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Abstract

A total of 1121 unambiguously identified events of the type
pp » Kknm (n = 1 - 5) ot momenta 3,0, 3.6 and 4,0 GeV/c have been analysed,
and partial cross-~section for the various channels are given, The total
cross~section for annihilation into two kaons with pions is estimated
o be (5.1 % 0.4) mb or 14% of all annihilations. The amount of
resonant K (890), 0, w, and associated giE production in the various
channels are determined. BEvidence for the E-meson, a KKn resonance at

1700 MeV, and a Kﬁn resonance at 1265 MeV is presented, Study of 955
oo o

1

gecondaries gives rise to a four standard deviation peak in a strangeness

zoro mass spectrum at (1820 & 12) MeV with a width (T) of (50 % 23) lieV.

unfitted events containing two charged particles, a K and 2 2 neutral

The angular distributions favour a peripheral rather than a
statistical or core-core model of the annihilation process. The possible
usefulness of weighting the verious combinations in accord with this
observation, to accentuate enhancements in the invariant mass distribution,

is discussed,

A method of separating cach annihilation into its most likely
two body final state configuration based on maximising the four momentum
transfer (u) in the cross channel is presented as well as some examples of

the enhancements in mass spectra obtained using this method.
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#x Now ot the Physics Institute of the Acadcomy of Sciences, Proguc,
Czuckoslovekia.
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1, Introduction

Prciiminary results on the annihilation of 3.0 GeV/c momentum
antiprotons into K's and m's have been reported previously(l), mainly for
5 and 6 body final states, In addition to the production of resonances,
evidence haé been observed for charge and hypercharge asymmetry in the
angular distributions, Similar results have becen reported bj Baltay et
al;(2’3) at 3.3 and 3.7 GeV/c. We have now extended our analysis to 3.6
and 4,0 GoV/c incident antiproton momenta,doubled the number of 2 prong
interactions with a V° measured at 3,0 GeV/c, and studied the unfitted

ERTTI o} . o . . =
events with 2 prongs and one V', We shall discuss annihilations into KK

and n pions, where n is 1 %o 5.

The Saclay 81 cm hydrogen bubblé chamber was exposed to a
geparated bean of antiprotonsAproduced from an internal target in the
CERN proton synchrotron, The momentum spread of thetantiproton bean was
i.0;5 36, and a total of 300,000 photographs werc taken cohtaining
0.8 x 106, 0.5 x 106 and 1,1 x 106 antiprotons of momenta 3, 3,6 and
4 GeV/e respectively, From é-ray counting and total cross-section
neasurements the contamination of the bean has been estimated to consist
of 2 ,é pions and between 8 ,6 and 12 ,6 muons, depending on the incident

antiproton momentum.

. ' i L i o
The film was scanned for events in which one or two Kl decays

0 + - . . . . .
(K. - m'w ) werc associated with an interaction having zero, two or

fo&r charged particles, Fron £ independent scans, the overall scanning
efficiency for these types of cvents was estimated to be 97 36.‘ About
1,600 events at 3 GeV/c, 600 cvents at 3.6 GeV/c and 400 events at 4 GeV/c
were measurcd by semiautomatic measuring machines, and their geometry

and kinematics computed using the CERN programmes THRESH and GRIND, For

the final analysis of the rcsults, the programmes SLICE and SUMX were used,

PS/5750/dnh
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2. Cross-scctions and numbers of cvents

About 40 36 of the events have morec than one nissing neutral
particle (mainly the events with zero or two charged secondary particles),
Of the remaining events 10 36 were unmeasurable in the sense that o
satisfactory geometrical reconstruction was not obtained after several
remeasurenents, Lvents werce classified into the reactions shown in
Tables I and II on the basis of the X2 calculated by the kinematics
fitting programme, Where scveral interpretations were possible, ionisdtion

estinates werc madc, thereby rcducing the number of anbiguous events to
0
1

50 ,6 depended on ionisation estimates for unique identification,

less than 20 36. In the case of cvents where o single K. was seen, about
However the similarity in the numbers of cvents containing a K+ or a K
and in the roflected C.M.S. angular distributions of the K+ and the X

are an indication that no significant biases were introduced.

For each seen decay, a weight  was calculated to allow for the

0 . . s . .
Kl‘s which decay either outside the fiducial volume of the chamber or

less than 2 mm from the point of interaction. The average weights found
were 1,22 and 1,14 for decays assoclated with two and four prohg inter-—
actions respectively., The partial cross-sections at 3 GeV/c, which are

listed in Table I, have also been corrccted for unseen x° decays (Kg
o
1
of the beam; the density of the liquid hydrogen was taken to be 0,0625

decays and ncutral K decays), scanning efficiency and the contamination

3 . . .
gm/cm . Ambiguous and unmeasurablce events have been taken into account

in proportion to the unambiguous cvents,

In the calculation of cross-—gsections for the recactions
. . _0=0 . . . . (o]
involving KK~ pairs, cvents in which a single Kl decay was seen and the
other inferred from the it were used as well as those events where both
o)

. o 0=0 . .
Kl decays werc scen, A correction was made for K2K2 pairs assuming equal

% The weight is the true number of decays inferred from the observation

of one decay.

