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Introduction
At the Siena Conference, we presented(l) evidence for a (KKmn) resonance
with a mass ~ 1410 MeV and a width ~60 MeV, It was observed in the following

channel of (P p) annihilations at rest:
- [o) i- ; 4
pp-——> Kl K= 7 = o (1)
Recently, all the measurements on the available film have been completed
and a final sample of 316 events corresponding to channel (1) obtained.

This is to be compared with 144 events presented in the original publication.

In this paper we propose to :
a) show that the complete sample reproducesclosely the initial results
b) discuss more thoroughly why we believe the enhancement to be more likely
a resonance than a spurious effect
‘\q) present the results of a search for the (KEm) enhancement in other KK3m
final states, and finally

d) give the available information on the properties of the resonance.
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Experimental mass—squared distributions

Ag indicated in reference (l), the mass~squared distributions of all possible
combinations between particles in the final state of channel 1 have been studied,
Although deviations from phase space are observed everywhere, only the (x W)I _F 1/2

_ - ; : ; . 5 = - ,
(K K) and (KKR)QZO

resonances with not too large widths ( Tz 100 MeV). These deviations happen,

systems show deviations which could, in principle, represent

however, to be in close connection. Thus the (K ﬂ)Ir._ + 1/2 enhancement — which
. = %

corresponds approximatively to the characteristics of the normal K (888) - is

contained within the (KKmn) enhancement, while the (KK) enhancement shows up near

the Kﬁ - KX overlapping region.

The first question that arises is the following: is it possible to_account
for the different observations by considering that the only true resonant“éfféét"
is the well-established K (888) ? In particular, the Mg(KKn) distribution should
not - as we did at Siena - be compared with the expectation of pure invariant phase
space but with a distribution taking into account the strong p-wave (Kn) interaction

(2)

possible in the final state of channel 1 . We have tried to find this out after

3)

the procedure used by Bouchiat and Flamand( when considering the final state
Pp-—> XK KOqn ,
| We have computed the phase space integral

[ o5 a5 5 ¢ 2
| ey - ) sy, -0 (2)

taking a matrix element, M, of the form

M a L + L + L + 1 (3)
S

x % b3

S "S +‘ s e e e 0000080 EEERY]

13 in” [ 514 So3 | 24"

where Sij denoted the effective mass-squared of particles i and j and where the

labelling is as follows :

- ~ ") T
KO K n+ n+ T KO K+ T T T . [
1 2 3 4 5 1 2 3 45 *
The (Kn) interaction is inserted in (3) in the form of the KX (Breit—Wignef

%
function defined by m = 888 and | * 50.>
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The coherent addition ofithe ampiitudes involving 813 and 814, on the
one hand, and 823 and 824, on the other, follows from Bose statistics; however,
(3) does not represent necessarily the complete amplitude, as we do not know the
spin and parity of the system : adding coherently the two resulting amplitudes
is not compulsory but gives the largest interference and leads, a priori, to a

+
. o T
concentration of (K K ) masses at low values.

The result of integrating equation (2) is given in Figure 1 together with
the experimental M- (KEr) distribution; in Figure 2 the result of & similar inte-
gration for the MZ(KK) distribution is compared with the observed distribution.
Clearly, the calculations do not reproduce the experimental results and, on this

ground, we propose the existence of a strong (KKm) interaction or resonance which

we call E,

Pais 22@ Nauenberg(4), and later Oakes(B), have pointed out that the Peierls
mechanism(6) Kx K —> K KX leads to an enhancement in (KKR) masses Very“close
to our observed central value of 1415 MeV, Of the two really sensitive testé
suggested : angular distribution of the emitted K with reference to the line of
flight of the incident K and strong assymmetry (rapid rise to the maximum followed
by a slow decrease beyond it) of the mass—-spectrum, the first is not applicable
to our experimental conditions while the second has only been worked out qualitatively(S)
and does not, in particular, take account of phase spéce limifations. Thus, although,
as we see below, the M2 (Kﬁn) distribution does ﬁot show any'markéd deviation from

symmetry, we cannot exclude this interpretation.

