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We present the results of a search for monoenergetic photons from the process Y(1S) — y + X. Upper
limits at 90% confidence level for the branching ratio B(Y(1S)— y + X) range from 0.1% to 1.4% for

photon energies between 150 and 2000 MeV.

The radiative decay Y(1S) — y + X is a potentially fruit-
ful way to search for new particles X. Of particular interest
is the possibility of radiative decays to a Higgs particle, first
suggested by Wilczek.! The presence of such a particle
would be indicated by a monoenergetic photon. This paper
presents the results of a search for monoenergetic photons
from Y (1S) decay.

The results were obtained with the CLEO detector? from
a sample of approximately 263000 Y (1S) decays. Photons
were converted in a 0.1-radiation-length-thick cylindrical
lead converter. Inside the converter was a ten-layer cylindr-
ical drift chamber, the vertex detector, which we used to
veto charged tracks. The combined thickness of the beam
pipe and the vertex detector was 0.013 radiation lengths.
Immediately outside the converter was a 17-layer drift
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chamber. Photon candidates were recognized in this
chamber as pairs of oppositely charged tracks forming a
secondary vertex near the radius of the lead converter. We
also required that the vertex detector show no tracks point-
ing to the secondary vertex. Photon energies were calculat-
ed by refitting the two tracks to the hits in the drift chamber
under the supposition that they were due to a converted
photon. The supposition imposes four constraints on the
fit: in the longitudinal view the tracks must be identical and
extrapolate to the event vertex, and in the transverse view
the tracks must intersect at the converter. The opening an-
gle in the transverse view was not constrained, allowing an
apparent mass for the photon. This analysis procedure
differs from that described in a previous publication® only in
that the magnetic field was increased to 1.0 T to improve
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FIG. 1. The total photon detection efficiency (solid curve and 5 (b)
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tiplicity. The efficiency for detecting a narrow photon line
was estimated using the efficiency for single charged tracks,
including effects such as energy loss in the converter, ac-
cidental vetoes in the vertex detector, and multiple scatter-
ing. The photon efficiency is shown in Fig. 1 as the solid
line. The poor photon efficiency at low energy reflects the
difficulty of reconstructing charged tracks below about 50
MeV/c. At high energies the electron and positron tracks
merge and are not recognized as converted photons. We
verified the photon-efficiency calculation by comparing the
observed photon spectrum with that predicted to come from
% decays, using the charged-pion spectrum to estimate the
% spectrum.

The root-mean-square photon-energy resolution og was
estimated as a function of energy from the known charged-
track momentum resolution. Bremsstrahlung radiation of
the pair-produced particles in the converter causes a long ra-
diative tail. Particles which radiate a large amount of energy
are excluded in the efficiency calculation because the pho-
ton they reconstruct to will be shifted in energy off the nar-
row peak we seek and be lost in the background. Multiple
scattering of the electrons in the lead converter and the drift
chamber degrades the resolution, but tracks that have suf-
fered large scatters will be eliminated by cuts on the quality
of the constrained fit to the photon hypothesis and the ap-
parent mass of the photon. The photon-energy resolution
for acceptable track combinations is shown as a dashed
curve in Fig. 1. The same calculation done with 0.3-T mag-
netic field agrees with the observed width of photon lines
from Y (2S) — y + (P state) decays.’

The observed photon spectrum for all Y(1S) decays is
plotted in Fig. 2(a). The bin width corresponds approxi-
mately to 20. No outstanding structure is observed. The
90%-confidence-level upper limits shown in Fig. 3 for
B(Y(1S8)— y+X) were determined as a function of the
photon energy taking into account uncertainties in the ac-
ceptance and resolution estimates. The largest excursion
from a smooth photon spectrum is a 40 deviation at 520
MeV.

Higgs-type particles are expected to couple primarily to
the heaviest fermion pairs available, c¢ and 7+~ pairs in
this case. The Higgs-particle decay would therefore pre-
ferentially produce jetlike topologies or low-multiplicity de-
cays. In Fig. 2(b) we show the photon spectrum for events
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FIG. 2. (a) The photon-energy spectrum from all Y(1S) decays.
(b) The photon-energy spectrum from Y(1S) decays with
R, > 0.22 or charged-particle multiplicity five or less. In both cases
the bin’s size is chosen to be approximately twice the rms energy
resolution.

whose Fox-Wolfram event shape parameter R, is greater
than 0.22 or whose charged-particle multiplicity is five or
less (excluding the photon related tracks). With these cri-
teria the event topology would be consistent with cc or
%7~ decays of a Higgs-type particle. Again no significant
structure is observed. An analysis of low-multiplicity events
or jetlike events alone also yields no evidence for monoen-
ergetic photons.

In summary, we have found no evidence for monoener-
getic photons in Y(1S) — y + X in the photon-energy range
from 150-2000 MeV. Previously published results from the
CUSB* and ARGUS’ collaborations and unpublished results
from CUSBS and the Crystal Ball Group’ are in agreement
with this conclusion in the mutually overlapping photon-
energy region. The results presented here are more restric-
tive than previous studies for photon energies below about
500 MeV. Future searches for new particles produced in ra-
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FIG. 3. The 90%-confidence-level upper limits to the branching
ratio B(Y(1S) — y + X)) as a function of photon energy.
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diative Y (1S) decays will require larger data samples and/or
improved detectors.
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