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Production of Leptons in Coincidence with Prompt Muons
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Muon and electron production in association with prompt muons has been studied in a
200-GeV/c w~-Be interaction at Fermilab. The prompt dimuon cross section was found to
be 3.3 £0.6 ub per nucleon. The cross section for muon-electron production was found to
be 0.12 £0.04 ub. The relative yields of prompt muons at low xg and moderate p, from
charm and electromagnetic sources are also reported.

PACS numbers: 13.85.Qk, 14.40.Jz

Measurements of prompt muon, electron, and
neutrino production furnish important information
on hadronic charm production. Most previous
prompt lepton studies have been based on single-
lepton production or on the production of two lep-
tons of the same flavor.""” In such experiments
distinction between lepton pairs arising from elec-
tromagnetic decay processes, such as Drell-Yan
production and vector-meson decay, and those
coming from the production and weak decay of
heavy quarks is difficult. In this experiment we
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triggered on a muon with Feynman x (xg) between
0 and 0.3 and transverse momentum between 0.4
and 1.2 GeV/c and identified accompanying muons
and electrons. This allowed us to compare directly
the yields from electromagnetic and weak prompt
lepton sources.

The experiment was performed in the M1 beam
line at Fermilab with a 200-GeV/c =~ beam. Our
spectrometer (Fig. 1) was separated into two arms:
a muon trigger arm which subtended +40 to + 150
mrad vertically and a large-acceptance forward arm
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FIG. 1. Elevation view of the E515 spectrometer.
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which subtended +40 to — 80 mrad vertically and
+ 200 mrad horizontally. The trigger arm was in-
strumented with hodoscopes and a set of 6-mm pro-
portional wire chambers (PWC). A trigger required
hits in each of four trigger-arm hodoscopes in coin-
cidence with a beam particle striking a 3-cm berylli-
um target. Muons needed a momentum of at least
5 GeV/c to penetrate the trigger-arm absorber. The
forward arm was instrumented with PWC, drift
chambers, a lead liquid-argon shower calorimeter
(LAC), and two hodoscopes located downstream of
a 2.9-m steel filter. A large-aperture dipole magnet
provided a transverse momentum kick of 0.8
GeV/e.

In the off-line analysis trigger muons were identi-
fied by linking tracks in the trigger-arm PWC with
hits in the M1 hodoscope and target points. Muon
momentum was determined to within 25% by a
least-squares fit that took into account energy loss
and multiple scattering in the absorber. A final
sample of 2.6x 10° muon triggers was used in fur-
ther analysis.

Muons in the forward arm were identified by as-
sociating hits in the forward-muon hodoscopes with
extrapolated tracks. Electrons were identified with
the 1.2x2.4-m? LAC which was segmented into
1.25-cm strips in the x and y views and longitudinal-
ly into two twelve-radiation-length halves. Off-line
electron identification required that electron candi-
dates pass cuts on (1) the transverse shower profile,
(2) the front-to-back half-energy ratio, (3) the
shower-track matchup, and (4) have a shower ener-
gy within two standard deviations (o/E = 0.22//E)
of the track momentum.®® Electron identification
efficiencies were determined with e Te ™ pairs from
photon conversions. The LAC was found to be
15% less efficient for et than e ™, because of the
small-angle neutral particles which impacted on the
positron side of the detector.

In the following analysis we assume that same-
sign trigger-arm-forward-arm dilepton pairs arise
from nonprompt sources and opposite-sign pairs

arise from a combination of prompt and nonprompt
i
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FIG. 2. Energy as measured in the liquid-argon
calorimeter divided by momentum as measured in the
spectrometer for electrons detected in coincidence with a
trigger w~ with cuts 1-3 applied. The solid line is the fit
described in the text. The dashed line is the background

function only.

sources. We then subtract same-sign pair yields
from opposite-sign yields (with corrections de-
scribed below) to isolate the prompt signal. In all
cases we subtract forward-arm leptons of equal
signs to cancel systematic errors due to uncertain-
ties in forward-arm lepton detection efficiency. A
charge asymmetry in the trigger arm may contribute
to the dilepton signal. We measure this asymmetry
to be less than 3%.

