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Inclusive e e production in 17-GeVjc ~ p collisions has been measured. An excess of
e+e pairs over those from known sources for 0.1~m« ~ 0.6 OeV and x & 0.5 was found.
No evidence is found for enhancements in specific final states involvimg electrons and
photons or charged particles. The photon multiplicity associated with these pairs is
measured.

PACS numbers: 13.85.Kf, 13.40.Ks

Recently there have been reports of both low-
mass p, 'p, ' ' and e'e "production above what
is expected from known meson decays. Dilepton
production is one explanation for the anomalous
single-lepton to pion ratios at low P r. ' However,
the experimental situation regarding the existence
of anomalous e/m ratios is still unsettled. We re-
port here the first observation of e'e pairs in
which associated photons, as well as charged
particles, are measured. The experiment was
performed with a hydrogen target in the multi-
particle spectrometer at the Brookhaven National
Laboratory alternating-gradient synchrotron.
Charged particles were observed over most of the
full solid angle. ' Electron identification was
made by two Li-foil transition-radiation detectors
{TRD)s within the magnet and two lead-scintillator
shower detectors (SD)' outside the magnet. The
back SD subtended +15' around the beam axis and
detected e' and e above 2.5 GeV/c, as well as
most produced photons above 0.5 GeV. The side
SD, centered at 35, detected e' between 0.8 and
1.8 GeV/c.

Two triggers were collected. Each required
correlated hits in both TRD's and back SD for an
e . Trigger PAIRA required an e', also in the
back SD, and favored Feynmann x& 0.45 for the
pair. Trigger PAIRB required an e' in the side
SD; it required x&0.2 and had maximum accep-
tance near x=0.4. The pair mass acceptance was

essentially flat below 1 GeV; the P r acceptance
was uniform at high x and gently falling with P z
below x=0.5.

The analysis program selected good electrons
by stringent cuts on TRD pulse heights and com-
parison of SD energy with momentum. Hadron
rejections for e, PAIRA e', and PAIRB e' were
greater than 3000, 3000, and 100, respectively.
In order to survive as a direct pair, the triggere' and e had to satisfy tight vertex cuts with the
beam and produced charged particles. Each
member of a direct pair was fitted to a y hypoth-
esis with all oppositely charged tracks. A trig-
ger e' or e satisfying this fit with any nontrig-
ger electron was removed from the sample. Sur-
viving direct pairs were divided into two catego-
ries: If the pair could be constrained to a y-fit
hypothesis it was defined as low mass. If not, it
was called high mass. The demarcation between
these categories was about 0.1 GeV. For pair
masses above 0.2 GeV there was negligible prob-
ability for the event to be in the low-mass sam-
ple. The low-mass sample contains a residual
contamination from external y conversions within
10 cm of the production point. Further details
on the experiment, calibrations, and analysis are
given elsewhere. "

The resulting mass distributions above 0.2 GeV
are shown in Fig. 1. We expect contributions
from three classes of sources: direct decays p, ~
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FIG. 1. Electron pair mass distributions for
(a) PAIRA and (b) PAIRB. The contributions from

ye+e and co ~ e+e are shown as the solid line.
Hadron background is indicated by the dashed line.

-e'e, internal conversion decays g -ye'e and
w-w e'e, and background events simulating di-
rect electron pairs.

The direct decay contribution is clearly evident
in the PAIRA sample but is absent in PAIRB. Fits
to the PAIRA data with use of an average radia-
tive energy loss for electrons reproduce the data
well and yield 54 +8 direct decay events for this
trigger. A calculation with use of known inclusive
p and v cross sections" and branching ratios"
predicts 60 +10 PAIRA p and ~ direct decays.
The same calculation predicts 10*2 events for
PAIBB, in agreement with our observation.

Pairs from internal conversion decays have
been determined from our direct decay signal and
the measured inclusive and semi-inclusive pro-
duction of q, (u, and p in n Pcollisi-ons. " These
cross sections, together with our calculated ac-
ceptances, known internal conversion probabili-
ties, "and pair mass distributions, "allow the
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FIG. 2. Feynman x distribution of ano~~Ious elec-
tron and muon pairs. Circles, data from this experi-
ment; solid trianl;1. es, electron data from Ref. 4; open
tri~~~les, muon pair data from Ref. 3. Electron pairs
have been weighted by the factor discussed in the text.

