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Study of exclusiveB decays to charmed baryons
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Using 29.1 fb ! of data accumulated at thé(4S) with the Belle detector at KEKB, we have studied the
decay mode8°— A pmr* 7, B-—A pm, andB°— A p. We report branching fractions of exclusite
decays to charmed baryons with four-, three- and two-body final states, including intermggiatend 22
states. We observeﬁoﬂic(2455)+*aw’ for the first time with a branching fraction of (2.332%: 0.41
+0.62)x 10" 4 and observed evidence for the two-body deBaTyaEdZ455)°Ewith a branching fraction of
(0.45°525+0.07+0.12)x 10~*. We also set improved upper limits for the two-body decBfs+A . p and
B~ —3.(2520)p.

DOI: 10.1103/PhysRevD.66.091102 PACS nuni®er13.25.Hw, 14.20.Lq

Baryon production in flavored meson decays is unique tgte resonances, by analyzing méawu-,*, AJHTF and
the B meson system due to the heavy mass of the ConSt'tue'N:Efinal states. Charge conjugate modes are included un-

b quark. Several studies of inclusive charmed baryon prOdU(Tess otherwise mentioned. This analysis is based on a data
tion in B meson decay$l] have been made and a large 1 ’ _ L=
sample of 29.1 fb* corresponding to 3.2¢10" BB pairs.

. . "
branching fraction forB— A X O.f (6'.4i 1.1)% has been The data were accumulated at fi¢4S) resonance with the
reported. Howe_ver, the :nechamsm 's not we_II u_nderstoodBe"e detector at the KEKB asymmetric collider of 3.5 GeV
The measured inclusivd . momentum spectra indicate that e* and 8.0 GeVe~ [7].
multibody final states are dominant in baryorcdecays. The Belle detector is a large-solid-angle magnetic spec-
With a data sample of 2.39 8, CLEO([2] has studied eX- o meter that consists of a three-layer silicon vertex detector
clusive charmed baryonic decay modes and measured they/p) a 50-layer cylindrical drift chambé€DC), a mosaic
branching fractions for B°—A pm*7n~ and B~  of aerogel threshold &€enkov counterACC), a barrel-like
—>A§577‘. They found no evidence f(§°—>Ac+Hand pro- array of time-of-flight scintillation counter6TOF), and an
vided an upper limit. So far, no observations of two-bodyarray of Cs(Tl) crystals(ECL) located inside a supercon-
decays have been reported. On the other hand, there are ttiticting solenoid coil that provides a 1.5 T magnetic field. An
oretical predictions for branching fractions of two-body iron flux return located outside the coil is instrumented to
baryonic modes based on a pole mo@] a QCD sum rule  detect muons andé, mesons(KLM). The detector is de-
[4], a diquark mode[5], and a bag moddl6]. The predic-  scribed in detail elsewhef8]. We use aEANT based Monte
tions of the different models vary by an order of magnitude ,Carlo (MC) simulation to model the response of the detector
and experimental measurement can be used to discrimina@d determine the acceptar{@&. B
among them. We have made a systematic study of exclusive In searches for the decay modB8— A pm* 7™, B~
charmed baryonic decays 8° andB~ mesons into four-, —A pz~, andB°—Ap, the A —pK 7" decay mode
three- and two-body final states includig *® intermedi-  is used. Particle identification information from the CDC
dE/dx, ACC and TOF is used to provide a mass assignment
for each track. A likelihood ratid R(A,B)=LA/(La+Lpg)
*On leave from Nova Gorica Polytechnic, Nova Gorica. >0.6 is required to identify a particle as type whereB is
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FIG. 1. My, distributions for] AE|<0.030 GeV and\E distributions forM ,c>5.270 GeVt?2: (a) and(b) for g0~>A:E77+ 7, (c) and
(d) for B’HA;’pw’, and(e) and(f) for BO*)AC p. Points with errors indicate the data and the curves indicatéstis text for detai)s

the other possible assignment amondg, K= and p(ﬁ). —5.279)2/a§,IbC is selected. Here)(i+ and XZB are they?s
Electron and muon candidate tracks are removed if thEifrom the fits for theA* and B vertcices respectively, and
probabilities from the ECL, CDCdE/dx and KLM are . ¢ : ’ 2 ’
greater than 95%. Candidate! 's are tagged if the invariant TMp 1S thze MC value of théMl,c width (2.8 MeVic?). Loose
mass of thep, K~ and 7% track combination is within cuts ONXy+ and x3 are applied to remove background from