Mass and width of the B ——> KKn

Inspection of the histogram M2 (Kkn) for total charge Q = 0 (two combinations

per event) and Q =2 (only one combination per event) suggests strongiy the
following simple model: one of the two M2 (Kﬁn) combinations with Q = O gives
almost invariably a contribution to the enhancement centered at 2,0 GeVZ, the

other @ = 0 and the Q = 2 combinations behave quite similarly and contribute only
to the broad shoulder in the low mass reéion, which can then be considered to be
the reflection of the resonant combination, Subtraction of the Q = 2 distribution
from the Q = 0 should result then in a M2_(Kin) distribution containing just the
resonant effect. That this is compatible with the experimental results has been
verified in é~ooa£ter diagram of the two (Kin) combinations with Q = 0; the number

of double combinations falling within the peak agrees well with the model,
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In Figure 3 the subtracted histogram is shown; it can be seen to fit rea-
sonably well with'the assumption of 100 o/b E-production in channel (1), The super-
imposed curve is the result of multiplying the expression (2) by a (KKn) Breit-Wigner
function with M = 1415 MeV/c2 and | = 70 MeV. A best fit has not been attempted

but the errors in M and | are not expected to exceed : 15 Mev2.

Search for E in other channels

Besides channel (1), there exist the following five~body channels containing

at least one K; — n+ n decay in the final state:

0.0 + - 0

Kl Kl T TN T (a)

Ki 8wt n° n° (v) (4)
o.0 + =~ o

Kl K2 T T T (c) .

Channel (4a) is readily detected from the kinematical analysis of events corres—

ponding topologically to a two-pronged annihilatiog with two visible Kz - decays
—— + —-—
associated to it. Channel (4b) is observed as Ki K= nt M and (40) as Ki T n M

in both cases, M stands for a mass larger than that of one n after taking account

of measurement errors. The identification of M with no + ﬂo in (4b) and to Ko no in
(40) follows from the fact that we have very seldom found in our sample annihilations
into a KK pair’plus'four pions, From the number of events in channel (4a) and the

: ‘ K —-> @t m~ 0.0 + =~ o0

= 2, one can deduce the number of K1 szn T T

branghing‘ratio
’ KO —-> 70 5©

- - + — — -
events in Ki [ KS/ T T no (Z Ki/ represents .a not seen decay) and, by subtraction,
different mass-distribution in (40) can be established statistically. The relevant
results obtained from the analysis of channels (4) are :

+ -

(4a) is strongly dominated by wo (o' n no)—production, but in about 100 events

not corresponding to Ki K; wo we find no evidence for an enhancement (Kz Ki ﬂo)
+

or (Ki Ki n7) anywhere — in particular in the E mass region,

In (4b) only the W (Ki K™ 7") can be studied directly, this distribution is shown

by the dotted line in histogram of Figure 3. It is noticed that the distribution

+ -
follows closely the resonant Q = 0 distribution in the system (Ki K= ﬂ+) of channel

o T + - oo . . . .
Kl K- nt 1 7 ; there are no indications of a reflection coming from a possible -

+
but not directly observable - enhancement in (Ki K- ﬂ0>,

Channel (4c) is weakly - if at all - present, as can be seen from Figure 4, where the
0 (K; K; 7°) in chamnel (4a) and W° (Ki M) - which is most likely M (Ki k% %) -
in channel (4¢), are displayed,
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Pogsible guantum numbers of the E-resonance

I-spin:
The isospin of the (Ki K:t n;)—system can be 0, 1 or 2, The absence of the
E in the Q = 2 charge state eliminates the I = 2 probability.
As it was said in the previous section, no direct or indirect evidence in
favour of Ei has been obtained and thus it is very likely that the isospin of the

E is zero, In the following considerations IE = 0 will be taken for granted,

Spin and parity:

To speculate about the spin and parity of the E we have two sources of

information, The first one is the population of the Dalitz plot (Figure 5).

