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We report the first observation af(5S) — Y{(1,2,3S)°m® decays. The neutral partner of the
Z(10610, the Z2(10610 decaying toY(2,39) 10, is observed for the first time with a %o
significance using a Dalitz analysis 6f5S) — Y(2,3S)°r° decays. First results on the analysis
of the three-bodyr(5S) — [BB* + c.c.]* ¥ andY{(5S) — [B*B*|* irF including first observation
of Z£(10610 — [BB* +c.c]* andZ (10650 — [B*B*|* are also reported. The results are
obtained with a 121 fb~* data sample collected with the Belle detector atYk&S) resonance
at the KEKB asymmetric-energy/ e~ collider.
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Figure 1. The i°r® missing mass distribution for(nS)n°m®, (a) Y(nS) — u*u~ and (b)Y(nS) — ete™
candidates. Th#(Y(1S)r" rr) distribution forY(2S) — Y(1S)r" i~ candidates is shown in (c). Points
with error bars represent the data. The solid curves shofit tiesult while the dashed curves correspond to
the background contributions.

Table 1: Signal yield, MC efficiency, measured branching fractiasmnier of selected events and purity.

Final state Signalyield &, % A,10°3 Events Purity
Y(1S) — up 261+ 15 112 228+0.13 247 095
Y(1S) — ete” 123+ 13 561 215+0.23 140 078
Y(2S) — putu~ 241+18 804 377+£0.28 253 087
Y(2S) — ete” 108+ 13 358 384+0.46 151 066
Y(2S) — Y19t T 24+5 227  285+0.60 28 086
Y(3S) — putu~ 49+ 12 260 071+0.17 114 043
Y(3S) — ete” 9+14 119 029+0.44 not used —

1. Y(5S) — Y(nS)m°r® decays

We reconstructy(nS) candidates from pairs of leptonste™ and u*u~). An additional
decay channel is used for th&2S): Y(2S) — Y(19)[I "I~ ]rr" . Muon and electron candidates
are required to be positively identified. Candidaftmesons are selected from pairs of photons
with an invariant mass within 15 MeX¢? of the nominali® mass. Y(5S) — Y(nS)[I 1~ ]m°n°
candidates are identified via the missing mass recoilingnagéhe m°m° system,Mpss(7°71°).
More details can be found in Ref. [1]. Figure 1 shows the efima of the Y(nS) signal yield.
Results are summarized in Table 1. The cross section islatddufromo = 5,%(y(ns)j;i)g$(1+dw) '
whereNsiq is the number of signal eventsis the reconstruction efficiencgg(Y(nS) — X) is the
branching fraction of th&(nS) to the reconstructed final staXe . is the integrated luminosity and
(1+ dsr) = 0.666+40.013 is the initial state radiation (ISR) correction factdfeighted averages
are found to ber(ete™ — Y(5S) — Y(1S)m°n®) = (1.1640.06+0.10) pb, o(e"e~ — Y(5S) —
Y(29)°n°) = (1.87+£0.11£0.23)pb, anda(ete” — Y(5S) — Y(39)m°m°) = (0.98+0.24+
0.19) pb.

The amplitude analysis of the three-bowy5S) — Y(nS)°m® decays utilizes an unbinned
maximum likelihood fit. We parameterize the three-body gtleraplitude as a sum of quasi-two-
body amplitudesM(s1,sp) = Az1 + Az + As, + At, + Anr, WhereAz; and Az, are amplitudes for
contributions from thez2(10610 andZ2(10650, respectively; the amplitude,, A, and An
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Figure 2: Comparison of the fit results (open histograms) with expental data (points with error bars)
for the Y(nS)°1i® events in the signal region. Red and blue open histogranvs steofit with and without
Zg’s, respectively. Hatched histograms show the backgroonthbonents.

