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Introduction

Making the inclusive measurement of Λ+
c → e+X allows for a direct determination of

the semileptonic branching fraction, while also providing an indirect determination of the
B(Λ+

c → pK−π+) . Russell P. Stutz explicitly determined B(Λ+
c → pK−π+) = (5.0 ± 0.5 ±

1.5)% by measuring the pK−π+ yield in the same hemisphere as tagged p events.
However, there is another method which provides an indirect determination of B(Λ+

c →
pK−π+). This method requires the assumption that the semileptonic decay widths for the
D0 meson and Λ+

c baryon are equal. The Particle Data Group makes use of this assumption
to determine B(Λ+

c → pK−π+) = (5.0 ± 1.3)%. A highly accurate test of this assumption
is the subject of this paper.

Theory

The semileptonic decay channel D0 → e+X has been measured and documented to a high
level of accuracy. However, the process by which this meson decays is through the external
emission of a W+ boson, during which the u quark is not believed to influence the final decay
and is said to be a “spectator quark”. This model of the spectator quark for the D0 has
conveniently been carried over to Λ+

c semileptonic decays. Here the u and d quarks do not
participate in the model of such events. This follows from the assumption that the light u
and d quarks do not participate in such decays due to high magnetic and chromomagnetic
coupling. Therefore it has been assumed that the spectator model and thus the equivalence
of the semileptonic decay widths of the D0 and the Λ+

c are valid. Although Λ+
c is allowed to

undergo internal W emissions known as internal spectator decays, the non-external spectator
modes do not change the external spectators partial width. This does however change the
overall lifetime of the Λ+

c since Γtotal = ΓexternalWmodes + ΓinternalWmodes. The result is that
the total semileptonic width remains the same and the semileptonic branching fraction of
Λ+

c decreases.
The assumption that the semileptonic widths of D0 and Λ+

c are equal may be incorrect
if the simple quark emission picture is wrong. As of now this model is already seen as an
oversimplification since the hadrons containing quarks are the observable, while the quarks
themselves are not observed. This leads to an expectation that a more accurate description
of the model will include the effect of a charm quark decaying into the strange daughter
quark. The production of a strange quark during charm decay is therefore indirectly ob-
served in the form of visible hadrons, leading to an oversimplified model. This effect alone
will change the overall semileptonic widths of the D0 and the Λ+

c .
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Analysis Method

This analysis depends on e+e− → cc̄ events. The suppression of bb̄ events is achieved by
making momenta cuts on the particles such that contamination from lower momenta parti-
cles produced during bb̄ events is minimal. Event selection is further restricted by requiring
a D0 in the opposite hemisphere of both an identified p and a tagged lepton daughter particle
of the Λ+

c . Although the Λ+
c mother is not observed directly, it is likely to be present compen-

sating for both charm and baryon number during the fragmentation process. This tagging
method used was used by Russel P. Stutz during Λ+

c → pK−π+ measurements and is be-
lieved to be highly accurate. The equation below outlines the physical process of our interest.

c c
p←↩ ↪→ D∗−

Λ+
c ←↩ ↪→ D0π−

soft

e+X ←↩

Triple Correlations

The technique used during the inclusive measurement of Λ+
c → e+X is dependent upon

the isolation of e+e− → cc̄ events. The events sample in question is further constrained by
triple correlations. The equation above shows the final state of the fragmentation process to
be analyzed. It is at this stage that certain parameters in order to test for Λ+

c particles are
to be defined. The process in question is that of a semileptonic Λ+

c decay. The semileptonic
daughters of such events are tagged by selecting leptons among all the leptons (and fake
leptons) in our candidate events by requiring the leptons associated with Λ+

c decays to be
associated with the cc̄ “jet thrust axis”. Our criteria for event reconstruction also requires
the identification of D0 and p. The D0 is reconstructed from a channel consisting of the k+

π−.
The identification and tagging of events containing the appropriate lepton, D0, and p

correlations yields a raw signal of events to work with. Further requiring that these candidate
events are those which are indicated in the above equation requires that a hemisphere cut be
made such that all events passing defined lepton, D0, and p cuts have the proper hemisphere
correlations. That is, a tagged D0 must be located in the opposite hemisphere of both tagged
lepton and p events.