PS/5750 /dmh



CERN/TC/PHYSICS 66-31

- -
. o o(x) . 0, ) )
production of Kl and K? ;  the unscen K 's have been estimated to be
0 0 . 40 0 . =
composed of 25 /b Kl and 75 /b K2. The cross-sections quoted for KKnm

(n=1,2,%,4,52 6) in the last column of Tabic III wuore calculated

assﬁming equal production of Koﬁoand K+K~ pairs for a given number of

pions., The murbers of zero and two charged particle events with more than
one 7° missing have been estimated by assuming that unfittable multineutral
reactions of a given multiplicity have the same cross-sections as fittable
recactions of higher prong number but with the same multiplicity. The cross-~
sections were also calculated from the observed numbers of fitted events

(4)

the statistical errors, We have observed no two body k°r° annihilations;

using Clebsch~Gordan coefficients and the results are the same within
the cross-section corresponding to one observed event would have been about

S pb.

The total cross-—-scction for qll_KKnn final states at 3 GeV/c
has thus been estimated to be (5.1 x 0.4) mb, which corresponds to 14%6

of the total annihilation cross-gection,

3, Invariant mass distributions

AP LS

Only events with 4, 5 or 6 particles in the final state have -
sufficicently good statistics for a detalled study of resonance prodﬁction
to be worthwhile, TFor eventse with a charged X, the third component of - the
isotopic spin (IZ) is known unambiguously for all combinations of particles,
so that these events have been studied in more detail than those with a
KOKO pair. Table IV lists the pcrecentage production of Kﬁ, p and wo at
5 GeV/c determined by fitting to the experimental histogram, using a lcast
squares method, a curve consisting of Lrrentz invariant phase space and a
Breit-iigner distribution with the known mass and width of the resonance,
These are the only well-cstablished resonances clcarly seen in the prosen%

work, There is no evidence for the ¢-moson,

PRS- SR

(ﬁ) The probabilitics of sooing 2, 1 and zero Ko's from a KOKO event are
o V2 S 2 D
(D/awn) , D(awn D) / 20 and (1 - =

2u

n

branching ration for charged K. decays, and W_ the weight for a docay
n

)2 respectively, D being the

1
from an cvent of multiplicity n.
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3,1, Invariant mass distributions for (Kn) combinations

The (Kn) combinations with IZ = f ?é give invariant mass
distributions which agree well with the predicted phase space. For
IZ =3I %é (KW)FCOmbinations the pdrcentago productioﬁ of_Kzgo at 3 GcV/c
in the varioas‘éhdnnéls is shown‘in Teble IV, The total_(Kn)Iz = il/gv
invariant mass distribution from the 4, 5 and 6 body events at all encrgies
is shown in Figure 1., Fitting a composite phase space plus.a Breit~Wigner
curve to this distribution yields valucs for the mass and width of the K*

of (894 T 5) MeV and (60 T 10) MeV respectively.

3,2, Invariant mass distributions for (wm) combinations

+
The percentage of p® production in the various channels at

3 GuV/c is shown in Toble IV, A it to the total (nn)6 mass spectrﬁm for
all energies shown in Figure 2 yields values for the mass and width of the
p of (744 : 9) MoV and (98 : 30) MeV. No significant deviations from

phase space were seen for doubly charged combinations.

3.5. Invariant mass distributions for (mmm) combinations

" For 5 and 6 body rcoctions three pion combinations with charge
1 or 2 give rcasonable agroomont:with phase space (modified to.includé:p |
production in the amounts given in Toble IV). Of the two reactions which
could show wo prgdgction, the reaction KOKOn+n_nO shows none, whereas for

. O~ + +
the recaction KX nn

non° with botter statistics a clear wo peak is seen
in the n+n-no mass spectrum corresponding to (15 * 5)36 of Qo production
per event at 3 GeV/e, The mass and width of the w° are found from'fhé'
cvents at all cnergics, plotted in Figure 3, to be (790 I 10) MeV and
(17 t 9) MeV rcspectivély, The shaded region of+Figure B-ShOWs that a
large fraction of thosc events not having a (nn)a combination whose mass

. . - . + - . H
lics in the p region, (700 - 800) MeV, contain a = = 70 mass lying in the

0 .
w region,

Ps/5750/imh
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3.4. Avsociated production of resonances

From the amounts of K%, p and 0° production given in Table IV
it appears that the average number of resonances per event is approximately
one, espccially for the 5 and 6 body events with a Ki. We have therefore
looked for associated production of these resonances, In the 4 and 5 body
events, we estimate (ofter corrcction for the K%’s which lie outside the
selected mass interval and for the background under the KEIE peak) that
about zero and 20 * 5 36 respectively of the events contain two K%’s in
addition to those which may be expected from chance association of singly
produced Kﬁ's. On the other hand no evidence for associated Kﬁp

production was observed in the 5 body cvents and no significant evidence

for associated production of any kind was seen for the 6 body events.