are the contributions from tha°7® system in anfy(980), f»(1275 and a non-resonant state, re-
spectively. The masses and widths Zyf resonances are fixed at the values obtained from the
Y(nS)mrt i analysis:M(Z;) = 106072MeV/c?, T (Z1) = 18.4MeV/c,M(Z,) = 106522 MeV/c?,
(Z;) =115MeV/c [2]. We use a Flatté function for thig(980) and a Breit-Wigner function for
the f,(1275). The non-resonant amplitudg, is parameterized a&, = AL &% + A2 d%is;. As the

fit is sensitive only to the relative amplitudes and phaséséden decay modes, we ¢, = 10.0
andgs, = 0.0. The logarithmic likelihood function is defined &= —27 log{&(s1, ;) fsigS(S1, S2) +
(1 — fsig)B(s1,%2) }, WhereS(s1,s,) denotesM(s;,,)|? convoluted with the detector resolution
function, £(s1,s;) describes variation of the reconstruction efficiency oterDalitz plot andfsjg

is the fraction of signal events in the data sample. Theibmackg is determined separately for
eachY(nS) decay mode (see Table 1). The functiB(s;,s,) describes the distribution of back-
ground events over the phase space. Bo#h, <) - S(s1,S2) andB(s1,s,) are normalized to unity.
Results of the fits are shown in Fig. 2 (b) and (c) as one-diimneakprojections that look similar
to the corresponding distributions for thénS)rr™ rm~ decays [2]. AZS signal is most clearly seen
in M(Y7®)max. The values and errors of amplitudes and phases obtainextifefit are presented
in [1]. The statistical significance of thg?(10610 signal in theY(2S)m°r® sample is Bo. In
addition, theZ2(10610 statistical significance is.4o in the fit to theY(3S)m°m® sample. The
signal for thez2(10610 is not significant in the fit to th&(1S)°n° events due to the smaller
relative branching fraction. The signal of tEf(10650 is not significant in eithel(1S)n°n° or
Y(29)°r° datasets. We perform a simultaneous fit of ¥{@S)7°r® and Y(3S)°i° data sam-
ples. No constraints between samples are imposed on sigrl parameters and the background
description. The combined significance of 2&1061() signal is 680.

We study possible uncertainties due to parameterizatiothetbackground PDF, variation
of signal efficiency over the Dalitz plot and detector retiolu function. The model uncertainty
is estimated using various description®fvave contribution. The significance of tﬁ§(1061()
signal exceeds.bo in all cases. We use this value as the final value fozﬁ(&%l() significance.

2. Y(10860 — B*)B* T Decays

B decays are reconstructed in the following channés: — J/yK™*, Bt — DO+, BY —
J/@K*0, B® — D®-mrt. We identify B candidates by their invariant mal§B) and momentum
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Figure3: (a) M, (Bm) distributions for selecteB candidates in data. Hatched histogram shows distribution
for events in theVi(B) sidebands. (bM;(m) distribution for right-sigrBrr combinations fory{10860 —
BB*mrand (c)Y(10860 — B*B*mrcandidate events. Points with error bars are data, thelgwids the result

of the fit with the nominal model, the dashed line - fit to pur@mesonant amplitude, the dotted line - fit
to a singlez, state plus a non-resonant amplitude, and the dash-dotteal Zt states and a non-resonant
amplitude. The hatched histogram represents backgroungaaeent.

P(B) in the c.m. We requird(B) to be within 30 to 40 MeW” (depending on th decay mode)
of the nominaB mass. Reconstructedl” or B® candidates are then combined withra candidate
and a recoil mass to tH&rr combination M, (B1), is calculated ad, (Bm) = |/EZ,s— P2, Where
Ecms is the c.m. energy anBg;; is the measured three-momentum of Bre combination. More
details can be found in Ref. [3]. Thd,(Bm)+ M(B) — Mg distribution for the data is shown in
Fig. 3(a), where clear peaks are visible in 88*rr and B*B* T signal regions. The fit to this
distribution givesNgg; = 1+ 14, Ngg:;;y = 184+ 19 andNg-g-; = 82+ 11 signal events. The
statistical significance of the observBB* randB*B*r signal is 930 and 570, respectively. For
the subsequent analysis of the internal structures of tieethody decays, we requiféV, (B) +
M(B) — Mg) — Mg:| < 0.015 GeV£? to selectY(10860 — BB*mt events and(M, (B) + M(B) —

Mg) — (Mg- + E,)| < 0.015 GeV£?, whereE, = 0.049 GeV, to selec¥(10860 — B*B*mevents.
For selected*)B™*) ir candidate events, we calculate the mass recoiling aghiastiarged pion:

M, (1) = \/EZ,s— P2, WwherePs; is the measured three-momentum of the charged pion.

