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ABSTRACT
We have collected 6100 events in the reactions K'p > (Ap)p and K'p > (AP)p at
an incident energy of 50 GeV, with the Geneva-Lausanne spectrometer at the SPS.
We have investigated the production of strangeness S = il baryon-antibaryon pairs
with mass up to 3 GeV, by performing a moment analysis of the decay angular dis-
tribution. An amplitude analysis of the moments shows evidence for two broad
states with spin-parity 2~ and 4, at 2.3 GeV and 2.5 GeV, respectively, coupling

to Ap and AP.
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INTRODUCTION

The production of baryon—antibaryon pairs with strangeness 5 = *1 gives an
interesting possibility for studying strange mesons in an unexplored mass region
above 2 GeV, and in a final state which can have both natural and unnatural spin-
parity. The simple two-body decay mode, and the possibility of measuring the A
polarization by its decay asymmetry, makes an amplitude analysis feasible.

We present here data on the reactions K'p +~ (Ap)p and K™p + (AP)p, where the Ap
or AP pair is produced in the forward direction. The data sample obtained in this
experiment is one to two orders of magnitude larger than other samples available

at present.

EXPERIMENTAL SET-UP AND DATA ANALYSIS

The data have been obtained in the experiment WAlQ (measurement of the energy
dependence of resonance production), carried out by a Geneva-Lausanne Collaboratiom
at the CERN SPS in an umseparated beam at an energy of 50 GeV.

The double-arm spectrometer consists of a proton detector to measure the
direction‘and momentum of slow recoil protons at large laboratory angleé, and a
forward detector to méasure the directions of the fast forward particles. The
forward momenta are not measured. The sef-up is similar to the one used in a pre~
vious experiment at 10 GeV/c at the CERN PS, whiéh is deseribed iﬁ detail else-
where [1]. |

For the SPS experiment, the layout [2] has been complemented by the addition
of a 16-cell threshold ﬁerénkov counter in the forward arm for 7, K, and p iden-
tification, a 1i§uid—argon detector for measuring electromagnetic showers (neither
are used in the present analysis), and a set of gamma counters conéisting of
scintillator-lead-scintillator sandwiches filling the solid angle not covered by
the liquid-argon detector.

The trigger requires a well-identified incident particle, a single track in
the proton detector, between three and six tracks in the forward detector, and no

hits in the gamma counters.
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The procedure for event selection is essentially the same as that described
in Ref. [1] (10 GeV/c experiment), with the following criteria:
i) The secondary decay vertex is required to be at least 100 mm downstream from
the primary interaction vertex.

ii) The three unknown moduli of the forward track momenta are determined by a
solution of the three equations of momentum conservation. Energy conser-—
vation for the hypothesis K'p ~+ hpp, A + Pt is then required to be satis-
fied to within *20 MeV, and the recomstructed pn* mass is required to be con-
sistent with the mass of the K, M(§ﬂ+) < 1165 MeV.

iii) A two~constraint kinematic fit is then made using energy-momentum conserva-
tion at both the production and decay vertices. The ¥? probability of this
fit is required to be at least 10%.
Ouf final sample consists of 3368 events of the reaction K+p + (Ap)p and
2709 events of the reaction K'p = (AB)p, in the momentum transfer range

0.05 < |t] < 1 (GeV/c)?, and in the effective mass range 2.05 < Mz < & GeV,

Ap
Except for a possible contribution of I’ production in the sample, background

from other reactions is of the order of 77. Monte Carlo calculations show that

20% éf produced I° events are accepted by our geometrical ana kinematical selection

procedures. Assuming that the energy dependence of the production cross—section

is the same for A and £°, and using the A:I° ratio of 1:1 measured at 12.7 GeV/c [3],

we expect a I contamination of about 20% in our A sample. The effect of this Z°

coﬁtaﬁination has also been studied using Monte Carlo calculations. We find that

the I° angular distribution is closely appro#imated by that of its decay A, and

therefore its moments will be properly calculated, though with somewhat reduced

angular resclution.

