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ABSTRACT
We have observed anomalous electron production in multiprong

events produced by e'e” annihilation at the ¥(3772). For electron
momenta greater than 300 MeV/c we measure an anomalous electron
production cross section of 1.1 : 0.3 nb. The measuredrspectrum
is consistent with that expected for semi-leptonic D decay. With
reasonable assumptions we find the branching ratioAfor D decay

to an electron plus additional particles, averaged over the neutral

and charged D, to be (7.2 ¥ 2.8)% .



The ¢(3772),(1) through its decay into DD, is a source of charmed
(2)

D mesons with well-defined kinematics. In a previous paper we used
the y(3772), produced in ete” collisions, to determine D meson mass

values and absolute branching ratios into hadronic decay channels. 1In
this letter we report on a measurement of anomalous electron production
in events with three or more detected charged particles (multiprong

events) at the ¥(3772). With these data we can study the semi-leptonic
decay of the D meson in a reaction in which the D production mechanism

is known and in which the center of mass energy (E_ m ) is below the threshold

for the production of any other type of charmed particle.(s) We find
production of anomalous electrons with a momentum spectrum that is con-
sistent with that expected for semi-leptonic D decay, and calculate, under
reasonable assumptions, the branching ratio for the decay of the D into an
electron plus additional particles.

This experiment was performed at SPEAR with the SLAC-LBL magnetic

(4)

detector. Two layers of lead glass counters for improved identification

of electrons were added to the detector. The lead glass system (called

(5)

the LGW) has been described elsewhere. The first layer consists of a
set of active converters that are 3.3 radiation lengths (Xo) deep. The

second layer is made up of a set of back block counters that are 10.5 Xo
thick. The LGW covers a solid angle of 0.69 sr. and is preceded by the
1Xo aluminum magnet coil of the magnetic detector.

The LGW has been used to measure anomalous electron production in

+ - . s .
e e collisions at the y(3772). Tor our data sample we require that
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(1) a charged particle with momentum greater than 300 MeV/c enters
the L.GW (for clean electron identification), and (2) two
or more additional charged particles are observed in the magnetic
detector. For this analysis we use only the multiprong events in order
to reduce contamination from QED and possibly heavy lepton events which
are expected to appear mainly in the two-prong data sample.

The identification of particles that enter the LGW is based on the
energy deposited in each of the two layers of lead glass counters and on
the measured time of flight (UT

OF

criteria for identifying a particle as an electron candidate are:

= 0.35 nsec.). The energy deposition

(i) the total energy deposited in the LGW equals the particle
momentum as measured in the magnetic detector to within, typically,
35% (the exact value is momentum dependent),

(ii) the energy deposited in the active converters exceeds a
momentum-dependent threshold (typically 150 MeV) that is substantially
greater than the 80 MeV expected for a noninteracting particle, and

(iii) more than 10% of the energy of the particle is deposited
in the back block counters.

In addition, to reduce background from misidentification of kaons, protons,
and anti-protons, we require that the measured time of fiight of the par-
ticle agrees to within one nanosecond with that expected for an electron.

Electron candidates in the LGW may arise from:

(a) hadrons which interact in the magnet coil or active converters
so as to satisfy the above criteria,

(b) conventional sources of electrons such as pion and kaon decay,

photon conversion, Compton scattering, and Dalitz decay of #°'s and n's, and



of charmed particles and heavy leptons. Sources (a) and (b) produce
a background to the anomalous electron signal from source (c).

The background from photon conversion and Dalitz decay is re-
duced by eliminating electron candidates that have a small opening
angle with a particle of opposite charge. Background from
asymmetric ete” pairs in which one member of a pair is unobserved be-
cause its momentum is below the threshold for efficient detection
(about 100 MeV/c) will still be present. To determine this background,
as well as the background due to hadron misidentification and pion and
kaons decays, we assume there is no anomalous electron production at
the y(30395) and measure the backgrouné level there. In
multihadronic events from $(3095) decay we find that 1.5% of the particles
in the LGW are identified as electrons at a momentum of 300 MeV/c. This
fraction decreases with momentum to 0.4% at 1200 MeV/c. The background
level at the §(3772), expressed as a fraction of the particles in the LGW,
should be similar. However we must take account of changes in, and
additions to, the conventional sources of electrons.

The background level at the y(3772) from converted photons and
Dalitz decays might differ from that at the $(3095) due to a change in
the flux of photons and 2°'s above 300 MeV. The difference in this

background level was determined by measuring, at the two energies, conversion

ete” pairs with both particles detected, then .extrapolating to the case with

one particle undetected. We find this background level at the ¥(3095) and
v(3772) to be the same to within 10% of the measured background level at the
$(3095). Changes in the background level due to pion and kaon décays and
Compton scattering were calculated to be less than 5% of the measured
background.