3.5, The (KKu) wass distribution

+ -
In the case of the 5 body final state KK
L ]
charged (K°%~n™)

4 -
n  the zero

mass distribution of events at all energies (Figure 4)
shows evidence for the production of the E meson(S). Fitting the
distribution with phase space and a Breit-Wigner curve yields a mass and
a width of (1423 % 10) licV and (45 £ 20) MeV respectively. The shaded
histogram shows the KoKhn+ mass distribution for those combinations in
whioh a Kn combination has a mass in the K';ji

890
ig then enhanced relative to the background,

region; the E-meson peak

Although of 1little significance as a single observation (Ntwo
standard deviations), thce peak which can be seen in the KOK—n; nass
distribution in the region 1675 = 1725 MceV is worth noting for the
following rcasons : 4 -
a) a small peak (~ 2 8.D) is also obscrved in the KK . mass distribution

(2,3)

in a similar cxperiment at 3.7 GeV/c , in the same mass intcrval
as in the present experiment;

b) a peak is observed in the same mass interval (1.675 - 1.725) GeV in
the powo invariant mass spectrum from the reactions PP > 3n+3n“no at

. 0 0 .
3 GeV/c, where appreciable p~ and w  production occurs R

PS/5750/dmh
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c) a resonant state of mass (1700 x 15) MeV and a narrow width with
I spin 2 1 has been reported by Lovrat et a1.</).
.The similarity of the mass, width and I-spin of the peaks in
the K*K and'powo mass distributions suggests that they may represent

different decay modes of this same object.

No evidence for the E-meson or the bump at 1700 MeV appears
in the 5 body state Koﬁon+n_wo, either for Q = 0 or Q = 1, However, as
already stated, the value of IZ is uncertein for all (Km) combinations in

this case,

3.6. The (Xnw) mass distribution

(8)

_ . . +
existence in our data of a resonant (Knn) state with IZ = —B/Z'and mass

Evidence has already becn presented for the possible

1270 MeV, This enhancoment is observed only in the six body final state
KK n+n+n“no, and only in the pure I = 3/2 (Knm) combinations with

IZ = - 3/2 (4 combinations/event) which contain a Ku (I ;»- 1/2)
combination in the KK(CSS) mass range, ”he fact that 1t has not been

seen in:the (Knm) combinations with I = - 1/2 could be due to the larger
background (8 combinations/eveht) as Well as to the fact that these
combinations do.not have pure isotopic spin. Figure 5a shows the'K T mass
distribution with Ié =1 3/2 for all incident cnergies, the peak being ’
slightly more statistically significant than repqrted previously at 3 GeV/c.
The cufve shown in Figure 5a is the best fit obtained using a K*n phase
space and n Breit-Wigner which gives a mass and width of (1265 & 10) MoV

and (50)i 20) MeV for the enhancement,

Of the 267 siz-body events 6036 (or 160 cvents) contain a K*.
Therefore of the 422 combinations in Figure 5a, 262 combinations arc due
to background, The 44 combinations in the 1265 MeV peak represent 2796

of the 160 c¢vents containing a KX.

Since there is evidence for considerable production of known

* o] . .
resonances (K s Py W ) as well as peripheral effects (para. 4) in these

PS/5750/dmh
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six body events, we attempted to study their influence on the (Kﬁn) mass
distribution. Five tracks werc selected from different events, kecping
the identity (including the ohargo) of the individual particles, and then
onc track at random was recalculated to conserve momentum only. Of the
randon events, those that conserved energy to within 100 MeV in the C,M.S.
were analysed in the same way as the rcal events, By this procedure we
were able to conserve the peripheral effects but largely destroy mass
corrclations between particles, The mass distributions from these events
agrec well with the calculated phasc spades; showing that any peripheral
cffects (see section four) (o not appreciably influence the invariant
mass distributions, In addition we have taken pions from one eventband

" kaons from other events, so that the effccts of the p and »’ mesons
produced in these interactions arc retained but resonances involving
kaons should be eliminated. The (K'u) nass distribution obtained by this
proccdure at 3 GuV/c is cowparced to that from the real events in Figure 5b,
and demonstrates that the observed peak does not result from reflections

duc to the presence of p and w mesons in these events,

3.7. Two prong events with morc than onc neutral particle

In addition to the fitted cvents, 955 unfitted events with two
charged secondarics and a Ki have been studied, Each event was looked at
on the scan table in an attempt to assign it to one of the following

rcactions, using the ionisation of the charged secondaries,

p - Ki n n [K°] n 7° (1)
- Kg K+ T n no (2)
N K; K n (3)

