SLAC-PUB-1762
IBL-5309

June 1976
(T/E)

OBSERVATION IN e e  ANNIHILATION OF A NARROW STATE
- AT 1865 MeV/c> DECAYING TO K7 and Kmmn™

G. Goldhaber? F. M. Pierref G. S. Abrams,M. S, Alam,
A. M. Boyarski, M. Breidenbach, W. C. Carithers, W. Chinowsky,
S. C. Cooper, R. G. DeVoe,J.M.Dorfan, G. J. Feldman, °
C. E. Friedberg, D. Fryberger, G. Hanson, J. Jaros, A. D. Johnson,
J. A. Kadyk, R. R. Larsen, D. Like!T V. Liith, H. L. Lynch,
R. J. Madaras, C. C. Morehouse,* H. K. Nguyen?QJ. M. Paterson,
M. L. Perl, I. Peruzzi#* M. Piccolo® T. P. Pun, P. Rapidis,
B. Richter, B. Sadoulet,R.H. Schindler, R. F. Schwitters, J. Siegrist,
W. Tanenbaum, G. H. Trilling, F. Vannucci, 'J. S. Whitaker, J. E. Wiss

Lawrence Berkeley Laboratory and Department of Physics
University of California, Berkeley, California 94720

and

Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

ABSTRACT

We present evidence, from a study of multihadronic final states
. + - - . :
produced in e e annihilation at center-of-mass energies between
3.90 GeV and 4.60 GeV,for the production of a new neutral state
with mass 1865 f;;S MeV/ci ani decay width less than 40 MeV/c2

-+

- - - F .
that decays to K5 and K7 7 v . The recoil mass spectrum for
this state suggests that it 1s produced only in association with

systems of comparable or larger mass.
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We have observed narrow peaks near 1.87 GeV/c2 in the invariant
ma§§ spectra for neutral combinations of the charged particles wa_
(Kw) and Ktn;ﬂiﬂ_ (K37) produced in e+e- annihilation. The agreement
in mass, width, and recoil mass spectrum for these peaks strongly
suggests they repreéent différent decay modes of the same ob}ect.

The mass of this state is 1865 t 15 MeV/c2 and its decay width (FWHM)
is less than 40 MeV/c2 (90% confidence level). The state appears

to be produced only in association with systems of comparable or
higher mass.

Our results aré based on studies of multihadronic events
recorded by the SLAC/LBL magnetic detector operating at the Stanford
Linear Accelerator Center colliding beam facility SPEAR. Descriptions
of the detector and event selection procedures have been published]."2

A new feature in our analysis is the use of time;of—flight
(TOF) information to help identify hadrons. The TOF system includes
48 2.5 cm x 20 cm x 260 cm Pilot Y scintillation counters arranged
in a cylindrical array immediately outside the tracking spark
chambers at a radius of 1.5 m from the beam axis. Both ends of
each counter are viewed by Amperex 56DVP photomultiplier tubes
(PM); anode signals from each PM are sent to separate TDC's, ADC's,
and latches. Pulse height information is used to correct times
given by the TDC's. The collision time is derived from é pickup
electrode that senses the passage of the 0.2 ns long beam pulses;
the period between successive collisions is 780 ns. Run-to-run
calibrations of the TOF system are performed with Bhabha scattering

+ - . .
(e e - ee ) events. The rms resolution of the TOF system is



0.4 ns.

- Evidence for a new state in the Km system was found among
29,000 hadronic events collected at center-of-mass (c.m.) energies
between 3.90 and 4.60 GeV. As shown by the top row pf Fig. 1, a
significant signa13~ appears when we simply consider invariagt mass
spectra for all possible neutral combinations of two charged
particles assuming both 7 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/czfor the
ﬂ+ﬂ— hypothesis (Fig; la),1.87 GeV/czin the case of K+n— or K—ﬁ+
(Fig. 1b), and 1.98 GeV/c’for K'K~ (Fig. lc).