Two additional sources of background events at the Y(3772) must be con-



sidered: (a) ete” o+ e+e—y with the photon converting to an ete”
pair, and (b) production of ¥(3684), by radiation from the initial
e’ or e , followed by the cascade decay to y(3095) with ¢(3095) +
e'e”. These events are recognized on the basis of coplanarity,
invariant mass, electron identification outside the LGW, and associated
e+e— pair production, and have been removed from the data sample. In
summary, we use the background level as measured at the v(3095) and
assign an error of ¥ 20% to this background estimation for the $(3772).
The electron identification efficiency & has been measured using
a sample of electrons from the reactions e'e - e'e y and ete’e’e™. The
value of ¢ ranges from 60% at a momentum of 300 MeV/c up to 90% at a
momentum of 1200 MeV/c.
In the Eé.m range about the peak of the $(3772),

3.76 < Ec.m. < 3.79 GeV, with a time-integrated luminosity of 1.34 pb_l,
we find 61 multiprong events with a particle identified as an electron
candidate in the LGW. The expected number of background events due to
hadron misidentification and electrons from conventional sources is 25 % 5,
We attribute the electron signal above background to a nonconventional
source. Correcting the numbef of electron candidate events for background,
solid angle and identification efficiency of the lead glass wall, and de-
tection efficiency for the other prongs, we calculate the cross section

for multiprong events with an anomalous electron of momentum greater than
300 MeV/c to be 1.1 1 0.3 nb. This cross section, with data points from
nearby energy regioﬁs, is plotted in Fig. 1 along with the excitation

curve of the ¢(3772) from Ref. 1. The anomalous electron signal appears to

be correlated with the $(3772). In Fig. 2 we show the corrected momentum

- ~ T mmdbmmnas mmAaiireAd at The \b(3772)'



(2,6)

to decay almost entirely into DD. This strongly suggests that

the anomalous electron signal at the $(3772) comes from the decay of
the charmed D mesons. For comparison with the data, we also show
in Fig. 2 the electron momentum spectra expected from D meson pro-
duction in efe” » $(3772) + DD with subsequent semi-leptonic decay

(7)

into Keve, K*eve, or mev . The data are consistent with the

Cabibbo-favored decay modes D - Kev (confidence level = 33%) or

K*eve (CL = 13%), but lesé consistent with electron production entirely
from the Cabibbo-suppressed mode D -+ mev (CL = 3%). The data are
inconsistent with'ﬂuapurely.leptonic decay D ~ ev, which would produce

a flat electron spectrum from about 810 MeV/c to 1080 MeV/c.

Assuming that (a) the anomalous electron signal at the Y(3772)
(8)

comes entirely from D meson production and decay, and (b) that the

P (3772) decays entirely into DD, we can calculate the branching ratio

BD-+ for D meson decay into an electron plus other particles, averaged

e
(9)

over the neutral and charged D. We write B = g(e)/o(D) where o(e)

D~»e

is the anomalous electron production c¢ross section and o(D) is the cross
section for D production. Under assumption (b) we have previously deter-

mined that ¢(D) = 20.6 % 4.3 nb. ¢2)

To evaluate o(e) we need to correct
our measured anomalous electron cross section for (1) the part of the

electron spectrum which falls below our cutoff value of 300 MeV/c, and

e i s e e g L

(2) the fraction of DD events which produce an electron and only a single
additional charged particle. TFor an estimate of the correction factor
required by (1) we use the electron decay spectrum for D + Keveror K*eve

as shown in Fig. 2. The correction factor required by (2) is calculated

(6)

e g o AR e, g T A e okt

from the measured charged prong multiplicity distribution for D decay,

S———

e



and the multiplicity distribution for D » Kev  or K*eve. We find
By, e = (71 }2.7% or (7.3 } 2.8)% with the correction factors
evaluated from the spectrum and charged prong multiplicity distri-

bution for D + Keve or K*eve.(s) If another mode such

as Kweve (consistent with the measured.spectrum) was dominant, the
branching fraction obtained could differ but we estimate that the
systematic error from this effect to be less than one-half the
quoted errors.

In conclusion, we have observed anomalous electron production

in multiprong final states produced by e+e- annihilation at the

v(3772). The electron momentum spectrum is consistent with the
Cabibbo-favored semi-leptonic decays of the D meson. We find, under
the stated assumptions, and with correction factors for efficiency based
on D + Kev  or K*eve, a value for the branching ratio for D decay into
an electron plus additional particles to be (7.2 % 2.8)%
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If they(3772) is above the threshold for O production an anomalous
electron signal may also arise from decays of the heavy lepton 1.
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we estimate that 6% of the anomalous electron events can come from

s . + - :
this source. Taking account of t 1 production would also lead to a
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decrease in the value of g(D) by about 12%; the net effect is to

raise our value for the branching ratio of D to electrons from 7.2% to

7.6%.
Assuming that the y(3772) is a state of definite isospin (0 or 1)
this average corresponds to (0.56 ¥ 0.03) BD° set (o.u4 ¥ 0.03)

Byt , o> @8 noted in reference 2.
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FIGURE CAPTIONS

The e+é- annihilation cross section for multiprong events with an
anomalous electron of momentum greater than 300 MeV/c vs. the center
of mass energy. The curve is the ¥(3772) line shape and charmed
particle background from reference 1 and is normalized to the cross
section at 3.774 GeV.

The momentum spectrum above 300 MeV/c for the anomalous electrons
produced in multiprong events at the y(3772). The curves show the
electron spectra expected from D meson production in the reaction
ete~ + DD followed by the decay D + Kev,, K*eve or Teve, as noted
in footnote 7. The curves are normalized above 300 MeV/c to the
measured cross section.
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