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We report first observations of B? — J/ym and B? — J/yn'.

The results are ob-

tained from 121.4 fb™' of data collected at the Y(55) resonance with the Belle detector at

the KEKB eTe™ collider.

We obtain the branching fractions B(BY — J/4¥m) = (5.10 +

0.50(stat.) £ 0.25(syst.) "5 75 (N o) 5)) x 107, and B(BY — J/¢n') = (3.71 £ 0.61(stat.) +

B
0.18(syst.) £0.57 (W o) o)) x 1072
B(By—J /')

BB Sa70n = 0.73 £ 0.14(stat.) & 0.02(syst.).

The ratio of the two branching fractions is measured to be

PACS numbers: 13.25.Hw, 14.40.Nd, 13.25.Gv, 14.40.Be

The decays B? — J/4n"") are dominated by the b —
cés process shown in Figure 1. The J/¢n") final states
are C' P-even eigenstates; their time distributions can be
used to directly measure the BY width difference AT
and the C'P-violating phase ¢ [1], without an angular
analysis. Assuming flavor SU(3) symmetry and factor-
ization, the B — J/¢n(") branching fractions relative to
the decay By — J/9 KO are estimated to be [2]:

B(BY — J/yn")
B(BY = J/uKY)

= sin® ¢p(cos® pp) X P /P?gv

where p* is the momentum of J/¢ in the rest frame
of the BY or B). Here ¢p = (41.4 + 0.5)° [3] is
the pseudoscalar mixing angle in the flavor basis with
n(n') = %[W_H'dﬂz] cos ¢p(sin¢p)—(+)sssin gp(cos dp),
and other possible flavor singlet content of the 7’ such
as gluonium is neglected. Using this relation and the
value B(B) — J/9K°) = 8.71 x 10~* [4], we expect
B(BY — J/¢m")) ~ 4.16(4.31) x 10~*. The ratio of the
two branching fractions B(B? — J/ym')/B(B? — J/vn)
is expected to be 1.04 + 0.04. This ratio estimation
does not require flavor SU(3) or the assumption of fac-
torization [5] and can be used to test n — 1’ mixing
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FIG. 1: Dominant diagram for the processes B? — J/L/m(’).

scheme [5, 6]. The only previous experimental result for
these decay channels is the 90% confidence level upper
limit B(B® — J/ym) < 3.8 x 1073 [7].

In this letter, we report measurements of fully recon-
structed BY — J/ym and B? — J/¢n’ decays using a
121.4 fb~! data sample collected with the Belle detector
at the KEKB asymmetric-energy e*e™ collider [8] oper-
ated at the Y(5S5) resonance. BY? mesons can be pro-
duced in three Y(5S5) decays: Y(5S) — B:B¥, B:B?
and BYBY where the B} mesons decay to BYy. The



number of B§*>B§*) pairs in the sample is measured to
be Ny g = (7.1 £ 1.3) x 10° using inclusive Dy pro-
duction methods described in Refs. [9, 10]. The frac-
tions of BY production channels are defined as f BrB: =
Np:5:/Npo g foipo = Npsgo /N

The Belle detector is a large-solid-angle magnetic spec-
trometer that consists of a silicon vertex detector (SVD),
a 50-layer central drift chamber (CDC), an array of
aerogel threshold Cherenkov counters (ACC), a barrel-
like arrangement of time-of-flight scintillation counters
(TOF), and an electromagnetic calorimeter (ECL) com-
prised of CsI(T1) crystals located inside a superconduct-
ing solenoid coil that provides a 1.5 T magnetic field. An
iron flux-return located outside the coil is instrumented
to detect K9 mesons and identify muons (KLM). The
detector is described in detail elsewhere [11].

Charged tracks are required to originate within 0.5 cm
in the radial direction and within 5 cm in the beam di-
rection, with respect to the interaction point. Electron
candidates are identified by combining information from
the ECL, the CDC (dFE/dx), and the ACC. Muon candi-
dates are identified through track penetration depth and
hit patterns in the KLM system. Identification of pions is
based on combining information from the CDC (dE/dz),
the TOF and the ACC.

Pairs of oppositely charged leptons [T1~ (I = e or u)
and bremsstrahlung photons lying within 50 mrad of e™
or e~ tracks are combined to form J/¢ meson candi-
dates. The leptons are required to be positively iden-
tified as electrons or muons and the dilepton invariant
mass is required to lie in the ranges —150 MeV/c? <
Moy — myy < 36 MeV/c?* and —60 MeV/c? <
My, —myy < 36 MeV/c?, where m;,y denotes the
nominal J/v¢ mass [4], and M) and M, are the re-
constructed invariant masses for e+e_(7) and ptpu~, re-
spectively.