To establish the correct choice of final-state particles
associated with these peaks, we use the TOF information. Because
the typical time difference between a m and a K in the'Kn signal is
only about 0.5 ns, we have used the following technique to extract
maximal information on particle identity. First, tracks
are required to have good timing information
from both PM's, consistent with the extrapolated position of the
track in the counter. Next, each track is assigned probabilities
that it is a mor K; they are determined from the measured momentum
and TOF assuming a Gaussian probability distribution with standard
deviation 0.4 ns.: Tracks with net (wplus K) probability less than
1% are rejected.5 Then, the relative 7-K probabilities are re-
normalized so that their sum is unity, and two-particle combinations
are weighted by the joint probability that the particles satisfy the

particular 7 or K hypothesis assigned to them. In this way, the



total weight assigned to all wm, Kn, and KK combinations equals the
number of two-body combinations and no double-counting occurs.

Invariant mass spectra weighted by the above procedure are
presented in the second row of Fig. 1. We see that the K7 hypothesis
(Fig. le) for the péak at thé Kt mass 1.87 GeV/c2 is clearly-preferred
over either ﬂ+ﬂ— (Fig. 14) or K+K— (Fig. 1f). The areas under the
small peaks remaining in the f+ﬁ_ and K%K_ channels are consistent
with the entire signal being Kr and the resulting misidentification
of true Km events expected for our TOF system. From consideration
of possible residuai uncertainties in the TOF calibration, we
estimate that the confidence level for this signal to arise only
from ﬂ+ﬂ— or K+K— is less than 17. Assuming the entire signal in
Fig.ld,e, and f to be in the K7 channel, we find a total of 110f25 decays
of the new state; the significance of the peak in Fig.'le is greater
than 5 standard deviations. WNo signal occurs in the corresponding
doubly charged channels.

Evidence for the decay of this state to neutral combinations
of a charged K and three charged m's is presented in the third row
of Fig. 1. Again, we employ the TOF weighting technique discussed
above; the hadron event sample is the same as that used for the Kg
study. Four-body mass combinations are weighted by their joint
m-K probabilities, In order to recover tracks when an extra
particle is present in the TOF counter, or when they miss a counter,
all tracks failing the timing quality criteria are called .

As can be seen in Fig. lh, a clear signal is obtained in the

K3r system at a mass near 1.86 GeV/cz. No corresponding signal is
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evident at this mass or the appropriate kinematically reflected
mass for either the ﬁ+ﬁ—ﬁ+ﬂ— or K+K—ﬁ+nf systems. We estimate the
number of K37 decays in the 1.86 GeV/C2 peak to be 124i21, an effect
of more than 5 standard deviations. Again, thereAis no signal in
the corresponding dgubly chafged channel. ]

To determine the masses and widths of the peaks in the Ky and
K31 mass spectra, we have fitted the data represented by Fig. 1
with a Gaussian for the peak and linear and quadratic background
terms under various conditions of bin size, event selection criteria,
and kinematic cuts. Masses for the Kn signal center at 1870 MeV/cz;
those for the K3w signal center at 1860 MeV/cz. The spread in
central mass values for the various fits is ¥ 5 MeV/CZ- Within the
statistical errors of T 3 to 4 MeV/cz, the widths obtained by these
fits agree with those expected from experimental resoiution alone.
From Monte Carlo calculations we expect a rms mass resolution of
25 MeV/c2 for the Km system and 13 MeV/c2 for the K3y systemn.
Systematic errors in momentum measurement are estimated to contribute
at 10 MeV/czuncertainity in the absolute mass determination, and
rcan account for the 10 MeV/c2 mass difference observed between the
Km and K37 systems. Thus, both signals are consistent with being
decays of the same state and, from our mass resolution, we deduce a 90%
confidence level wpper limit of 40 MeV/c2 for the decay ﬁidth of
this state.