We use the following equation to calculate the
prompt muon yield:

N(F“p“)prompl= {N(Mll-)opp_N(PL.“)same_Pdf;t[N(:U'h )opp—N(lJ'h )same]}/ﬁp,;u

where N(uw) are the trigger-arm—forward-arm
muon pair yields corrected for accidentals, Py is the
probability that a forward-arm hadron will decay
into a muon, N (wh) is the trigger-muon—-forward-
hadron pair yield, €, is the forward-arm muon
detection efficiency, and €,, is the joint trigger-
arm-forward-arm muon detection efficiency. The
term involving P, is included to remove any u-
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T
hadron charge correlations. The detector acceptance
was modeled with use of the parametrization of An-
derson etal* If one assumes symmetry about
xp=0 and linear mass number (A4) dependence,
the total prompt dimuon cross section is found to
be 3.3 £ 0.6 ub per nucleon.

The number of prompt muon-electron pairs is
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calculated in a similar manner. In the absence of
DO-D° mixing, charm contributes only to the ob-
served opposite-sign yields. Electrons from photon
conversions and Dalitz decays of = contribute
both to same-sign and opposite-sign yields. Elec-
trons from reconstructed photon conversions are
removed from the data. The yield of electrons is
determined by fitting the E/P curves for each sign
combination to a Gaussian electron peak plus a
background function. The fit for w~e™ pairs is
shown in Fig. 2. If N(u~"e”) and N(u*e™)
represent the yields of u~e™ and u e~ pairs then
the number of prompt u*e ™ pairs is

Nu*e ) pomp=[N(ute ) =N(u"e )]/,

where €, is the detection efficiency for electrons. A
parallel calculation is made for w~e™ pairs. The
results are presented in Table I. The errors shown
include the uncertainty in the fits and trigger-muon
charge symmetry as well as statistical contributions.
There is a larger yield in the u*e ™ sample than in
w~e™. It is not clear whether this represents a real
production asymmetry or is simply a statistical fluc-
tuation.

The prompt muon-electron production cross sec-
tion is calculated given the assumption that the
pairs result from DD production and subsequent
semileptonic decay. We model associated DD pro-
duction as

d30'/d3poc e-—SM(l —XF)NE—bP’,

where M represents the invariant mass of the DD
pair. Half of the D decays were assumed to proceed
through Kuv and the rest through K*uv. The
electron momentum and transverse momentum
spectra for the above model are shown in Fig. 3
along with data points obtained by subtracting
same-sign from opposite-sign ue yields. If we as-
sume values of 5 for N, 2 for b, and linear 4 depen-

TABLE 1. Yields of muon-electron pairs. The second
column is corrected for electron detection efficiency.

Raw pe Corrected
Yield Yield
we”t 625 +40 2232 + 142
ute* 563 +38 2010 £135
i~ € prompt 222 +213
wte” 1131 £55 2632 £126
ue” 862 £50 1981 +116
e prompt 651 £194

dence, the prompt we cross section is 0.12 + 0.04
wub per nucleon. Under the assumption of an aver-
age semileptonic branching ratio of 8%, the total
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FIG. 3. Excess opposite-sign we events as a function
of (a) electron momentum and (b) transverse. These
yields have not been corrected for efficiency. Only sta-
tistical errors are shown. The solid lines represent the
Monte Carlo models discussed in the text.
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charm production cross section o(cc) is 18 +6 ub
per nucleon. Varying N between 3 and 5 and b
between 1 and 3 produces a 40% change in the cal-
culated cross sections.

The trigger-arm muon yield due to charm
N () charm can be extracted from our data as fol-
lows:

N( M)charm =N( P‘«e) prompt/ae,charmr

where a, charm IS the probability for detecting an
electron from charm decay in the LAC given a
trigger muon from charm. The prompt muon yield
due to electromagnetic sources N (u)., can be iso-
lated by using the following relation:

N (1) che N(w)
N(M#)promptz M) charm + em

1

Q4 charm a, em

where @, .m is the probability for detecting a
forward-arm muon given a trigger muon from an
electromagnetic source and a, charm 1S the similar
probability given a trigger muon from charm decay.
These probabilities were calculated with use of the
above models for charm and electromagnetic dimu-
on production and under the assumption of an aver-
age 8% semileptonic branching ratio for charm. The
sum of N (u)eharm and N (u)., indicates that 5+ of
our final muon trigger sample is of prompt orgin.
Within the prompt sample,

N () em/N (1) charm=0.56 £0.17 +0.22,

where the last number is our estimate of the sys-
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tematic error in the calculated probabilities. The
results indicate that a significant fraction of the
prompt muons in the kinematic range of our trigger
(p, near 0.6 GeV/c and low xg) are from weak de-
cay.
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