1.0

computation of the ratio of pairs from internal
conversions in any mass interval to the direct
signal. This source of pairs is indicated in Fig.
1. An independent estimate of the internal con-
version pairs was made from our observed mass
distribution of ye'e in both low- and high-mass
samples. A photon was defined as a localized en-
ergy deposit in the SD, of energy &0.5 GeV, away
from the extrapolated hit position of any charged
track. Here the g-ye'e signal may be evalu-
ated directly. This estimate gives ll +4 and
(24 (95% confidence level) internal conversion
events in the PAIRA and PAIRB samples, re-
spectively, compared with 22 +8 and 22 +8 found
from the ratio to the direct signal.

The only appreciable backgrounds are due to
hadron leakage into the electron sample and pairs
of true electrons from different y's. Both were
evaluated with use of data from this experiment.
The hadron background for PAIBB is shown in
Fig. 1 and is negligible for PAIRA. Two-photon
backgrounds were 4 +1 for PAIBB and 1.0 +0.3
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for PAIHA.
After known sources and backgrounds of elec-

tron pairs are removed, there remains an unex-
plained excess of events at low x and m„~ 0.6
GeV. Integrating over P~ we find do/dx = (3.9
+ 1.4 pb) exp[- (5.5+ 0.7)x]. The Pr dependence of
all pairs with 0.2 & m „&0.6 Ge V and x & 0.5 is
well represented by d&/dPr'- exp[- (5.7+ 2.2)P~'].
Our observed shape in P~' is similar to the expec-
tation for e e from g and ~ internal conversions.
This low-mass anomaly is similar to that ob-
served in other e e' (Refs. 4 and 5) and p'p
(Ref s. 1-3) experiments. Figure 2 shows the x
distribution of the anomalous pairs in the mass
interval 0.2 &m„&0.6 GeV, together with other
results at a similar energy. "Here electron
pairs have been weighted by the kinematic factor
(1+2z')(1 -4z')"', where z =m„/rnid„. „to allow
direct comparison of electron and muon pairs.
A fit to the three data sets (with e'e weighted as
p.
'

p ) is given by do/dx = (5.5 ~ 2.1 p b) exp[- (6.0
+ 0.9)x].

It has recently been suggested" that the origin
of anomalous low-mass lepton pairs is the inter-
nal conversion decay of a 0 =0 partial wave pro-
duced in hadron collisions with a broad mass en-
hancement centered at 0.4 GeV. Such a mecha-
nism implies that anomalous pairs are accom-
panied by a photon. Using the back SD, we have
measured the associated photon multiplicity in
events with a direct e e' pair. Our Monte Carlo
calculation indicates that 81% of the y's from ~'
-ye+e triggers would be detected, whereas for g
-ye+s our efficiency is 79%. These efficiencies
are insensitive to variation in the parent mesons'
mass, x, or pr distributions. The J =0 source
proposed" should yield observable y's with effi-
ciency similar to those from &' and q internal
conversion. Figure 3 shows the associated photon
multiplicity for three kinematic regions of the
pair. We find that in the low-mass event sample
for which at least one y always exists, the frac-
tion, f„of events with zero photons is 0.214
+ 0.010, consistent with our detection efficiency.
For 0.1&m„&0.6 GeV and x &0.5 (dominantly the
anomalous pairs), fo is 0.304+ 0.035. When the
events in the anomalous region due to q and (d in-
ternal conversions are subtracted, we obtain f,
=0.359+ 0.042. The fraction f, for the anomaly
after subtraction is different from that for the
low-mass sample by 3.4 standard deviations. As-
sociated charged-particle multiplicities are simi-
lar for the bvo distributions; thus we expect that
the associated &' production would be similar.
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FIG. 3. Associated y multiplicity distributions (for
y energies above 0.5 GeV). (a) Low mass, x& 0.5
(mainly ~0 Dalitz decay). (b) 0.1& m«& 0.6 GeV, x& 0.5
(mainly anomaly). (o) 0.6& m«& 0.9 GeV, x & 0.7
(mainly p, ~direct decay). (d) events from (b) after
g and ~ internal conversion contribution subtraction.

We conclude that the anomalous pairs are unex-
plained by such a ye'e source.

We have searched for the existence of radiative
decay modes of various states which might ex-
plain the anomalous pairs. For this study, we
have selected events with 0.1&m„&0.6 GeV and
x & 0.5. Many effective-mass combinations have
been examined including ye'e, &'e'e, &'e'e,«e e, &'&'e'e, and&'& & e'e . No signifi-
cant structure is observed in any such channel.
It has been suggested" that radiative decays of
tensor mesons may produce the anomalous pairs.
We see no enhancements in p'e'e, p'e'e, or
ere'e and conclude that less than 7% of the anom-
aly can be attributed to any of these decays.