0.010 GeVt? of the A mass; tagged events are then eXaM+racks arising froan andA decays.

ined for the three search modes by addmggi and " Event selection requirements are optimized using signal
tracks. The widthr, + is found to be 4.9 MeW*, consistent  \C events and continuum background MC events consisting

with the MC simulation. of uu, dd, ss, andcc quark-antiquark pairs generated with
In order to selecB meson candidates, we use the beamthe expected fractions. To suppress the continuum back-

energy-constrained mass and energy difference, which amround, we use a Fisher discriminant constructed from 10

defined asMp.= VEZ..,— (2p;)? and AE=3E; — Epeanin  Variables: 8 modified Fox Wolfram momer{ts0], co® g,

the center-of-mas&.m,) frame of thee*e™ collision. Epeam and CO@A:. Here, co®g is the cosine of the direction of

is the beam energy, arffl and p; are the energy and mo- the B meson with respect to the electron beam direction, and
mentum vector for théth daughter particle of B candidate. cosd ,+ is the cosine of the direction of the daughtef

. : e N
B candidates are selected with a loose cut to retain S'deb""r\‘lgith respect to the thrust axis of the tracks not associated

i 2

events by requw.mgVI b.°>5'2 GeVk® and|AE[<0.2 Gey. with the B candidates. Both quantities are defined in the c.m.
A vertex-constrained fit for the three daughter tracks is car-System A set of 10 coefficients for each mode is optimized
ried out at theA [ :

- vertex. For each decay mode, the virtual o ayimize separation of the signal from the continuum

A track and additional tracks are required to form a goodyackground. The probability density functions for the signals

vertex. If there are multlple candidates for baﬂ'j— and B, and for the ContinuumPSig and Pcon, respective|y, are pa-

the candidate with the minimumyzzxi++)(§+(Mbc rametrized with Gaussian functions for the three search
C

TABLE I. Branching fractions foB°—A fp7*7~, B"— A p7~, andB°— A p. The errors are statistical, systematic, and a common
error due to the uncertainty in the value8fA S —pK ™7 "). The CLEO results are renormalized80A ;7 —pK™ 7")=(5.0=1.3)%[12]
for comparison.

Mode Efficiency(%) Yield Significance B(x10°% CLEO (xX10°%
B~ A prta 8.07 141738 12.2 11.0'}2+1.9+2.9 11.73%+2.7+3.0
B —Alpm 10.2 30.2°0% 6.0 1.87°37%+0.28+0.49 5.52%+1.0+1.4
B —Ap 12.9 24731 1.9 0.12°33%+0.02+0.03

<6.1(90% C.L) <0.31(90% C.L) <1.85(90% C.L)
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i -0 . The width of AE is also consistent with the MC valu®.9
101 (a) B'>(An")pr MeV) when fit to a single Gaussian. We obtain signal yields
[ of 154" £ and 38.8 7 from the fits to theM . distributions
(a) and(c), and 141 ;2 and 30.Z 9 from the fits to theAE
distributions(b) and (d), respectively. Here, we choose the
asymmetric range of-0.100<AE<0.200 GeV to exclude
feed-down from higher multiplicity modes with extra pions;
these produce the structure observed in the regi@<
—0.150 GeV. Sincé, is used in they? calculation for the
best candidate selection as described previously, we use the
yields resulting from the fits to thAE distributions to cal-
culate branching fractions.
We observeB’— A fp7r* 7w~ andB™— A p#7~ signals.

ForB°— A [ p we find a statistical significance of only 1:9
2l from a fit to a Gaussian function for the signal with mean

[ and width fixed to those from the signal MC simulation, and

[ a linear background function. We thus set an upper limit of
G4 245 25 255 26 265 27 275 28 285 29 6.1 events at the 90% confidence level based on the likeli-

Events / 0.005 (GeV/c?)
I~ [ ] =S o [(—)

M(A*n) (GeV/cz) hood function, using the Bayesian method with a prior uni-
¢ form in the branching fraction.
FIG. 2. Invariant mass distribution@ M(A; 7*) and (b) Table | summarizes the observed yields and branching
M(AF7) for BO—A pmm, and (© M(AIm") for B fractions. Here, the detection efficiencies are calculated as-

