data. The
A& and A4 coefficients appear to go through zero in the
vicinity of 600 MeV/c. The results of this analysis
and references to the experimental data are reported
in Bef. 6.

' Nicholson et al. , Phys. Rev. Lett. 23, 603 (1969).
This experiment studied %+K production which in-
cludes both C =+ 1 and C =- 1 states. Therefore there
is no simple connection between their results and the
present experiment where the C = —1 channel is stud-
ied.


