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Abstract

Using data from the FOCUS experiment (FNAL-E831), we study the decay dbaryons into final states containing\a
hyperon. The branching fractions af! into Az, Az T7n "7~ and AKCK ™ relative to that intopk 7+ are measured to
be 02174 0.013+ 0.020, Q5084+ 0.024+ 0.024 and 0142+ 0.018+ 0.022, respectively. We also report new measurements

+ 0+ + 0+ + - + .5 OAKOYKT
of LAc=E D) _ 10940114019, LAET T _ 264 0,064 0.09 and A = EA6N0_AKIKT) _ 35,
T(AT> A7) T(Af—Antata-) T(Af—>AKOK+)
0.10+ 0.04. Further, an analysis of the subresonant structure fakfhe> Az 77~ decay mode is presented.
0 2005 Elsevier B.VOpen access under CC BY license.
1. Introduction We report a new measurement of the subresonant

mode A} — E(1690°K*. Finally we present the
During the past several years there has been signif-first study of the subresonant structure of thg —
icant progress in the experimental study of hadronic Az tz "7~ decay mode.
decays of charmed baryons. However, the precision
on branching fraction measurements is only about
40% for many Cabibbo-favored modes and even worse

for Cabibbo-suppressed decajy. As a result, we This analysis uses data collected by the FOCUS
are not yet able to distinguish between the decay experiment during the 1996-1997 fixed-target run at
rate predictions made by different theoretical mod- Fermilab.
els, e.g., the quark model approach to non-leptonic  Focus is a photo-production experiment equipped
charm decays and the Heavy Quark Effective The- \ith very precise vertexing and particle identifica-
ory (HQET) [2-4]. In this Letter we present a study tjon detectors. The vertexing system is composed of
of A baryons produced by the FOCUS experiment. 5 sjlicon microstrip detector (TS) embedded in the
We present improved measurements of the branch-geo target segmentfs] and a second system of
ing fractions of the Cabibbo-favored decags™ — twelve microstrip planes (SSD) downstream of the
At A — Axtata~ andAt — AKOKT. From target. Downstream of the SSD, five stations of mul-
the measurement of the first two modes, we are also tjyire proportional chambers and two large aperture
able to extract the relative branching ratios of the dipole magnets complete the charged particle tracking
two decaysA; — =%+ and A} — =0 tatrae. and momentum measurement system. Three multicell
thresholdCerenkov detectors are used to identify elec-
 E-mail address: david.lopes@pv.infn.i(D. Lopes Pegna). trons, pions, kaons, and protons. The FOCUS appa-
1 seehttp:/ivww-focus.fnal.gov/authors.htnfibr additional au- ratus also contains one hadronic and two electromag-
thor information. netic calorimeters as well as two muon detectors.

2. Event reconstruction
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All decay modes reported havershyperorf in the
final state. A detailed description of and Kg recon-
struction techniques in FOCUS is reported6ih

Candidates are reconstructed by first forming a ver-
tex with tracks consistent with a specifi¢t decay hy-
pothesis. A cut on the confidence level that these tracks
form a good vertex is applied. Production vertex can-
didates are found using a candidate driven vertexing
algorithm which uses tha candidate momentum to
define the line of flight of the charm partidé]. This
seed track is intersected with other tracks in the event
to form a production vertex. The confidence level for
the production vertex must be greater than 1%. Most
of the background is rejected by applying a separation
cut between the production and decay vertices: we re-
quire the significance of separation between the two
vertices,L /oy, to be greater than some number, de-
pending on the decay mode.

All charged microstrip track segments from the
charm decay must be linked to a single multi-wire pro-
portional chamber track segment, be of good quality,
and be inconsistent with zero degree tracks from beam
photon conversions. The likelihood for each charged
particle to be a proton, kaon, pion or electron based
on Cerenkov particle identification is used to make
additional requirement8]. For pion candidates, we
require a loose cut that no alternative hypothesis is fa-
vored over the pion hypothesis by more than 6 units
of log-likelihood. The purpose of this cut is not to
positively identify pions but simply to remove obvi-
ous background from particles which are positively
identified as something other than pions. In addition,
for each kaon candidate we require the negative log-
likelihood kaon hypothesigyx = —2In (kaon likeli-
hood), to be favored over the corresponding pion hy-
pothesisw, by W, — Wg > 3.