= . . ) . suming nonresonant decays and do not include the branching
— A pm~. Points with errors and shaded histograms indicate th . T L
C el X ) - . raction B(A; —pK 7 ")=(5.0=1.3)% [12]. We assume
distributions for theB signal and the sideband regions, respectlvely.th fracti ¢ fch d and tBam to b i
The curves indicate fitésee text for details € Iractions of chargéd and neu esons 1o be equal in
the branching fraction calculations. We include a correlated

: 0 . X
modes and for the continuum events. A cut on the IikelihoquyStemat'c error of 2% per track fgr tracking and particle

ratio Resy=Psig/ (Psig+ Peor) >0.6 is applied to all decay identification. Systematics due to tb(eA\:, X% andRg;,, cuts
modes. In the MC simulation this cut removed 76% of theare estimated by varying cut values. The signal shape sys-
continuum background while retaining 86% of the signal fortematic error is evaluated from the variation in fit results
Agﬁf T obtained with different-order polynomials used for the back-

Figure 1 shows th#,. andAE distributions for the three  ground and single and double Gaussians used for the signal.
decay modes, after a tight cut is made in theE( Mo The resulting total systematic errors foh, p7*z,
variable not plotted. Thé,. background distributions are Alpm™ and Alp are 17.2%, 14.8% and 13.3%, respec-
parametrized by the ARGUS functigl], while a Gaussian tjyely, Table | shows the CLEO measurements renormalized
is used for the signal. Th&E distributions are fitted with a = e same3(A} —pK~7*) for comparison. Our branch-
second-order polynomial for the background and a double . =0 T . : .
Gaussian for the signal. Here, the width parameters are fixed9 fraction for B°—Acp7" @~ is consistent Vﬂth their
to the values fitted to the signal MC events. The mean andhéasurement; however, our result f& — A pw is
width of My in the data are found to be consistent with thesomewhat lower (1:5). We also set a more restrictive upper
MC values of 5.279 Ge\t? and 2.8 MeVLt?, respectively. limit on B—A [ p.

TABLE II. Efficiencies, yields, significances and branching fractions for decay modesE@ifHo resonances. The errors are statistical,
systematic, and a common error due to the uncertainty in the valis¢/of —pK~ 7*).

Mode Efficiency(%) Yield Significance B(x10°%
B3 (2455) “pm- 4.93 18.6"43 5.3 2.38"383+0.41+0.62
B3 (2520)" pr- 6.38 16.5"23 35 1.63"52/+0.28+0.42
B3 (2455 par* 4.80 6.4732 2.6 0.84703%-0.14+0.22
<11.6(90% C.L) <1.59(90% C.L)
B3 (2520Ppn* 6.35 48745 1.2 0.48°075+0.08+0.12
<11.7(90% C.L) <1.21(90% C.L)
B~—3(24550p 6.00 4323 3.0 0.45' 525+ 0.07+0.12
<8.5(90% C.L) <0.93(90% C.L)
B~ —3,(2520Fp 7.47 1.7°18 1.8 0.147035+0.02+0.04
<5.2(90% C.L) <0.46(90% C.L)
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Figure 2 shows thé ;== invariant mass distributions in recent study based on a bag mof#] gives predictions of
th(; 2730 Gsigvr}:azl SV_EQi_?_n, |AE_|<0|-03O Ge\b/ an((:ij ::\/Ibc A branching fractions of<(0.1~0.3)x10™* for B°—Ap
>5, eVte. Significant signals are observed for the —4 - - L
3..(2455) and® (2520). The shaded histograms are the dis—and—(()4'} iil)x 107 for B _.>A° P our UPper it
tributions for events in the sideband region 0.84QE]| for B"—~ A p does not coniradict this model, while our mea-
<0.100 GeV, normalized to the signal regiopAE] sured result foB~— A p#7~ is much smaller than its pre-
<0.030 GeV; these account for continudn background. dicted value.

