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We report measurements of the branching fractions of thaydd¢™ — >+, Af — 0t m®
andA\{ — =T relative to the reference chann&l — pK~m" [1]. The charmed-strange
baryon=.(2930°, decaying ta ~A{, is observed for the first time B~ — K‘/\j{ﬂg decays.
We also measur& (B~ — K*Ajﬂg) with improved precision, and search for the charmonium-
like stateY (4660 and its spin partnelY;, in the A$ Kg invariant mass spectrum [2]. Decays
of the Q¥ charmed baryon into hadronic final states were studied[3.pvésent the results of a
study of excited. charmed baryons in the decay magjeK ~ [4].
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All the following analyses are based on the full data samepliected by the Belle detector [5]
at the KEKB asymmetric-energy" e~ collider [6]. For sections 1 and 2 the data are collected at
and near th&(4S) resonance, corresponding to an integrated luminosity bf1. For sections
3 and 4 the analyses also include the Belle data taken at beamies corresponding to the other
Y resonances and the nearby continueme( — qq, whereq € {u, d, s, c}), corresponding to an
integrated luminosity of 980 fb'.

1. Measurement of the decays \¢ — T

The A¢, which is the lightest charmed baryon and haglaquark configuration, plays a key
role in the study of charmed baryons. As magtdecays include A/ in their decay products, im-
proved measurements &f hadronic branching fractions help to constrain fragmémeftinctions
of bottom, as well as charm, quarks through the measuremerdiosive heavy-flavor baryon pro-
duction. The recent model-independent measurements aifditmealization modé\. — pKrt by
Belle [7] and BESIII [8] improve the accuracy 6§ branching fractions measured relative to this
mode. The deca®; — Zmis particularly interesting as it has been proposed as alpessenue
to extract thee — 11 scattering length, and this measurement would provideiarudormation in
the study of the\(1405 resonance.

We report measurements of the branching fractions of thaydet! — = m ™, Al —
SOt % andAf — = nPmO relative to the reference channel — pK— .

The signal yields are extracted using an unbinned extendedhmim-likelihood fit to the\.-
candidate invariant-mass distribution. To extract thealgields in a model-independent way, the
Dalitz distribution of each decay is binned and independiéntare performed in each bin. The
binning and the Dalitz-bin efficiencies fax; — % m° (as an example) are shown in Fig. 1.
Figure 2 shows sample Dalitz-bin plot for the same channélLisirate the extraction of the signal
yields.

%0 efficiency

M(an)’ [GeV/c*f

3 3.5 4 4.5
M(°x)’ [GeV/cF

Figure 1: Dalitz distribution binning and reconstruction efficierioybins of M(Z°7r")? vs. M(7°r)? for
the A — 20" i° channel. The red curved line is the kinematic boundary ofihkitz plot. The fits in
representative bins (a), (b) and (c) are shown in Fig. 2.

The branching fractions of the decagg — =t ", A — 20" i®, andA¢ — =+ °r°
relative to that of the decaf{ — pK~ " are calculated from the total efficiency-corrected signal
yields and given in Table 1.

The results agree with previous experimental findings wheg exist. This is the first mea-
surement o\{ — =T 7°r°. The measurement & — > is four times more precise than
the current world average.
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Figure 2: Fits (solid blue curves) in three representative Dalitstor theAd — 0t i® channel. From
left to right, the panels correspond to bins (a), (b), andr(¢jig. 1. The signal is shown as the red dotted
curve and the combinatorial background as the green dasimeel. cThe pull distribution of the fit is shown
at the bottom of each panel.

Final state () /A(pKm) PB(Zrm) [%] Pwa(Z1m) [%]
St 0.706+0.003+0.030 448+0.02+0.19+0.23 457+0.29
SOmtm®  0.4914+0.005+0.023 31240.034+0.15+0.16 23+£0.9
St°m®  0.198+0.006+0.017 1264 0.0440.1140.07 -

Table 1. Branching fraction measurements. The third column lisésabsolute branching fractions taking
BN — pK ") =6.35+0.33 % [9]. Errors are statistical, systematic, and fretpKr), respectively.
In the final column, the current world average is given.

2. Observation of =¢(2930° and updated measurement of B~ — K~A A

The=(2930 charmed-strange baryon has been reported only in the @&af{s™ — K*/\g/Tg
by BaBar [10], where they claim a signal in tKe' A invariant mass distribution. However, nei-
ther the results of the fit to their spectrum nor the signifieaof the signal were given; the Particle
Data Group (PDG) lists it as a “one star" state [9]. The sBrdecay mode can be used to study the
/\éf/?g invariant mass. In this system, Belle has previously olexkevcharmonium-like state, the
Y (4630), in the initial-state radiation (ISR) processe™ — MSRAQF/T; [11]. As this mass is very
close to that of th& (4660 observed by Belle in the ISR processe™ — yisgrr" (' [12], many
theoretical explanations assume they are the same stéieYIf4660 is modeled as aify(980) ¢/’
bound state, it is predicted that it should have a spin partren fo(980)n:(2S) bound state de-
noted as th&), — with a mass and width of 46134 MeV/c? and around 30 MeV, respectively, and
a large partial width inta\ A; [13].

