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Anomalous Production of Direct Electrons at 10, 15, and 24 GeV/c

E. W. Beier, R. Patton, K. Raychaudhuri, H. Takeda, R. Thern, R. VanBerg, and H. Weisberg*
Deparvtment of Physics, University of Pennsylvania, Philadephia, Pennsylvania 19174%

and

M. L. Good, P. D. Grannis, K. Johnson,} and J. Kirz
Department of Physics, State University of New Yovk at Stony Brook, Stony Brook, New York 117948
(Received 21 July 1976)

We find significant direct e * production in hadron collisions at 10, 15, and 24 GeV/c
and direct e~ production at 24 GeV/c, at 6, ,, =90°at 0.5<P;=<1.5 GeV/c. The e/ ra-
tio rises at low Py, and in all cases exceeds the level predicted from known sources for
Pp<1GeV/e.

Copious production of direct leptons in proton-proton and proton-nucleus collisions has been report-
ed.'”7 There is contradictory evidence® 7 about the persistence of the effect below P, =70 GeV/c. The
present experiment extends the measurements for e* to the energy range 10-25 GeV for 0.5< P,< 1.5
GeV/c and finds, for P,<1 GeV/c, an anomalous signal unexplained by known sources. The experi-
ment employs an unseparated positive beam which contains approximately 100%, 85%, and 50% protons
at 24, 15, and 10 GeV/c, the bulk of the remainder being pions. Positrons in the beam are suppressed
by a lead absorber at the intermediate focus. Electrons and hadrons resulting from collisions in a lig-
uid-H, target are detected at 6., near 90 . The apparatus is described in the preceding Letter®; pre-
liminary discussion of the results reported here may be found elsewhere.®

In the P, range measured in this experiment, there is a large flux of electrons from photon conver-
sions (Dalitz and external). To reject most of these, we require that the direct-electron sample have
(a) < 1.5 times minimum ionization in the downstream dE/dx counter T,: (b) no extra track in a fidu-
cial region in PWC, outside T,z; and (c) no count in guard counters G,., surrounding PWC,. We ex-
press the resulting observed signal as,
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Here the first term is the contribution from the |

direct signal (e/ﬂ’)s that we wish to measure; duced pulse-height distribution (Ref. 8) Ep/P.

the remaining terms are the backgrounds from This distribution is studied for direct-electron
hadron contamination, K decay, and the conver- candidates satisfying the Cherenkov, PB,, dE/
sions of photons from meson decay. dx, and G counter requirements. A well-resolved
The quantities €, f, B, P, and{ have been dis- peak is seen at Ep/P =1. The background under
cussed in Ref. 8. The quantity €, ~0.75 corrects this peak is the tail of the hadron sample. This
for Landau fluctuations; it represents the frac- background varies from 2%-3% at low P, to 9%
tion of the time that a single track has < 1.5 times at high P;.
the minimum ionizing pulse height in T,;. The The background from K,, decays is determined
quantities A, and A, are pair loss factors giving by a Monte Carlo calculation from inclusive K-
the probability that the pair opening angle is so production data parametrized as described in
large or the energy division is so asymmetric Ref. 8; (¢*/77), varies from ~ 1.5x 10”° at P,
that the second member of the pair escapes de- =0.55 GeV/c to 0.1x 10" % at P =1.3 GeV/c.
tection. The factors G5, G, and G, are the For the photon-conversion background, the 7
probabilities for a G counter to be struck acci- and w cross sections are parametrized as in Ref.
dentally (see below). We now discuss the back- 8.1 The n°/7~ ratio is then adjusted to reproduce
grounds and correction factors in Eq. (1) in turn. the observed number of small-angle pairs (elec-
The hadron contamination is determined direct-  trons with large dE /dx in T,, and T,5).'* Since
ly from the data by a study of the lead-glass re- we are effectively using the observed number of
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small-angle pairs to predict the expected num-
ber of large-angle pairs, and since the 7° con-
tribution dominates, our procedure makes the
calculated background quite insensitive to many
of the factors in Eq. (1), including the ratios /7
and w/7.'* The critical factors in Eq. (1) are the
loss factors x, and xx, which are calculated by a
detailed Monte Carlo simulation. The factor x,,
typically equal to 0.04, depends mainly on the
Dalitz decay matrix element'® and the apparatus
geometry. The factor Ay, typically equal to 0.01,
is sensitive to details of pair production,'® multi-
ple Coulomb scattering,'® and energy loss by
bremsstrahlung' and ionization. In the case of
e~/7", an additional correction [not shown in Eq.
(1)] for Compton conversion has been calculated.
The Monte Carlo program agrees with hand cal-
culations and with a second independent computer
calculation.

