EVIDENCE FOR A NON-STRANGE MESON OF MASS 1290 MEV
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In this letter we present evidence for the existence of a non-strange
meson with a mass M = 1290 MeV end decaying into K K 7 final state and discuss

(1)

possible quantum number assignments for this particle '™ ’.

1) The results were obtained from en enalysis of pp annihilations invol=-
ving at least 1 visible K{ decay. The film under study was taken in the Saclay
81 cm HBC exposed to a beem of 1.2 GeV/c p from the CERN P.S.

The events presented represent the complete film sample. A& detailed
estimation of the path length is not yet availeble, but to roughly 20 % accu-

racy one event corresponds to a crouss=section of 150 nanobarns.
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In what follows, we limit our discussion to the following categories

of events :
(1) PP a.KT BE 323 ev.
(2) o+ KS KO o 326 ev.
(3) PP > KO K= oF M 236 ev.
() oK 470 ev.
(5) oD +-K? K= W:F+ﬂ-ﬂo 122 ev.
(6) o > KO K= q¥n® 1621 ev.

"M" in reactions (3) and (4) stends for the mass of 2 or more missing neutrals.

We discuss first reactions (1), (2), (3). Of the well established
resonances only K¥ and v are produced copiously in these channels. Because of
its narrow width we can subtract out easily the events showing u production in
reaction (2)., In the subsequent discussion we limit ourselves only to the 182

examples of thet reaction which remain after this subtraction.

The K* (890) is produced especially strongly (~ 80 %) in reaction (1) ;

its presence results in considersble deformation of the mass spectrum of the
(KKrm) system ; however, it does not affect sensitively the low mass region

(M < 1.350 GeV).

Fig. 1 shows the combined effective mass squared distributions for
all neutral, (fig. la) single (fig. 1b) and double (fig. lc) charged KKn com-
binations aveilable for reactions (1), (2) and (3). We have not included in
fig. la the mass squared of the K°M system from reaction (4) (fig. lg) because
of the impossibility of subtracting the w events and the presence of the KK 4
events, Whereas the charged KKm combinstions show no sharp deviations from
smooth distributions, the spectrum of the neutrel system shows a statisticelly
significant, narrow peak, centered eround M? = 1,67 GeV2, Furthermore, within
the statistics, the contribution to this peak comes from all of the first
three reactions (fig. 1d, e, f). The same neutral spectrum (fig. la) shows &

large enhancement in the region of the E-meson (M2 = 2.0 GeV2) observed in
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the pp annihilations at rest ( ). However, because of the difficulties asso-
ciated with understending the effect of the presence of K*'s upon the KKm
mass spectrum, we postpone the discussion of the possible production of the

E-meson to a future publication.

We next turn to reaction pp - K$ K& p¥r"n°. Exemination of the neu-
tral three~-pion systems demonstrates that the w-particle is strongly produced
in this reaction. We observe again an enhancement in the neutral (KKn) spec=
trum at M2 = 1,67 GeV (fig. 2a). Furthermore, this effect is absent in the
singly and doubly charged KK combinations. We have invéstigated to what ex-
tent the KKm enhancement could be just a kinematical effect due to the pro=

duction of the w meson.
More specifically, we pose three guestions :

@) Is the KKn enhancement seen only in those events which elso contain an @ ?

B) If so is the KK enhancement merely a kinematical reflection of the fact

that the pion in that system really forms an w ?

y) If objection B cen be disposed of, can the KKm enhancement be interpreted

merely as phase space peeking for the KKmw  final state ?

Fig. 2b shows the mass squared spectrum of the neutrsl KKm systems
for those events which do not contain w. The absence of the peak at 1.67 GeV?2

demonstrates that the KKm effect is associated with w events.

Fig. 2c end d show the mass squared spectrum of the neutral KKm
systems for the events containing the w. In fig. 2c that KKm combination was
chosen whose pion does not form part of the w ; the mess of the other KKm
system was plotted in fig. 2d., The comparison of fig. 2c¢ and d disposes of
objection B. Furthermore, for the Kknw final state (fig. 2¢), the cxperimental
spectrum deviates from phase space in the region of 1.67 CeV by 2.3 standard

deviations.
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To summarize,we have observed in different ennihiletion channels a
neutral KK enhencement with no charged counterpsrt. The best estimate for
the central value is 1290 : 3 MeV, where the error quoted is merely statisti=-
cal. An additional shift of up to 5 MeV due to systemstic effects cannot be
excluded. Our best estimate for the full width 1 is 25 MeV with an upper limit
of 40 MeV. Furthermorc, astudy of the errors on the mass of the mnw system
and of the experimental width of the n pesk leads us tobelieve thet the errors
calculsted in our analysis programs ore not underestimated. If this is also
true for the KKn system, then the natural width of the KKy peek is incompati-
ble with zero. In view of these characteristics, in particular the narrowness
of the width, we have ruled out thce identification of this enbancement with
the Ae—meson, although the range of mess presently assigned to the Ae-meson
would allow, by itself, such en identification. Of course, this is a fortiori
true for the £° and B-mesons., Furthermore, agreement of the mass and width
velues of the KKm peaek with those quoted by Miller et al.(l) leads us to con-
clude that we are observing the some phenomencn as the Berkeley group. Accor=

dingly we shall henceforth refer to this effect as the D meson.

