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I ntroduction

Belle detector [1] took about 1f mainly atY(4S) energy for 10 years (October 1999 - June
2010) of operation time due to high luminosity (at that moment world recordlof 20**/cn?/ sec)
of KEKB e"e™ collider (B factory) [2]. Although main target of Belle experiment was observation
of CP violation atB mesons, contribution of Belle to study charm physics and physics of cdarme
baryons is significant.

Charmed baryons consist on heawyuark and two lightu,d, s) quarks. Evers quark is more
than 10 times lighter than quark, what allow to develope, for example, heavy quark effective
theory (HQET).

There are several mechanisms to produce charmed baryBifiacories: inclusive production
from continuum; exclusive production from continuuBimeson decays vib quark transition to
¢ quark; and also possibBdecays viaV boson with opposite flavor.

Some recent (by ICHEP2018) Belle results on charmed baryons areifudlo

1. A — s [3]

TheA/ is the lightest charmed baryon and plays a key role in the study of both stnohgeak
interactions. AsZ(A2 — A{...) ~ 10%, improved measurements of thg hadronic branching
fractions help in study of heavy-flavor baryon production. Recentowgd measurements of the
BN —pK~m") by Belle and BESIII also push to improve the accuracy of related deddyes.
N¢ — Znmdecay is particularly interesting as it allows to extraet T scattering length and helps
in study of A(1405 — Zmresonance.

Belle measured branching fractions &f — >+, 2% i and =+ °n® decays with
>+ — pr® and 2% — Ay decays, and when® — yy andA — prr. There was not analysis of
the A\l — Z-m"mrt decay a~ — nmr decay only. The\{—pK~ " decay was selected as
relative reference and analized by the same way. The cifostaled momentum/ pmax reduces
combinatorial background and follows that only inclusivé candidates from continuum remain.
Further, Boosted Decision Tree (BDT) selector based on kinematidables is used. The BDT
selector is trained on MC with expected signal and background contrilsution

To extract signal yields in a model independent way, Dalitz distribution isdoirand inde-
pendent fit ofAJ invariant mass is performed in each bin. Binning fgf — " 1° decay, as
example, and fit for thA/ in one bin are shown at Figure 1.
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Figure 1. Dalitz distribution binning with reconstruction  Figure 2: The My -n¢ distribu-
efficiency in bins and fit in one representative bin for the tion with EC(2_93@0 fit results for
N — = mOm° decay. B~ — K-AIA; decay.
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In results, branching fractions fovi — =~ ™ andz°mr* i decays are improved by factor
four. TheA — =+ m°n° decay is measured for the first time.

2. B~ — K AIA; [4]

The B~ decay toK*/\ng was previously measured by Belle and BaBar with low statistics.
And BaBar shows(29307° state, but no significance. Also charmonium like s¥¢é¢630 was
observed in/\ng, which now is assumed to be the same stat& @660 in " (. The
Y (4660 is modeled to befoy’ bound state. In that case it should have spin patpewhich is
fonc(2S) bound state, with large decay width/kj/?g.

Current analysis is based on whole data takei(dS) corresponding to 772 millionBB
pairs. TheA{ is reconstructed ipK ™", pKs, Artt, pKst™m and A" m" m~ modes. TheB

candidates are identified using beam-constrained vagss |/EZ,.,— P 2, and mass difference,
AMg = M — mg, wherep andM are momentum in center-of-mass system (CMS) and invariant
mass ofB candidateEpeamis the beam energy in CMS amas is the nominaB mass.

In the result observation &&.(2930° with significance> 50 is reported. Figure 2 shows
M4, distribution with =¢(2930° obtained mass and width. Branching fraction production of
B(B~ — Zc(2930°A;) x B(Z:(2930° — KAL) is measured. No signal(4660) nor its spin
partnerY, (4613 is observed.

3. Hadronic decaysof Q¢ [5]

Q. has less information than other charmed baryon, for example, no absutEhing frac-
tions are measured, some decay modes are measured relatively normalid@ no-.

In this work we have looked for decays previously observed by CLE®BaBar:Q~ " 1,
Q mtmtm, = Kt , =°K— ", TheXtK~K~rrt decay is previously observed in Fermilab
with production more tha@~ " [6]. And also we looked foE~K°rmr*, Z9K°, AK°KP decays not
observed yet. Th@ 1" decay is a reference. TH&/Q)~ decay toA(K/m)~ respectively, the
=0 decays to\r® andZ* to pr.

Figure 3 shows the invariant mass distributions for the eight decay modks oansider-
ation. The masses in the fits are free parameters and the resultant masseasistent with
the world-average. Four of the modes presented here have beenredepseviously. In all
cases, these new measurements are consistent with the previous measuestderovide sub-
stantial improvements in precision. For the cases where substructure iaretkathe fraction
of the primary mode is given. Three of the modes have been measurecforstitime. It is
surprising that we find a restrictive limit on the dec@y — Z"K~K~ ", which expected to
be large. Also, whereas the other weakly decaying charmed bakgdmave branching ratios
BNe—Ym )/ B(e—Yrh) > 1, itis confirmed that, whe¥ is anQ(, this ratio is consid-
erably less than 1.

4. Excited Qi — =K~ [7]

Until now, theQ¢(2770 — Qcy was the only excited state. Recently, LHCb discovered at
=K~ five narrow state€);(3000/3050/3066/3090/3119 and wide enhancement at 3188 GeV
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Figure 3: Invariant mass distributions for the eig@t de- Figure4: TheQ} — =K~ invariant

cay modes. mass distribution.

[8]. Belle have analized the same final states. Efiewas reconstructed by decays®f it rrt,
AK= et =0, =0t o, SYK -, AKsir andZOKsrt.

The results are shown at Figure 4. Belle strongly confirfe(B066 andQ:(3090 states,

confirmed with less significan€@;(3000 andQ(3050), but could not confirnf2¢(3119, and has
indicated enhancement at 3188 GeV.

Summary

There are still a lot of interesting to do with charmed baryons at Belle. Anceiméar future
Belle will continue study of charmed baryons by its possibilities.

And in the not too far future, SuperKEKB [9] and Belle II [10] will makecsustudies with
new opportunities due to large and good quality data. SuperKEKB is exptcteave luminosity

of 40 times of KEKB and will allow to Belle 1l to collect integrated luminosity by 2025y of 50
times of Belle data.
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