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ABSTRACT
We report evidence for the production of a new narrow charged state in
e+e- annihilation at a center of mass energy of L4.03 GeV. Tﬁis state, which
has a mass of 1876 t 15 MeV/c2 and a decay width less than 4O MeV/c% is observed as

-+ +
a sharp peak in the invariant mass spectra of the exobtic channel K%ﬂ-ﬂ-, but not in

the corresponding non-exotic channél K;H+ﬁ-. It is produced primarily in assoc=-
iation with a system of mass 2.01L T 0.02 GeV/cE. These production and decay
characteristics are just those expected of a charged charmed meson. Further-
more, the proximity of its mass to that of the previously reported neutral

2
state with mass 1865 MeV/c™ suggests that they are members of the same isospin

multiplet.
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In a previous Letter we reported the observation in e+e_ annihilation of

- +
a new narrow neutral state of mass 1865 MeV/c2 which decays into K'n” and
- +
-4 -
Kfﬂ»ﬂ s 2} This state was observed in 29,000 hadronic events in the center

of mass energy (Ecm) range 3.9 to 4.6 GeV. To study the properties of this
state and to search.for other new states, we subsequently obtained 19,000
additional events at a fixed Ecm of 4.03 GeV. TIn these new data, there is
clear evidence for a new narrow charged state of mass 1876 T 15 MeV/c2 which

-+ +
decays into the exotic channel K%ﬁ—ﬂ-, but not into the normal K* channel

K;H+ﬁ-. This behavior is Jjust that expected for the weak decay of a charged
charmed meson.

The datawere cbtained with the SIAC-IBL magnetic detector at SPEAR.3
Ecm‘was chosen to be 4.03 GeV because the total hadronic cross section appears
to peak at this energy after a very sharp rise, indicating the possible
existence of a resonance or a threshold for new channels.u The analysis
techniques are substantially the same as those used in Ref. i. Briefly, each
particle in a multihadronic event is assigned a weight proportional to the
probability  that it is a x or K. These weights are determined from the
measured momentum and time of flight over a 1.5 to 2.0 m flight path using a
Gaussian time distribution with O.4 ns standard deviation. The w-K weights
are normalized so that for each track their sum is unity. All possible com-
binations of tracks and particle hypotheses are made with each combination
weighted by the joint probability that the tracks satisfy the particular par-
ticle hypotheses assignéd to them. |

Invariant mass spectra for Kmnm mass combinations weighted in the manner
explained above are presented in Fig. 1. In Fig. 1(a) there is a peak near
1.87 GeV/c2 in the exotic channel K-nfﬂt with a statistical significance of

greater than five standard deviations.5 No structure is seen in the corres-



ponding non-exotic channel, K#ﬂ+ﬁ- (Fig. l(b)), nor in any other combination of
three charged particles. There is also no structure observed in doubly charged
modes such as K;ﬁ;, K;ﬂ;ﬁ+ﬂ~, or K;ﬁtﬂtnt.
Wé-aave plotted the data shown in Fig. 1 in finer bins and have fit them
to Gaussian peaks with backgrounds given by quadratic polynomials. The mass
-+ +

of the K« n~ peak is 1876 T 15 MeV/c2 where the quoted uncertainty includes

both statistical and systematic contributions. The observed width of the

— ol WL
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K peak is consistent with what is expected from experimental resolution

alone. At the 90% confidence level, the decay (full) width of this state is

less than 40 MeV/c2
, i

Figure 2 shows the mass spectrum recoiling against the K n x peak in
Fig. 1(a). The background is derived from the mass spectrum recoiling against
the same mass region in the K;ﬂ+ﬂ- mode. The K;ﬂtﬁt peak appears to recoil
primarily against a narrow system of mass 2.01L % .02 GeV/cg, whose observed
width is consistent with experimental resolution.

We estimate the cross section times branching ratio to be 0.3 nb
at Ecm.= 4.03 GeV, with a systematic uncertainty which could 3e as large as
* 50%. This value is about half as large as that for the K;ﬁ_ mede of the

neutral state at this Ecm' The total hadronic cross section at k.03 GeV is
33%5 nb.u
i

In summary, we have observed a significant peak in the K'n n mass
spectrum that we associate with the decay of a new state of mass 1876 T 15 MeV/c2
and width less than hO;MeV/cg. At Ecmf= L.03 GeV, the state is produced pri-
marily in association with a system of mass 2.01 F .02 GeV/cg. If this Knn peak
were to arise from the strong decay of a strange meson resonance, the isospin of
that resconance would have to be 3/2 or 5/2. One might then expect to observe

doubly charged decay modes, but no evidence for such modes has been observed.

Furthermore, no strange meson resonance of isospin other than 1/2 has ever
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been observed. On the other hand, the charm theory predicts that the nece-

ssarily weak decay of the lowest lying charged meson with unit charm and zero

- strangeness will strongly prefer exotic over non-exotic decay modes. Thus,

)

thé similarity in mass of this charged state and the previously reported
neutral state, their narrow widths, their recqil mass spectra, t@gir decays
to strange channels, and the decaj of the charged state to an exotic channel
but not to the corresponding normal channels all strongly suggest that they
are the predicted (D+,Do) isodoublet of. charmed mesons.

These data were obtained in a new mode of SPEAR running in which beams
were injected directly into the operating configuration. Substantial gains in
both peak and time—averagéd luminocsities were achieved using this method. We
would particularly like to thank the SPEAR operating staff for their enthu-

siastic efforts.
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FIGURE CAPTIONS

Inveriant mass spectra for Knm combinations from 19,000 multihadronic
-+ -
- - -
events at E_ = k.03 GeV. a) K'xx", b) K'n'x .

14+ A
14+ A

Recoil mass spectra for the K m n peak mass region, 1.86 to “1.90 GeV/ce.
The smooth curve is an estimate of the background obtained from the same

C o + + -
region in the K n w1 spectrum.



WEIGHTED COMBINATIONS/20 MeV/c2
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