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Using 4.5 fb~! of e* ¢~ annihilation data samples collected at center-of-mass energies ranging from 4.600
t04.698 GeV with the BESIII detector at the BEPCII collider, we measured the absolute branching fraction for
the inclusive semileptonic decay A7 — Xetv,, where X refers to any possible particle system. The branching
fraction of the decay is determined to be B(A! — Xe'v,) = (4.06 + 0.10, + 0.094)%. Our result
improves the precision of previous measurements of B(Af — Xe*v,) by more than threefold. Using the
known A lifetime and the charge-averaged semileptonic decay width of nonstrange charmed mesons, we
measure the ratio of inclusive semileptonic decay widths T'(A} — Xe*v,)/T(D — Xetv,) = 1.28 4 0.05,
where statistical and systematic uncertainties are combined.

DOI: 10.1103/PhysRevD.107.052005

I. INTRODUCTION

The lowest-lying charmed baryon A} was discovered
more than 40 years ago [1,2], but about 30% of A} decays
are still unmeasured [3]. In recent years, great experimental
progress has been made in the study of A} semileptonic
(SL) decays [4,5]. For example, the BESIII experiment
obtained a precise absolute branching fraction (BF) for
the dominant semileptonic mode, B(Al — Ae'v,) =
(3.56 £ 0.11 5 & 0.07y) %, and also measured the differ-
ential decay rate and form factors in this decay for the
first time [6]. The Al — pK~eTv, decay is now also
observed with a significance of 8.2¢ with a measured BF
B(Af— pK~etv,)=(0.82£0.154, £0.064y) x 1073 [7].
Evidence of the A*(1520) is seen in the pK~ mass
spectrum with a significance of 3.36 [7]. In addition,
the BF for the inclusive SL A} decay is measured to
be B(Af — XeTv,) = (3.95 £0.34, £0.09,5)% [8].
However, in comparison to the experimental studies of
SL decays in D mesons, measurements of the SL decays in
A are still very limited [3].

Improved precision on B(A — Xe'v,) is desirable.
First, a comparison of B(Af — Xe'v,) with B(Af —
Ae'v,) and B(Af —» pK~e'v,) indicates that some new
A} SL decays may exist beyond the known A} — AZ v,
and A - pK~¢*v, (£ =e, p). Second, combining
this branching fraction with the known lifetime of
the Al baryon determines the SL decay width T'(A} —
Xetv,). Comparing with the charge-averaged non-
strange D SL decay width I'(D — Xe*v,), one finds the
ratio [(A} — Xe*v,)/T(D — Xetv,) = 1.26 £0.12 [8],
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about a 10% uncertainty. Improving the precision on
I'(AY - Xetv,)/T(D — Xe*v,) is helpful for testing
current theoretical predictions [9-11].

This article presents an improved BF measurement of the
A/ inclusive SL decay. Our measurement is performed by
using data sets collected with the BESIII detector at center-
of-mass energies \/E = 4.600, 4.612, 4.628, 4.640, 4.661,
4.682 and 4.698 GeV. The total integrated luminosity for
these data samples is 4.5 fb~! [12,13]. These are the largest
data samples collected near the A} A production thresh-
old. Throughout this paper, charge-conjugate modes are
implied unless explicitly noted.

I1. BESIIT DETECTOR AND MONTE CARLO
SIMULATION

The BESII detector [14] records symmetric e*e”
collisions provided by the BEPCII storage ring in
the center-of-mass energy range from 2.00 to 4.95 GeV,
with a peak luminosity of 1 x 10% ¢m=2s~! achieved at
/s = 3.77 GeV. The BESIII spectrometer is a cylindrical
detector with a solid-angle coverage of 93% of 4. The
detector consists of a helium-gas-based main drift chamber
(MDCQ), a plastic scintillator time-of-flight (TOF) system, a
CsI(TD) electromagnetic calorimeter (EMC), a supercon-
ducting solenoid providing a 1.0 T magnetic field and a
muon counter [15]. The charged-particle momentum res-
olution is 0.5% at a transverse momentum of 1 GeV/c, and
the specific energy loss (dE/dx) resolution is 6% for the
electrons from Bhabha scattering. The photon energy
resolution in the EMC is 2.5% in the barrel and 5.0% in
the end caps at energies of 1 GeV. The time resolution of
the TOF barrel part is 68 ps, while that of the end-cap part is
110 ps. The end-cap TOF system was upgraded in 2015
with multigap resistive plate chamber technology, provid-
ing a time resolution of 60 ps [16]. About 11% of the data
set was obtained before the TOF upgrade. More details
about the design and performance of the detector were
given in Ref. [14].

