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ABSTRACT

We report on new results of experiment PS185 at LEAR. In particular, the threshold
measurement of the reaction pp — AA will be discussed. From the shapes of the excitation function
and of the angular distributions, we conclude that there are p-wave contributions even at energies
down to threshold.
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The study of the reaction Pp — AA near threshold offers an opportunity to examine the dynamics
of strangeness exchange. From both the energy dependence of the total cross-section and the shape of
the differential one, as well as from the polarization, possible mechanisms for the production process
can be extracted. Close to threshold only the first few partial waves contribute. The total
cross-section appears as a function of the excess energy e: ¢ior = ef“/"', where £is the final-state:orbital
angular momentum.  The partial-wave behaviour of the production process can also be seen in
isotropic ({ = 0) or non-isotropic (f = 1) shapes of the angular distributions. The A and A
polarizations and their spin correlations can be directly related to the §s loop in the additive quark
model [1]. In this model a hadronic reaction is assumed to be determined by the anmnihilation and
creation of two ‘active’ quarks, while all other quarks behave as spectators. Since the A and s quark
both have isospin zero, the u and d quarks must couple to spin J= 0. This implies that the spins of the
A and A are identical to the spins of their s and § quarks, making the polarization measurement
interesting. Interesting effects can be expected very close to threshold. Final-state interactions may
cause a leakage of the AA strength into other channels, predominantly into annihilations [2].

To detect A’s we restrict ourselves to the charged decay mode pp — A > pr*pr~. The AA
production in the LEAR momentum range is confined to angles below 31°, Also the decay baryons
are only permitted within a small forward cone around the hyperon -direction. Therefore, the
maximum angle of decay baryons in the laboratory frame varies between ~ 9° (at AA threshold) and
~ 42° (AA at 2.0 GeV/c). The detector consists of a trigger-active target (performing a neutral event
trigger), a track-imaging part (multiwire proportional chamber and drift-chamber stacks), a
scintillator trigger hodoscope, and a solenoid to determine the sign of the charge of the particles. The
trigger hodoscope covers a solid angle of < 45° for thé decay baryons and reflects therefore a
centre-of-mass acceptance of 100%. A more detailed description of the apparatus is given elsewhere
[3]. The target is divided into five modules, each having a thickness of 2.5 mm. Four target cells are
built of polyethylene CH; (high proton density). This structure allows fine momentum’ scans in’
800 keV/c bins. In order to control the carbon background of the other modules, one cell consists of
pure **C.

In 1985 measurements were performed in the threshold region of the reaction pp — AA at
incident p momenta of 1449.1 MeV/c and 1440.7 MeV/c. A further point was measured at
1550.0 MeV/c giving a momentum Py = 1546.2 MeV/c at the_(:entre of the target. For this latter
momentum, the event-reconstruction analysis results in 4063 AA events kinematically fitted with
x* = 5 [4]. The total cross-section is determined to be (44.6 + 1.5) ub. The differential cross-section
and polarization are displayed in Fig. 1. The angular distribution shows a ‘flat’ region at backward
angles and a strong forward rise. The ratio of do/dQ, where the distribution shows a rather flat
structure, and of do/d around ©5 = 0° gives a qualitative measure of the non-isotropic behaviour.
This ratio will be denoted as . For the data at 1546.2 MeV/c, this ratio yields # = 5.5. The angular
distribution of the polarization shows positive values in the range of the reduced four-momentum
transfer —t’ = [0.0, 0.2] (GeV/c)* and negative values for —t’ above 0.2 (GeV/c)?. In fact, a large
negative polarization was found for —t’ = 0.25 (GeV/c)? in previous pp — AA experiments [5] and in
other reactions where an §s pair is created [6]. '

First results are also available for an incident § momentum of 1695 MeV/¢c. The maximum flux
on target was 1.9 x 10° p /s. The threshold of the reaction pp = AZ® + c.c. is at 1653 MeV/c. First
evaluations show a sufficiently good separation of AZ® from AA events. A rough estimate of the
cross-section ratio of these two reactions results in U(EA)/ J(KEO) = 8.



From the kinematical reconstruction of AA events it was proved that the momentum spread of
the extracted beam is Ap/p < 2 X 10~*, Averaging over events from a single target cell, the
momentum resolution yields Apﬁ = 430 keV/c and, averaged over all four CH: targets, Apﬁ = 1.6
MeV/c. .

