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Abstract

°KThe exclusive reaction pp •*• A°K p has been studied at

0.1 < -t < 0.6 GeV2 and energiespp = 45 GeV and 53 GeV at

°Kthe CERN ISR. Diffractive excitation p •* A°K occurs

predominantly in the mass range M{A°K ) < 2.0 GeV. The cross

section for pp •> A°K+p is 10 + 3yb for M(A°K+) < 3.0 GeV, and

the t dependence is e with b = 8.0 + 1.0 GeV ,.
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It has been reported in a previous communication that

the single diffraction dissociation process

p + p -» (p+n++TT~) + p (1)

at «/s = 45 GeV is dominated by nucleon resonance production

of pp -• pN(1520) and pp -» pN(1688]. ' It is interesting

to investigate whether the production of strange particles

in pp collisions at very high energies is associated with

the diftractive production of nucleon resonances with

subsequent decay into strange particles.

As part of a detailed study of diffraction dissociation

processes ' the exclusive reaction

p + p -» (A°+K+)+p (2)

has been studied at energies Js = 45 GeV and 53 GeV , and 0.1

< -t < 0.6 GeV at the CERN-ISR with a forward angle multi-

particle magnetic spectrometer in one arm and a multiwire

proportional chamber telescope in the other arm. We find

that the features of reaction (2) are consistent with the

diffraction dissociation of a beam proton into a lav mass

system of A°K .

The experimental set-up is shown in Fig. 1. The multi-

particle magnetic spectrometer system in arm 1 is composed

of two identical septum magnets, each with aperture 62 x 80 cm

and jBdl of 4.7 kG x 2.6 m, placed above and below the beam



pipe in arm 1 downstream of the intersection region 16. Particle

trajectories before and after each magnet are determined by

pairs of MWPC modules. Each module contains four planes:

x,y planes with 2 mm wire spacing and ufv planes with 2A/~2 mm

spacing oriented at 0°, 90°, +45°, -45° from the vertical,

respectively. The angular aperture of these magnets with

respect to the beam direction is +(15-100) mrad in the vertical

plane and JJ60 mrad in the horizontal plane. The upstream half

of each magnet contains a four-element gas Cerenkov counter

filled with Freon 22 at atmospheric pressure. Thresholds for

TT, K, and p are 4, 14, and 27 GeV/c, respectively. In

2
arm 2; four 95 x 95 mm MWPCs (of special construction in order

to be sensitive at close distance from the ISR beam) , with 1 mm

wire spacing, are arranged as two x,y pairs at 2.7 m and 3.6 m

from the intersection region, and subtend an angular range of

12 to 35 mrad with respect to the beam direction. Two scin-

tillation counter telescopes, Ul and Dl, cover the apertures

of the arm 1 spectrometers, and a third telescope S is

associated with the MWPCs in arm 2. The intersection region

is surrounded by a barrel of 12 counters X, which cover angles

greater than 400 mrad with respect to both incident beams.

The two ends of the barrel X are partially closed by the

counter hodoscopes Yl and Y2, leaving a circular opening of

9 < 100 mrad which approximately matches the aperture of the

arm 1 spectronater. A detailed description of the entire

experimental set-up is given in a seperate communication.'



The coincidence trigger used to initiate read-out of the

wire chambers, Ul-Dl-S-X, selects preferentially the diffraction

dissociation process, p + p -• p' + p, with p' decaying into two

or more charged particles in the arm 1 spectrometer, and p

traversing the wire chambers in arm 2. Reactions with charged

particles at angles greater than 400 mrad relative to the beam

direction are vetoed by the barrel counter X. The data reported

here comes from a total of 2.3 x 10 events recorded at 22/22

Gev/c and 1.5 x 10 events recorded at 26/26 GeV/c colliding

beam momenta. Track reconstruction and data analysis were

performed with the CERN and LBL CDC-7600 computers.

As a first Btep in isolating reaction (2) we looked for

A's amongst three track events with change configuration ++-
o

in the arm 1 spectometer. A characteristic feature of A

production events is the separation of the A production and

decay vertices. (The mean decay length for a 10 GeV/c A is

67 cm.) Fig. 2 shows the -rr~p invariant mass distribution

for ++- events in which (i) the TT~ and p tracks meet in a

vertex, and (ii) the composite n~p system and the remaining

positive track extrapolate to a vertex in the interaction

region. Identification of the proton is accomplished with

information from the Cerenkov hodoscopes. The criterion for

a vertex is that the closest distance of approach of the two

tracks be less than 10 mm. A strong A° signal (FWHM = 10 MeV)

is evident. Obviously criteria (i) and (ii) include events in whic

all three tracks meet in a single vertex. The shaded histogram



in Fig. 2 shows the M(TT p) distribution after applying the

condition that the TT p vertex be 30 cm downstream of the

interaction vertex; clearly this condition is very efficient

in isolating A ' s., The remainder of this paper deals with

those events, 1135 (1039) at */s - 45 GeV (53 GeV) ,

in which a A° (M(n~p) = MA ± 10 MeV) decays after a flight

path in excess of 30 cm, and the Cerenkov information is

consistent with the third particle being a K - meson (i.e.

no pulse for momentum in the range 4-14 GeV/c).