A GEANT4-based [17] Monte Carlo (MC) simulation
toolkit, which includes the geometric description of the
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detector and the detector response, is used to determine
signal detection efficiency and to estimate potential back-
grounds. In the simulation, the effects of beam-energy
spread and initial-state radiation [ 18] are incorporated using
KKMC [19], and final-state radiation from charged final-
state particles is incorporated using PHOTOS [20]. An
inclusive MC sample consisting of A7A7, DE;) DE;)
radiative return to charmonium(-like) y states at lower
masses and continuum processes of gg (¢ = u, d, s),
along with Bhabha scattering, u"u~, t7z~ and yy events
are generated. All particle decays are modeled with
EvtGen [21] using BFs either taken from the Particle Data
Group [3], when available, or otherwise estimated with
LUNDCHARM [22,23].

pairs,

III. ANALYSIS

The first procedure of this analysis is to reconstruct
“single-tag” (ST) events with a fully reconstructed A7
candidate. The A7 hadronic decay tag modes used in this
analysis are A; - pK9, pK'zn~, pKa®, pKTa 2",
ngﬂ+ﬂ'_, Ar~, Ar 2, Arratn, 22, A9,
Y atn and Xz 7° where the intermediate particles
K9, A, £° £~ and 7Y are reconstructed via K — 77",
A= prt, 20 —syAwith A - pat, L~ — pa’and 7° — yy,
respectively. Starting with this ST sample, we identify the
inclusive SL decay A — XeTv, candidates; selected
events are referred to as the double-tag (DT) sample [24].

A. Single-tag selection

Charged tracks are required to satisfy |cos®| < 0.93,
where 6 is the polar angle with respect to the z axis, which
is the symmetry axis of the MDC. Their distances of the
closest approach to the interaction point (IP) are required to
be less than 10 cm along z axis and less than 1 cm in the
transverse plane. For charged tracks originating from K%, A
and ¥, there is no transverse requirement and a relaxed
requirement of 20 cm matching along the z axis is
employed. The information from the dE/dx in MDC
and the flight time in the TOF are used to obtain particle
identification (PID) probabilities for the pion (£,) and kaon
(Lk) hypotheses. The pion and kaon candidates are
selected using £, > Lx and Lx > L,, respectively. To
identify protons, the information from the d£/dx, TOF, and
EMC are combined to calculate the PID probability L'
Charged tracks satisfying £, > L', and L', > L'x are
identified as proton candidates.

Photon candidates are identified using showers in the
EMC. The deposited energy of each shower must be more
than 25 MeV in the barrel region (| cos 8] < 0.80) and more
than 50 MeV in the end-cap region (0.86 < |cos 8| < 0.92).
To exclude showers that originate from charged tracks, the
angle subtended by the EMC shower and the position of the
closest charged track at the EMC must be greater than

10 degrees as measured from the IP. To suppress electronic
noise and showers unrelated to the event, the difference
between the EMC time and the event start time is required to
be within [0, 700] ns. To reconstruct z° candidates, the
invariant mass of the accepted photon pair is required to be
within (0.110,0.155) GeV/c?. A kinematic fit is performed
to constrain the yy invariant mass to the known z° mass [3],
and the y? of the kinematic fit is required to be less than 20.
The fitted momenta of the z° are used in the further analysis.

The K9 meson s reconstructed from two oppositely charged
tracks with invariant mass within (0.485,0.510) GeV/c?.
The two charged tracks are constrained to originate from a
common vertex and their decay length relative to the IP is
required to be larger than zero. The invariant masses M (pz™),
M(yA) and M (pr°) are required to be within (1.110,1.121),
(1.179, 1.205) and (1.171,1.204) GeV/c? to reconstruct
candidates for A, £° and £, respectively. For the ST mode
prt ™, the backgrounds from Cabibbo-favored components
of Az~ and ]')Kg are removed by rejecting any event
with M5+ € (1.105,1.125) GeV/c? and M- ,- € (0.475,
0.520) GeV/c?.