The reconstructed mass of thie candidates must
be between 1.1 and 1.125 G&¥; no cut is applied
on the normalized maga/(A) — M(A)ppacl/om(a),
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Fig. 1. Invariant mass distribution for th'e — pz~ sample used in

the analysis. The fit is performed using two Gaussians with the same
mean for the signal and a second order Chebychev polynomial for
the background. The resultant yield is 1 052 340490 events.

candidates to be compatible with the proton hypothe-
sis, applying the cuW, — W, > 4. The reconstructed
mass of thergJ must be within three standard devia-
tions of the nominakg mass.

We require theA " candidates to have a minimum
momentum of 45 GeYe. We also reduce the contri-
butions from longer lived charm particles by requiring
the measured " lifetime to be less than five times the
nominal value[1]. Finally, in order to reduce back-
grounds, we require the production vertex to be lo-
cated inside the target material.

3. Thenormalization mode

The Af — pK~ =t channel is our highest statis-
tics A decay mode and it is used as the normalization
mode for branching ratio measurements to minimize
the overall statistical uncertainty. Moreover, all previ-

because it is not centered around zero, probably dueous measurements in the literat(it¢ use this decay

to the higher background under the signal region. The
pr~ invariant mass distribution for th& sample used
in the analysis is shown iRig. 1L We moreover require
the higher momentum track used to reconstructAhe

2 Throughout this Letter the charged conjugate state is implied
unless explicitly stated.

as a normalization mode, thus making any compari-
son straightforward.

In order to minimize systematic biases, the normal-
ization mode is selected using the same cuts and the
same fit function as the specific decay whenever possi-
ble. In addition, for each proton candidate we apply the
cutsWy — W, >4 andWg — W, > 1. ThepK 7"
invariant mass distribution for af./o; > 4 cut is
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Fig. 2. Invariant mass distributions for (A)j‘ — Ant and (b)Aj‘ — pK~nt. The fits are described in the text.

shown inFig. 2(b). The resultant yield is 16447 193 rAd —x%") — 1,094 0.11(stad @
events. T(Af — Axt) ' .
The indirect measurements of the branching ratios
4. The A} — Arn* decay mode involving =0 particles are motivated by preliminary
studies, aimed at a complete reconstruction offe
We measure the branching ratio aft — Ax* which showed intractable background contributions.

relative toAl — pK~x". In Fig. Aa) the Az ™ in-

variant mass distribution for ah/o; > 4 cut is pre-

sented. The confidence level for the decay vertex must > 1he A — ArFr¥n~ decay mode
be greater than 1%. We also applyasf| < 0.6 cut,

where# is the angle between the momentum in the We measure the branching ratio 8f" — Az x
A[ restframe and tha ™ laboratory momentum. ntx~ relative to A} — pK—xt. In Fig. 3a) the
We note a broad structure around 2.2 Ge¥/com- An Tt~ invariant mass distribution for ab/o;, >

ing from the decay moda} — =°(Ay)n* where 5 cut is presented. The confidence level for the de-
the photon from thex® decay is not reconstructed. —cay vertex must be greater than 5%. We also apply a
The shape for this reflection has been obtained from cos? > —0.9 cut, where is the angle between the
a Monte Carlo simulation of this decay mode. The fit momentum in theA rest frame and thes " labora-
is performed using two Gaussians with the same meantory momentum.
for the signal, the reflection from tHe%z * mode, and We also note in this decay mode a broad struc-
a second order Chebychev polynomial for the back- ture around 2.2 GeX¢2 coming from the decay mode
ground. The ratio of yields and the resolutions of the A} — Z°(Ay)rTz+x~ where the photon from the
two Gaussians are fixed to the Monte Carlo values. =° decay has not been reconstructed. This has been
The resultant yield is 75& 44 events. Correcting for ~ accounted for as in that — An* decay. The com-
the relative efficiencies estimated by our Monte Carlo ponents of the fitting function are the same as in the
simulation, we determine the branching ratiotobe Al — An™ case. The resultam} — Axtata~
yield is 13564 60 events. Correcting for the relative
['(Af— An™) L . : :
=0.217+ 0.013(stay. (1) efficiencies estimated by our Monte Carlo simulation,
(AL — pK—n) we determine the branching ratio to be

