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The double strangencss production has been observed in two final states of annihi-
Jation of antiprotons at momentum less than 0.9 GeV/c on Xe nuclei: K*K*X 8
events) and K+K°AX (6 events). The probabilities of the reaction pXe — KTK*X
vaty fram 2 - 107® (at rest) up to 7-107® (in fight). The reaction pXe — KtK°AX
is observed only in flight with probability 3 - 1074, The properties of the observed
+eactions are similar to those resulling from the cascade process with production of
Z hyperon: pN — K°K*, K* — K=, K*N — ZK, EN — AA. The new upper
limit on the production probability of the stable H(S = —2) dibaryon in the reaction
PXe— KYKYH(H — £-p)X was obtained to be < 2-10~* (90%C.L.).
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1. INTRODUCTION

Study of strange particle production in annihilation of low-energy
antiprotons on nuclei makes it possxble to solve many problems asso-
ciated with dynamics of strange meson production and generation of
hyperons below their production threshold on free nucleons. The signif-
icance of searching for final states with double strangeness in antiproton
annihilation on nuclei to extract the information about the presence of
non-conventional processes inside the nuclens was emphasized in many
papers by Dover [1], Cugnon and Vandermeulen [2}. The importance of
investigation of such type of reactions at antiproton momentum below
the production threshold was pointed out by Kopeliovich [3]. As it is
shownt by Rafelski [4], the double strangeness production in antipro-
ton annihilation on nuclei could be a signature of quark-gluon plasma
formation.

Kilian [5] has proposed the H-dibaryon production medmmsm in the
-antiproton-nucleus annihilation via the reaction chain 4 — KK *(A-
1) = K*(A-2)=K — K*K(A—3)H with capture of a slow = hyperon
on a nucleon at the third stage. The observation signature of this
reaction is two K+ mesons in the final state. -

There are only three experiments to study double strangeness pro-
.duction. In experiment by Condo et al. [6] on antiproton annihilation
on nuclei at f momentum < 400 MeV/c there are no events with double
strangeness final states (R(AAX) < 4-10™* and R(K*K+X) < 5-10*
at 90% C.L.). In paper by Miyano et al. [7] 19 events of AAX produc-
tion were found in pT'i annihilation at § momentum of 4.0 GeV/e, but
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these »o.bserva.tions have not beenexplamed as yet in any conventional
- manner. And finally in our previous experiment [8] with Xenon Bubble -

Chamber using 10* antiproton annihilations on Xe nuclei at momen-

~ tum less than 1 GeV/c we searched for reactions with production of-

doubly strange final states and the stable H(S = —2) dibaryon and
did not observe events of such kind.

2. OBSERVATION OF THE REACTION pXe — KtK+X

AND $Xe — KtK°AX (DOUBLE STRANGENESS PRO-
~ DUCTION)

The investigations on search for the reaction with double strangeness
final states and stable H(S = —2) dibaryon in antiproton annihilation
on Xe nuclei are in progress using the 700-liter Xenon Bubble Cham-
ber DIANA exposed to a p antiproton beam with momentum of about
1 GeV/e. '

The antiproton entering the chamber can a.nmbxiate in flight (rang-
ing from 0.9 GeV/c up to 0.4 GeV/c)-and at rest after energy dissipa-
tion due to ionization in liquid xenon. As a trigger to seleéct the anni-

. hilation stars, was observation of at least one K+ meson accompanied -

by an additional strange particle (K*,Z* K° A,Z%). The details of

~ the measurement procedure and identification eﬂ’icnency are presented

in paper [9].

After analysis of 5 41085 X e annihilations (2.1- 10° at rest and 3.3-10%
in flight) there were found 8 events of the pXe — K+*K*X reactions
and 6 events of the pXe — K*K°AX reactions in our experiment.

Table 1 contains all observed events with production of many strange
particles and shows all observed particles in annihilation stars. For each
annihilation event we calculated the # momentum before the annihila-
tion by the distance between the annihilation star and the annihilation
peak [9]. The accuracy of the 5 momentum calculation is determined
by the width of the annihilation peak correspondmg to the dispersion
of the initial § beam:
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'.{‘a.ble 1
List .of observed events wﬂzh doubly strange final state m pXe a.nm}n
lations

7 momentum Observedv " Yield Observed Yield
interval -« final 107 final 10~
GeV/c state e state )
0-04 - ~K¥K*x . 0.2

K+K+x—z® . ‘ S
0.4-065 K K*n-74p 05 KYKOX"A"p - 3.0

K+K+x—n% KtK°A™A™p .