We reconstruct thé\{ via theAl — pK— ", pKS, Art™, pK2rrt -, and At 't decay
channels. When A} anng are combined to reconstrucBecandidate, at least one is required to
have been reconstructed via th&* m~ or pK~ rr" decay process.

To obtain theB~ — K‘/\éf/?g signal yields, we perform an unbinned 2D simultaneous ex-
tended maximum-likelihood fit to thAMg versusMy. distributions for the five reconstructetl
decay modes. The mass differentilg is defined asvig — mg, whereMg is the invariant mass
of the B candidate andng is the nominalB-meson mass. The beam-energy-constrained mass
My is defined as\/Egearr/cz— (Y Bi)?/c, whereEpeamis the beam energy angd are the three-
momenta of theB-meson decay products, all defined in the center-of-mas®mys Figure 3
shows the 2D distribution and projections of the fit supedsgd on thévl,. and AMg distribu-
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tions, summing over all five reconstructédd decay modes. We observe 1534 signal events
with a signal significance above @0and extract the branching fraction @f(B~ — K-AfAg) =
[4.80+ 0.43(stat) + 0.60(syst] x 10~4. This result has a much-improved precision comparing to
the previous measurements done by BaBar [10] and Belle [14].
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Figure 3: Signal-enhanced distribution &Mg versusM, (left) and its projections (center and right) from
the selecte®~ — K~A¢/A; candidates, summing over all five reconstructediecay modes. The signal
region is indicated by green box.

An unbinned simultaneous extended maximum-likelihoodsfipérformed to th&~A{ in-
variant mass spectra for select@dand/\¢-signal events and thi! anng mass sidebands. The
fit results are shown in Fig. 4 (left). The fitted mass and wiafttthe =;(2930 are M= 2939 =
29289+ 3.0(sta) 195, (sysh MeV/c? andr = (2939 = 19.5+ 8.4(stah >3 (sysh MeV. The signifi-
cance of the fitis 5.2r.

The M, 4. spectrum is shown in Fig. 4 (center and right), in which nack, or Y (4660
signals is evident. An unbinned extended maximume-likeldhdit is applied to thd\éKg mass
spectrum to extract the signal yields of theandY (4660 in B decays. In the fit, the signal shape
of theY, orY (4660 is obtained from MC simulation directly with the input pareiersvly, = 4616
MeV/c? andly, = 30 MeV, andMy 4ee0 = 4643 MeVL? andly(se609 = 72 MeV. From the fits,
we have 10t 23, signal events with a statistical signal significance ofd) and —10+ 26
Y (4660 signal events. As the statistical signal significance ohééastate is less thand3 90%
C.L. Bayesian upper limits om(B~ — K~Y)%(Y — A A; ) are determined to be2x 104 and
2.0x 104 forY =Y, andY (4660, respectively.
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Figure4: The My -n¢ distribution of the selected data candidates, with fit tissstiperimposed (left). The
A invariant mass spectra in data with (center) and/ (4660 (right) signals included in the fits.
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3. Measurement of branching fractions of hadronic decays of the QY baryon

The Q¥ comprises the combination of a charm quark and two strangekgu The two spec-
tator quarks of th&@? have the same flavor, and this leads to many decay diagrardeqing the
same final states. Constructive interference among thegeadns is thought to explain the short
lifetime, despite the fact that, unlike other charmed basydt cannot decay via a Cabibbo-favored
W-exchange diagram. Measuring the branching fractiondl tfie@ charmed hadrons helps to dis-
entangle the various processes involved and adds to ourl&dge of the dynamics of charmed
baryon decays.

We present the most precise measurements of the branchittipfrs ofQ2 decays into four
decay modestt— w10, Q- mrt, = K-t mrt, =-K°mr). These modes have previously been
measured by the CLEO [15] and/or BaBar [16] CollaborationNg also present the measurement
of three previously unreported decays K°rr™, =°K° and AKPKP) and a search for one other
decay,> K~ K~ ", that was reported by the E687 Collaboration [17]. All biging fractions are
measured relative to the dec@) — Q- ",

Figure 5 shows the invariant mass distributions for e@htlecay modes. Many of the modes
under consideration may have resonant substructure thahela to reveal their decay mecha-
nisms. Figure 6(a) shows the i invariant mass in th@2 — Q~ " 1® mass distribution. A
fit is made to this distribution using the sum opa signal shape and a nonresonant shape flat in
phase space. For the mo@8 — =~K~ "™, we present the scaled sideband-subtragted
andK " invariant mass distributions in Figs. 6(b) and 6(c). Potyiad nonresonant functions
are fit to these distributions to find the yield®t(1530 andK*°(892), respectively. For the mode
QY — =OK—7r*, we plot the sideband-subtractéd " invariant mass distribution and observe
a clear peak due to tH§*°(892) meson. The sum of E*°(892) signal shape and a polynomial
nonresonant shape is fit to this distribution and shown in &id).
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Figure5: Invariant mass distributions for the eighf decay modes under consideration.