The factors Gg, g, ,, account for the vetoing of
electrons by extra G-counter hits from the same
interaction or from an accidental time coincid-
ence. The correct weighted average of G,, is ob-
tained experimentally by seeing how often an ob-
served small-angle (dE/dx) pair is accompanied
by a G-counter hit; typical values are G, =25%—
45%. We assume that Gg=Gx=G,. Breakdown of
the assumption G =G, would lead to a change in
the absolute e/7 signal but would leave its statis-
tical significance essentially unchanged.

The effectiveness of the dE /dx cut in T,y has
been monitored by studying a pair sample defined
by PWC,_, and T,,; the pair rejection is found to
be at least 300:1. The efficiency of the G count-
ers and electronics is at least 99%.

Perhaps the most crucial check of the experi-
mental method is the comparison of results ob-
tained with different amounts of radiator near
the target. Therefore, although the bulk of the
data have been taken with the bare hydrogen tar-
get (t ~0.015 radiation lengths), we have also tak-
en test data with aluminum radiator sheets of
thickness 0.018 and 0.038 radiation lengths added.

The first result of these tests is that in all
cases the 71°/7° ratios inferred from the low-
mass pair rates are found to be independent of /,
a result which depends critically on many of the
details of the Monte Carlo corrections. As illus-
trated in Ref. 8 we find that overall the low-mass
pair rates are consistent with the relation 7°
=3(r* +77), with 7°/7” =1.3-1.4.

The second test is whether consistent direct-
electron results are also obtained. Figure 1
shows e/ radiator data for each of our four data
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FIG. 1. Direct-electron results versus radiator
thickness for (a) 24-GeV/ce™; (), (c), (d) 24-, 15-, 10-
GeV/c e*. The background subtraction for Compton
conversions, Dalitz pairs, external pairs, hadron con-
tamination, and K decay are shown as C, D, X, H, and
K, respectively.

sets, with all data for P> 0.5 GeV/c combined
to improve the statistical significance. The open
circles give the results before background sub-
traction; the closed circles with error bars (sta-
tistical errors only) give the results after sub-
traction of the backgrounds, whose individual
contributions are also shown. We note that (1) the
data before background subtraction show a signif-
icant rise with ¢, but any reasonable extrapola-
tion shows that theve is a significant divect-elec-
tron signal'®; and (2) the rise is almost entirely
accounted for by the calculated backgrounds.

Our results for e¢/7” as a function of P, are
shown in Fig. 2. The open circles give this ratio
before background subtraction and the closed cir-
cles give the direct signal after background sub-
traction. A significant signal is seen at all ener-
gies, and all show an increase toward small P .
Note that the direct signal is = 60% of the total
for e*; e suffers from the additional background
from Compton scattering. Also shown in Fig. 2
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FIG. 2. Direct-electron rates versus P, for (a) 24
GeV/ce™; M), (), (d) 24-, 15-, and 10-GeV/c e*. The
values before background subtraction are also shown
(open circles). The solid error bars give the statisti-
cal error in the background subtracted signal; the
dashed extensions give the additional contribution from
estimated systematic errors (Ref. 16) added in quadra-
ture. The dashed curves give estimates of the mini-
mum, most probable, and maximum likely contribu-
tions from vector-meson decay.

are the expected levels of prompt electrons from
p, w, and ¢ decays into e*e”.'°!” The range of
these predications represents the uncertainties

in the production of the vector mesons (these con-
tributions have not been subtracted from the da-
ta). We observe that for P,>1 GeV/c, our re-
sults may be consistent with the expectation based
on vector-meson decays. For P,.<1 GeV/c there
is an anomalous residual signal. In this low-P
range the ratio e/7 at fixed P, rises with de-
creasing s.

Possible sources of anomalous signal including
decays of u, A, =, J/¢, and positrons arising
from e¢* in the beam have been calculated and
found to be negligible.