KYK*2rn K+*K®A”A”p

KtK+1p . : .
0.65—09 K KTA"A"2p 07 K*KOAAx 2p 3.0

K+K+A%A" K*K°Ay2p9

- K+*K'AxY

The events are subdivided in three groups depending on.§ momen-
tum: at rest events (0 — 0.4 GeV/c), events up to the 4K production
threshold on a free nucleon (0.4 —0.65 GeV/c), and eveats with 5 mo-
mentum of 0.65 - 0.9 GeV/c. The events K*K*X and K*K°AX
are also shown separately. The particles denoted A and K o were ob-

served by the charged decay modes: A — pr~, K* — a+z~. The

sign YA? dcnotes the proposed A — nx® decay detected by 27 obser-

_vation in vicinity of -the annihilation star. It should be noted that

in two events (marked by *) the effective mass of Az~ and A”#x®”
corresponds to the mass of the E hyperon 1327 £ 15 MeV/c? and
1366+ 20 M eV/c?, respectively. We suggested v = #° as the Ay mass
is equal to 1280 £ 20 MeV/c? and is far from the L° mass.

For each group of events prcsented in Table 1 the probability is
estimated (Yield). In this estimation we took into account the detection
efficiency of the strange particles and their neutral decay channels as
well as nonobservable K; mesons, The § flux was taken to be 2.1-10°
for at rest events and 3.3 - 10° shared approximately equally between
two groups of events in flight.

Apparently, the antiproton- a,nmhlla,i jon on a free nucleon could not
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lead to appearance of the observed reactions. Therefore we considered
the following cascades, which can produce our final states:

N — KKRR, RN — Ar (twice) - UK)

PN — xm, 2N — KA (twice) - (mw)
PN — KRn, nN — KA : » - (KEn)
PN — ww, wN — KA (twice) ' (ww)
PN — KR*, R*N — ZK, EN — AA ° (KR*)

. PN -+ K*R*, K* = K7, K*N —+EK,EN — AA (K*K*) -

Fig. 1 presents the estimates of the production probability of
pXe — K*K*X and pXe — K*K'X reactions as calculated by
A Sibirtsev. = . The probabilities were estimated using production
cross sections in _the elementary processes. The cross sections of.
wN — KA and K*N — ZK reactions were estimated under the as-
sumption that o(/3, *N — KA) = o{y/3,wN — KA) and

BR (pXe — K*K*X) " BR (pXe — K*K°X)
g a) o i b) f— X
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Figure 1. Branching ratios of a) $Xe — K+*K*X and b) pXe —
K*K°X reactions. The curves are calculated by A.Sibirtsev for
different processes in iXe annihilation: o  denotes (4K) process;
» denotes (4K) process with 15% HEC. Cascades are shown as fol-
lows: (ww)-0 ,(w7) -x , (KK7x) -0 , (KK*) -4 , (K*K*) -
X . Our experimental data are presented by +

o(vs, K-p = EK) = o(y/s, B*N — EK). The Fermi motion of
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nuclear nucleons a.nd high energy cmnponent (BEC) oftlm mcleus {for
the direct process (4K)) were taken into account. Reactions KN —Ax
(cascade (4K)) and EN — AA (cascade& {KK*), (K*K")) weze not

- included in these calculations. As it is seen in Fig.1, the experimental

points are situated higher than the calculaied theoretical curve.

Only three processes have lazge, but still far from sufficient, prob-
ability for description of the experimental data. These procesaes
are N — ww (ww ~ KA) (cascade (ww)) and N — KK* or

. PN = K*R*(B*N — EK) (cascades (KK*) and (K*K*). The di-.
‘rect process N — KKKK (4K) was estimated without taking imie

account the KK mass spectra. If the experimental effective mass of
two K mesons (see Fig.2) is taken into account, then the estimate of
the direct (4K) process rate will decrease. However, it should be notad
that these calculations are only estimations.

