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Observation of B — J /¢ K1(1270)
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Abstract

We report the first observation of the exclusive decay B — J/yK;(1270)
in the Belle detector at the KEKB collider. Preliminary results for BT —
J/ K (1270) and B® — J/K?(1270) branching fractions are given. Impli-
cations for indirect CP violation measurements are discussed.
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I. INTRODUCTION

Decays of B mesons into final states containing the .J/1 charmonium state play a special
role in studies of CP violation physics. Since the .J/v is itself a CP eigenstate, final states
where the accompanying particles are matter-antimatter symmetric are potentially useful
for studying CP-violations. Moreover, these decay modes are experimentally convenient,
primarily because the J/¢p — (T¢~ (T4~ = ete” or putp~) final states have a rather
distinct experimental signature.

However, although the inclusive branching fraction for B — J/¢X is relatively large
(~ 1%), only a small fraction of these decays have been associated with exclusive decay
modes that are relevant for CP violation studies. Since all current experimental searches
for CP violations in B meson decays are statistics limited, it is of considerable interest to
identify additional decay modes that might be useful. Decays of the type B® — J/¢K?(1270)
would be of special interest because the K;(1270) has an appreciable branching fraction
to the flavor-nonspecific K°p° final state (14%). However, at present there is very little
experimental information available about any exclusive B — J/¢ K77 decay modes [1].

In this report we describe a study of the B — J/¢ Krm decay process using the Belle
detector at the KEKB asymmetric energy ete™ storage ring [2]. We observe a signal for
exclusive decays where the K77 system has the properties of the K;(1270) resonance. The
data sample corresponds to an integrated luminosity of approximately 5.3 fb~!, accumulated
at the Y (45) resonance.

II. THE BELLE DETECTOR

Belle is a large-solid-angle spectrometer based on a 1.5 Tesla superconducting solenoid
magnet. Charged particle tracking is provided by a silicon vertex detector (SVD) and a
cylindrical drift chamber (CDC) that surround the interaction region. The SVD consists of
three layers of double-sided silicon strip detectors; one side measures the z and the other
the r — ¢ coordinate [3]. The CDC has 50 cylindrical layers of anode wires; the inner three
layers have instrumented cathodes for z coordinate measurements [4]. Twenty of the wire
layers are inclined at small angles to provide small-angle-stereo z coordinates measurements
at larger radii. The charged particle acceptance covers the laboratory polar angle region
between # = 17° and 150°, corresponding to about 92% of the full cm solid angle.

Tracks are fit using an incremental Kalman filtering technique, where individual mea-
surements found by the CDC pattern recognition algorithm are added successively to update
the track’s parameters and covariance matrix at each measurement surface. This approach
to track fitting minimizes the effects of multiple Coulomb scattering on the determination
of the track parameters. Hits from the SVD hits are associated and included during the
last steps of this recursion. The momentum resolution is determined from cosmic rays and
ete” — utp~ events to be o, /pr = (0.36 & 0.28p;) %, where p, is the transverse momentum
in GeV.

Charged hadron identification is provided by dE/dx measurements in the CDC, a mosaic
array of 1188 aerogel Cerenkov counters (ACC), and a barrel of 128 time-of-flight scintil-
lation counters (TOF). The dE/dx measurements have a resolution for hadron tracks of
6.9% and are useful for 7/K separation for p;,, < 0.8 GeV and pip > 2.5 GeV, where pyg



is the laboratory momentum. The TOF system has a time resolution for hadrons that is
o ~ 100 ps and provides 7/K separation for p;,, < 1.5 GeV [5]. The indices of refraction
of the ACC elements vary with polar angle to match the kinematics of the asymmetric
energy environment of Belle and cover the range 1.5 < pja < 3.5 GeV [6]. Particle iden-
tification probabilities are determined from the combined response of the three systems.
High momentum tagged kaons and pions derived from kinematically selected D** — D7,
D — K~ 7" decays are used to determine a charged particle identification efficiency of 80%
and a misidentification probability of 8%.

