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- ABSTRACT

‘We present evidence from a study of multihadronic final states
produced 1n,e+e annihilation at center-of-mass energ1es between
3.90 GeV and 4.60 GeV, for the production of a new neutral state
‘with mass 1865 + 15 MeV/c and decay width less than 40 MeV/c
that decays to‘K 7 and K v+n w;. The recoil mass spectrum for
this state suggests that it is produced.only in association with

systems of comparable or larger mass.
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We have Qbsefved narrow peaks neat 1;87'GeV/c2 iﬁ tﬁe»invafiant
mass spectra for neutral combinations of the charged_parﬁiclés Ktﬁ_
(K7) and K#n-wtn; (K3ﬁ) produced in efe- annihilatioﬁ. The.agreement
in mass, width, and recéil mass spectnmfﬁ;r these ﬁeaks strbngly |
suggests they reﬁresentbdifferént'decay modes of the same object;:
The mass of this state is 1865 * 15 Mev/c? and its decay width (FWEM)
is iesé than 40 MeV/cz‘(90% confidence 1éve1). The state appears
tb:Be pfpduéed on1y'iﬁ association with systems of éoﬁparable or
higher méés. | | |

| Oﬁ;.reSults'afe based on studies of multiﬁadronic events
,:ecorded by tﬁe SLAC/LBL magnetic detectof opefatiﬁg at the Sténfofd'
LinearAcceleratoriCénter colliding beam facility SPEAR;, Deécriptions'
of the detector and event selection ﬁrocedures havé been pu_blished]."2

A new feature in our anaiysis is the use 6f time-of-flight |
(TOF) informatiqn'to help identify hadroms. The‘TOF system includés
48 2.5 cm x 20 ém x 260 cmvPilét Y scintillation cpdnters arfanéed
in a cylindrical array immediately outside the tracking spark
chaﬁbers at a radius ofvl.S m from.the beam axis; -Both énds of
each counter are Qiewed by Amperex 56 DVP photomuitiplier tubgs
(PM); anode éignals from each Pﬁ'are sent to separate TDC's, ADC's,
and latcﬁes. Pulse height information is'usea to correct times
givén by the TbCfs. The‘collisioﬁ time isvdérived from a piékup
elegtrode that senseé the paséage_of the 0.2 ns long beam pulses;
the'period between successive collisions is 780-ns.‘ R@n—to—run
" calibrations of the TOF system are performed with_Bhabha scatteiing

(e+e_ > e+e-) events. The rms resolﬁtion of the TOF system is



0.4 ns.

Evidence for a new state in the Ky system was found émong
29,000 hadfonic events collected at center—of-mass (c.m.) energies
_between 3.90 and 4:60 GeV. As shown by the top row of Fig. 1, a
significant signal appears when we simply cqnéider invariant mass
spectra for all pqssible neutral combinations of two charged
particles assuming Both m and K masses for the particles as was done
in our previous search for the production of narrow peaks.4 Through
kinematic reflections, the signal appears near 1.74'GeV/c2for the
n*nf hypothesis kFig. la), 187 GeV/czin the case of K+n— or K—n+
(Fig. 1b), and 1.98 GeV/c’for K'K™ (Fig. 1lc).

To establish the correct choice of final-state particles -
associated with these peaks, we use the TOF information. Because
‘the typical time difference betwéen a m and a K in the Kr signai is
only ébout 0.5 ns, we have used the following technique to extraét
maximél information on particle identity. First,'tracks
are required to have good timing information |
from Eoth PMjs, consistent'wiih the extrapolated position_of:the
track in the counter. Next, each>track is assiéned probabilitiés
_that it is ajror.K; they are determined from the measured momentum
. and TOF assuming‘a Gaussian probability distribution with standard
deviation 0.4 ns. Tracké with net.(‘nplué K) prébébility less than
1% are rejec’ted.5 Then, the relative 7-K probabilities are fe—

normalized so that their sum is unity, and two-particle combinations

are weighted by the joint probability that the particles satisfy the

particular mor K hypothesis assigned to them. In this way, the
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- total weight assigned to all ﬂﬂ,‘kﬁ, and KKICOmbinatiqﬁs,eﬁuals.the‘ h
number of two—body.éombinations and nO'double—counting o;cufs.'.