0 0
where [K ] represents an unscen K,

It was found that 183 events could be assigned uniquely to
rcaction (l), 475 cvents were ambiguous between either reactions (l) and
(2) or (l) and (3) and 297 events were ambiguous between rcactions (l),
(2) and (3)., Mass distributions were studied for the various possible

combinations of particles, In addition to K and p production a peak was

PS/5750/dnh
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. . . . , 0 0 . . .
observed in the mass distribution of the Kl [KO] n 7 combinations coning
from the 955 events consistent with reaction (1). This distribution is
shown in figure 6 and a peak of ~4 standard deviations significance is

gseen at a nmass of (1820 - 12) MeV, with a width (T) at half height of

+ - . . o} .
(50 = 20) 1 I? this peak is due to a resonant state (J say) then it
has strangeness zero and is produced in the reaction
- e O
pp > T J » (4)

Lé % [%°] n 7°
1
. o _+ = 0 o . . . .
Poaks in the p- n 7 and p w nass distributions from the reactions
- + =, 0+ =0
pp »n o (p 7w m) , ' -~ (5)

and oot (000°  (e)
-+ E + . - (6> "'J_..‘
at (1834 = 10) McV cnd (1848 ~ 11 ) lieV have been reported . It is

possible that one or both of these objects has the alternate decay mode,

&)

Kl [Ko] n n° whlch gives rise to the peak observed here

4, Angulor distributions

In the KR onm events the KO and K cannot be dis stinguished,
and conuequently the anguler distribution in the C,M,S. of the K,(K )
should be symmetric about 90 as ig found oxperimentally. The K K an -
final states are more interesting since the x° can be identified as a
particleworvantipaftiéle according to the charge of the other kaon, The
ﬁi, ° diétributiqns for the 4, 5 and 6 body states with no charged kaons

agree, within the poorer statistical errors, with those for the charged

kaon cvents (Figure‘7).

As pointed out in section 2, the correct identification of the
cvents depends to a considerablc extent on ilonisation measurements, which

could produce bilases in the angular distributions in the C.M.3., However

(£) In principle by studying the mass spectrun of K l n 70 in the events
+ .
K K TTon TO we should be able to give some 1nformatlon about the

11
C~parity. However thesc cvents have not been analysed,

PS/5750/cmh
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we know from the C-symmetry of the D interaction<9) that the angular
distribution of a particle with respect to the proton should be identical

to that of the antiparticle with respect to the antiproton. For the three,
five and siz body final states the angular distributions of the K* and the
K roflected about 90o in the C.M.8. agroe well; also the numbers of events
Ehin the statistical errors, In

.

found to have a K+ or a K are cqual wi
the case of the four body final state K KonTn® however, the K+ angular
distribution is more peaked in the backward direction in the C,l.S. than
the reflected K distribution, In addition fewer events are observed with
a K than a K+, although the diffcerence is not very significant. Both of
these observations are consistent with the bias which might be expected in
the one constraint fit class because of the difficulty in identifying high
encrgy charged kaons from pions, if the K_(K+) are produced proferentially
forwards (baokwards) in the €.M.S, (sce Trble V)., As a result, the addition
of the K+ and the reflected K angular distributions in the C.M.3. probably
undercstimates the asymmetry of the C,M.3, angular distribution fgr the
four body cvents with a charged kaon, In the three body cvents K‘Kon;,
which arc four constraint fits, no biascs arc seen.

The C,M.S, angular distributions of particles with the reflected
angulor distributions of thé'antiparticles added are shown in Figures Ta
and Tb for 3, 4, 5. and 6 body final states containing a charged kaon;
p~ncson distribution would not be accurate because of the large background
(Figuro 2). Bvidence for asymmetry of thesc angular distributions can be
scen., The ratio of the number of particles enitted forward in the C.M,S,
(cos Gﬁ > O) to o number emitted backwards is summarised for the
different rcactions, particles and charges in Toble V, The dependence of
the angular distribution of pions, koons and Ki's on the incident antiproton
momentum can be scen in Flgure 8 where the distributions at 3 GuV/o have
been comparcd with those at 3.6 and 4 GuV/c taken together, Thce angular
distributions for the Kz were obtained from the angular distribution of
the (Kw) iass conbinations in the nass interval 830 - 945 MeV after sub-
tracting the angular distribution of (Kw) combinations in adjacent mass
intervals corresponding to the background distribution, Tle angular
distribution of tho_wo neson was obtained in a similar way using a mass

interval for the wo of 740 - 820 MeV,

PS/5750/din
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(%)