The anomalous e e pairs seen in this experi-
ment are an obvious contributor to the single-e/z
ratio at low pr. Assuming that the anomalous
pair production of Fig. 2 is symmetric about x =0,
we compute that these pairs contribute about 2
X 10 ' to the e/m ratio in & P collisions at x =0
and pr =0.5 GeV/c. This calculation agrees well
with the result of an experiment" with the same
mass cutoff imposed; it is Somewhat larger than
the result of a second experiment" with no mass
cutoff. We find it plausible that the pairs observed
in this experiment are the dominant source of
single direct electrons at low )tr.

If the anomalous e e pair signal observed here
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were to be extrapolated to zero mass with the
usual internal conversion mass distribution, "it
would predict a large direct y/&' ratio. We esti.-
mate y/&'=0. 15 for x =0.3, integrated over all

Available data on direct photons in similar
reactions in this energy range" suggest y/&'
(0.15. Direct observation of internal conversion
af hadronic bremsstrahlung" in & P collisions
demonstrates that this source is negligible in the
kinematic range of this experiment.

In conclusion, we find evidence for anomalous
electron pair production, for w. „&0.6 Geg.
These pairs are not accompanied by an excess of
photons and do not appear to be caused by speci-
fic particle decays such as 0 -ye'e or 2'
-1 e e . Anomalous pair production is strongly
central {x near 0). It is larger than expected
from the Drell- Yan mechanism by a factor of
about 10; it is in qualitative agreement with
models based upon the annihilation of wee quarks
produced in hadronic collisions. "

i~~Present address: Bell Laboratories, Holmdel,
¹ J. 07733.

~"present address: Computer Science Corporation,
Silver Spring, Md. 20910.

(')Present address: Syracuse University, Syracuse,
N. Y. 13210.

( Present address: Stanford Linear Accelerator
Center, Stanford, Cal. 94305.

~ )Permanent address: University of Cincinnati,
Cincinnati, Ohio 45221.

Present address: Kaman Sciences Corporation,
.Colorado Springs, Colo. 80933.

'K. J. Anderson etal. , Phys. Rev. Lett. 37, 799

(1976}.
D. M. Qrannan et al. , Phys. Rev. D 18, 3150 (1978).

3K. Bunnell et al. , Phys. Rev. Lett. 40, 136 {1978);
B. Haber et a/. , Phys. Rev. D 22, 2107 (1980).

4R. Stroynowski et al. , Phys. Lett. 97B, 315 {1980).
5J. Ballam et al. , Phys. Rev. Lett. 41, 1207 {1978).
6N. S. Craigie, Phys. Rep. 47, 1 (1978).
7E. Platner et a/. , in Proceedings of the International

Conference on Instrumentation for High Energy Phys-
ics, Frascati, Italy, 1973, edited by S. Stipcich (Lab-
oratori Nazionali del Comitato Nazionale per I'Energia
Nucleare Servizio Documentazione, Frascati, Italy,
1973), p. 672.

R. Bosshard et a/. , Nucl. Instrum. Methods 130, 365
(1975).

G. Abshire et al. , Nucl. Instrum. Methods 164, 67
(1979).

i James C. Stekas, Ph.D. thesis, State University of
New York at Stony Brook, 1981 (unpublished); Mark R.
Adams, Ph.D. thesis, State University of New York at
Stony Brook, 1981 (unpublished); M. R. Adams et al. ,
to be published.
iiJ. Bartke et a/. , Nucl. Phys. B107, 93 (1976);

M. Deutschmann et al. , Nucl. Phys. B103, 426 (1976).
R. L. Kelly et al. , Rev. Mod. Phys. 52, Sl (1980).

3J. Bartke et a/. , Nucl. Phys. B118, 360 (1977).
'4B. E. Lautrup and J. Smith, Phys. Rev. D 3, 1122

(1971).
'5D. Blockus et al. , Stamford Linear Accelerator

Center Report No. SLAC PUB 2770 {unpublished);
R. Stroynowski, Phys. Rep. 71, 1 (1981).

'6I. H. Dunbar, Phys. Rev. Lett. 4l, 210 (1978).
'~E. W. Beier et a/. , Phys. Rev Lett. 37., 1117 (1976).
' Y. Makdisi et a/. , Phys. Rev. Lett. 41, 367 (1978).
'~E. W. Beier et al. , Phys. Rev. Lett. 37, 1114 (1976);

J. R. Elliot et al. , Phys. Rev. D 17, 83 (1978).
A. T. Goshaw et a/. , Phys. Rev. Lett. 43, 1065

(1979); A. T. Goshaw et al. , to be published.
'J. D. Bjorken and H. Weisberg, Phys. Rev. D 13,

1405 (1976); V. Cerny et a/. , Phys. Rev. D 24, 652
(1981); E. U. Shuryak, Phys. Lett. 78B, 150 (1978).

16S9