Table 1 shows the values obtained from a reconstruction fit for the extracted and
event-producing beam momenta, the excess-energy range, the number of reconstructed events, and
the resulting total cross-sections for the three threshold beam settings. The differential cross-section
and polarization distributions are plotted in Fig. 2. The given errors are statistical, only. The
differential cross-sections are the results of summing events in all target cells in the corresponding
momentum setting., At threshold the statistical significance in angular distributions is too poor to
obtain relevant results in single target cells. From the anisotropy of the differential cross-sections one
can conclude that even in the range of =< 600 keV excess energy there are still £ > 0 contributions [the
qualitative ‘anisotropy’ ratio & results in: & (1435.9 MeV/¢c) = 2, 9 (1436.9 MeV/¢c) = 2, and
#(1445.3 MeV/c) = 3.5].

The given polarizations are averaged over Aand A. In the energy region of [0.2, 1.0] MeV, the
statistics are sufficiently high to see positive polarization. An indication of the previously stated
‘zero-polarization’ crossing can be seen at e = 3.6 MeV. Upto —t' < 0.15 (GeV/c)? the polarization
stays positive. This behaviour of the polarization seen before in high-energy data holds also for the
regions very close to threshold and seems to be characteristic for this reaction.

Using the modular structure of the target, total cross-sections are obtained for 16 data points in
the region of 0.5 MeV below and 4 MeV above reaction threshold. Figure 3 displays the excitation
function. The errors are statistical, only. Systematic errors can be estimated by Monte Carlo studies
to be less than 5%.

The shape of the total cross-section indicates a strong contribution of the p-wave in the
production of pp — AA at and just above reaction threshold. The data point at 1434.35 MeV/c
containing a non-zero cross-section of (0.071 = 0.057) pb needs some comment. The beam
momentum resolution is +430 keV/c. Thus the momentum range for this point is between
1433.9 MeV/c and 1434.8 MeV/c. Therefore it is possible, comparing the horizontal error bars of the
upper two ncighbouring data points, that the reaction threshold lies just within the valid momentum
range around the upper value at 1434.9 MeV/c. This is consistent with the assumption that the events
are produced at the front end of the target cell where there are small energy losses for the p’s. The
following lower data point at 1434.25 MeV/c shows a zero cross-section, which confirms the
statements given above. From these assumptions one can determine the reaction threshold to be at
P5 = (1434.75 + 0.43) MeV/c. The corresponding value given by the Particle Data Group is (1434.88
+ 0.30) MeV/c [7]. This value can be used for a consistency check of the calculation of the A
hyperon mass. We obtain ms = (1115.54 = 0.07) MeV in excellent agreement with the value given
by the Particle Data Group: (ma) = (1115.566 + 0.056) MeV.

Figure 4 shows the present situation of the experimental data for the reactions pp — AA,
Pp — AEY + c.c.,pp— E*X*, and pp — L~ L. For the last reaction, no data are available yet
below 2.6 GeV/c. In view of possible cusp effects, it will be of great interest to measure AA
across the thresholds of the LT channels at 1853 MeV/c (E*E ), 1871 MeV/c (EOEO), and
1898 MeV/c (E~ L 7). Also the direct measurements of the reactions pp = L*Z*, andPp —» =L~
are particularly interesting. A comparison with the AA results might allow to extract the behaviour of
§ and s quarks in different hadronic surroundings. Furthermore, in the case of £~ Z ~, we could see
in a clean way a two-boson exchange reaction.
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Table 1
Beam momentum settings and total cross-sections

Extracted o Effective o Excessenergy - | Number of Total cross-
range events section
(MeV/c) (MeV7c) (MeV) o (ub)
1440.7 + 0.4 | 14359 + 1.6¥ =< 0.60 214 0.84 + 0.20
1440.7 £ 0.4. | 1436.9 = 1.6 . 0.24-1.08 - 374 1.44 £ 0.32
1449.1 + 0.4 1445.3 + 1.6 3.20-4.04 848 4.86 = 0.42
1550.0 = 0.4 1546.2 + 1.6 38.8-39.6 4063 44.6 £ 1.5

a) Obtained by using a degrader.
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Fig. 1 a) Differential cross-section at 1546.2 MeV/c; b} Differential polarization at 1546.2 MeV/c.
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Fig. 3 Total cross-sections of the reaction pp — AA in the threshold region.
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Fig. 4 Present situation of existing hyperon data [8].
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