Electromagnetic showering particles are detected in an array of 8736 Csl crystals that
covers the same solid angle as the charged particle tracking system [7]. The energy resolution
for electromagnetic showers is o5 /E = [1.3® (0.07/E) ® (0.8/E/*)|%, (E in GeV). Neutral
pions are detected via their 7° — v+ decay. The 7" mass resolution varies slowly with energy,
averaging o, , = 4.9 MeV. For a £30 mass selection requirement, the overall detection
efficiency for 7%’s from BB events (including the effects of geometrical acceptance) is 40%.

Electron identification in Belle is based on a combination of dF/dx measurements in the
CDC, the response of the ACC, and the position, shape and total energy (i.e. E/p) of its
associated Csl shower. The electron identification efficiency is determined from two-photon
ete™ — ete"eTe™ processes to be more than 90% efficient for p;q, > 1.0 GeV detected tracks
and the hadron misidentification probability, determined using tagged pions from inclusive
K% — nt7 decays, is below 0.5%.

The 1.5 Tesla magnetic field is returned via an iron yoke that is instrumented to detect
muons and K7, mesons. This detection system, called the KLLM, consists of alternating layers
of charged particle detectors and 4.7 cm thick steel plates [8]. The total steel thickness
of 65.8 cm plus the material of the inner detector corresponds to 4.7 nuclear interaction
lengths at normal incidence. The system covers laboratory polar angles between 6 = 20°
and 155° and the overall muon identification efficiency, determined by embedding tracks from
ete™ — ete~ T~ events into real multihadron events, is greater than 90% for p;,, > 1 GeV
tracks detected in the inner tracker. The corresponding pion misidentification probability,
determined using K° — 7*7~ decays, is less than 2%.

III. EVENT SELECTION

We concentrate on three final state topologies:

BT = J/yK rntr,
B — J/YyKtr 7°,
B — J/yKrtr

(Here, as in the rest of this report, the inclusion of the charge conjugate states is always
implied.) In all cases we require that the J/¢ decays via J/¢ — ¢T¢~. We apply the same
J/1 and charged kaon selection criteria to the same data sample to extract a large sample
of Bt — J/¢K™ decays for normalization.

For J/v — p*p~ candidates we use oppositely charged track pairs where at least one
track is positively identified as a muon by the KLLM system and the other is either positively
identified as a muon or has a Csl energy deposit that is consistent with a minimum ionizing



particle. The invariant mass of the candidate p*p~ pair is required to be within +3c
(£33 MeV) of the J/¢ mass peak.

Candidate J/1) — ete™ decays are oppositely charged track pairs where at least one
track is well identified as an electron and the other track satisfies at least the dE/dx or
the CsI E/p electron identification requirements. In this channel, we partially correct for
final state radiation or real bremsstrahlung in the inner parts of the detector by including
the four-momentum of every photon detected within 0.05 radians of the original electron
direction in the e*e™ invariant mass calculation. Since the J/¢ — ete™ peak still has a small
radiative tail, we use an asymmetric invariant mass requirement 60 < (M+.- — M) < 30,
where 0 = 13 MeV.

For charged kaon candidate tracks we require a minimum level of positive kaon identifi-
cation. For K° — 777, we use opposite charged track pairs where the displacement of the
w7~ vertex from the interaction region in the transverse (r — ¢) plane is more than 1 mm,
the ¢ coordinate of the 77~ vertex point and the ¢ direction of the 777~ candidate’s three
momentum vector agree within 0.2 radians, and |M +,- — Mgo| < 12 MeV.