We discussnext the production mechanism of the D-meson. As remarked

ebove, the dominant chennel contributing to reaction (5) is the process :

Pp -+ D%° 18 events,

For reactions (1) and (2), examination of the mass=spectrum of the
recoi ling ﬁ+ﬂ- system for the events involving the D [l.6h < M2 (KKm) < 1.72 GeVQ)
shows a concentration of events in the region 700 < M (w+n-) < 800 MeV. This
phenomenon in not observed for the events giving the (KKw)° mass cither just

or
belowvabove the 1290 MeV region.
Accordingly, this suggests that the dominant process here is
pp + D%° 20 events.,

For reaction (3), where the p® is forbidden, there is some indication

for the rrocess

pp + D°n° 8 events.
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To investigate the mode pp -+ D°r°, we have looked at the mass-
spectrum of the neutral (KKy) system for reaction (6). No stetistically signie
ficant enhencement is seen here in the D region. More precisely, the best esti=-

mate for this resction is :

Pp + D°x° 5 events.

We conclude accordingly that the D° is produced meinly via & two=
body production mechanism., Furthermore, the production with the vector mesons
eppears stronger than with the pseudoscalar mesons. The production angular
distributions are consistent with isotropy but because of limited statistics

do not provide a strong test of the S-wave production.

A study of pp annihilations at rest gave no evidence for D-meson

(2)

that Dp and Dw channals are energetically forbidden at rest. Furthermore, if

the I-spin of the D meson is zerc, and we assume S-wave capture(S), then

although the statistics were of the same order'“’., However it should be noted

Pp > Dp and Pp + Dn® are also forbidden et rest for those assignments of

quentum numbers for the D which seem the most likely (see below).

Assuming that the D corresponds to & well-defined state, we try next
to indicate the set of quantum numbers I, G, J, P (dencted by IG, JP) in best

agreement with our data.

For this study we have used a purified sample of D decays : more
precisely, the events corresponding to 1.64 < M2 (K? K: 1%) < 1.72 GeV2 for
reactions (1), (3) and (5), with the additional restriction, for reactions
(1) and (5) that the D be preoduced in association with a p°® and an w®, respec-
tively. In these conditions, the background does not represent more than 30 %

of the sample.

Fig. 3 shows no clear evidence for a (Km) or a (KK) resonance : in
particular, neither the K (725) nor the possible KK states (1025 and 1250)(1’).
However, we connot exclude the presence of the tail of K (890) or strong (KK)
interaction. For the moment, we shall assume that the population of the decay _
Dalitzeplot (fig. L) is governed by the properties of the decay matrix element
as determined mainly by its transformation properties rather than final state

interactions.
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Furthermore, we assume the D meson decays viastrong interactions :
this hypothesis is supported by our experimental results which seem to indicate

that the natural width of the D-meson is not zero.

Let us represent the (KK ) system by a (KK) sub-system with an orbi=-
tal angular momentum L with respect to the pion. Let us dencte by I(KK)’ Q(KE)
and G(Kﬁ) the isospin, engular momentum and G-parity of the (KK) sub-system.

G-parity
Since we are dealing here with the K° K" and K° K~ systems, we have
I(Kf) = 1, Furthermore, the non-venishing of population density at the low
mass end of the XK spectrum leads us to believe that i(Kﬁ) = 0 is dominant.,
Then,
G =(—1)1ﬁ+£ﬁ=-1
(KK)

and GD = G(Kf) G =41

T-spin

The presence of the reaction pp -+ D%° excludes the possibility
I = 2, The non-observation of charged D, however, does not necessarily forbid
I
C

in principle provide the information on the I«spin. Furthermore, the observa=

1, so thet we are left with the two possibilities, I = O, and I = 1, Since

G (= l)I for a neutral system, the completely neutral decey mode of D° can

tion of the reaction pp + D% allows us to predict a minimum number of events
of the type Sﬁ » DX p+ that must be observed if I = 1, Accepting the previous
determination of G parity and using the fact that we observe v 25 examples

of D° + KJ K= % in reaction (1), of which ~ 18 are produced in association
ﬁith the p, the expected(*o and observed number of events for each hypothesis

is shown in table I.
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TABLE I - No. of events expected end observed