Fropn Table V, figures 7 and 8 , and the associated work, one

may draw the following conclusions :

a) the asymmetry in the C,1,S, angular distributions decreases as the
number of bodies in the final state increases;

b) the asymnetry increases with the momentum of the incident antiproton;

¢c) charged particles show more asymmetry than neutral ones;

d) the angular asymmetry (Where pertinent) and collimation are more
pronounced for the heavy particles (K%, K, wo) than for the light
ones (n), and the resonances K*, wo are more collimated (that is appear
more preferentially in the polar than the equatorial hemispheres), than

+ =0 - . . - . .
the Xmw or m n ©n~ combinations in adjacent mass regions.

These observations are incompatible with a simple statistical
model of the annihilation process, which would predict a symmetric angular

distribution in the C,M.S. In the Koba~Takeda model(lo)
(11,12)

of antiproton-
proton annihilation and its extension by Stajanc the heavier particles
are expected to be produced mainly in the core-core annihilations which
would involve the lower angular momentum states, and therefore the angular
distributions of the heavier particles should be more isotropic and

symmetric than for the lighter particles., The observations are otherwise

and seem to favour an annihilation mechanism involving peripheral inter-
actions, Such a model recuires the exchange of a fermion (hyperon in our
case) and tho only relevant theoretical work, to our knowledge, is that

(13) (14)

of Pilkuhn who showed that the data at 1.61 GeV/c was more consistent

with a peripheral model than with the Koba~Takeda model,

(f) Corrections for weights are not made in figures 7 and 8 and Table V,
However the variations in weights about their mean values, together
with the checks on the equality between numbers of events and their
charge conjugates and of the particle and reflected antipawticle C.IM,.S,.
angular distributions, suggest thet the results and conclusions of
this section (and the preceding one) are unlikely to be seriously

affected,

PS/5750/dmh
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5.1. Peripheral production of resonanccs

N e

As has been pointed out in section f, the angular distributions
of rcsonance states are peaked towards cos 9% = —l in the C.M.3.; also
the forward/backward ratios (Table V) arc larger the greater the mass of
the state, In an attempt to exploit these facts we have triedbvarious
procedures to enhance the likelihood of detecting peaks in invariant mass
spectra, Thus we have tried weighting cach mass combination by a factor W

where g-—

a) W=rp / pqu where p is the actual momentum of the particle combination
11l v N
in the C,l,S., and Pax S the maximum value of momentum found amongst
{&
all possible particle combinations ;

b) ¥ = u/u where u is the four momentum transfer to the incident
max’

proton in the case of an antiparticle combination and to the antiproton
for a particle combination., In the case of annihilation interactions
we have found w to bc more sensitive than 1+, the usual four momentum

transfer ;.. and

6 P « 0 . .
¢c) U = cos Qx or cos 9$, where O=E is the cmission angle of the particle
combination in the C.M.S., and the power six was arbitrarily chosen to

cnhance any possible'effedt.

From a mass point of viecw woighfing with a function of cos &
is ' less biased than using a function of pi’or u and Figure 9 shows the
EOK+ + c.c, mass distribution for all enorgiés from fhe 4, 5 and 6 body
recactions, both unweighted and weighted as 00569if (00369 was chosen since
the K (888) angular distribution follows roughly this form). The weighted
listribution beings out from background two small peaks at 1,05 and 1.25

(15)

as yet unobscrved peck at 1740 MeV unless it could correspond to that

(7)

GeV, alrcady observed in a stopping antiproton experiment , plus another

observed at 1748 MeV by Levrat ot

PS/5750/dmh
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5.2, The method of”maximum“lt]

As a further attempt to exploit the apparently peripheral nature
of the events, we have used a criterion to divide each event into a unique
configuration consisting of two bodies, The criterion was such that the
configuration chosen was that in which a combination of particles had the

maximum [t!( ) value; the remaining combination of particles having, of

course, the same t[ value, Scie cxamples of the results are shown in
figures 10 - 14, more for their intercsting featurcs than for their
statistical significances, Mozimum Itl was used rather than minimum fti
since it was found that more structure appearcd in mass spectra using the

latter than the former,

- N~ -
Figure 10 shows the results for the reaction pr - K Kz T 4+ C,C,
4
The cvents in which the (Ki n~) combination has the maximum value of It[
trated in the mass region of the K*(BBS),

nt
*

o * ,
have a (Kl 7~) mass spectrum conce e
whercas the events in which the (X7 n7) combinotion has the maximum lt[