Photon candidates are selected from ECL showers that
are not associated with charged tracks. An energy depo-
sition with a photon-like shower shape and an energy
greater than 50 MeV is required. Candidate 70 — ~7
decays are selected by combining two photon candidates
with an invariant mass in the range 115 MeV/c* <
M, <155 MeV /c? .

Candidate 7 mesons are reconstructed in the ~v
and 7T7~ 70 final states. We require the invariant
mass to be in the range 500 MeV/c? < M,, <
575 MeV/c*? ([-3.50,2.00]) and 535 MeV/c? <
Mt po < 560 MeV/c? (£2.50).

Candidate 1’ mesons are reconstructed in the nm ™7™
and p%y channels. Since 7 candidates are selected in
two channels, there are three sub-channels for 1’ re-
construction. Candidate p® — 7+t7~ decays are op-
positely charged pion pairs satisfying 550 MeV/c? <
M+~ < 900 MeV/c? and a helicity angle requirement
| cos Oe1| < 0.85 since the p® in " — pY is longitudinally

polarized. Here 6y, is the helicity angle of p°, calculated
as the angle between the direction of the 77 and the di-
rection opposite to the 7/ momentum in the p® rest frame.
We require the reconstructed 7’ invariant mass to satisfy
940 MeV /c* < M,y < 975 MeV /c? (£30).

We combine J/1 and n) candidates to form B?
mesons. Signal candidates are identified by two kine-
matic variables computed in the T (5S5) rest frame: the
energy difference AE = E— Fyeam and the beam-energy
constrained mass Mype = v/(Ebeam)? — (P)?, where Ep
and pp are the energy and momentum of the recon-
structed Bg candidate. To improve the AE and My,
resolutions, mass-constrained kinematic fits are applied
to J/¢, 7° and n") candidates. We retain B? meson can-
didates with [AE| < 0.4 GeV and My > 5.25 GeV/c?
for further analysis. The candidate that has minimum
sum of y?’s for the mass-constrained fits is selected if
there is more than one candidate.

The background is dominated by two-jet-like contin-
uum events of the type ete™ — 7 (¢ = u,d,s,c),
together with other B meson decay modes (B =
BY, BY, B*). To suppress the continuum background,
we require the ratio of second to zeroth Fox-Wolfram mo-
ments [12] to be less than 0.4. This requirement is op-
timized by maximizing a figure-of-merit Ng/v/Ns + Np,
where Ng is the expected number of signal events and
Ng is the number of background events estimated from
Monte Carlo simulation, in the BB} signal region.

Signal and background distributions in AE and My,
after all selections are parameterized separately for each
BY — J/yn") sub-channels. The signal shapes for the
two 7 (three ') sub-channels are described with a Crystal
Ball function [13] (the sum of a Crystal Ball and a Gaus-
sian function) in AF and a Crystal Ball function in My,.
The means and widths of the distributions are calibrated
with respect to Monte Carlo values using a control sam-
ple of Bt — J/wK*T(K*t — K*7°) decays collected
at the Y(45) resonance. The background shapes for all
n) sub-channels are smooth and described with an ex-
ponential function in AE and an ARGUS function [14]
in Mbc-

An unbinned, extended maximum likelihood fit is per-
formed simultaneously to the total five two-dimensional
AE — M, distributions. The branching fraction of each
signal mode is a common parameter shared among the
corresponding n") sub-channels. The parameters fg. 5-
and fp-go are also common to all five sub-channels. o

In the fit, the total probability density function con-
sists of a signal and background component. The sig-
nal component includes contributions from the three B?
pair production channels. The signal normalization for
the B B! production channel is parameterized as Ngz =
QXNBE*)BE*)fB:B;B(Bg — J/n"))B;e; for each n) sub-
channel i. The product B; = B(J/¢ — 1T17)B;i(n®")
is the total branching fraction for a .J/1 and an 7(")
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FIG. 2: My and AFE distributions for the J/¢n(yy) channel
(a,b) and the J/¢mn(m 7~ ") channel (c,d). The projections
are shown in the BXBZ signal region with AE € [-116,12]
MeV (a,c), and with My € [5.405,5.428] GeV /c? (b,d). Solid
curves show projections of fit results. Backgrounds are repre-
sented by the blue dotted curves. Two small bumps around
5.37 and 5.39 GeV/c? in (a,c) are contributions from BYB?
and BBY production channels, due to overlap of the AE
signal regions.
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FIG. 3: Fit projections for the clean J/vn’(nr™n~) channel
with two 7 sub-channel combined (a,b) and the J/¢n’(p%Y)
channel (c,d). The projections are shown in the B} B} signal
region with AE € [-87,—15] MeV (a,c), and with My €
[5.405, 5.429] GeV/c* (b,d). The sum of all backgrounds is
represented by the blue dotted curves.

decaying to the reconstructed final states [4], and ¢; is
the reconstruction efficiency obtained from Monte Carlo
simulation. The values of the weighted efficiencies Bje;
are listed in Table I. The signal yields in the B}B?
and BYB? production channels are obtained in a simi-
lar manner, with fz.p5. replaced by fg-g0 and fgogo =
1-— fijij — fBif}S’ riesf)ectively. The ﬂobatisng pararxslegers
in the fit are the branching fractions B(B? — J/¢n®)),
IB:B+» fp:po and the corresponding background yields

TABLE I: A summary of the product of sub-branching frac-
tion and efficiency for various sub-channels. Here B, =
B(J/¢¥ — 1T17)B(n"") — final state), with the .J/¢ decaying

to eTe™ or ;ﬁu*.