Invariant mass SPéctra ﬁeighted by the above procedure are
pteéented in the secoﬁ& row of Fig. 1. We see that the Km hypoﬁhesis’
(Fig. le) for the peak at the K mass 1.87 GeV/c2 is clearly preférfed.
over either n+ﬁ— (Fig. 1d) or kg (Fig. 1f). The areas under'ghé
small péaks remaining in the w+v_'aﬁd K*Kf chéﬁﬁeis are consistent
with the,entife signal Being Kn and the.resulting misidentificatiqnf
of true Krm events expected for our TCF‘system. From consideratibn
of‘poséible residual un¢ertainties in tﬁe TOF caiibration, we
estimate that the confidence level for this.signa1~tq arise only.
from n+n_ or K+K— is less than 1%. Assuming the:entifé signal in
Fig.ld,e, and f to be in the Kt channel, We>find é total of 110%25 decays‘
of the new state; the_significance of the peak in:Fig..le.is greatef 
than 5 standard deviations. No signal occurs in the corresponding
doubly charged channels. |

.Evidence for the decay of this state to neutral combinations_
of a chafged\K and threevcharged m's is presentéd in the‘third TOW
.of Fig. 1. Agéin, we employ the TOF weighting technique discuséed
ébove; thé.hadron event sample is the.samg as fhat ﬁéed for ;he Kn.‘
study. Four-body masé combinations are weighted by theif joint
m-K probabilities. In order to recover tracks when an extra
particle is present in the TOF counter, or when they miss a cpunter,
‘all tracks failing the timing quality criteria are called.n.

As can be seen in Fig. lh, a clear signal is'obtainéd iﬁ tﬁé

 K3nm system at a mass near 1.86 GeV/cZ. No corresponding signal is
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- evident at this mass or the'appropriate kinematicaliy reflectéd

’ _ N T + -+ - o
rass for either the m m w m or KK m m systems. We estimate the

number of K3 decays in the 1.86 GeV/c2 peak to_be1124i2l, an effect

of more than 5 standard deviations. ‘Again, there is no signal in

the corresponding doubly éharged chanhel;

To determine the masses and widths of the peaks in thérkn and

K31 mass spectra, we have fitted the data representedvby Fig. 1

with a GéusSian for the peak and linear and quadratié background

terms under varioﬁs conditions of bih siée, event selection. criteria,
Qﬁd kinematic cuts. Mésses for the Kr signal centef_at 1870 MeV/cz;
those for the K37 signal centér at 1860 MeV/cz. The spread iﬁ
central ﬁass valueé for fhe various fits is‘f 5 MeV/CZ- Within the
statiétical errors of T 3 to 4 MeV/cz, the width§ obtained by these

fits agree with those expected from experimental resolution alone.

. From Monte Carlo calculations we expect a rms mass resolution of

25 MeV/c2 for the Kn system and 13 MeV/c2 for the K3w system.
Systematic errors in momentum measurement are estimated to contribute
a ¥ 10 MeV/c uncertainity in the absolute mass determination, and

can account for the 10 Meyéamxs difference observed between the

-Km and K37 systems. Thus, both signals are consistent with being

decays of the éame state apd; from our mass resolution, we deduce a 90%
confidencellevel-uppef'limit of 40 MeV/cz for.the decay width.of
this state; | |

In Fig. 2, we show the spectra of masses reéoiling.against
neutral Km and‘K3ﬂ systems in the signél'regiog. The entries afe

weighted by the TOF likelihood as discﬁssed above. Background



estimates_aré obtained by plotting‘émooth gurvesicorresﬁoﬁding to

the fecoil.speétra fér K and K3nvihvariant mass combingtionéiin
bands on either side of the signal regiop. .The normalizations df'
-these curves are fixed by the areas pf'the respective control regions.

From Fig. 2 we find no evidence for the production'of‘recoil
systems having masses less than or equal to 1.87 GeV/c2 in‘either
spectruﬁ. The Kn data of Fig. 2a show a_large sigﬂal'for recqil
masses in the range 1.96 GeV/c2 to 2.20 GeV/c2 with contributiohsup to
Z.S:GeV/cz.'The K37 recoil mass spectrum (Fig.‘2b)vhaé more background, -
“but appears to be consistent with the K épecfrum. These spéctra
suggest thét the K7 éﬁd K3rm systems aré produced with'threshblds
occuring above 3.7 c.m. energy; more detailed interpretations of
Fig..z are médg difficult by the broad fange of c;m. energies over
which this data sample was collected.