The ST A7 signals are identified using the beam con-
strained mass:

Mpe =/ (V3/2 = |

where p A- is the measured momentum of the ST A7 The
energy difference AE = /5/2 — Ej- is determined for ST
A7 baryons, where E A- 18 the measured energy of the ST AL
If an event satisfies more than one A tag, only the tag with
the minimum |AE]| is kept to avoid double counting among
STs (but a second tag with opposite charm is allowed). The
My distributions at /s = 4.682 GeV for 12 ST modes are
shown in Fig. 1. Unbinned maximum likelihood fits are
performed to the spectra using the MC-simulated signal
shape convolved with a Gaussian function accounting for
differences of resolutions between data and MC simulation
to describe the signal, and an ARGUS function [25] with end
point fixed at 1/s/2 to describe the background. The AE
requirements, My distributions for other data sets and their
STyields were documented in Refs. [6,7]. The total ST yield
reconstructed in all data samples is Ngt = 115437 £ 446,
where the uncertainty is statistical only.

B. Double-tag selection

In the selected ST sample of A7 candidates, we search
for a charged track identified as a positron in the recoiling
system of ST A7 baryons. The charged track is required to
have | cos 8| < 0.80 to ensure that the track lies within the
barrel of the EMC, which has better energy resolution than
the EMC end caps. The distance of the closest approach to
the IP is required to be less than 10 cm along the z axis and
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FIG. 1. Fits to the My distributions for different ST modes at

/s = 4.682 GeV. The points with error bars are data, the (red)
solid curves show the total fits and the (blue) dashed curves are
the fitted backgrounds.

less than 1 cm in the transverse plane. The track is required
to have momentum above 200 MeV/c¢ since PID is
difficult at low momenta.

We sort the selected recoil-side positron candidates into
16 50 MeV/c momentum bins between 200 MeV/c and
1000 MeV/c. For a given momentum bin, the selected
charged tracks are divided into two charge categories: the
right-sign (RS) and wrong-sign (WS) samples, where the
charge of the RS (WS) track is required to be opposite
(equal) to that of the ST A7 candidate. Here, the WS samples
are used to determine the charge-symmetric backgrounds in
the RS samples. For both charge categories in each of the
momentum bins, the charged tracks are then sorted into four
mutually exclusive PID hypotheses: positron, pion, kaon
and proton. The PID of each selected charged track is
implemented with the information measured from the
dE/dx, TOF and EMC, and the combined likelihoods for
positron, pion, kaon and proton hypotheses (£',, £',, L'k
and £’ are calculated. The positron candidate must satisfy
L', >0.001 and L',/ (L', + L', + L ) > 0.8. To further
suppress the background from charged hadrons, the
E./p. > 0.8 is required [8,26], where E, and p, are the
deposited energy in the EMC and momentum value mea-
sured by the MDC, respectively. The remaining selected
charged tracks are assigned to different hadron types
according to the highest likelihood value that is also greater
than 0.001.

For both RS and WS in a given momentum bin, we
determine the number of the charged tracks originating
from a Al by performing the unbinned fit to the Mpc
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1 Ll
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FIG. 2. Example My fits for double-tag RS (upper) and WS
(lower) positron candidates with momentum in the range
500-550 MeV/c¢ for data collected at /s = 4.682 GeV. The
points with error bars are data, the (red) solid curves show the
total fits and the (blue) dashed curves are the fitted backgrounds.

distribution of the ST A7 candidate. Figure 2 shows two
examples of the fits, where the My distributions obtained
from all 12 A7 ST hadronic decays are combined together.
The reason for combining all ST modes together is that the
yields of the RS and WS positrons from each of the ST
modes are very limited in each of the momentum bins.
From separate fits to My distributions in each data set, the
yields of the total RS and WS positron yields are deter-
mined to be 3706 + 71 and 394 4 31, respectively, where
the uncertainties are statistical only. The measured yields as
a function of momentum bin for each particle category are
shown in Fig. 3.

