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ABSTRACT

We have observed ¢ production in W”p interactions at 19 GeV/c with

(44 10) events in the final state ¢ﬂ T p and (45 * 92 events in

¢pmtnTnTp - oK K T -
¢K K7 P. The production ratios e 0.005 and —ﬁixﬁzﬁgp =0.45

agree with Zweig-rule expectations.

1 CERN, European Organization for Nuclear Research, Geneva.
2 Natural Philosoﬁhy Dept., Univ. of Glasgow, Glasgow.
3 Physics Dept., Univ. of Birmingham, Birmingham.
4 Laboratoire de Physique Nucléaire des Hautes Energies,
Eccle Polytechnique, Palaiseau.
) 5 Centre d'Etudes Nucléaires, Saclay, Gif-sur-Yvette.
] 6 Oliver Lodge Lab., Univ. of Liverpool, Liverpool.

7 Deutsches Elektronen-Synchrotron, Notkestieg 1, Hamburg.

PLW/jx



(N

Recently there has been renewed interest in testing the Zweig rule
' (2)

in particular, several authors have suggested using the ) as a signature

in charmed particle searches.

The Zweig rule can be investigated more readily in the analogous situation
of ¢ production by pions or nucleons. In the absence of strange particles,
production of an ideal ¢ (strange quarks only) is Zweig-forbidden. If the ¢
is produced only through w—¢ mixing, it is suppressed relative to the &
by a factor tan2 Bm =~ 1/100 (Sm » 5° measures the devarture from ideal
_w-mﬂmiXing(3 ). When extra strange particles are present, connected
quark diagrams are possible and ¢ production is Zweig-allowed. Then ¢
production should be comparable to w or oo'production(a).

Experimentally, ¢ production in the Zweig-suppressed reactions is
well-established at about the level expécted from w—¢ mixing, but there is
little data concerning Zweig-allowed processes where the ¢ is produced with

(5)

assoclated strange particles. 1In Ep annihilations at 3.6 GeV/c enhanced

¢ production was found in channels with extra K's, but no such evidence
was found in pp interactions at 24 GeV/c(G).

In the present experiment we have observed ¢ production in the six-prong

reactions

Tp + KfK-ﬁ+ﬁ—W_p (1)
and

mp+>KEKKEKTDp | (2)

at 19 GeV/c, with ¢ » KK . We found about 45 ¢'s in each of these
reactions, representing a small fraction (v 27) of reaction (1) and a large

fraction (v 60%) of a much smaller yield for reactiom (2).

The experimenﬁ was performed at the CERN Omega spectrometer. The large
gap 1.8 T magnet was filled with optical spark chambers arranged about a
60 cm liquid hydrogen target. Spark images were digitized by a television
camera read-out. The trigger required a forward K {(or proton) with momentum

between 3 and 10 GeV/c identified in a large Cerenkov counter. A multiwire
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proportional chamber 80 cm downstream of the target required at least four
forward tracks. The unseparated beam contains less than 1% K , and we have
verified that this contamination does not affect the results presented here.
The experimental conditions have been described in more detail in a previous
publication(7).

Six-prong events with small missing momentum (missing PT < 150 MeV/c
and missing %, < 500 MeV/c¢) were candidates for reactiops (1) and (2).
Events with any track shorter than 25 cm or a momentum below 300 MeV/c
were removed. The program efficiency for reconstructing these events was

about 407%. This sample contained 6993 events.

For each event test functions (A) were calculated for all possible
mass assignments. The test function is equal to the difference between
the effective mass of the five-meson system (MS) and the recoil mass
(MR) from the track taken to be the proton, A = MS - MR. This function
should be zero for the correct mass assignment when there are no missing

neutrals.

For reaction (1), we find a strong signal at test function
A =0 of 2700 = 300 events. The fitted K+K“ mass spectrum for this chanmel
contains a ¢ signal of 44 * 10 events above background (fig. 1). The ¢
thus represents (1.6 + 0.4)7 of the chanmel. Only forward—-produced ¢'s
(Feynman variable X, > 0.3) are observed in this reaction, because the

P

, +
trigger K must come from the ¢.

For reactionr(Z),we find no significant signal at A = 0 when all
combinations are plotted. However, the background is greatly reduced when
the proton is taken to be the slowest positive track and events consistent
with the reaction T p *p p 7 m 7 p are removed. These cuts reveal a signal
at A = 0 containing 75 * 25 events (fig. 2a). A cleaner signal is obtained
when hypotheses with a KK mass combination in the ¢ region are chosen

(fig. 2b). The cuts eliminate about 15% of the good events, independent

of the K+K' mass.