The number of fitted\ * — =%z * reflection events is
919 £ 92. Correcting for the relative efficiencies, we ~
extract the relative branching ratio: ['(A — pK—nt)

IM(Af — Antata™
(Ac > AT mT7) _ 508+ 0.024sta).  (3)
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Fig. 3. Invariant mass distributions for (Af” — Axtz 7~ and (b)AF — An 7+~ for the subresonant analysis. The fits are described
in the text.
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The number of fitedA" — Z%7 Tz +x~ reflection mass distribution for events which satisfy these cuts is
events is 480Gt 110. Correcting for the relative effi-  presented. The resultant yield is 5881 events. The

ciencies, we extract the relative branching ratio: branching ratio obtained with these cuts is consistent
with that reported in Eq(3).

rf - % *r*r) —0.26+006(sta).  (4) A study F())f the two?(bo)dy invariant mass distribu-

(Al — Antota) tions was done to better identify which resonances

We have studied the subresonant structure in the de-may contribute to theAz+*m Tz~ decay channel.

cay modeA} — Arntxtr~. Considering our lim-  In Fig. 4 the two bodyAr~, Az andz "=~ in-

ited statistics, which would make a coherent analysis variant mass distributions provide evidence for the

difficult, we use an incoherent binned fit meth{&]j ¥(1385* andp(770° resonances. For this study we

developed by the E687 Collaboration, which assumes require theAx ™z Tz~ invariant mass to be withine2
the final state is an incoherent superposition of subres- (18 MeV/c?) of the A nominal mass and we per-

onant decay modes. form a sideband subtraction to reduce the background.
For the resonant substructure analysisagf — The fits are performed using Breit-Wigners for the

Antrtr~ we enhance the signal to noise ratio ap- signal shape, with the mean and width fixed to the

plying anL /oy, > 8 cutand requiring 11 < M(A) < Monte Carlo values, and Chebychev polynomials for

1.119 GeV/c?. In Fig. 3b) the Azt 7~ invariant the backgrounds. Due to the two identical positively
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charged pions in the final state, the two-body invariant Table 1

masses\7 T andz 7~ are computed by assigning a  Fractions relative to the inclusive mode for the subresonant structure
. . h . + +ot—

weight of 0.5 to eaclAz ™ andz+x~ combinationin ~ °ftheAc — Azx™z"z™ decay mode

the event. Subresonant mode Fractionaf” — Axtntn—
For subresonant modes in the resonant analysis Az*z*7")nr <0.30 @ 90% CL
we therefore consider the chann&l$1385 7 r+, 2’:n1n+ 0.21+0.03+0.02
. _
Y (1385 Tnt7~, Ap(770°zt and £(1385" x i o 8281812322
0 . +ot o — Trp : : :
o (770", plus anon-resonant chan@lz * 77 ~)nR. st 014+ 0,09+ 0.07

All states not explicitly considered are assumed to be
included in the non-resonant channel.

We determine the acceptance corrected yield into ming in quadrature the errors on the five submodes.
each subresonant mode using a weighting techniqueThe systematic uncertainty for the subresonant frac-
whereby each event is weighted by its kinematic tions is estimated varying the width of the resonance
values in the three submassésn ™), (An™") and peaks in the construction of the kinematic bins. The
(m 7). We construct eight population bins depend- goodness of fit is evaluated by calculatingya for
ing on whether each of the three submasses falls the hypothesis of consistency between the model pre-
into the expected resonance peak (within the nomi- dictions and the observed data yields in each of the 8
nal width). From a Monte Carlo simulation of each submass bins. We obtainy of 7.9 (for 3 degrees of
subresonant mode, we compute the bin population freedom) and a confidence level of 5%.

