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Search for a Neutral Boson in a Two-Body Decay of E+ ~ m+ X0
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The momentum spectrum of the ~+ in stopping K decays was measured by use of a
high-resolution magnetic spectrometer to search for a discrete peak due to a neutral boson
Xo in a two-body decay E+ 7r+Xo. An upper bound of the branching ratio 8 (K+
—rr+X ) is presented for the mass range of X from 10 to 300 MeV/c'.

PACS numbers: 14.40.Gt, 13.25.+m, 14.40.Aq, 14.80.Pb

In this Letter we present the first result of an ex-
periment to look for a hitherto unknown neutral
boson (hereafter called Xo) from a discrete line in a
two-body decay mode E+ rr+ X .' The high-
resolution experiment presented here was carried
out as a byproduct of the previous E~2 experiment
to search for heavy neutrinos. 2

Theoretically, various types of light pseudoscalar
particles have been proposed, such as the axion
and the majoron, 4 but have not been found up to
date. However, all the experiments done so far to
search for the axion, ao, were based on the assump-
tion that the mass of ao is sufficiently small ( & 5
MeV) so that it does not decay promptly. For ex-
ample, the constraint on the E+ n + ao mode
(upper limit =3.8X10 s), as given by Asano
er at. ,

5 was obtained from the nonexistence of
events of the E+ m+vv type by use of a photon
veto, and thus can be applied only to a light axion.
The decay time of the ao is estimated to be 10
sec for m, = 1 MeV and becomes shorter propor-
tionally to m, ' with the increase of the mass,
where both a yy and e+ e modes are
equally probable. 3 The present method to look for
a discrete line in a high-resolution spectrum without
a photon veto allows the detection of a massive par-
ticle. with subsequent photon emission, and thus it
provides a more general and sensitive search.

The experimental procedures were the same as
described in Ref. 2. The charged particles from the
decay of E+ 's stopped in thin layers of plastic scin-
tillators were momentum analyzed by a magnetic
spectrometer, which had a broad momentum range
(100-250 MeV/c), a high momentum resolution
(Ap/p = 0.5'/o full width at half maximum) and a
large solid angle (max 150 msr). The range and the

time of flight of the charged particles were mea-
sured to discriminate 7r+ from others.

The sr+ spectrum obtained is shown in Fig. 1 to-
gether with the spectrum of all the charged parti-
cles. In this 7r+ spectrum we selected pions rather
severely with the sacrifice of the efficiency; the
205-MeV/c a+no peak (branching ratio 8 =0.21)
is reduced by a factor of 2, while the 236-MeV/c
p, +v peak (R =0.64) is suppressed by 103. No
photon veto was applied to either one of the spec-
tra. These histograms were constructed by assum-
ing all the particles to be pions when the energy-
loss correction in the counters was converted to the
momentum. Thus, the momentum of the 235.5-
MeV/c p, +v peak is slightly shifted upward. The
resolution at the 205-MeV/c peak is 2.4 MeV/c full
width at half maximum, and expected to increase
gradually to 3.5 MeV/e at 120 MeV/c.

A small peak at 214 MeV/c in the spectrum of all

the particles was interpreted as being due to the p+
arising from the extreme forward decay in flight of
the 205-MeV/c m+ in the spectrometer. A Monte
Carlo simulation reproduced this bumplike struc-
ture, and actually, this peak disappeared after the
m+ selection. A bump below 125 MeV/c comes
from the 3m decay. The lower tail below the 205-
MeV/c peak may include a contribution due to the
radiative decay ++mop (R =2.SX10 ~). A broad
continuous part observed between 125 and 200
MeV/c is attributed to the strong interactions of the
205-MeV/c m+ inside the stopping counters. The
origin of the energy loss of ~+ of this energy is
mainly due to quasifree scattering of m+ by the nu-
cleons inside '2C, and the back-scattering contribu-
tion is very large. Since we used multilayered plas-
tic scintillators as the target, it was impossible to re-
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FIG. 1. Momentum spectra of all the particles (open
squares) as well as of m'+ (closed squares). The momen-
tum dependence of the acceptance (relative) for 7r+ is
also shown.

move this background. Its spectral profile can well
be reproduced from the known inelastic cross sec-
tions.

Now, we examine the spectrum to look for an
anomalous line. The scale for the mass of Xo is

shown in the upper part of the spectrum. The spec-
trum shows no distinct peak. Thus, we estimate the
upper limit of a discrete peak at each momentum
according to the same procedure as in the case of
the muon spectrum. 2 The following formula was

used to obtain the 90/o-confidence-level limit:

N (p) = 1.28 [2vr a (p) n (p) ]' '

=1.70[2o (p)n(p)]'
where n (p) is the number of events per MeV/c and
o-(p) is the momentum resolution (standard devia-
tion) in MeV/c. This estimation is valid as long as
the spectrum is smooth. This number was then
corrected for the relative acceptance with respect to
the 205-MeV/c peak. The total number of the peak
events was 4.5 & 105.

A diagram of the observed constraint on the up-

1090

FIG. 2. The new limit (90% confidence) on R (K+
vr+Xo) obtained in the present experiment is shown

versus the hypothetical mass of X . The broken curves
are indirect bounds from the K+ m+yy experiments
by Abrams et al. (Ref. 7) in the heavier-mass region (b)
and by Asano et al. (Ref. g) in the lighter-mass region
(c). Also shown is the zero-mass limit which comes
from the "K+ m

+ + nothing" type experiment by
Asano et al. (Ref. 5).

per limit of the ratio R(K+ ~++ ) vs mz is
shown in Fig. 2. Because of the high-resolution
spectroscopy achieved here, this result covers a
wide mass region up to 300 MeV except for the nar-
row range around the mo mass. In Fig. 2 are also
shown indirect constraints obtained from (b) Jt:+

m+yy in the region p' ( 205 MeV/c, 7,

(c) K+ vr+yy in the region p ) 205 MeV/c. s

The upper limit5 on (d) E+ 7r+ao that can be
applied to the low-mass region is also indicated in
the figure.

The present study has shed a new light on the
search for a neutral boson and established a new
constraint on the branching ratio versus its mass in
a wide range (5—300 MeV). An experiment of im-
proved resolution together with photon correlation
to further illuminate this problem is under way at
KEK.
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