The two curves indicate the results of separate fits to the [N summary, we have observed the exclusive three-body
distributions for theB signal and the sideband regions, with decayB®— 3, .(2455)" “p#~ for the first time and observed
3. masses and widths fixed to fit values for the signal MCevidence for the exclusive two-body decayB™
events generated with Particle Data Grd@G) values for 5 (2455p. We make improved measurements of the
masses and W|dthBL2]. The background shape; are takenbranching fractions  for §°—>A*Hrr+rr’ and B-
from a nonresonant signal MC. To extract the yields, we — crT o
performed a simultaneous likelihood fit to the distributions—Ac P7_, and also set a more restrictive upper limit on
for the B signal and sideband regions. We express the exB?— A p.

pected numbeNs_of B events afNy =Ngp—r-Ngp, Where

Ng,, is the yield in theB signal regionNg, is the yield in the

sideband region, and=0.5 is the normalization factor due ACKNOWLEDGMENTS

to the ratio of theilAE ranges, assuming a linear background

shape. : . . xcellent operation of the KEKB accelerator. We acknowl-

Tablg . sur_nmanzes the obsgrved signal ynﬂds ancgdge support from the Ministry of Education, Culture,
branching fractions. We observe tB8—3(2455)" *pm~  gports, Science, and Technology of Japan and the Japan So-
decay for the first time with a statistical significance of&.3  cjety for the Promotion of Science; the Australian Research
We also see 36 evidence foBY—3,(2520)" " pr~, 2.60 Council and the Australian Department of Industry, Science
evidence forB%—3.(24550p=*, and less evidence for ang Resources; the National Scihence Foundationf of China
RO ot ; _under Contract No. 10175071; the Department of Science
B HEC(ZSZO)(_)DW - We see 3.0 ewdencg for the tV\io and Technology of India; the BK21 program of the Ministry
body decayE —2.¢(2455fp, and less evidence foB of Education of Korea and the CHEP SRC program of the
—3,(2520fp. For those modes with a significance of three Korea Science and Engineering Foundation; the Polish State
sigmas or less, we set upper limits on their branching fraccommittee for Scientific Research under contract No. 2P03B
tions. 17017; the Ministry of Science and Technology of the Rus-

Our results provide stringent constraints upon theoreticasian Federation; the Ministry of Education, Science and
predictions[3—6]. The predictions foB°—A_p in [3-5]  Sport of Slovenia; the National Science Council and the
were already much larger than the CLEO experimental uppeMinistry of Education of Taiwan; and the U.S. Department of
limit [2]; here we set an even more restrictive upper limit. AEnergy.

We wish to thank the KEKB accelerator group for the

[1] ARGUS Collaboration, H. Albrechét al, Phys. Lett. B210, ods Phys. Res. A79, 117 (2002.
263 (1988; CLEO Collaboration, G. Crawforet al, Phys. [9] Events are generated with the CLEO QQ progrémtp:/
Rev. D 45, 752 (1992; CLEO Collaboration, M. Procario www.Ins.cornell.edu/public/CLEO/soft/QQThe detector re-
et al, Phys. Rev. Lett73, 1472(1994). sponse is simulated usingeANT, R. Brunet al, GEANT 3.21,
[2] CLEO Collaboration, X. Fiet al,, Phys. Rev. Lett79, 3125 CERN Report DD/EE/84-1 1984.
(1997. [10] The Fox-Wolfram moments are introduced in G.C. Fox and S.
[3] M. Jarfi et al, Phys. Lett. B237, 513 (1990; M. Jarfi et al, Wolfram, Phys. Rev. Lett41, 1581 (1978; The Fisher dis-
Phys. Rev. D43, 1599 (1991); N. Deshpande, J. Trampetic, criminant used by Belle is described in Belle Collaboration, K.
and A. Soni, Mod. Phys. Lett. 8, 749(1988. Abe et al, ibid. 87, 101801(2001); Belle Collaboration, K.
[4] V. Chernyak and I. Zhitnitsky, Nucl. Phy8345, 137 (1990. Abe et al, Phys. Lett. B511, 151 (2002.
[5] P. Ball and H.G. Dosch, Z. Phys. &1, 445(1991). [11] ARGUS Collaboration, H. Albrechet al, Phys. Lett. B229,
[6] H. Cheng and K. Yang, Phys. Rev. @, 054028(2002. 304 (1989.
[7] KEK report 2001-157, edited by E. Kikutani, 2001. [12] Particle Data Group, D.E. Groomt al, Eur. Phys. J. Cl5,
[8] Belle Collaboration, A. Abashiaat al, Nucl. Instrum. Meth- 636 (2000.

091102-5



