
5

TABLE I: Mode, yield, efficiency including secondary branching fractions, branching fraction for B → φφK and related
charmonium decays.

Mode Yield Efficiency(%) B(10−6)
B±

→ φφK± (Mφφ < 2.85 GeV/c2) 34.2+6.4
−5.8 2.41 3.2+0.6

−0.5 ± 0.3
B0

→ φφK0 (Mφφ < 2.85 GeV/c2) 7.3+3.0
−2.4 0.69 2.3+1.0

−0.7 ± 0.2
B±

→ ηcK
±, ηc → φφ 27.9+7.3

−6.9 2.72 2.3 ± 0.6 ± 0.2
B±

→ ηcK
±, ηc → φK+K− 60.3+12.2

−11.8 4.85 2.8+0.6
−0.5 ± 0.2

B±
→ ηcK

±, ηc → 2(K+K−) 105.7+26.1
−20.7 9.93 2.4+0.6

−0.5 ± 0.2
B±

→ J/ψK±, J/ψ → φK+K− 26.3+6.9
−6.1 4.67 1.3 ± 0.3 ± 0.2

B± → J/ψK±, J/ψ → 2(K+K−) 36.0+7.7
−7.3 9.41 0.85+0.18

−0.17 ± 0.10

with no asymmetry.

We study possible charmonium states by measuring
the B yield with M4K between 2.8 GeV/c2 and 3.2
GeV/c2. Since ηc and J/ψ mesons may decay to φK+K−

and 2(K+K−), mass fits are performed with and with-
out the requirement that one or both K+K− pairs lie in
the φ mass region. As shown in Fig. 3, clear ηc and J/ψ
resonances are visible in the φK+K− and 4K samples
while only an ηc peak appears in the φφ mode.

We obtain the signal yields for B± → ηcK± and
B± → J/ψK± by performing χ2 fits with asymmetric
errors to the Mφφ, MφK+K− and M4K invariant mass
distributions, which are presented in Figs. 3(b, c, d).
The J/ψ signal PDF is modeled with a Gaussian func-
tion while the ηc PDF is described by a Breit-Wigner
function convoluted with a Gaussian resolution function,
which has the same Gaussian width as the J/ψ PDF.
Since sizable signals are observed in the 4K mode, the
parameters are determined using the 4K sample and the
same signal PDFs are then applied to the φK+K− and
φφ samples. The obtained Gaussian width is measured
to be 4.5+1.9

−1.3 MeV/c2. The resulting signal yields are
summarized in Table I. The peak positions obtained for
the ηc and J/ψ are 2.979 ± 0.002 ± 0.001 GeV/c2 and
3.094 ± 0.001 GeV/c2, respectively, consistent with the
nominal ηc and J/ψ masses. The ηc Breit-Wigner width
is measured to be 29.8+12.2

−8.5 ±0.1 MeV/c2, where the cen-
tral value is consistent with the world average [13] and
the second error is due to the uncertainty of the Gaussian
width for the mass resolution. The validity of determin-
ing B signal yields from a constrained χ2 fit with an
asymmetric error is verified by toy MC.

For the φK+K− and φφ modes, the non-φ contribu-
tion is determined from the B signal yields for events
with one K+K− pair in the φ sideband region (1.05
GeV/c2 < MK+K− < 1.09 GeV/c2) and the 4K and
φK+K− masses in the charmonium resonance region, re-
spectively. We find 3.0+2.1

−1.4 events in the ηc → φφ mode,
6.4+5.4

−4.5 events in the ηc → φK+K− mode, and 3.5+3.6
−2.6

events in the J/ψ → φK+K− mode. For the yields of
these modes, listed in Table I, the corresponding feed-
down yields have been subtracted.

Signal efficiencies are determined using signal MC and
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FIG. 3: B± signal yield as a function of (a,b) Mφφ, (c)
MφK+K− and (d) M4K . In (a) we use different bin sizes for
Mφφ less than 3 GeV/c2 and greater than 3 GeV/c2. The sub-
set with Mφφ from 2.8 GeV/c2 to 3.2 GeV/c2 is shown in (b).
The J/ψ signal PDF is modeled with a Gaussian function
while the ηc PDF is described by a Breit-Wigner function
convoluted with a Gaussian resolution function, which has
the same Gaussian width as the J/ψ PDF. The solid curves
in (b,c,d) show the results of the fit and the contributions
(second order polynomial) not from the J/ψ and ηc.

their systematic uncertainties are similar to what was
described in the charmless φφK part. Systematic uncer-
tainties in the fitting are obtained by performing fits in
which the signal peak positions, the resolutions of the sig-
nal PDF’s and the width of the Gaussian resolution func-
tion convoluted with the ηc PDF are successively varied
by ±σ. The quadratic sum of all deviations gives the sys-
tematic error of the fit. The products of the branching
fractions for various decays are listed in Table I. Since
the probabilities of ηc and J/ψ decays to 4K, φKK and