C. PID unfolding

The measured positron yields in each momentum bin
contain sizable backgrounds from misidentified hadrons.
To evaluate these backgrounds, knowledge of their yields
and corresponding identification and misidentification
probabilities is required. We relate the true number of
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positrons and the observed number of positrons in DT
events with a PID migration matrix (Appp):

Ngbs Pe—»e Pﬂ—>€ PK—>e Pp—>e Ngue
N?zbs - Pe—>7r Plr—>7r PK—>7r Pp—>7r N;{ue 1
N(I)(bs B Pe—>K P;r—>l( PK—>K Pp—>K N[I?]e ’ ( )
Ngbs Pesp Prsp Prop Ppop Ngue

where N9 is the observed yield of particle species a
(where a denotes e, 7, K or p), P,_,; is the efficiency of
identifying particle a as particle b, and NI is true yield of
particle a in the studied sample. We do not attempt to
separate muons; most muons will be identified as pions by
our classification scheme. To obtain the elements in the PID
efficiency matrix (Appp), the control samples for positrons,
charged pions, kaons and protons are studied. These control
samples are selected from the A} inclusive MC sample, by
comparing the opening angle (A, < 5°) between the
reconstructed charged tracks and the produced charged
particles. Based on these selected control samples of
positrons, pions, kaons and protons, the elements of
Apps P,_p, as a function of momentum are obtained. To
account for the possible differences in the migration
probabilities P,_;, between data and MC sample,
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Measured RS (blue) and WS (red) yields for each particle category as a function of momentum.

corrections to P,_,, are applied in each momentum bin.
For positrons, the difference in PID efficiency between data
and MC sample is studied using the radiative Bhabha
scattering process. For kaons and pions, the differences
in PID efficiencies between data and MC sample are
studied using the decays J/w — K*K-z"z~ (") and
J/w — KTK~K*K~(z°). For protons, the decay J/y —
pprta~(2°) is analyzed. The averaged relative differences
(uncertainties) are evaluated to be —0.5(0.4)%,
-2.2(0.3)%, —1.0(0.2)% and -2.3(0.3)% for P,_,,
Pz Pxg and P,_,,, respectively. After these correc-
tions, the PID efficiencies for each of the charged particles
as a function of momentum are shown in Fig. 4. An
example of the Ap;p for 0.50< p <0.55GeV/c is shown in
the Appendix.

We unfold PID migration effects by applying the inverse
of the migration matrix to the observed RS and WS yields
in each momentum bin. We obtain the true yield of RS
positron tracks from Al decays and the true WS back-
grounds, as shown in Fig. 5. We randomly Gaussian smear
each observed yield with its uncertainty and repeat the
unfolding procedure many times. The rms of each resulting
unfolded yield is assigned as its statistical uncertainty. We
then take the difference of the number of the RS positrons
and WS electrons to subtract the contributions of positrons
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FIG. 5. PID unfolding results of positrons from A} — Xe'tv,

events for data sets collected between /s =4.600 and
4.698 GeV. The RS PID-corrected yields are shown in red
circles, while the WS PID-corrected yields are shown in blue
dots. Their differences are shown as green triangles.

from Dalitz decays of light mesons in the final state of
A} decay, such as 7° — yete™, and any other charge-
symmetric backgrounds.

D. Tracking efficiency and momentum migration

To account for tracking efficiency and momentum bin
migration, a second unfolding is performed using

Nge(i) = ZATRK(e i, )N4()), (2)

where the tracking efficiency matrix Apgk describes the
efficiency that positrons produced in the jth momentum bin

are reconstructed in the ith momentum bin, N¥°(j) is
the number of primary positrons produced in the jth
momentum bin, and N (i) is the true yield of positron
reconstructed in the ith momentum bin.
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TABLE L. Positron yield in data after each procedure. The listed
uncertainties are statistical.

Correction (see text) RS yields WS yields
Observed yields 3706 + 71 394 + 31

PID unfolding yields 3865 £ 80 376 £33

WS subtraction 3489 £+ 87

Tracking unfolding yields 4333 £ 107

Extrapolation 4692 £ 117

To determine the tracking efficiency matrix Atrg, the
MC samples of one A} baryon decaying to Xe v, together
with a A, decaying to each ST mode are generated at each
of the center-of-mass energies. The tracking efficiency of
Al = XeTv, for each ST mode is determined first and then
weighted according to their ST yields. The tracking
efficiency matrix Argg is shown in the Appendix, including
the effects of geometrical acceptance (|cos@| < 0.80),
track reconstruction efficiency, and resolution smearing.
Unfolding with the matrix inverse, we obtain the efficiency-
corrected positron momentum spectrum above 200 MeV /¢
in the laboratory system. The corrected positron yield is
determined to be 4333 &+ 107, where the uncertainty is
statistical only. The efficiency-corrected positron yields in
each of the momentum bins as well as their correlation
coefficients are shown in the Appendix. Table I summarizes
the positron yields obtained after each correction step.