As a further test of this apparent threshold behavior, we have
vexamined 150,000 multihadronic events collected at the y mass ‘_
(Ecm= 3.1 GeV) and 350;000 events at the w' mass (Eém= 3.7 GeV) for.
Kr and K3w signals near 1.87 GeV/cz. Because of the large cascade :
decay fate6of, V' to.w and the large=se¢ohd-order electromagne;ic
decay rate7of the ¢, the resonance events contain 72,000-examp1es
of hadron production by a virtual photon of c.m. energy 3.1 GeV.
From fits to invariant masé épectra (with the signal_maSS‘near‘1;87
GeV/c2 we find no Kt signal larger thén 0.3 standard.deviations and
no KBn signal larger than 1.2 standard deviations in this large
sample of'éQénts. The upper limits (90% CL) are 60Aevents_for the

Kr signal and 200 events for the K3w signal.
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The threshold behavior noted above as well as the narrow widths
argue against the interpretation of the_structﬁre in Fig. 1 as
being a conventional K*, é.g., the strange counterpart of the
g(1680).

Preliminary Monte Carlo calculations to estimate Qetection
efficienciés for the two modes have been performed;-preéent syste-.
matic uncertainties in these detection efficiencies could be és
large as * 50%. Our estimate of the cross section times Branching
ratio ¢.BR (errors quoted are statistical)’averaged over our 3.9 GeV -
4.6 GeV c.m. energy data is 0.20 * 0.05 nb for the Ky mode and
0.67 t 0.11 nb for the K3y mode. These are to be compared with
the average total hadronic cross section Op in tﬁis energy region
of 27 + 3 nb. We havealso searched.'for these signals in the events
at higher c.m. energies. In our previous search for the production
of narrow peaks4 at 4.8 GeV, there wasva small Ky signal at
1.87 Gev/c’ corresponding to ag.BR of 0.10 T 0.07 nb. This signal
set the upper limit quoted in the paper (o.BR < 0.18 nb for tﬁe Km
system of mass between 1.85 and 2.40 GeV/cz) but lacked the
statistical significance necessary to be considered a convincing
peak. The value of 6T at 4.8 GeV is 18 + 2 nb,z In the c.m. energy
range 6.3 GeV to 7.8 GeVJthe K7 0.BR is 0.04 ¥ 0.03 nb and the
avérage or is 10 * 2 nb.

vin summary, we have observed significant peaks in the invariant

-tz *ie- )
mass spectra of K7™ and K m'm m that we associate with the decay
~ of a state of mass 1865 t 15 MeV/c2 and width less than 40 MeV/cz.

The recoil mass spéctra indicate that this state is produced in



association with systeﬁs of compafable or larger mass.

We find it significant that the threshold energy fpr pair-
producing this state lies in the small interval between tﬁe Véry
narrow §' and the broader stfuctures present in e+e- annihilation.
near 4 GeV.8 In addition, the narrow width of this state,‘its
produétion in association with systems of even greater mass, and

the fact that the decays we observe involve kaons form a pattern

‘of observation that would be expected for a state possessing the

proposed new quantum number charm.g’10
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Figure Captions

1. Invariant mass spectra for neutral comblnatlons of charged
' S +
particles (a)n T assigning T mass to all tracks, b) K T

'-_assigning K and' 7 masses to all tracks, c) K K assigning KK
. by
- mas$ to all tracks, d) n T welghted by T TOF probability,
R
: e) K n+ weighted by Kr TOF probability, f) K K weighted by

: -+ -
KK TOF probability, g)n T weighted by An TOF probabllity,
+_-"_+:’-_ :

h) KT rm 7 weighted by.K3n TOF probability, i) K K- ﬂ‘ﬂ

weighted by KKnm TOF probability.

2. Recoil mass spectra for combinations in the K and K3w peaks.

(=4 A

Smooth curves,-obtained from combinations whose invariant masses

-are on either 51de of the peak mass region, are estimates of the
+ _ .
- background, . (a) K P s peak mass reglon of l 84 to l 90

GeV/c ‘and background mass regions- of 1.70 to 1.82 GeV/c and |
: 4+ - 4 -
¥
1.92 to 2.04 GeV/c . B KT n+, peak mass region of 1 84
to 1.88 GeV/c2 and background mass regions of 1.74 to 1.82

GeV/c2 and 1.90 to 1.98 GeV/cz.
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