n; in the eight bins and we calculate a transport ma-
trix T;, between the number of generated Monte Carlo

eventsY, and the bin populations: 6. The A - AKCPK* decay mode
ni=Y ToYa. (5) We measure the branching ratiodf — A KK+
o relative to AT — pK~n+. The K are detected
The elements of th& matrix can be summed to give through Kg's. In this channel, the low combinatoric
the efficiencye, for each mode: background (due to the limited phase space available)
and the clean tag of the two neutrals énd Kg) al-
€= T (6) lows the signal to be observed without the need for
l

L /oy or decay vertex confidence level cuts.Hiy. 6

This Monte Carlo determined matrix is inverted to the AK2K* invariant mass distribution is presented.
create a new weighting matrix which multiplies the ~ The fit is performed using two Gaussians with the
bin populations to produce efficiency corrected yields. same mean for the signal and a second order Cheby-
Each data event can then be weighted according to itschev polynomial for the background to be consistent
values in the submass bins. Once the weighted dis- with the fit function used for the other decay modes.
tributions for each of the five modes have been gen- The ratio of yields and the resolutions of the two Gaus-
erated, we determine the acceptance corrected yieldsSiaI'IS are fixed to the Monte Carlo values. The resultant
by fitting the distributions with two Gaussians with Yield is 251431 events. Correcting for the relative ef-
the same mean and a second order Chebychev poly-ficiencies estimated by our Monte Carlo simulation,
nomial for the background. Using incoherent Monte Wwe determine the branching ratio to be
parlo mixtures of thg five subresonant modes we ver- I'(AF — AK°K™)
ify that the method is able to correctly reproduce the T E—
generated mixtures of the different modes. PAc = pK=m™)

The results for the\x "7z~ decay are summa- The Belle Collaboratiorj10] has recently shown
rized in Table 1 The five weighted histograms are €vidence of the resonant contributiol? —
shown inFig. 5 whereFig. 5f) is the weighted dis-  £(1690°K™ in the decayA” — AKJK ™ with the
tribution for the sum of all subresonant modes. The E(1690° reconstructed inAK?. In our analysis,
errors on the summed distribution are obtained sum- the £(1690°K*+ events are selected using the same

—0.1424 0.018(stay. @)
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. . Fig. 7. Invariant mass distribution forakKQ in the deca
described in the text. 9 S y

Af — AK2KT. Mppg(A) and Mppg(K©) are the nominala
andK 9 masses1]. The fitis described in the text.
cuts used for thes K 2K+ mode; theA K 2K * invari-
ant mass is required to be withimr 310 MeV/c?) of
the A nominal mass. A sideband subtraction is per-
formed to remove the combinatoric background.

The AK? invariant mass distribution is shown in
Fig. 7. The fitis performed using a Breit—-Wigner func- 3 The £(16900 is generated in our Monte Carlo simulation with
tion for the signal and a first order Chebychev polyno- amass of 1.688 Ge2 and a width of 10 Meyc?.

mial for the background. The mean and the width of
the Breit-Wigner are fixed to the Monte Carlo valdes.
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Table 2
The systematic uncertainties from the Monte Carlo simulation, the fitting condition and the total for each mode
Mode Simulation Subresonances Tracking Fit Total
+ +
L@ oA 0.017 - 0.005 0.008 0.020
(Al —>pK—nt)
+ 50+
LA o= nl) 0.19 - - 0.04 0.19
A —Ant)
+ +rtg—
A o An 7 Tr ) 0.016 0.010 - 0.014 0.024
(A —pK—nt)
+ 50+t g—
facoxwinin) 0.08 - - 0.03 0.09
(A —>Arntatn—)
+ g0+
DA —AKTKD) 0.021 0.001 0.004 0.005 0.022
I'(Af —pK—nt)
+ o= 0 0
LA >BANAKHKT) - 0.002 - 0.04 0.04

r(AF>AKOK+)

The x2 for this fit is 18.7 for 17 d.o.f.; a null hypoth-

ance if the former exceeds the latter. The method is

esis check has also been performed, fitting the massdescribed in detail ifil1].

invariant distribution with only a quadratic polyno-
mial, obtaining ax? of 23.6 for 17 d.o.f. The resultant
yield is 84+ 24 events.
We measure the branching ratio relativeAg —
AKOK* tobe
(A} — E(1690°K ™)
['(Af — AKOK)
=0.32+ 0.10(stay.

x B(E(1690° — AK?)