Fig. 3 shows the distribution in p. , , the total momentum

in the arm 1 spectrometer for those candidate A° K events.

The shaded histograms show p. . for events which satisfy a

necessary criterion for reaction (2), namely the collinearity

in the cm. system of the arm 1 and arm 2 momenta. The

collinearity requirement is |6? | i 5 mrad and 15Q | <. 5 mrad

where 68 and *P are the projections of the deviation fromx y

collinearity on the horizontal and vertical planes .

The peak centered at each beam momentum may be interpreted

as the diffraction dissociation of a beam proton into a low

mass A K system. We thus divide the events into the

following three catagories:

(a) the collinear events with p. . = p, ±2.0 GeV/c

represent the exclusive single diffraction process:

p + p -• (A° + K + ) x + p2 (2)

* For additional details on the selection of collinear events,
see reference 1.



where the subscripts denote the arm in which the particles

are detected;

(b) the noncollinear events with p, , = p, ± 2 . 0 GeV/c
tOu "" ID 63.111

may be interpreted as the inclusive double diffraction

dissociation process:

p + p •• (A° + K+) ± + X2 (3)

in which one of the i 2 decay products of X traverses the

arm 2 MWPC telescope; (The relative amounts of (a) and (b)

are consistent with this interpretation);

(c) the noncollinear events with p . less than the beam

momentum, p. . < ^Pbeam"^*^ GeV/c)»inay come from several

processes including the single or double diffraction

dissociation of a beam 1 proton into a relatively high mass

system decaying into A K , (or A TT ) together with neutrals

and/or other particles outside the acceptance of the arm 1

spectrometer.

Figs. 4 a,b,c show the momentum spectrum at ̂'s = 45 GeV

of the odd positive particle for the three categories of

events. If the categorization is correct this particle is

a K meson in (a) or (b), but may be K or n in (c); the

Cerenkov pulse criterion mentioned previously eliminates

pions in the momentum interval 4-14 GeV/c, but outside this

range pions cannot be distinguished from kaons and are

retained in the sample. We see that the momentum spectra

in (a) and (b) are identical within statistics, consistent

with A K diffractive production, and also that these events



are predominantly in the momentum range in which the K* can

be unambiguously identified. On the contrary, events in

category (c) have a meson momentum peaked below 4 GeV/c. To

investigate the extent of rr background the invariant mass of

the arm 1 system for the A IT hypothesis is shown in

Figs. 4 d,e,f. The strong 1(1385) signal for type (c) events,

and its absence in type (a) and (b) events, further supports

the identification of reactions (2) and (3).

The distribution in four momentum transfer in reaction

(2) after correction for acceptance is well fitted by an

exponential form Ae t with b = 8.0 ±1.0 GeV~ .

The invariant mass distribution M (A°K+) is shown in

Fig. 5 for (a) and (b) type events. Since these distributions

do not differ significantly at Js of 45 GeV and 5 3 GeV the

data at both energies are here combined to improve statistics.

The distributions for both type events are similar, as expected

if reactions (2) and (3) are occurring. The broken line in

Fig. 5a is the relative acceptance of the apparsitus calculated

on the basis of (i) the t-dependence for pp -* (A°K +) p

measured in this experiment and (ii) isotropic production and

decay of A°. The diffractively excited A°K + system is con-

centrated in the mass interval 1.6- 2.1 GeV, and taking

acceptance into account, peaks at 1.7 GeV.

In fact, the A K mass spectrum is very similar to the

pn TT~ mass spectrum observed in the reaction pp -» (pn n~)p



in the same experiment a t Js = 45 GeV . A comparison of

the ra t e s for reac t ions (1) and (2) leads to a value of

=• 3% f o r

P ' - A°K+

p ' -» pTT+TT~

in the reaction p + p -» p' + p a t ,/s = 45 GeV. The corre-

sponding cioss section for react ion (2) with M(A K ) < 2.5 GeV

is 10 + 3 Mb.

We thank C. Rubfoia for h is contr ibut ions to t h i s work.
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Figure Captions

Fig. 1. The experimental set-up at ISR intersection 16.

The symbol W is used to represent wire chambers.

Scintillation counters in coincidence are assigned

the same symbols.

Fig. 2. The invariant mass distribution of M(TT~p) for (a)

22/22 GeV and (b) 26/26/ GeV. The shaded histograms

correspond to the events in which the n~p vertex

is ^ 30 cm downstream of the interaction vertex.

Fig. 3. Total arm 1 momentum for ++- systems with M(TT~p) =

M ±10 MeV and remaining positive particle satisfying
A

K Cerenkov criteria. The shaded histograms show

events which additionally meet the criterion of

î .m. collinearity between arm 1 and arm 2 momenta.

Fig. 4. (a) - (c) momentum spectra of odd positive par j.cle,

and (d) •- (f) M(TT ̂ 'p) distributions for TT assign-

ment of this particle for the event types a,b,c

(defined in text) respectively.

Fig. 5. M(A K ) mass distribution for final state (a) A°K+p

and (b) A°K X respectively, at 45 GeV and 53 GeV

combined. The broken line in (a) is the relative

acceptance,
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