Fig. 3 shows the fitted KK mass spectrum from reaction (2) for events
passing the above cuts. A clear signal at the ¢ mass contains 45 * 9 events
above background ( we have verified that these events are not ambiguous
with the ¢ events of reaction (1)). Thus ¢ production accounts for
(eofgg)z of the events of reaction (2).

The ¢'s from reaction (2) have a broad distribution in x because
the trigger K+ need not come from the ¢. In fact, only 22 * 6 of the triggers

- come from the ¢; these ¢'s are forward (x, > 0.3). The triggers of the

¢

L - + . - -
remaining 23 * 7 events come from the K which is not in the ¢; here the

$'s are slower (-.5 < x, < .5).

¢

To test whether ¢ production without extra K's can be explained by w-d
mixing alone, we have compared the produvction of ¢ in reaction (1) with
w production in the reaction W—p +'mw+ﬂ—w-p. The acceptance for the ¢
reaction has been estimated, using a variety of production models, to be

(7 + 3)%. This leads to a cross sectiomn, corrected for the ¢ - KK
+ 0.7

- 0.3 g
to be 130 * 18 ub at 16 GeV/c( ). Therefore,

branching ratio, of 0.7 b. The w cross section has been measured

- - -
¢T T T p 0.7 ub _ + 0,005
el 130 ub 0%_ 0.002
wT TT P

We conclude that ¢ production is suppressed in this channel to the extent

expected from the known w-¢ mixing.

We can now compare ¢ production in reaction (2) with p° production
in reaétion (1). Both reactions are Zweig-allowed, and both require the
production of an extra pair of K mesons. For the p° in reaction (1) we
find a signal of 120 * 40 events, with the p's produced in the central
region (-0.5 < xbo< 0.5). Forward produced o°'s would not satisfy our
trigger conditions. The trigger K' cannot come from the 3° so we compare
these events with the ¢ events where the trigger does not come from the t.
We find

$KKTp _23x (237 _ + 0.25

40__%:_“, ~--120 * 40 ' - 0.15
PKKTpP




. . + -
(the factor 2.3 on the numerator contains corrections for the ¢ -~ K X
branching ratio and for the effect of the cuts imposed on this channel).
We conclude that ¢ production with extra K's behaves like a Zweig-allowed

. . . 0 . . . .
process, with a cross section comparable to ¢ production 1n a similar
allowed process.

Our results from reactions (1) and (2) are in agreement with Zweig-

rule predictions. However, this does not mean that ¢'s are produced mainly

with other. strange particles at our energy. In fact, when we compare %
production in reactions (1) and (2) for forward produced ¢'s which satisfy

the trigger conditions (x, > 0.3), we find

¢
+ = - ' .
¢ T TP _ 44 = 10 = 1.7 0.9
¢K+K-nfp 1.15 x (22 t 6) - 0.5

Thus, the production of the Zweig-suppressed final state is comparable to
that of the Zweig-allowed one:- This fact can be understood as a conmsequence
of the diffieulty of prodﬁéing extra K's at our moderate energy, and not

. . . (2,4)
as a violation of the Zweig-rule

We conclude that Zweig rule expectations are satisfied because:

+ - - . + - - c
- ¢m T T°p is suppressed relative to wn T T p by a factor © 0.005

as expected from w—$ mixing.

oo + - - - .
- ¢K K 7™ p is comparable to KK T p as expected for similar Zweig-

allowed processes.

We are grateful for the important contribution teo this experiment

of our colleagues in the Omega Spectrometer Grouns.
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FIGURE CAPTIONS

. + = . - + - + = -
Fig. 1 KK effective mass from 7 p » XK K 7 7 7 P

Fig. 2 Test functions (A) for the reaction w-p - K+K—K+K-ﬂ—p; (a)
with the proton taken to be the slowest positive track, and
events consistent with the reaction 7 p - pSw ﬂ-ﬂ-p removed ;
(b) when, in addition, the comﬁination contains a K+K- effective

mass in the range 1.0l < MK+K- < 1.03 Gev.

. R . - AT s
Fig. 3 KK effective mass from 7 p > K K K K 7 p (4 combinations/event).
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