8

7. Systematic studies

The systematic effects are evaluated after investi-
gation of different sources: uncertainties in the recon-
struction efficiency and in the resonant substructure
for multibody decays and the choice of fitting condi-
tions.

To determine the systematic error due to the re-
construction efficiency we follow a procedure based
on the S-factor method used by the Particle Data
Group [1]. For each mode we split the data sample
into independent subsamples based/ch momen-
tum, data-taking period, particle—antiparticle, signif-

Considering the large uncertainty on the measured
subresonant fractions in the multibody decays, we also
vary these fractions in the Monte Carlo simulation and
use the variance in the branching ratios as a contribu-
tion to the systematic error.

We measure the systematic uncertainty due to fit-
ting conditions using a fit variation technique, which
includes variations in bin size, fitting range, back-
ground and signal shapes (different order of the
Chebychev polynomial, leaving the two Gaussian pa-
rameters free in the fit or using a single Gaussian for
the signal).

We also include a systematic error contribution
from the absolute tracking efficiency for the different
multiplicities in the final states. Ihable 2we summa-
rize the systematic uncertainty for each mode. Several
measurements for the modes reported here are present
in the literaturg12-18] In Table 3we present the FO-
CUS results with a comparison to the PDG val[ids

8. Conclusions

icance of separation between production and decay We have investigated and measured the branching

vertices and different and Kg categories, based on

the location and geometry of the neutral particle decay.
These splits provide a check on the Monte Carlo simu-
lation of charm production, of the vertex detector and
of different variables employed in the event selection.

ratios of severalA Cabibbo-favored decay modes
containing aA hyperon in the final state. These modes
are AT - Axt AT - AxtrTnT and AT —
AKCK*. From the fit to the first two modes, we are
also able to extract the relative branching ratios of the

We define the split sample variance as the difference two decaysA} — =%+ and A7 — =0z+ntn—.

between the scaled variance and the statistical vari-

These measurements are an improvement over pre-
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Table 3

FOCUS Collaboration / Physics Letters B 624 (2005) 22—30

FOCUS results compared to previous measurements. No direct measurement exists for the relative branchiig\faties=%7 )/
rAf — Azt andT(AF — 2%t tr7)/T(AF — AxtaTx7). The relative efficiency includes the branching fractions into the ob-

served final state particles

AZ decay mode Signalyield A/ reference Referenceyield Relative FOCUS PDd1]

mode efficiency
Ant 750+ 44 pK—nt 16447+ 193 Q209+ 0.001  0217+0.013+0.020 Q1804+ 0.032
207+ 919+ 92 Ant 750+ 44 1119+ 0.001  109+0.11+0.19 111+ 0.49
Antata— 1356+ 60 pK—nt 12898+ 147 0207+0.001  Q508+0.024+0.024 Q066+0.11
SO0rtrtr— 480+110 Arntata— 1356460 1375+ 0.001 Q26+ 0.06+ 0.09 033+0.16
AKOK+ 251+31 pK~nt 10952+ 132 01614+ 0.001  Q1424+0.018+0.022 Q12+ 0.024+0.02
E(1690%(AK% K+ 84+24 AKOK+ 251+31 1053+0.001 Q032+0.10+0.04 026+ 0.08+0.03

vious results for the same decay modes. We report
a new measurement of the subresonant magie—
2(1690°%K *+ consistent with the recent Belle result.
We have also performed an analysis of the subreso-
nant structure of the decay} — Arxtntz~. We

observe a small non-resonant component and the pres-
ence of vector resonances in the dominant modes, as it

has been observed in most charm meson decays.
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