+

value have (K:t n+> masscs which arce grouped at o higher mass centred at
1.32 GCV(+), Thore i1s no obvious reason, 2 priori, why the neutrally
charged combinations should prefer higher mass valucs than the charged
combinations, How&zer, if one assumes that annihilation proceeds via the
exchonge of A° or 0 hyperons then SU3 Clebsch;Gordon coefficients predict
a ratio of Kﬁi(888) / K%O(388) = 4, whereas the obscrved ratio below

1000 MoV is ~ 6,

Figurce lla shows the mass distribution of the‘(Knn) combinations
. . . . - +.0 = 0 :
which have maximum [t]| in the rcaction pp » X Kln n + c,c. A concen-

tration of cvents in a relatively small mass range with a central value of
y

2 o \2 :
(f) t = (fi - ﬁf) - (Ei - Ef) , Wherc ?i and E; are the momentum and
cnergy of the incident antiproton or proton and ﬁf and L. are the

nmomentum and cnergy of the particle or group or particles considercd,

(+) Ividence for a (Knm) resonance at 1,32 GeV has been reviewed by

(16)

Goldhaber .
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. + '
1,27 GeV is seen(*). The (Ki K ) nases distribution for the events in which

4
kY

+
o L . . .
the (Rl K ) combination has the maximunm

and a peak is seen at a mass of 1,26 GeV similar to that observed by

(15>‘

value ig shown in Figure 11b
Armentoros et al.

.Figure 12a shows the (Ki Ki n$) mass distribution from the.
reaction pp - YK:t Ki n+ n+ % under the Itl selection criterion almost all
events lie in the region of the E-meson, In fact there are 17 events in -
the peak above the background whercas in the corresponding mass distribution
without the sclection criterion (figure 4) there were 19 events above back-
ground, Thus in this case the signal to noise ratio has been appreciably
enhanced, The angular distribution of the (Ki Ki n;) combinations having
a mass in the region of the E-meson is shown in figure 12b, and is seen
to be quite anisotropic as is to be cxpected from the method of selection,
Tho total (K KO -

= _ 1
5 and 6 body rcactions is shown in figure 12c¢ where the concentration of

F . . -
7 ) mass spectrum, obtained in a similar way, for the 4,

cvents in the E-meson rcgion is morc significant. If for the 6 body cvents
. + =~ 0 . . . . +r_ o T

the mass of the remaining m © n combination is plotted against the K K]*n+

mass (figure 12d) o cluster of points is scen at a position corresponding

to the reaction ﬁp > EO wo,

It‘ié clear thét with the above method of sclection the mass
distributions obtaincd show morc structurc than the total mass distributions
and the following argument moy give an explanation why this is so, The
annihilation cross-scction at 3 tcV/c is of the order of 30 ubs, a cross-
scéfion which implies o minimum radius of interaction (r) of one fermi
(10;13 gms). Tﬁefofore,since the incident proton (or antiproton) nomentum
in the C.M.S. (pi) is 1 GLV/Cy angular momenta up to at least five may be
involved in the annihilation channels (p%r ~ @h). Howvever thic single

particle angular distributions in the C.M,S. are not very anisotropic and

(%} It is possible that this peak is related to the peak in the (Knn)

+ . .
T, = ~3/2 mass spectrum at 1.27 GV observed in the reaction
- + 0 + = =0 .. _ .
pp - K le T n + c.c., and discussed in scction 3,6,
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do not reflccet the angular distributions expected from the primary products
of an intecraction invoiving such high valuoé of ¢. A uiwnple explanation

of this apparcnt anomaly is fdun& if the primary products.of the interaction
arc concentroted in two centres whose relative angular momentum is large
(c;g; a peripheral- exehange diagram involving nucleon or hyperon exchango)
cud which subsequently decay with a sufficicntly high Q-value that the
angulor distribution of - the decay products washes out the original angular
distribution of the two centres, Tle two centres are then obvious sources
for rosonance production and could explain why the method of maximum u

sclcetion enhances the likelihood of sceing these resonances.
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TABLE I
Partial cross sections for pp > KK + nn at 3 GeV/c
n Re:Z;ion | ub'bkﬁ;¢ Mb/
; - Events | /event | o(ub) calculated for reaction
Observed
(ssex) (zememesr)
1 KiKino 2.4 0.6 20 15 x°%°5°
ot = + o * 7
1 KoK 12 1.5 65 = 20 KK ™
+ - + =
2 KiK'n+no 99,5 1.5 550 = 60 g%t
%) - (= =0 + -
Az Ki((o)n+ (x) 41,5 1.5 158 F =0 ®°%on 't
2 K?K§n+n_ () 35 0.6 280 ¥ 45 k%%
3 Kif?n+n"n° 69 0.6 555 T 70 k%% n®
Yoo + ot T4
3 Ki£“f+n'n 176 0.6 355 ~ 50 Kk n T
T4 - + -
3 iK wtntn 034 0.6 475 = 40 x " n
#) | o - + SO e F e
e K;(Ko)w+n nnT (£ 72 0,6 105 = 14 Ko%% nn
i ikznTn-n+nm (£) | 21.5 0.6 152 T 34 %%
5 K§Y§n+n"n+n"n° 15 0.6 100 = 30 k%o T
6 iK§T+n_n+nmmno, 4.5 0.6 30 x 20 KOKOn+n“n+n~mno
m2 2 mz= 2

The two reactions () should yield the same cross--sections, as should the
. -0..0
two rcactions (/), if x° K and KﬁKg are produccd equally,
. 0 o . +0 L -
(%ﬁ) (A ) significs a missing K~ determined by the fit procedure.