Examine now also correlations of the same kinematical pa.rmeters
in the observed events: K-meson momentum and the effective mass of
two K mesons and two A hyperons. The experimental distributions on
these parameters are presented in Fig.2 (the lower row). The A-hyperon
momenta in five events, which are suggested to be the neutral decay

“A — na°, were calculated by the momenta and emission angles of x°

mesons. Calculating the effective mass of two A hyperons we obtained
a striking result: within the errors the effective mass is almost the same
(all quantities are in MeV/c?): 2316£12; 2264+16; 2337+35; 2287+

- 25; 2311 £ 16, and 2287 £ 5 for the case of two charged A decays. The

average value is My, = (2290 & 20) MeV/c2.

Fig.' 2 presents also the ‘Monte-Carlo simulation on these param-
eters (K momentum, Mgy, Ms,) for the final state produced in
the cascade (ww), (KK*), and (K*K*). For comparison, in Fig.2

‘we show the results of calculation for ammihilation on 4N cluster:

P4N — KKAAN. In these calculations we took into account the
Fermi momentum of nucleons, the two- body phase space and used the
7 momentum equaling zero for cascade (ww) and eqnaling 0.6 GeV/ yc
for cascades (K K*),(K*K*) and reaction 54N — KKAAN .

. As it is seen in Fig.2, only distribution from the cascade process
K*E* with production of E hyperon in intermediate state are in good
agreement with the experimental data. It shonld be noted that only
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Figure 2. The spectra of the K -m_es(;n momenta { P}, effeetive masses

of pairs of K-mesons {Myg) and A-hyperons {My,): (a-d) — Monte-

. Carlo simulation of different processes in A annihilation:(a) - pN —
ww, N — KA; (b) ~ N — KR*, B*N — ZK, EN — AA; (©)

. ~fN — K*K*, K'N — ZK, =N — AAMK* — Km; (d) - pAN —
KKAAN; (e) - our experimental data.
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cascades (XR") and (K*K*) predlct the obsemed strong &Embeb :
tween production.rate of K*K+X and K +K°X final states (see Fig.1).
So, one can assume, remaining within the convenient ‘presentations,
that double strangeness production observed in our experiments can be
explained due to Z hyperon production in the cascade process (K*K*).

Note that this cascade is the same as the one proposed by Kilian [5]
" for production of H dibaryon except for the last stage: the reaction

ZEN — AA instead of capture of the = hyperon by a nucleon.. The
distribution of the effective mass of pairs of A hyperons observed in
our experiment are either due to kinematical restriction in the cascade
(K*K*) process or associated with the existence of the bound AA state
with mass 2290 & 20 MeV/c%.

3. S\EARCH FOR STABLE H (S = —2) DIBARYON DECAY-
ING AS H — T p.

Up to now, we have analyzed 3.2 - 10* annihilations (1.4 - 10° at rest
and 1.8 - 10° in flight) to search for Xe — K*K*H (H — L p)X
reaction. Four K+ KX events, from cight events discussed above, are
involvedsin this material.

As earlier, in our experiment [8], the annihilation stars containing
K* meson were analyzed also from the viewpoint of the presence of H
particle decaying intc £~p. We have no events of such type in 3.2- 195
annihilations. If we assume that the lifetime of the H is the same as
that of A hyperon and take into account all necessary corrections, one .

* can obtain the yield BR(5Xe — K*K*H (H — E‘“p)X )<2-107%

4.

(90% C.L.).

CONCLUSION

"The unexpected intensive subthreshold double strangeness produc-
tion in the reactions of antiproton annihilation on Xe niclei was ob-
served. The probabilities of the reactions pXe — KtK*X and
pXe — K*K°XA change from 2 -10~° up to 3-10™* when the an- -

- tiproton momentum is increased from at rest up to 0.9 GeV/c. The:

most probable source of the observed reactions is the cascade process.




through the E hyperon formation: N — K*K*, K* — K=n, K*N ~
EK, EN —+ AA. The observation of a narrow state in the system of two
A hyperons with the mass equal to My, == 2200 4 20 MeV/c* may be
either & result of the kinematical restriction in the cascade process with

“E hyperon preduction or the bound AA state. A further experiment is

- .needed to solve the problem. :

- ~In our experiment, we obtained also a new upper limit on the pro-

-ductien probability of stable H (§ = -2) dibaryon: BR(FXe —
R+K+H (H —~ £-p)X) < 210 (90% CL.). |
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