We make the following remarks about the anom-
alous signal at low P,: (1) At 24 GeV/c, the ra-
tio of e” to e¢* production is ~1.3 £0.3 (where the
error is dominated by our uncertainty in the
Compton background), and thus consistent with

an electromagnetic origin of the anomaly. (2) At
15 GeV/c, the beam Cherenkov counter partially
distinguished incident #* and p. From the ob-
served ¢* yields with and without a Cherenkov
count, we infer that the ratio of the number of
direct electrons for incident 7* to that for inci-
dent p is 1.0+ 0.3. (3) The rise of the prompt
electron signal down to P,=0.5 GeV/c sets an
upper limit on the mass of the presumed parent
of the observed electrons. For two-body decays
of the parent, the parent mass is required to be
less than m, (see the electron yields from p, w,
and ¢ decay indicated in Fig. 2). (4) The kinemat-
ic range explored by this experiment does not
overlap previous work that reports observation
of direct leptons,® ® nor does it overlap searches
where no signal was found.®”” We note, however,
that the increase in the direct-lepton signal to-
ward low p, has been observed at higher energy
as well,* and that observation of direct muons at
28 GeV/c indicate that the signal increases as
one approaches ¢, ., =90° from more forward
production angles.® (5) If the origin of the ob-
served electrons is the production and weak de-
cay of new particles, then oB is at least two or-
ders of magnitude greater than most estimates
of charmed-particle production at these energies.
In summary, we conclude that direct electrons
are produced in 7*p and pp collisions between 10
and 24 GeV/c near ¢, , =90°. For 0.5<sP,<1.0
GeV/c this production is unexpectedly large and
cannot be explained by conventional decays of u,
7, K, n, p,w, ¢, A, =, and J/¢. If the origin of
this effect is electromagnetic, then the pair mass
must be roughly in the 100-750-MeV/c? range.
We greatly appreciate the help and encourage-
ment of Brookhaven National Laboratory, partic-
ularly R. R. Rau and H. Foelsche. We are indebt-
ed to T. F. Kycia for the loan of the lead-glass
counters and to D. Kaplan for aid in analysis.
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production rate estimates at 10 and 15 GeV/c in-
clude allowances for s dependence and for the beam
pion content,

The fitted 7°/7~ ratios are consistent with 7’ (r
+77)/2. We neglect direct photons.

PFor example if the 75, w internal-conversion pair
mass distributions did not have a tail extending beyond
m 0, no allowance for 7, w would be necessary.
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systematic uncertainties of 50% and 20% to the external
and Dalitz conversion background, and 30% to the Comp-
ton background.
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Experimental Tests of Pomeron Factorization in Single-Particle-Inclusive Hadron Scattering*

E. W. Beier, H. Brody, R. Patton, K. Raychaudhuri, H. Takeda, R. Thern,
R. VanBerg, and H. Weisbergt
Depavtment of Physics, Universily of Pennsylania, Philadelphia, Pennsylvania 19174
(Received 19 July 1976)

Measurements of the dependence on s =(f, + pb)2 of the cross sections for single
charged hadron production in the reactions a +b— ¢ +anything over the range 4 GeV/c
< palab <250 GeV/c are presented. Particle ¢ is detected in a fixed interval of laboratory
momentum and angle in the fragmentation region of the target proton. For the energy
range studied there are significant departures from A +Bs™1/2 energy dependence, Fits
to the s dependence of the cross sections are extrapolated to s712=0 to make seven in-

dependent tests of Pomeron factorization.

We report measurements of the cross sections
for the single-particle inclusive hadron reactions
a+b-c + anything where a=7*, K*, p*, b=p, and
c=7* K* p*. The measurements were made in a
small, fixed region of the phase space of particle
¢ corresponding approximately to P,=0.3 GeV/c
and y; =0.6, 0.4, and 0.2 for produced 7, K, and
p, respectively.' The incident momenta were 4,
6, 8, 10, 12, 15, 20, 24, 150, and 250 GeV/c.
The data are interpreted using the Mueller-Regge
phenomenology,?'® which suggests that the differ-
ential cross sections at high energy should de-
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pend on s = (p,+p,)? according to A+ Bs"V/2, Fits
to the s dependence of the measured cross sec-
tions are extrapolated to s '/2=0 and the ratios
of the resulting “asymptotic” cross sections are
compared with the appropriate total cross-sec-
tion ratios to test the prediction of Pomeron fac-
torization:

Ed’o/d°plab=c) _ 0, (ab)
Ed% /d*p(a’b~c)*"" o,,(a’'b)’

(1)

where o, (ab) is the total cross section for parti-