For charged pions, we reduce multiple entries from the same event by only using tracks
that are not identified as a charged kaon, have p;,;, > 0.2 GeV and have at least 20 associ-
ated CDC hits. For the J/¢ K nTn~ mode we require |M +,-p+o- — Mp+p- — 0.59GeV| >
0.009 GeV. This eliminates BT — ¢(2s) KT decays where 1(25) — w7~ J/¢. For n° can-
didates we use pairs of «’s with an invariant mass within +30 of M 0. To reduce multiple
entries, we only use v's with Ejp,, > 50 MeV and 7%’s with pi, > 400 MeV. Monte Carlo
studies indicate that with these cuts the level of multiple entries is below 5% for the Ktatmr—
and 10% for the K*7 7° channels.

IV. SIGNAL YIELD

Figure 1a shows a scatterplot of energy difference, AE, vs beam constrained mass, M,,
for all selected events, where

AE= Y E;— E../2, (1)

i=1,n

and

w= () - (a) »

=1,n

Here E,,, is the cm energy of the colliding e™ and e, and p; and E; are the three momentum
and total energy of each of the n B meson decay products evaluated in the ete™ c¢cm frame.
The B — J/¢Knr signal region in Fig. 1la is indicated by a solid-line rectangle of sides
+30 around M, = 5.28 GeV and AE = 0. An equal-area sideband region centered at
AE = 0.12 GeV is indicated by dashed lines [9]. The clear histogram in Fig. 1b shows
the M, projection for the AE signal region; the shaded histogram shows the same for the
sideband AF region. There is some excess in the signal histogram near M, = 5.28 GeV, but
the background, as indicated by the sideband histogram, is substantial.
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FIG. 1. a) AE vs M, for the selected J/¢Knm events. The +30 signal and sideband regions
are indicated by the solid and dashed rectangles. b) The M, projections for events in the AFE
signal (clear) and sideband (shaded) regions.

Figures 2a and b show scatter plots of M, (vertical) vs My, for events in the AE vs M,
sideband and signal regions of Fig. 1. The signal region data (Fig. 2b) has a strong clustering
of events in the region near M,, ~ 0.75 GeV and Mg, ~ 1.3 GeV that is not evident in
the sideband data. This cluster is what is expected for K7m systems that originate from
the decay of the K;(1270) resonance.

The PDG world average K;(1270) mass is Mg, = 1.273 + 0.007 MeV and width is
, k, = 90 =20 MeV; its most prominent decay mode is K;(1270) — Kp (Br= 42%) [10].
Since the peak mass is very nearly equal to M,’fe“k + M, events corresponding to Ky — Kp,
p — 7w populate a region near the kinematic boundary in Fig. 2b. Both the K; and p
line shapes are distorted by threshold effects; the K; preferentially decays into lower mass
p mesons. For this reason we make a M, selection requirement that is asymmetric around
Mf)’e“k, namely 0.62 < M, < 0.84 GeV, as indicated by the horizontal dashed lines in
Figs. 2a and b.

Figures 2c and d show the sideband and signal region Mk, distributions for events where
M, is in the p mass region. The curve in Fig. 2c shows the result of a fit to a phase-space-
like background function to the sideband Mg, distribution. The curve in Fig. 2d shows
the results of a fit that uses the background determined from the sideband distribution plus
a line shape function that was specialized to expectations for K; — K p decays and uses the
PDG values for the K7 mass and total width [11]. The sideband background plus the K line
shape function, which has only its normalization as a free parameter, gives a good fit to the
low mass region of the signal region K77 mass spectrum, indicating that our interpretation
of the event cluster in Fig. 2b as being due to the K;(1270) is reasonable. (The validity of this
interpretation is discussed below in Section VI.) For subsequent analysis we select K(1270)
events as those that satisfy the p mass requirements and have with Mg, < 1.38 GeV. The
MC simulation indicates that this mass window accepts 41% of all K;(1270) — Krm decays.