The M, (m) distributions for right-signBrr combinations in théBB* T and B*B*t signal re-
gions are shown in Fig. 3. Excesses of signal events ovexjhected background levels at lower
mass edges of thiél, (71) spectra are clearly visible for both final states. The distion of sig-
nal Y(10860 — BB*mevents is parameterized with the following mo&gh: (M) = (Az, (10619 +
ANR) X Egg:r(m), whereAyr is the non-resonant amplitude parameterized as a complestard
and theZ,(10610 amplitude is a Breit-Wigner function. As a variation of thisminal model, we
also add a second Breit-Wigner amplitude to account foriplesg, (10650 — BB* T decay. We
also fit the data with only th&,(10610 channel included in the decay amplitude. The results of
these fits are shown in Fig. 3(b). Two models give about eggalbd description of the data: nom-
inal model and a model with additional non-resonant amgdituHowever, we select the former
one as our nominal model since adding a non-resonant amgldaes not improve the fit quality
that much. The worst fit to the data is provided by a model wit p non-resonant amplitude.
From this analysis, we find that the significance of #3¢10610 — BB* signal is exceeding the
80 level.

As the nominal model for th&(10860 — B*B*m decay, we use the following parameter-
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Table 2: List of branching fractions for th& (10610 andz/! (10650 decays.

B, % Y19t Y29t YB3t hy(IP)mt hp(2P)mrt B()B*
Zp(10610 0.324+0.09 438+121 215+0.56 281+1.10 434+2.07 860+3.6
Zp(10650 0.2440.07 240+0.63 164+0.40 743+270 148+6.22 734470

ization: Sg-g-p(M) = (AZb(1065() + Anr)EsB-i(M). We also fit the data without a non-resonant
component and with a non-resonant amplitude alone. Resittee fits are shown in Fig. 3(c);
numerical values are given in [3]. The best description efBhB* T data is achieved in a model
with only the Z,(10650 amplitude included. The addition of a non-resonant amgditdoes not
provide any significant improvement of the fit quality. Theafith a non-resonant amplitude alone
gives a much worse likelihood value. From this analysis, wemhine the significance of the
Z5(10650 — B*B* signal to be 8o. In all fits discussed above, the masses and widths afghe
states were fixed at the values obtained from the analysisedf(inS)rr" m— andhy(mP)rh m —
final states [2].

3. Conclusion

We report the first observation of three-bod(sS) — Y{(1,2,3S)m°n° decays.The measured
cross sections am(ete” — Y(5S) — Y(1S)m°n°) = (1.16+0.064-0.10) pb, o (ete™ — Y(55) —
Y(29)°n°) = (1.87+£0.11£0.23)pb, anda(ete” — Y(5S) — Y(39)m°m°) = (0.98+0.24+
0.19)pb. The first observation of a neutral resonance decaying(203S)°, the z2(10610,
has been obtained in a Dalitz analysis¥Yi6S) — Y(2,3S)°1° decays. The statistical signifi-
cance of the28(1061() signal is 650 including model and systematic uncertainties. Its meaksure
mass,M(Z2(10610) = 10609+ 4 +4MeV/c?, is consistent with that measured in the analysis
of Y(59) — Y(n§)mr" m~ decays. Th&?(10650 signal is not significant in either(1, 2, 3S)n°
channels. We also report measurement of branching fractiwnhree-body decays#(Y(10860 —
[BB* +c.c]tm) = (283+29+46) x 103 and #(Y(10860 — [B*B*|*m ) = (141+ 1.9+
2.4) x 1073, For theY(10860 — BB decay, we calculate a 90% confidence level upper limit
of A(Y(10860 — [BB]*m ) < 4.0 x 103 (including systematic uncertainty). In addition, we

report the ratio of the branching fractions et vism e = 6:2+ 0.7+ 1399 and
B(Z6(10650—8'B")

S A10650 VS TRy = 2-8+0.4=£0.6707. We calculate the relative fractions f2 decays
assuming that are saturated by the already obseYy®es) (n= 1,2, 3), hy(mP) (m=1,2), and

B*B(*) channels. Combining results reported here with resultsxglitude analysis from Ref. [3]
one calculate relative fractions summarized in Table 2 pAdsented results are preliminary.
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