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We report the results of an experimental study of the reaction m p ne+e at 300 MeV/c over the
range of e+e effective mass from 140 to 160 MeV/c2. The observed number of events is only one quar-
ter of that expected from a calculation of inverse pion electroproduction. We see no evidence for the pro-
duction of light Higgs bosons or any other particle that decays into e+e in this mass region.

In an experiment designed to detect the rare decay
mo e+e we have observed e+e pairs from the interac-
tions of 300-MeV/c m in hydrogen. ' The e+e pairs with
effective masses (M) less than m 0 result primarily from rro

decays (including Dalitz decays and decays with photons
converted by pair production and Compton scattering).
Pairs with effective masses greater than m 0 are expected
from the reaction rr p ne+e (inverse pion electropro-
duction) and can also result from the production and decay
of a scalar or vector boson heavier than a m . In this paper
we compare the observed M distribution with that expected
from n- p ne+e and present upper limits for the pro-
duction of such bosons.

The experiment and the data-analysis procedures have
been described in detail elsewhere. ' The magnetic spec-
trometer that was used to identify and momentum analyze
the e+ and e is shown in Fig. 1. The M distribution for
the region 19000 ~ M2 ~ 25 000 (Me V/ c2) 2 that is shown
in Fig. 2(a) contains 151 events. The M' in Fig. 2 is —3%
lower than the true square of the e+e effective mass due
to the energy losses suffered by the electrons and positrons
in the hydrogen target and in the spectrometer. From stud-
ies of the distribution of the distance of closest approach for
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the e+ and e trajectories we estimate that 17 +5 of these
events are due to accidental coincidences. The experimen-
tally determined M distribution for accidental coincidences
is shown in Fig. 2(b). From detailed Monte Carlo studies
we expect 6+3 events from mo decay to populate the M
region of Fig. 2, all in the lowest three bins. The remaining
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FIG. 1. Plan view of the apparatus to detect e+e pairs. The
m beam was incident from the left. Typical particle trajectories for
a good event are shown by the dashed curves.
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FIG. 2. (a) M distribution for the data and for the Monte Carlo

fit. (b) Contribution from accidental coincidences. (c) Contribu-
tion from 7r p ne+e
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The acceptance of our apparatus falls slowly with increas-
ing M2 over the range given above but is strongly peaked at
8'=0' as shown in Fig. 3. The average 9' for our data is
9.'7'. The experimentally determined cross section is ob-
tained from the equation

d'a. E
NE=N Np J J~~, -g(M', Q)dM'd Q

dM dQ
(2)

where NE is the number of observed m p ne+ e events,
N is the number of incident m, X~ is the number of tar-

get protons/cm, and 7i(M', Q) is the apparatus detection
efficiency as a function of M' and 0, . The integral in Eq.
(2) is evaluated using the Monte Carlo simulation program.
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events are due to m p ne+e and to the production of
any boson in this mass range decaying into e+e

We compare the observed M2 distribution with that ex-
pected from the theoretical treatment of inverse pion elec-
troproduction by Dombey and Read2 in which the ampli-
tudes are calculated using PCAC (partial conservation of
axial-vector current). The shape of this distribution as cal-
culated by a Monte Carlo simulation of the experiment is
shown in Fig. 2(c). A fitting program determined the
strength of the m p ne+e signal that led to a least-
squares fit to the M2 distribution for the data (excluding ac-
cidentals and rro decays). The fit shown in Fig. 2(a) in-
cludes fixed contributions from accidentals and m decay
modes. The agreement between the data and the Monte
Carlo is quite good; we obtain a g2 of 21 for 19 degrees of
freedom. The observed average total energy of the e+e
pair is 314.5 MeV, which is in excellent agreement with the
result of the Monte Carlo calculation.

While the shape of the distributions agree, the theory
predicts we should observe many more events. The
theoretical cross section, using the model of Ref. 2, for
19000 ~ M' ~ 25 000 (MeV/ c') ' and 0' ~ (i' ~30', where
8' is the virtual-photon angle in the m-p c.m. system, is

In this integral, q(M', Q) is weighted by the double-
differential cross section. Assuming that the relatively gen-
tle variation of this cross section over the small regions of
0' and M' to which we were sensitive is correctly described
by the theory, we find (q(M', Q) ) = (1.39 +0.05) x10

Using the observed number of m p ne+e events
(128+13), N =(3.23+0.16) x10", and N =1.05x10'"/
cm2, we obtain

2 E
Ao.e= JI dM2dQ =2.7 +0.3 nb

dM2d 0 (3)

Thus the ratio of measured to theoretical cross section is
0.2S +0.03.