Figure 3a shows the AFE vs M, distribution for all of the B — J/¢Knm event candidates
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b)signal region. The My . distributions for the events with 0.62 < M;, < 0.84 GeV for the c)
sideband and d) signal regions. The curves represent fits that are described in the text.

after the application of the K;(1270) mass requirements. The rectangle denotes the +3c0
signal region for B meson decay. Here a prominent signal is evident above a relatively small
background level. Figures 3b, ¢ and d, show the individual distributions for the Ktn 7™,
K*r=n% and K% "7~ channels, respectively [12].

Figures 4a through h show, alternatively, the projections of the M, and AFE signal bands
for: all channels combined (a and b), the J/¢YKTn+t7~ mode (¢ and d), the J/¢ K7 x°
mode (e and f), and the J/¢Y K°7T7~ mode (g and h). (Specifically, the left-hand panels in
Fig. 4 show the M, distribution for events with |[AE| < 0.06 GeV and the right-hand panels
the AE distribution for events with |M, — 5.28| < 0.009 GeV.) The curve in each figure is
the result of a simultaneous fit to the M, and AFE projections where the two distributions
are fit with Gaussian signal functions that are constrained to have the same number of
events. For the M, projection, we parameterize the background with a function that has a
phase-space-like behavior near the endpoint [13]; for AE, we represent the background with
a second-order polynomial. For the fits to the combined channel distributions (Figs. 4a and
b) and the K 7wt~ channel (Figs. 4c and d), the values of the signal peaks and widths are
free parameters; the fit results are consistent with MC expectations. In the K7 7% and
K%t~ channels, where the statistics are limited, the signal peak positions and widths are
fixed at their expected values.

We use the BT — J/iK™ events from the same data sample for normalization. We
select these events using the same .J/1 and charged kaon criteria as used in the B — K
selection and find a distinct signal with very little background. The results of the fits for all
channels are listed in Table I.
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TABLE I. Results of the fits to the M, and AFE projections.

Channel Nevts
J/yKnm (all channels combined) 45.07 3
JJYpK Tt 25.21¢1
JJYpK =m0 12979
JJYK Ot 4.9137
J/pKT 238.0+15.9

V. BRANCHING FRACTION RESULTS

We determine the ratio of branching fractions from the relation

BB — J/yK) Né]v/tle Nipi+ fi

_ , (3)
B(Bt — J/YKT) Ni,/twKJr /4Ky

where 1 denotes the Monte-Carlo determined acceptances for each process. For the charged
mode, f; = 1; for the neutral mode f; = f,/fo (= 1.07 + 0.09), the ratio of charged to
neutral B meson production at the Y(4S5) [14].

The results for the two neutral K modes are

B(B — J/$K(1270))

=124+05 K 7 7% mod
B(B+ — J/PK+) (Bm " mode)
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B(B® — J/%K?(1270))
B(B* — J/OK™*)

=275 (K77~ mode),

where only statistical errors are shown [15]. Since the results for the two modes are consistent
within errors, we combine the two measurements. The branching fraction results are:

B(B" — J/$pK?(1270))
B(B* — JJYK™)
B(B* — J/yK{ (1270))
B(B+ — JJyK~)

=14+£044+04

=15+044+0.3,
where the second quoted errors are systematic and are discussed below in Section VII. These

results are preliminary. Final results based on all of the currently available data and with a
more complete study of systematic errors will be available in the near future.

VI. NON-K;(1270) SIGNAL COMPONENTS.
We examined the possibility of contributions from sources other than the K;(1270) to

the observed signal. We considered two possibilities: other resonances and non-resonant
Knm production.
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There are two resonances that overlap the K;(1270) and decay to Knr final states, the
K/(1400) and K*(1410), both of which primarily decay to K*(890)7r. Although neither of
these resonances has an appreciable K p branching fraction, the limited phase space available
in the decay results in about one third of K*r final states producing two pions that satisfy
the M., requirements. A separate search for B — J/¢K*(890)7r decays using selection
criteria optimized for this channel [16] did not uncover a significant signal for either of these
states and indicated that the level of contribution from these higher mass states to the
observed signal is (3 &+ 10)%.