Events in which D− has been reconstructed from k+π−π− are also utilized. The same
hemisphere correlations as the D0 triple correlations are required. Another tagging method
known as soft pion tagging is also employed. The use of π−

soft will increase the efficiency of

tagging events compared to the less efficient reconstruction of D0 or D− from their respective
daughter particles. The soft pion is characterized as having a low opening angle (θ) with
respect to the cc̄ thrust axis event. This low opening angle is a consequence of the low
residual phase space available (i.e. Q value) and momentum conservation of the D∗− decay.
Therefore soft pion tags in our triple correlation will be projected onto the sin2θ axis and
the number of soft pion events are contained under the signal region as sin2θ → 0.
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Although our event sample of electrons coming from Λ+
c decay have strong cuts, there are

other charmed baryons which could allow for a cleaner event sample. Such events include
Σ0

c → Λ+
c + π−

soft (100%) . These decays and contributions from excited states of Σc as well
as excited states of the Λ+

c (e.g. Λ+
c (2593) and Λ+

c (2630)) will systematically be explored as
triple correlations.

Triple Correlation using neutrals

During external semileptonic decays of the Λ+
c a Λ0 is produced. Subsequently the decay

of the Λ0, governed by the weak force, results in the production of protons or neutrons in
association with the appropriate charge conserving pion. However, non-semileptonic decays
of the Λ+

c will produce other protons and neutrons not necessarily associated with Λ0 de-
cays. Subtle differences in the behavior of neutrons through a calorimeter vs. antinuetrons
(composed of antiquarks) through a calorimeter is under consideration as another means
to account for total Λ+

c production. This technique will require the suppression of photons
from unwanted sources(e.g. π0 → γγ) and rely on the detection of neutral showers from
(anti)neutron interactions within the calorimeter.

Fakes and Efficiency

Suppression of particle fakes is a major part of providing the purest signal possible. As
mentioned, the isolation of e+e− → cc̄ occurs through high momentum cuts on the particles
involved in the triple correlations. This will significantly reduce background associated with
cc̄ events produced during the production and decay of bb̄. Great effort is underway to
identify any events that are not a part of our triple correlated signals and systematic removal
is in progress . These efforts include the requirement of high likelihood cuts on particles in
our event sample. However, contamination from alternative decay modes of our triple tagged
events is possible and will have to be identified with Monte Carlo simulation. Monte Carlo
is now in progress and the rate at which kaons, pions, muons, and electrons all fake protons
are being explored. Fake rates for kaons, pions, muons, and protons faking electrons is under
investigation as well.

Use of the Monte Carlo will also determine the efficiency with which our particles are
actually identified. The efficiency value derived from the Monte Carlo frame is then assumed
to be equal to the efficiency of our detector and efficiency corrections will then be applied
to signal events from the data.

Cross-checks

Techniques using the various triple correlations(cross-checks) suggested will result in var-
ied signal events in each of the respective continuum samples. However, the physical process
of Λ+

c → e+X is independent of which triple correlation is used (within statistical limits and
efficiency corrections), therefore the same semileptonic branching fraction should be found.
Shown below is the branching fraction equation as is relates to the experimentally deter-
mined values.
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B(Λc → e+νX) =

N(e+νX)tagged
observed

−e+
fakes

ε
e+

N
tags
total−N

fakes
total

• N(e+νX)tagged
observed ≡ Number of events associated with p tags and uncorrected for efficiency

• e+
fakes ≡ Number of fake e+ to be subtracted from signal

• N tags
total ≡ Number of p opposite a D0, D−, or π−

soft

• Nfakes
total ≡ Number of total fake events

• εe+ ≡ The efficiency of detecting e+ determined by Monte Carlo frame

Results

The analysis at this stage is still in progress and as a result no value will be quoted
here for B(Λc → e+νX). As mentioned, multiple cross-checks and systematic removal of
background events are being performed to insure the accuracy of this measurement. The
following histogram represents the presence of our Λ+

c → e+X signal uncorrected for “fakes”
and efficiency. The yield is 26 signal(uncorrected) events. The event sample contains 80
million CLEO II and II.V events.
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FIGURE 1. This is a plot of the triple correlated signal of Λ+
c → e+X. This figure represents

D0, p, r2e+ correlations projected onto the D0 invariant mass axis.
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