E. Branching fraction

The yield of positrons with p, <200 MeV/c is obtained
by fitting the efficiency-corrected positron momentum
spectrum with the sum of the spectra of the exclusive
decay channels, as shown in Fig. 6. In the fit, the BF of
each component is fixed to its central value. The details
of the incorporated exclusive channels are shown in
Table II. Combining with the measured yields with
p. > 200 MeV/c, we obtain the total efficiency-corrected

600

400 -

200

Events/(0.05 GeV/c)

1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1
p (GeV/e)

FIG. 6. Extrapolation of the positron momentum spectrum
obtained from the data. The black points show data, while the
red curve shows the extrapolated momentum spectrum.

TABLE II. Exclusive A SL decays used to extrapolate the
positron momentum spectrum. The BFs of A} — Ae*r, and
Af - pK~eTv, are measured by the BESIII experiment [6,7]. The
BF of A7 = nK®%™y, is taken as the BF of AY — pK~eTv,
according to the isospin symmetry of the NK system. The form
factor of the A7 — Ae'v, is taken from BESIII measurements [6].
The model for A7 — pK~(nK°)e*tw, is taken as the phase space
(PHSP). The BFs and models of A} — A(1405)e*v, and A} —
A(1520)e" v, are taken from the predictions in Refs. [27,28], while
the BF and model of A} — ne*v, are taken from Ref. [29].

Decay B [%] Model

Al — Aety, 3.56 £0.11 £0.07
A = pK~(nK%)e*v, 0.088+£0.017+0.007

References [6]
PHSP [7]

AF = A(1405)e* b, 0.24 HQET [27.28]
A = A(1520)e ', 0.06 HQET [27.28]
Al = nety, 0.20 Quark model [29]

yield of A} — Xe'v,, Npyoq = 4692+ 117, where the
uncertainty is statistical only. This allows us to calculate
the BF of A] — Xe'v, by

Nprod

ST

B(Af = XeTy,) = (3)

Inserting Nyt = 115437 4= 446 into Eq. (3), we measure
B(Af = Xetv,) = (4.06 £ 0.104, £ 0.09y) %.

The measured B(A} — Xe™v,) is consistent with the previous
result B(Al = Xe'v,) = (3.95 £ 0.34, £ 0.0954) % [8],
but with greatly improved precision.

F. Systematic uncertainty

The systematic uncertainties in measuring B(A} —
Xe'tv,) are listed in Table III. The uncertainty in the
tracking efficiency of positrons is evaluated at 0.4% from
studies of e"e™ — (y)eTe™ events. The systematic uncer-
tainty in the ST yields is estimated to be 1.0% studied using
alternative signal and background shapes [6]. The system-
atic uncertainty due to the App and Argrgx matrices is
estimated by randomly Gaussian smearing all elements of
these matrices 300 times, based on their errors, and

TABLE III. Sources of the systematic uncertainties in meas-
uring B(Af — Xe'v,).