The K1(1270) yield in our 77 and K77 mass window, determined from fitting the signal
region M. distribution using a background determined from the AFE-M, sideband region
(shown in Fig. 2d), 42.6 + 8.1 events, agrees, within 10%, with the number of signal events
determined from the simultaneous fits to the AE and M, projections shown in Figs. 4a and
b. This indicates that the non-resonant part of the Mg,, spectrum constitutes most of
the background in the AFE-M, projections and rules out a substantial non-resonant Knmr
component to our observed signal.

We also applied the same selection process to a large sample of inclusive B — J/9$X
Monte Carlo events, which includes some non-resonant J/¢Knm decays generated with a
phase space Mg, distribution. The selected events have no peak near the K;(1270); if we
fit for a resonance, we get a yield that is slightly negative and consistent with zero. This is
evidence that our analysis method does not manufacture a peak.

VII. SYSTEMATIC ERRORS

The main systematic errors and estimates of their magnitude are listed in Table II. The
largest systematic errors are due to uncertainties in the K;(1270) branching fractions to the
Krm states that are accepted. We also include in the systematic error the uncertainties
associated with possible contributions to the signal from sources other than the K;(1270).
A source of error for the neutral mode is the experimental uncertainty in fy/ fo.

TABLE II. Sources of systematic errors.

Error source K (1270) K?(1270)
K, (1270) branching fractions 14% 14%
other K7 resonance 13% 13%
non-resonant K 10% 10%
f+/fo (neutral mode only) - 8%
rt7=(0) data/MC differences 5% 10%
Quadrature sum 22% 25%

By quoting our results as a ratio of branching fractions, many experimental systematic
effects tend to cancel out. These include effects due to uncertainties in the number of
B mesons, and the J/1) and charged kaon detection and identification efficiencies. The
major remaining experimental systematic error is the efficiency for low momentum charged
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and neutral pion and neutral kaon detection, where we rely on the results of Monte Carlo
simulation. Agreement between data and MC simulation results for various calibration
processes has been demonstrated at the ~ 5% level for charged pions and ~ 10% level for
neutral pions and kaons [17]. These uncertainties are included in the systematic error.

VIII. DISCUSSION

We observe that the K;(1270) is a dominant component of B — J/¢{Knr decays. This
is of special interest for CP violation studies because among the low mass resonances, the
K?(1270) has the largest branching fraction for decays to the flavor-nonspecific K°p° final
state. In principle, these final states are mixtures of CP==1 eigenstates, depending on the
orbital angular momentum of the J/¢ and the K;. With sufficient statistics, the relative
strengths of the two CP eigenstates can be determined from an analysis of final state helicity
angle distributions [18]. This is similar to the situation for the much discussed flavor-
nonspecific B® — J/¢YpK*® — J/¢K°1°? decay channel. However, the J/K°rTn~ case is
made more complicated by the different intermediate states that can be present. In addition
to the K°p intermediate state, there are also contributions from the flavor-specific K*m and
K;(1430)7 channels. Theoretical work is needed to clarify the situation.

IX. SUMMARY

We report the first observation of decays of the type B — K;(1270).J/¢ and report
preliminary values for branching fraction ratios relative to that for Bt — J/¢K*. Using
the PDG value of B(BT — J/¢YK™) = (9.9 4+ 1.0) x 107 [10], we translate our results to

B(B® — J/YK)(1270)) = (1.4 4+ 0.4 4+ 0.4) x 10
B(Bt — J/Y K (1270)) = (1.5 £ 0.4 +0.4) x 107,

These modes constitute a reasonable portion (~ 15%) of the total number of B — J/¢X
decays.

We observe ~ 4 events with a background level of ~ 1 event for the flavor-nonspecific
channel B — J/YK) — J/¢YKrtr—. Here two possible CP states are accessible. More
data will permit a determination of their relative contributions.
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