Results for the branching fractions are summarized in Tablefhese new measurements
are consistent, within two standard deviations, with thevigpus measurements [9] and provide
substantial improvements in precision.
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Figure 6: Background-subtracted invariant mass distributionsvar-particle combinations: (ayt n° for
Q% — Q- ¥ decays, (bE~ " and (c)K~mrt for Q¥ — =~ K~ " decays, and (dK~tt for Q2 —
=OK— " decays. The blue dotted lines show the signals, the gred¢reddises show the background, and
the solid lines the sum of the two. Data are shown with citcles

Mode Branching ratio Substructure| Previous measurement
with respect tdQ 7"
Q mrt 1
Q- 2.00+0.17+0.11 127+03+0.11
Q p* >71%
Q 0.32+0.05+0.02 0.28+0.09+0.01
=K mtmt 0.68+0.07+0.03 0.46+0.13+-0.03
=0(1530K 1" (33+9)%
= KOt (55+16)%
=0K -t 1.20+0.16+0.08 40+254+04
=0K*0 (57+10)%
E’Ko_n’* 212+0.24+0.14
=0Ko 1.644+0.26+0.12
AKPKO 1.72+0.32+£0.14
THK-K -t < 0.32 (90% CL)

Table 2: The summary of the results. The numbers in parenthesesteefee fraction of the multibody
final state that includes the listed resonance. Previousunements are performed by BaBar [16] and

CLEO [15].

4. Observation of excited Q. charmed baryonsin e*e~ collisions

Recently, the LHCDb collaboration announced the discovérfive narrow resonances in the
final state=/K~ [18]. In addition, they showed a wide enhancement at theemigiass of 3.188

GeV/c?, which may comprise more than one state. Here we presereshtts of an analysis of the
same final state using data from the Belle experiment, anfircomany of the LHCb discoveries.

Seven differenE{ decay modes are considere&=m"rrt, AK—rrt i, =0mt, =0t
SHK-mt, AKErrt, and =K.
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Figure 7(a) shows the invariant mass distribution offp& ~ combinations in the mass range
of interest, which starts at the kinematic threshold. Thesea and intrinsic widths of all six
resonances are fixed to the values found by LHCb. We use annetbiikelihoood fit. Figure 7(b)
shows the same distribution for wrong-sigie. =X K™ combinations. Figure 7(c) shows the same
distribution using=¢ candidates with reconstructed masses three to five stadédaiations from
the canonical mass.
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Figure7: (a) The={ K™ invariant mass distribution. The fit shown by the solid lis¢he sum of a threshold
function (dashed line) and six Voigtian (Breit-Wigner cotwed with Gaussian resolution) functions, with
fixed masses, intrinsic widths and resolutions (dotteds)ingo) A threshold function fit to the; K (wrong-
sign) invariant mass distribution. (c) A threshold funatii to the invariant mass distribution for sidebands
to the=7 candidates in combination witk~ candidates.

Table 3 shows the vyield for each of the five narrow resonanndstlze wide enhancement
reported by LHCb. We can measure the masses of the five confsigeals, by fitting the same
distribution without constraining the masses. In all catles masses we find are consistent with
the LHCb values, as shown in Table 3.

Q. excited state 3000 3050 3066 3090 3119 3188
Yield 37.7+110 282+7.7 817+139 86.6+17.4 3.6+6.9 13524430
Significance 3.90 4.60 7.20 5.70 0.40 240
LHCb mass |30004+0.2+0.1{30502+0.1+0.1{30655+0.14+0.3/30902+0.3+0.5|3119+0.3+0.9|3188+ 5+ 13
Belle mass |30007+1.0+0.2|30502+0.4+0.2{30649+0.64+0.2/30893+1.2+0.2 - 3199+ 9+4
(with fixed ")

Table 3: Yields of the six resonances, and comparison of the massurezasnts to the LHCDb values. In
rows 4 and 5, the units are Med#. None of the mass measurements include the uncertaintg igrtund-
state=¢ which is common to both experiments.

Itis clear that these data unambiguously confirm the existentheQ.(3066 andQ¢(3090).
Signals of reasonable significance are seen folZR@000 and theQ.(3050), but no signal is
apparent for th€.(3119). There is an excess in the Belle data arourid8 GeV/c?, which may
(as was the case in the LHCb data) be due to one or more particle
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