Source Value (%)
Tracking efficiency for positron 0.4
ST signal shape 1.0
Appp and Arg matrices 0.9
Momentum extrapolation 1.6
ST Yields method for RS and WS positrons 0.6
Muon contamination treatment 0.2
Total 2.2
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redetermining the BF. The 0.9% width of the resulting
distribution of these BF results is taken as the systematic
uncertainty. The systematic uncertainty in the extrapolation
of the positron momentum spectrum is estimated by
varying the BFs of Al — Ae'v,, Al — pK-e'v,,
Al = nK*ty,, AY - A(1405)ety,, Af— A(1520)et,
and A — ne*v,. The BFs of Al —» Aetrv, and A} —
pK=(nK%)e*v, are varied by one standard deviation
according to measurements [6,7]. The BFs for Al —
A(1405)e*v, and Af — A(1520)e*v, are varied from
0.24% to 0.38%, and from 0.06% to 0.08% according to
predictions in Refs. [27,28]. The BF for A — ne'v, is
varied from 0.2% to 0.4% according to predictions
in Refs. [28-34]. In addition, there may be multibody
decays like A} — Anle*v,, AY — Axtrnetu,, etc. In the
absence of data or predictions, the BFs of these decays are
both taken as the conservatively large value 0.2%. With
these exclusive BFs varied one by one in alternative fits, the
signal shape is reformed and the B(Al — XeTv,) is
obtained. The largest relative difference, 1.6%, between
the new measured BF and the nominal one is taken as the
systematic uncertainty due to momentum extrapolation. In
addition, the observed yields of the RS and WS positrons in
different momentum bins are determined by fitting to Mpc
distributions obtained by combining 12 hadronic ST modes
together. There may be a systematic difference if instead
each ST mode is fit separately and then the yields are
summed. This difference is investigated by studying data
collected at /s = 4.682 GeV. We compare the total ST
yields with the two methods and the relative difference of
0.6% is taken as systematic uncertainty. Next, in the PID
unfolding procedure, muons are treated as pions due to
their similar detector responses, which may introduce a
bias. To consider this systematic uncertainty, the yield of
the A; — Xu"v, component is estimated and the fake rates
of muons to charged positrons, pions, kaons and protons
are studied by using MC samples. Then we redo the
analysis procedure and take the relative difference of
0.2% as the systematic uncertainty due to the treatment
of muons. Summing in quadrature, we determine the total
systematic uncertainty in measuring B(A — Xe'tv,) to
be 2.2%.

IV. SUMMARY

Based on analyzing 4.5 fb~! data taken at /s = 4.600,
4.612, 4.628, 4.640, 4.661, 4.682 and 4.698 GeV
with the BESIII detector at the BEPCII collider, the
inclusive SL decay A — Xe'v, was investigated. The
BF of the decay is measured to be B(Al —XeTv,)=
(4.0640.104, +0.094y5) %. Combining the lifetime of the
AF baryon 75+ =(202.4£3.1)x 10755 [3], we obtain the
decay width T'(Af - XeTv,)=(2.006+£0.073) x 10! s71.
The charge-averaged value for D inclusive SL decay

width is determined to be T'(D — XeTv,) = (1.567 &
0.020) x 10'' s7! [3]. Hence, the ratio of the inclusive
SL decay width for the A and D is

+ +
DA = XeTwe) ey 0.05,
I'(D— Xetv,)

which is consistent but greatly improved compared
with the previous published result T'(Af — Ae'v,)/
[(D - Xetv,) = 1.26 £0.12 [8]. At a confidence level
of 95%, the determined ratio, T'(Af — Ae'v,)/
['(D - Xe'tv,) = 1.28 +0.05, is consistent with the value
of 1.2 predicted from the heavy quark expansion [11] but
disfavors the value of 1.67 predicted from the effective-
quark method [9,10].
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TABLE IV. The PID efficiency matrix App (in %) for
0.50 < p < 0.55 GeV/c.

APPENDIX: TABLES FOR Argrg AND
EFFICIENCY-CORRECTED YIELDS

P, (%) a=c¢e a=nx a=K a=p Table IV shows an example of the PID efficiency matrix
bh—e 95.17 0.61 0.43 0.00 Appp for the momentum region within 0.50 < p <
b=r 6.96 93.80 0.04 0.01 0.55 GeV/c. Table V shows the tracking efficiency matrix
b=K 0.78 0.07 94.42 0.01 Arrk of positrons for each of the momentum bins. Table VI
b=p 0.04 0.00 0.01 97.80 shows the efficiency-corrected positron yields in each of the

momentum bins and their correlation coefficients.

TABLE V. The tracking efficiency matrix Argg for positrons. The column gives the true momentum bins j, while the row gives the
reconstructed bin i.