(fzk) Includes ambiguous and unmeasurablc events (see text).

(xﬂﬁﬁ) The numbcrs of cvents are not all from the same amount of film,

PSs,/5750/dmh
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TABLE II

CERN/TC/PHYSICS 66-31

Tumbers of unambiguous events used in the figures, and Tables IIT and IV

e - _
v , Primary momentum (GeV/c) m
Reaction 3.0 3.6 4.0 Total No, of events
=0
Kl 10 5 6 21 )

0m + ) 47
LJY 15 9 2 26 )

§Y+ﬁ ° 60 26 2% 109 )

O, *+ O ) 196
KK m 58 9 20 87 )

B (R)nn (%) 49 24 20 93
Kiﬁin’n* 35 10 20 65
YlK T n+ 67 25 7 99 )

Ot = ) 200
lec n 70 25 6 101 )

Ki i tn® 63 32 51 146
f1K+n e 91 36 8 135 )
267
KiK~n+n+n—no o1 31 10 132 )
K°(K°)n’n'n+n+(f) 56 22 4 82
KiK;n'n~n+n+ 20 4 1 25
Total 685 258 178 1121

(f) (KO) signifies a missing KO determincd by the fit procedure.

PS/5750/dmh
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TABLE III

R —— i

CERN/TC/PHYSICS 66~31

Partial Cross-sections for pp » KK + nm at 3 GeV/c

’ e} £ Ever m 0 =
n Reaction | VNumers Oiu}ﬁ?ﬁt lyPFS Cross section (mb) =
Scen and Seen and "Unsecn®
B | Fittable | not Fittable|
1 | kEn 2 0 1 0.11 < 0.03
> K 2 1 2 1.0 £ 0.1
3 Kt > > 2 1.8 fo.2
4 KR 2 3 3 1.4 To.2
5 Kknmnn > 4 3 0.6 To0.2
6 KK 2 5 3 ) .
. ) 002 - 0.2
7 KKnm 2 6 3 )
Total 7 14 21 17 5.1 % 0.4

#  Assumes no events with morc than 6 charged prongs; also charge

conjugates are not counted scparatcly.

#%x It is assumed that there arc no errors in the method of
. . + -
the cross-sections for "unscen cvents (those with K K ) or those

which cannot be fitted (that is, have more than one neutral pion).

PS/5750/amh
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TABLE IV

[OREE

CERI/TC/PHYSICS 66-31

K, p and w at 3.0 GeV/o

e st Ty e

Particles in|No. of (Kn) % x*
the final combinations/ production
state, event per event
x°x°n 4 30 12
0~ %o +
oKk 4 15 = 10
KOk 6 50 & 20
ST |
-t - D3
| w5 |4 with v =214 60 215 F
KxCn Tt 8 50 ¥ 30
K% T n |6 with.ﬂ;=:tl/? 60 % 10

£ Because of associated production, this implies that (40 - 12)36 of

o s
all cvents have one or two K''s.

Ps/5750/duh

P —

o, ?f (@n) 36 o ‘ ~36 wo
comblnatlons/ . .

. production| production
event with cr event er cvent
charge Oorl b P

1 15 £ 10 -

1 10 ¥ 10 -

3 40 £ 20 0

2 35 & 10 -

4 30 % 20 -

5 50 X 20 | 15 £
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TABLE vV

P

CERN/TC/PHYSICS 66=31

Reaction T+ (n+) K K -P(K+ O) *—,ixo-f(K+,Kfo)
R R R
Ot } 1.9 + 0.4 2,9 0.4 -
KOkt
=0_4+ — 0O
KEmm } 2.0 X 0.3 2.2 0.2 2.5 X 0.6
+ 0

Ok -
?OK n T n :

} 1.10 £ 0.07 1,8 £ 0.2 2.9%0.5
K K T n n _
lx J.s. I' TC T TE - n + )

l.l — Ool 102 - Ool 008 - 003
L A T 1 n n
all reactions + o + + X
ot 5.0 GoT/o 1.19 = 0,03 1,48 = 0.07 1.61 £ 0.2
all recactions . - +
at 3.6 and 4,0 | 1.22 = 0.08 1,86 X 0.15 2.1 0.3
GeV/c
K, K= (Q = 0) - 1.4 Y01 1.33 £ 0,2
n, K, K(Q=%1) | 1,20 £0.015 | 1.8 % 0,1 2,72 0.4
Lo ' )
+ +

Total 1.20 < 0.05 1,60 = 0,04 1.9 £ 0.2
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Figure Captions

Fig. 1.

i

Fi

Ze

o

5’.