Expected for I = 0| Expected for I = 1 Observed

Reaction (2) :
(=] (] o] o]
D® = Kl Kl T

\
I+
|l
o
oo
1+

Reaction (4) :
D° » K9 Ky 7° 5

7on°

i+

-3
1+
On

Reaction (L) :

Do +—K? K; 4O 0 undetermined

Reaction (2) :
- b +

PP * D= p+ 0 > T=2 0
o+ > Kl Kl m+

1+

Although the data favor I = 0 hypothesis a rigourocus exelusion
of T =1 is impossible,

Spin-parity
8till using the above hypothesis E(Kﬁ) = 0, the spin J and parity P of
the D-meson ere given by :
J = L

P=(-1)¥

Under the assumption of no final state strong interaction the kinetic energy
spectrum of the pion, divided by phase space factor should be flat for L = O
and follow pi end p: laws for L =1 and L = 2, respectively. The data are

inconsistent with the L = O hypothesis, but cennot discriminete between L = 1
and L = 2(*’6. Thus the most logical assignments for the D meson, if we limit

oursalves to J g 2, seem to be 3% = 1% and 27,
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Howener, if we interpret the observed population density in the Dalitz=
plot as being due to a strong S-weve interaction between the 2 K mesons, then

0" assignement for the D-meson is also consistent with the data.

The decay distribution of the (KK) sub=system with respect to the

pion direction is isotropic, in agreement with all of these possibilities,

This set of quantum numbers forbid the decay mode D » KK ; en investi=
gation of the KK mass spectr#for the reactions 5@ + KKny shows no enhancement

in the region of the D-meson.

We conclude theat we observe a resonant state D decaying into KK

with a mass of 1290 MeV end a width T ~ 25 MeV.

On the assumption that the decay observed is a strong decay, the
. o + + . :
best quentum number assignments seem to be I = 0 or 1 , with the former slightly
favoured, and gF =1t or 27, with 0" not completely excluded. These conclusions

(1)

are in agreement with those reached by D, Miller et al. ”

If these assignments are correct, then for IG = O+, nmn and bLr should
; ; +
be the simplest competing decay modes, wherecas for IG = 1 , wr should also

compete favourably.
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(¥) The production retio R = pp + Dip:/Eﬁ + D%°® must satisfy the requirement
R > 2. However for I = 1, C = = 1 hypothesis our detection efficiency is

. . — + - - .

6 times higher for the process pp + D%°, D° » K K= m+ then for pp + Dtp+.

Thus experimentally we must have R 3 » For T = 0, C = + 1 hypothesis,

1
"3 + -
the expected ratio for D°® + K§ K{n®/D° + K9 K= m+, after teking into
account the detection efficiency for Kfvis 1/6. This retio is undetermined
for the I = 1, C = = 1 hypothesis because of the prescnce of 2 independent
amplitudes in the D decay under this assumption, i.e. IKf{- = 0 and IKZR_ =1,
In quoting the number of expected events we have taken intoeccount the fact
that corrections for embiguous and unmeasurable events are slightly diffe-

rent for reaction (2) than for reaction (1).

(%%) The discrimination between these 2 possibilities is furthermore complicated
by the fact that for JP = 2 we can also have { = 2, L = 0 component, A

small contribution due to this component is not excluded by the data.




FIGURE LEGENDS

Fige 1 - (a), (b), and (c) - Effective mass squared spectrs for the neutral,

Figo 2 -

Figo 3 -
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singly, and doubly charged KKy systems, respectively, available from
reactions (1), (2), and (3).

(d), (e), and (f) - Effective mass squared spectra for the neutral

KKv systems from reactions (1), (2), and (3) respectively.

(g) = Missing mass squared spectrum for the K{M system for reaction (k).

Effective mass squared spectra of the neutral KKn cowbinations from

the reaction pp »—K?Kinxw+ﬂ-w°.

(a) Both combinations for all the events.

(b) Both combinations for non-w events.,

(c) Combination recoiling against the w, for w events. The phase
space curve is normalized to all the events,

(d) Tat combination for the w events which includes the pion which

also forms the w.

Effective mass squared spectra of the KK end Kr systems for the events

in the D region. The curves are phase space predictions.

Delitz plot for the events in the D band (1.64 < MZ(K%KZn¥) < 1.72 GeV2).
All kinetic energies are evalueted in the KKw rest frome. The contour

to a high degree of accurecy independent of the mass of the KKm
system, The contour, to a high degree of accuracy independent of the

mass of the KKn system, has been evaluated for M (KKr) = 1290 MeV.
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