ATRK
(eli,j) 1 2 3 4 5 6 7 8 9

0.7223 0.0338 0.0089 0.0058 0.0037 0.0029 0.0028 0.0024 0.0024 0.0022 0.0022 0.0022 0.0030 0.0032 0.0036 0.0009

10 11 12 13 14 15 16

|

2 0.0174 0.7359 0.0383 0.0097 0.0055 0.0041 0.0034 0.0033 0.0031 0.0027 0.0027 0.0034 0.0029 0.0034 0.0067 0.0105
3 0.0008 0.0139 0.7372 0.0389 0.0106 0.0063 0.0047 0.0041 0.0035 0.0031 0.0031 0.0032 0.0029 0.0031 0.0032 0.0017
4 0.0004 0.0008 0.0154 0.7355 0.0396 0.0106 0.0067 0.0051 0.0041 0.0036 0.0039 0.0029 0.0033 0.0038 0.0039 0.0012
5 0.0002 0.0003 0.0006 0.0148 0.7311 0.0412 0.0116 0.0070 0.0054 0.0047 0.0045 0.0035 0.0037 0.0037 0.0033 0.0014
6 0.0001 0.0003 0.0002 0.0007 0.0155 0.7248 0.0432 0.0118 0.0071 0.0056 0.0045 0.0038 0.0038 0.0050 0.0034 0.0043
7 0.0002 0.0002 0.0002 0.0003 0.0005 0.0173 0.7175 0.0455 0.0118 0.0077 0.0054 0.0049 0.0042 0.0045 0.0039 0.0028
8 0.0001 0.0001 0.0001 0.0002 0.0003 0.0008 0.0180 0.7125 0.0481 0.0120 0.0080 0.0056 0.0050 0.0044 0.0062 0.0014
9 0.0001 0.0001 0.0001 0.0002 0.0002 0.0004 0.0008 0.0196 0.7069 0.0507 0.0126 0.0084 0.0054 0.0048 0.0037 0.0018
10 0.0001 0.0001 0.0000 0.0001 0.0001 0.0002 0.0004 0.0006 0.0200 0.7043 0.0536 0.0119 0.0083 0.0047 0.0045 0.0020
11 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001 0.0002 0.0003 0.0006 0.0208 0.6982 0.0580 0.0129 0.0099 0.0093 0.0047
12 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001 0.0002 0.0002 0.0005 0.0004 0.0223 0.7041 0.0631 0.0117 0.0107 0.0064
13 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0001 0.0002 0.0003 0.0006 0.0213 0.6950 0.0682 0.0146 0.0046
14 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0001 0.0001 0.0002 0.0002 0.0003 0.0218 0.6997 0.0823 0.0077
15 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0002 0.0003 0.0003 0.0228 0.7165 0.0712
16 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001 0.0001 0.0005 0.0223 0.6855

TABLE VI. The efficiency-corrected positron yields Ngmd(i) in each of the momentum bins and their correlation coefficients.

Bins  NPY()) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 244 + 49

2 308 39 —0.07

3 371 £40 —0.00 —0.07

4 437 +£38 -0.01 —0.00 —0.07

5 524 +36 —0.02 —0.01 —0.00 —0.07

6 4914+35 0.00 —0.02 —0.01 —0.00 —0.08

7 513+£37 —-0.00 0.00 —0.02 —0.01 —0.00 —0.09

8 3954+32 —0.00 —0.00 0.00 —0.02 —0.01 —-0.00 —0.09

9 347 £28 —0.00 —0.00 —0.00 0.00 —0.02 —0.01 —0.00 —0.09

10 3054+26 0.01 —0.00 —0.00 —0.00 0.00 —0.02 —0.01 —0.00 —0.10

11 199 +£21 -0.01 0.01 —0.00 —0.00 —0.00 0.00 —0.02 —0.01 0.00 —0.10

12 89+16 0.01 -0.01 0.01 —-0.00 —0.00 —0.00 0.00 —-0.02 —-0.01 0.00 —0.11

13 68+12 —0.01 001 -0.01 0.01 —-0.00 —0.00 —0.00 0.00 —0.02 -0.01 0.00 —0.11

14 29+8  0.00 -0.01 0.01 -0.01 0.01 —-0.00 —0.00 —0.00 0.00 —-0.01 -0.01 0.01 —0.11

15 94+5 -0.01 0.00 —0.01 0.01 -0.01 0.01 -0.00 —0.00 —0.00 0.00 —0.02 -0.01 0.01 —0.13

16 443 000 -0.01 0.00 —-0.01 001 -0.01 0.01 0.00 —0.00 —0.00 0.00 —0.01 —0.01 0.01 —0.10
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