MASS SPECTRA
Figure 1 shows the effective mass spectra of the forward baryon-antibaryon
pair for the K¥ and K~ initiated reactions., WNo acceptance correction has been

applied.
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The main feature of the mass spectra is a broad low-mass enhancement centred
at v 2300 MeV and with a width of v 400 MeV. We observe no significant narrow
peaks, and in particular we do not see the structure in the 2800-3000 MeV region
found in an earlier experiment [4]. Qur apparatus is, however, not sensitive to
reactions involving baryon exchange. The Ap mass resolution is approximately

¢ = 20 MeV for this experiment.

MOMENT ANALYSIS

We have calculated the moments of the angular distribution of the A in the fp
t~channel helicity frame as a function of Kp mass. We have used the linear method
described in Ref. 1 to determine the moments and correct for geometrical acceptance
and inefficiencies of the spectrometer,

The acceptance has been calculated by a Monte Carlo techmique. As a function
of Ap mass, it véries'by less than 207 in the interval 2 < Mﬂp < 3 GeV. As a
function of decay angles, the acceptance drops to a minimum of 50% for A emitted
at small forward angles. The sensitivity of the data is 2,1 (1.7) events per ub
in the corrected fp (Ap) mass spectrum.

As the moments of both K' and K~ induced data show the same structure within
statistical errors, we have combined both sets of data. Figure 2 shows the un-
normalized moments N(YE) with L 5 8 and M 5 2, This set of moments fits the
angular distribution well, so that mo higher moments are needed.

Apart from the broad low-mass enhancement in (Yg), we observe very significant
signals in the M = 0 moments (YE), (Yg), and (Yg), in the region of 2.3 and 2.5 GeV,

Smaller signals appear in some M = 1, 2 moments, in particular (Yt) and (Yﬁ).

AMPLITUDE ANALYSIS

We use the data to study the production of mesonic states R by the processes
K;p > Rip, and their subsequent decay RY » Ap and R™ + Ap. If we allow R to be a
mixture of different spin-parity states A = Jn, then the moments of the decay

angular distribution can be written as
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where Hﬁ is the helicity amplitude for production of a state R with spin-parity
A and t-channel helicity A, and Filkz is the amplitude describing the décay
R ~ ﬁp‘from.a state A, where ll,.Xz are the helicities of A, p, respectively, in
the c.m. frame of R, and X = A; - A,.

We defiﬁe, in the usual Qay, amplitudes corresponding to natural-parity ex-—
change (NPE) and unnatural-parity exchange (UPE), which we denote by Ni énd It

respectively;

A

Y, for A =0

CA[Hi - 0(—1)AH6A]
CA[Hﬁ + c(-l)AHéh]

CA =
1/v2 for A £ 0

U

=

where O é_n(*l)J is the naturality of the produced state. It follows that states
R with helicity A = 0 and natural (unnatural) parity can only be produced by UPE
(NPE).

The observation of large signals in the M = 0 moments and the.absence of com-
parable signals in the M = 2 moments implies the dominance of A = 0 amplitudes.

At 50 GeV/c it is reasonable to assume that NPE dominates, This then implies that
the observed structures have unnatural parity JV = -, 1+, 27, ea. .

There are two independent amplitudes describing the decay of a mesonic state
inte ﬂp, namely Fﬁ+ and Fﬁ_. For unmatural parity states we may label these am-
plitudes s and t, respectively, corresponding to the spin-singlet and spin-triplet
configuration of the Ap system in the &-s formalism. For these states generalized
C-parity conservation®) leads to the selection rule that the only non-zero over-all

production and decay amplitudes are

*) Conservation of C-parity in the production of a pp pair from an incident T by
C = +1 SU(3) singlet (e.g. Pomeron) exchange gives C(pp) =+1. On the other
hand, for unnatural parity pp states we have orbital angular momentum £ = J
from parity conservation, and therefore C(Pp) = (-1)£+5'= (-1)J+5, which leads
to J + s = even. The rule can be generalized within SU(3) to apply to the pro-
duction of a Ap system from an incident K¥,
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NAFA for J even

U

Jt N%Fﬁ; for J odd .