Sub-channel Biei
Bl = J/yn(vv) 1.40%
B — J/yn(rTrx%) 0.55%
Total BY — J/4m 1.95%
B = J/yn' (n(yy)mtnT) 0.45%
B — J/yn/ (n(3m)mt ) 0.22%
BJ = J/vn (p%7) 0.96%
Total BY — J/vm’ 1.63%

TABLE II: Relative systematic errors (in %) for B(J/¢n").

Source B(J/vn) B(J )
Signal shape calibration +0.4,—-0.5 +1.1,—-1.3
Track reconstruction 0.8 1.4
Electron identification 1.5 1.5
Muon identification 1.8 1.7
Pion identification 0.5 2.1
n(7°) — v selection 4.0 2.8
B(J/yp — 1) 0.7 0.7
B(n"” — final states) 0.5 1.2
Total (without NBE*)BE*)) 4.8 4.8
Ny geo +22.4, —15.5

and shapes for different (") sub-channels. This fit pro-
cedure was checked with six fully simulated Monte Carlo
samples that included both signal and background, each
normalized to the data luminosity. The results show that
the fitted branching fractions for both modes recover the
input values.

The projections of the fit to the 121.4 fb~' data sam-
ple in the B!B? signal region are shown in Figures 2
and 3. There are good agreements between fit curve
and data points in all sub-channel’s projections. We ob-
tain a total of 141 4 14 BY — J/4n events with a sta-
tistical significance of 21.90 and 86 + 14 BY — J/yn/
events with a statistical significance of 10.30 in all three
T(55) — B§*>B§*) channels. The statistical significances
are calculated as \/2In(Lmax/Lo), where Ly,.x and Lo
are the maximum likelihood values, while the correspond-
ing signal yield is set to zero for Ly. The BY — J/v¢m
and BY — J/vn’ decays are observed for the first time.
The BY pair production fractions are measured to be
fe-p- = (90.5+£3.2+£0.1)%, fg-p0 = (4.9+£2.5£0.0)%,
with a correlation coefficient (—672) This result is con-
sistent with the value fg.5. = (87.0 £ 1.7)% [15] ob-

tained from 121.4 fb~! of data using the B9 — D xt
reconstruction method described in Ref. [16].



The systematic uncertainties due to the signal func-
tion mean and width are determined by varying each
parameter by its error from the control sample calibra-
tion, repeating the fit, and summing the shifts in the
branching fraction in quadrature. The lepton and pion
identification efficiencies from Monte Carlo are calibrated
using vy — 71~ and D** — D%+ (D° — K—nt) con-
trol samples in data, respectively. Systematic errors for
branching fractions are summarized in Table II. Those
on fg«p. and fp«pgo are dominated by the signal shape
uncertsaiilty. The Slarsge systematic error due to NV B B
is quoted separately in the final results. \

The ratio of the two branching fractions is also de-
termined, where the systematic error due to N B B
cancels. For this, the statistical errors of the two modes
are combined using error propagation. Correlated sys-
tematic errors due to calibration, track reconstruction
and particle identification are determined by varying the
numerator and denominator simultaneously. Other sys-
tematic sources are treated independently.

In summary, we observe BY — J/vn and B? — J/¢n/
decays for the first time with significances over 100, by
taking advantage of the low background eTe™ environ-
ment at Belle. We measure the branching fractions

B(BY — J/vyn) =
(5.10 £ 0.50(stat.) £ 0.25(syst.) "5 79 (N ye 50)) x 107%
B(BY = J/yn) =

(3.71 4 0.61(stat.) + 0.18(syst.) TO53 (N

Bg*)Bg*) )) X 10_4.

These branching fractions are consistent with SU(3)
expectations using the measured value of B(BY —
J/YKP) [2]. The ratio of the two branching fractions

: B(B,—J/on) _
is measured to be WJ/JM = 0.73 £+ 0.14(stat.) +

0.02(syst.). This ratio is smaller than the expected value
of 1.04 + 0.04 at the 2.1c level; a significant deviation
would indicate additional flavor singlet components in
the i’ other than i, dd, s5 pairs or violation of the n—n/
mixing scheme.
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