(Kn) nass distribution, Tie thick line histogram is from
reactions KiK+nn end Kok nm ond with [I_| = 1/2; the thin line
histogram includes reactions Koﬁonn. The dashed curve is phase
space and the full linc is phase space plus a Breit-Wigner

distribution.

(nn) with-IZ = 0, il mass distribution from all reactions. The
thick line histogram is the mass distribution of (n+n“) and the
thin line includes that of (nino>. The dashed curve is phase
space and the full line is phase space plus a Breit-Wigner
distribution, o

+ - —=0_+ = + = 0 O = + + —

(n i ﬁo) mass distribution for reactiouns KlK T and KlK T T no.

The thick line histogram corresponds to reactions where there is
no (ntn) or (nino) ass combination in the p interval»(700 - 800
MeV), The dashed curve is phaée space and the full line is phase
space plus a Breit-Wigner distribution.

KOK+R— and KOK—n+ mass distribution from the reactions ﬁiK+n_n+nu
and KK n+ﬂ+ﬂ . The thick line histogram is the mass distribution
of (K%K shich has I = 0, The dashed curve is phase space and

the full line is phase space plus a Breit-Wigner distribution.

- - .
a) (Kxn) with I = x 3/2 mass distribution for reactions Kinn~%*n 1
and koKfn+n+n*no} The thick line histogram corresponds to the
=t T

K T comblnatlons. Ti¢ dashed curve is phase space. and the

full llno is phaso space plus a Breit-Wigner distribution,

b) (K n) With IZ = - 5/5 mass distribution for the same reaction
as in Fig, 5a but with 3.0 GeV/e primary momentum of antiprotons
only. Tﬁelthin line histogram represents Monte~Carlo events
with p and w included (sce text), and the thin line curve is

phase space.

. : . O 0 s .
Mass distribution of Kl [ho] ni  combinations from events

consistent with the interpretation pp - n*n_Ki[KO]nﬂ .
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Figure Captions (contd.)

. . . . =0 0 _~
Fig., 7. a) Angular distributions of ¥ plus reflected K ,K plus reflected
+ - + . i .
Ky, and n plus reflected n, for 3, 4, 5 and 6 body final states
respectively, each containing a charged kaon.

. ) . W = =0 = =0 ke .
b) Angular distributions of # , X', K , K K including
’ 9 ? H

. . . + 0 -t *0 F+
reflected distributions of o, X', X, K , K ") for the sums of
3, 4, 5 and 6 body final states containing a charged kaon,
A . ) 0 .
Angular distributions for . 's and w 's are symmetrized around

cos Gx =0,

. . R . o - * " R
Fig. 8, Angular distributions of w's, K's and X 's for primary momenta

of antiprotons 3.0 and 3.6 plus 4.0 GeV/c respectively.

- =0_+ 0= . . . ]
Pig. 9. a) Histogram of KlK and KlK c¢ffective masses with normalized

phase space curve.

" b) Weighted histogram of ﬁiK+ and KiK“ vith W = cos’6® normelized

to the same area as on Fig, %a,
. + n
Fig, 10. Constant area ideogram of the (K T ) and K

i+

n,) cffective masses

+— ©

having maximum u in the reaction pp -» K.K'©n + c.c.

P+

Fig. 11, Constant area ideogram of the (Knn) and

O ~ = O

KiK ) effective masses

. . . . = =0+ =~ 0
having maximum u in the rcaction pp - KlK T T + C.C,

+ .

. , . - O = + . .
Mg, 12, a) Constant areca ideogram of the (KlK T ) effective masses having

. . . - =0 4+ + = -
maximum u in the reaction pp -~ KlK T T T + C.C.
o4 % NS
b) C.I.S. angular distribution of the (K K = ) combination having

. . .- O 4 + == :
. maximunm v in the reaction pp KlK T T T + C.Cos

_—
, . n O . ‘ .
c) Constant arca ideogram of the (th n+) effective masses having

. . . - =0_+ = 0O
maximum u in the reactions pp Q-KlK T T + c.C.
=0 _+ + — -
- KlK T T T + CeCo,
=0 _+ + = = 0
- K1K T T TT + C.C.
4 1

d) Scatter plot of the (KiK B

. . L= =0 + + = = 0
maximum u sclection for the reaction p > KK annmnmmn -+ C.C,
I 1

n + =0
) mass versus (W T ) mass under
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