Consider now the structure of the individual moments. The non-zero value of
(Yg) implies the presence of the amplitude N:“. Moreover, the sign of {Yg) means
that the decay amplitude F., is more important than Fo_» in agreement with genera-
lized C-parity conservation. As a minimum, we therefore need G = Ng_Fi:.
Similarly, the mggnitude and sign of (Yﬁ) mean we must include the 2~ singlet
amplitude D?. The behaviour of (Yg) may be accounted for by either the inter-
ference of Dg and Gg, or by also including the 3% triplet amplitude FE. The data
are unable to determine FE as reliably as D? and Gg. We choose to nmeglect this
smaller 3% production. Finally, the smallness of (Yg) requires the presence of
lower partial waves, and is most naturally accounted for by Sﬁ - Di interference.
Using only Sﬁ, Dg, Gg and their interference contributions we are able to repro-
duce the behaviour of the observed (Y{} moments with L. =0, 2, 4, 6 and 8 as a
function of the Ap mass.

The relevant results of the amplitude analysis are shown in Fig. 3. 1In the
framework of the model, we see striking evidence for the existence of a 2° mesomic
state in the region of 2.3 GeV and for a 4 state near 2.5 GeV, coupling to Ap and
Ap. Breit-Wigner fits to the amplitude results give masses of 2.32 and 2.51 GeV,
respectively, both states having widths of about 250 MeV. Moreover, the behaviour
of the relative 27 -4~ phase as a function of mass is consistent with the inter-
ference of two Breit-Wigner resonant forms. The relative 27 -0 phase is harder to
interpret, but we note that it is determined by (Yg}, and is therefore more sensi-
tive to the possible presence of other partial waves, in particular 1* and 3%, which
have been neglected in this analysis. We studied the stability of the analysis to
the inclusion of A = 1 amplitude contributions and found the dominant amplitude

structures essentially unchanged.
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CONCLUSIONS

The data obtained in this experiment permit, for the first time, a detailed
moment analysis of strange mesons decaying intc baryom-antibaryon pairs. The
moments of the A angular distribution in the t-chamnnel helicity frame show large
signals in (Yﬁ), (Yg), and (Yg). Under the assumption of NPE, the dominance of
the M = 0 moments implies unnatural parity for the produced Ap and Ap states. The
moments can be interpreted in terms of a simple model, consisting of production
amplitudes for a JP = 2 state at 2.3 GeV, a &4~ state at 2.5 GeV and a smooth 0~
background.

The Ep and AD data are relevant in the search for baryonium. In particular,
a model of Tsou [5] can accommodate broad 27 and 4 states at the observed masses.
In view of such an interpretation, it will be interesting to compare Ap with Kmim
production data, in order to determine the branching ratio for baryonic relative

to mesonic decays of the observed states,
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Figure captions

Fig. 1 :
Fig. 2 :
Fig. 3 :
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Effective mass spectra of forward produced Ap and AP systems, in the
range of momentum transfer from target to reccil proton

0.05 < |t| < 1 (GeV/c)®. No acceptance correction has been applied.

Spherical harmonics moments N(YE) of the R in the Ap t-channel
helicity frame. The moments are corrected for the acceptance of the

spectrometer. Ap and AP data have been combined,

Over-all amplitudes for production and decay of 3 = 27 and 4™ states,
in additiom to a 0 background, obtained from a fit described in the
text. The amplitudes correspond to production by NPE and decay into

the spin-singlet configuration. There is a Barrelet-related solution

with a larger |S,| and a smaller |D,
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