We have investigated whether other data also disagree
with the theory. There have been two previous measure-
ments of m p ne+e, one3 at 275 MeV and the other4 at
164 MeV. In both cases we have used the model of Ref. 2
to calculate d' o/ dQtdQ2, where Q~ (Qq) is the laboratory
solid angle for the electron (positron). A Monte Carlo pro-
gram simulated the acceptance of the appropriate apparatus.
For each experiment we reproduced the published distribu-
tions in cos8', M, and other kinematic variables. At 275
MeV accepted events had 8~, 02=90' and E +,E &40
MeV. The theoretical result is d2o. /dQ~dQ2=2. 5 nb/sr',
to be compared with an experimental value of 3.4+1.0
nb/sr'. At 164 MeV the calculation yields d'o/-
d A~d 02=3.0 nblsr' while thc experimental result is 5.1+~ 4
nb/sr', for 8], 02=70' and E +,E &50 MeV. Thus the
model of Dombey and Read is able to reproduce adequately
the other m p ne+ e data. The major difference
between our data and those of Refs. 3 and 4 is that only
forward, nearly real, virtual photons contribute in our ex-
periment while the others can detect a much wider range of
virtual-photon masses and angles. The typical M for our
experiment is much smaller than that in Ref. 3
[50000 & M2 & 120000 (MeV/c2)2] and in Ref. 4
[30000 & M2 & 75000 (MeV/c2)2]. The 275-MeV experi-
ment has also been compared to another theoretical ap-
proach in which the amplitudes are evaluated via dispersion
relations. The agreement is excellent.

The theory can also be compared with data for the reac-
tion m p ny and its inverse, which corresponds to our
reaction with M'=0 and a laboratory photon energy of 340
MeV. The best of these data are shown in Fig. 4 along with
the calculation of Dombey and Read. The calculation ap-
pears to adequately reproduce the 0' dependence for
8' ~45' although it is —20'/0 too high in absolute normali-
zation. However, the experimental results do not agree well
with each other forward of 45' in the m-p c.m. system, and
there are no data forward of 30, which is just the region
populated by our data. For comparison, we extrapolate our
result to M2 =0, giving a value
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dQ (yn m p) =5.8 +0.7 pb/sr

for 8'=10'. This value is consistent with a linear extrapo-
lation of existing data from larger 0 . However, theoretical
calculations indicate that the cross section should increase
substantially as 9" decreases below 30' Note adde. d in proof.
Vfe have plotted our events divided by the acceptance given
in Fig. 3 versus 8' and find
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FIG. 3. Acceptance of the apparatus vs 8 . dQ dQ

(e =0) (ti =20')=0.55+0.25 .
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row width that decayed into an e+e pair would then pro-
duce an enhancement spanning several bins in Fig. 2. We
obtain an upper limit for the production of any particle X
which decays into e+e, of

da. o I'X ee )(~ p~Xon) —&3.5x10 ' cm'/GeV'
dt 1"(X all)

(90'/o C.L.)

IO—

0
0 60 l20

ec.m. (deg)

for 140 ~ M o
~ 160 MeV/ c . To obtain this limit, we

have assumed that the shape of the differential cross section
is similar to that for vr p m n, and that the X lifetime is
shorter than —10 sec. For Higgs bosons with masses
between 135 and 200 MeV/c2, the dominant decay channel
is expected to be e+e and the lifetime should be less than
10 ' sec. An estimate of the production cross section is
given as

FIG. 4. Differential cross section for yn m p for a photon en-

ergy of 340 MeV in the laboratory. The data are from: ~ Tran
et al. ; x Fujii et al. ; O Benz et al. (Ref. 7). The solid curve is the
calculation of Dombey and Read (Ref. 2) for M~ =0.

This is additional evidence that the cross section for
p ne+e decreases at small angles. The correspond-

ing angular distribution for events with smaller M agrees
with the known distribution for m p n m. .

In addition to the study of m p ne+e, we have
looked for structure in our data that would indicate the
presence of a particle in this mass range decaying into an
e+e pair. For example, this reaction has been suggested
as a possible means to search for light scalar Higgs bosons.
Other particles that could produce an enhancement in the
M distribution are the spin-1 partner of the Goldstone fer-
mion that occurs in some supersymmetric theories, ' and
the axion. "

We see no statistically significant evidence for an
enhancement in the M2 distribution. The resolution in M
is calculated to be =1500 (MeV/c2)2 full width at half
maximum from Monte Carlo studies. ' A boson with nar-

der Gp™2

(vr p~M n) = =1.2x10 3 cm2/GeV'
dt (pc.m. [2

where p' is the pion momentum and s is the total energy
in the m p c.m. system. Our sensitivity is not adequate to
test this prediction for Higgs bosons.

In conclusion, we have examined the distribution of the
square of the e+e effective mass for the reaction
m p ne+ e at 300 MeV/ c. The shape of the distribution
is in agreement with that expected from theoretical calcula-
tions but we observe fewer events than predicted. This
could be because the cross section for forward yn m p is
significantly smaller than previously thought. We see no
evidence for the production of Higgs bosons or any exotic
bosons with masses between 140 and 160 MeV/c which de-
cay into e+e
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