In Fig. 2, we show the spectra of masses recoiling against
neutral Kr and K3w systems in the signal region. The entries are

weighted by the TOF likelihood as discussed above. Background



estimates are obtained by plotting smooth curves corresponding to
the recoil spectra for Kr and K37 invariant mass combinations in
bands on either side of the signal region. The normalizations of
these curves are fixed by thg areas of 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
spectrum. The Kr data of Fig. 2a show a large signal for recoil
masses in the range 1.96 Gev/c2 to 2.20 GeV/c2 with contributions up to
2.5 GeV/CZ- The K37 recoil mass spectrum (Fig. 2b) has more background,
but appears to be consistent with the Kn spectrum. These spectra
suggest that the Kv and K3w systems are produced with thresholds
occuring above 3.7 c.m. energy; more detailed interpretations of
Fig. 2 are made difficult by the broad range of c.m. energies over
which this data sample was collected.
As a further test of this apparent threshold behavior, we have
examined 150,000 multihadronic events collected at the i mass
(Ecm= 3.1 GeV) and 350,000 events at the y' mass (Ecm= 3.7 GeV) for
K7 and K37 signals near 1.87 GeV/cz. Because of the large cascade
decay rate6of ' to Y and the large second-order electromagnetic
decay rate7of the ¢, the resonance events contain 72,000 examples
of hadron production by a virtual photon of c.m. energy 3.1 GeV.
From fits to invariant mass spectra (with the signal masé near 1.87
GeV/cZ)we find no Kv signal larger than 0.3 standard deviations and
no K37 signal larger than 1.2 standard deviations in this large
sample of events. The upper limits (90% CL) aré 60 events for the

Kr signal and 200 events for the K3y signal.



The threshold behavior noted above as well as the narrow widths
argue against the interpretation of the structure in Fig. 1 as
being a conventional K*, e.g., the strange counterpart of the
£(1680).

Preliminary Monte Carlo calculations to estimate detection
efficiencies for the two modes have been performed; present syste-
matic uncertainties in these detection efficiencies could be as
large as t 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 * 0.11 nb for the K3y mode. These are to be comparéd with

the average total hadronic cross section g, in this energy region

T
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 was a small Kp signal at
1.87 GeV/CzCOIreSPOHdingtD ag.BR of 0.10 ¥ 0.07 nb. This signal
set the upper limit quoted in the paper (¢.BR < 0.18 nb for the 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 Op at 4.8 GeV is 18 T 5 nb‘Z
range 6.3 GeV to 7.8 GeV the Km o.BR is 0.04 T 0.03 nb and the

In the c.m. energy

average OT is 10 ¥ 2 nb.

In summary, we have observed significant peaks in the invariant
g Ty
mass spectra of K7™ and K 7' # T 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 spectra indicate that this state is produced in



association with systems of comparable or larger mass.

- We find it significant that the threshold energy for pair-
producing this state lies in the small interval between the very
narrow ' and the broader structures present in e+e_‘annihilation
near 4 GeV.8 In ad&ition, the narrow width of this state, its
production 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.9’10
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Figure Captions

1.

Invariant mass spectra for neutral combinationcof gnargedd
Co— 4
- +_
particles. (a)w+ﬂ assigning T mass to all tracks, b) K7
+ - .
assigning K and ™ masses to all tracks, ¢) K K assigning K
mass to all tracks, d) r+ﬂ_ weighted by mn TOF probability,
+ -
— + - .
e) K n weighted by Kr TOF probability, f) K K weighted by
+ -+ - , L q s
KK TOF probability, g)m wm w w weighted by 47 TOF probability,
Tty . R S
h) K7 n weighted byAK3ﬂ TOF probability, i) KK ©m 7

weighted by KKnm TOF probability.

Recoil mass spectra for combinations in the K7 and K3m peaks.
Smooth curves are estimates of the background obtained from
combinations whose invariant masses are on either side of the
+ -

, - ¥

peak mass region. (a) K 7', peak mass region of 1.84 to 1.90
2
GeV/c” and background mass regions of 1.70 to 1.82 GeV/c2 and
2 R

1.92 to 2.04 GeV/c”™. (b) K m 7w 7, 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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FIG. 1--Invariant mass spectra
for neutral combinations
of charged particles.
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FIG. 2--Recoil mass spectra for
combinations in the K¥
and K3¥ peaks.