Unfortunately, besause of the fairly large width of the E, the contours corresponding
to the lower and higher values of the mass are very distant from each other. This
mekes difficult a study of the population of the plot - even if we split the plot

into two (KKmn) mass-bounds as has been done in Figures 6a and 6b. Nevertheless, a

concentration of events in the KX overlap region is clearly seen; the explanation
of the concentration of events in the top-right region of the Délitz plot is not
unique : we_could as well say that the Dalitz plot shows a concentration of events
for lowv(Kﬁ) masses; however, we shall limit ourselves in the following to the
hypothesis that the Kiiii production plays a dominant role for the interaction; then,
one sees from the Dalitz plot that the decay angular distribution of the Kx does
not follow a cos2@ rule, ‘ _

In the same hypothesis; the second source of information is the angular
distribution of the K§E in the centre of mass of the E-resonance, Due to the fairly
abundant number of E decays in which both the (K n) and (K n) combinations give
masses compatible with the Kif'mass, it is not possible to give clearly this
angular distribution., Whenever there is ambiguity, both values of the angle have
been used in the distribution of Figure 7. If we use only those decays of the E
for which only 1 KX occurs, the distribution still looks isotropic but, of course,
the statistical accuracy is greatly diminished,

We assume that the annihilation 5 p proceeds from S=-states. The experimental
branching ratio:

P —=> 2’ 5° 5° /pp == o= 196/316 :.0.62 x 0,06 strongly supports
the hypothesis that the reactions occur in a I = 0 state; indeed, the experimental
ratio 1s just compatible with the expectation for this case, namely 0.5; any contri-

bution of I = 1 state would decrease this number,
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The final state B> 7’ n° being a pure C state imposes severe constraints
on the possible quantum numbers of the E resonence:
a) If the charge conjugation of E is + 1, that neans, 1SO initial state for EO 70
production and if I(E) = 0, then Gy = + 1 and G (KK) = - 1, Since I (X%%) = + 1,
the angular momentum state of the KK system must be even, The spin-parity of the

- + -
E is then given by P = (-1)J i, 0,1, 2, —,

For 0 assignment the KX K relative angular momentum is 1, that implies a
2 3
cos © Ky decay angular distribution with respect to its line of flight in the

Bem since this is not consistent with observation we exclude O ,

+ .
Now 1 is also improbable for the E, The argument is the following : the

predicted angular momentum for E production is :

final state

i
{

cdnitial stat

H
i

! + + + -
18 c=+1 j ; O+ - 0 form 7, since its c is + 1
o - E non .
s like E ~
A L=1
¢c=-1 o1 - +
- B "i%ﬁ_ 1 form 7m , since its ¢ is - 1
3 _ N to have a global ¢ = - 1
Sl P==-1 L =0

4+ -
Therefore we have no selection rule to forbid I-spin 1 for m = , in contra-

diction with what has been said above,

b) If o = - 1, the initial state for £° 7° n° production being now 381, then
GE = - 1 and the lowest angular momentum of the KK -~ gystem is 1,
- - -

The possible quantum numbers are then O , 1 , 1, 2 , -——,
0" is excluded for the same reason as for cp = + 1
+
1 is also improbable for the same reason as for CE =+ 1

+ =
lS 1 l+

-~ although the argument is weaker, becausé the smaller

L=0 statistical weight of the 1S  state.
+ + 0
3y 1 0,
1 E T T
~— B 7"
L=1
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1~ seems to be favoured by the fact that the lowest angular momentum

configurations are

1 1 1
So E o
S
L=1
3 1" o _
1 E T -7
~
L=0

and here centrifugal barrier considerations can exclude So'

In conclusion one can say that of the simple JP possibilities, we have
Jjust examined, the 1~ seems to be *he best one., It has to be noted,.however; fhat
we have not strongly excluded 1+. Furthermore, the effects of the overlapping Kx
within the E - resonance have not been taken into account and conséquently only

quantitative arguments are possible, The resulting charge conjugation'Quantum

number assignment Cn = - 1 meets with the difficulty that no E —=3 K; Kg n° decay
has been seen, The fact that no E - K; K; 7° (this would imply cp =+ 1) has been

seen does not help, therefore, in the determination of'cE;
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