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10LPC, Université Blaise Pascal, CNRS/IN2P3, Clermont, F-63178 Aubière Cedex, France
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We present evidence for the exotic charged charmonium-like state Z±
c (3900) in semi-inclusive

weak decays of b-flavored hadrons. The signal is correlated with a J/ψπ+π− system in the invariant
mass range 4.2−4.7 GeV and includes the sequential process b-quark hadron → Y (4260)+ anything,
Y (4260) → Z±

c (3900)π∓, Z±
c (3900) → J/ψπ±. The study is based on 10.4 fb−1 of pp collision data

collected by the D0 experiment at the Fermilab Tevatron collider.

I. INTRODUCTION

The charged charmonium-like state Z±
c (3900) was dis-

covered in 2013 simultaneously by the Belle [1] and BE-
SIII [2] collaborations in the sequential process e+e− →
Y (4260), Y (4260) → Z+

c (3900)π−, Z+
c (3900) → J/ψπ+

(charge conjugate processes are implied throughout).
Their fits of the Z+

c (3900) signal with an S-wave Breit-
Wigner signal shape and an incoherent background gave
the signal parameters M = 3894.5 ± 6.6 ± 4.5 MeV,
Γ = 63± 34± 26 MeV and M = 3899.0± 3.6± 4.9 MeV,
Γ = 46±10±20 MeV, respectively. The Z+

c (3900) cannot
be a conventional quark-antiquark meson as it is charged
and decays via the strong interaction to charmonium. Its
minimal quark content is thus ccud.

Since the original observation the understanding of
both the Z+

c (3900) and Y (4260) has evolved. The BESIII

∗with visitors from aAugustana College, Sioux Falls, SD 57197,
USA, bThe University of Liverpool, Liverpool L69 3BX, UK,
cDeutshes Elektronen-Synchrotron (DESY), Notkestrasse 85, Ger-
many, dCONACyT, M-03940 Mexico City, Mexico, eSLAC, Menlo
Park, CA 94025, USA, f University College London, London WC1E
6BT, UK, gCentro de Investigacion en Computacion - IPN, CP
07738 Mexico City, Mexico, hUniversidade Estadual Paulista, São
Paulo, SP 01140, Brazil, iKarlsruher Institut für Technologie (KIT)
- Steinbuch Centre for Computing (SCC), D-76128 Karlsruhe, Ger-
many, jOffice of Science, U.S. Department of Energy, Washington,
D.C. 20585, USA, lKiev Institute for Nuclear Research (KINR),
Kyiv 03680, Ukraine, mUniversity of Maryland, College Park,
MD 20742, USA, nEuropean Orgnaization for Nuclear Research
(CERN), CH-1211 Geneva, Switzerland, oPurdue University, West
Lafayette, IN 47907, USA, pInstitute of Physics, Belgrade, Bel-
grade, Serbia, and qP.N. Lebedev Physical Institute of the Russian
Academy of Sciences, 119991, Moscow, Russia. ‡Deceased.

collaboration has measured [3] the e+e− → J/ψπ+π−

cross section at a range of energies from 3.77 GeV to
4.60 GeV and reported that the Y (4260) may consist of
two states: a narrow state at about 4.22 GeV and a wider
one at about 4.32 GeV above a continuum that may also
be consistent with a broad resonance near 4.0 GeV. Cur-
rently the “Y (4260)” is believed to be composed of two
states: a lower-mass narrower state denoted by the Par-
ticle Data Group (PDG) [4] as ψ(4260) with mass M =
4230± 8 MeV and width Γ = 55± 19 MeV and a higher-
mass broader state ψ(4360) with M = 4368 ± 13 MeV
and Γ = 96 ± 7 MeV.

The Z+
c (3900) is close in mass to X(3872) and also

close to the open-charm D∗D threshold, so it may be a
“molecular” state composed of a loosely bound pair of
colorless, quark-antiquark pairs containing a charm and
a light quark (cd̄) and (c̄u), the isovector analog of the
X(3872). A mass enhancement is also seen in the D∗D
system [5] but the fit for this channel gives a different
mass and width compared to that for the J/ψπ+ channel.

The PDG [4] assumes that it is a single resonance de-
caying to two final states. It lists it as Zc(3900) with
M = 3886.6 ± 2.4 MeV and Γ = 28.2 ± 2.6 MeV. The
spin and parity are determined to be [6] JP = 1+.

The presence of Z+
c (3900) in decays of b hadrons

is unclear. It is not seen by Belle [7] in the decay
B̄0 → (J/ψπ+)K− nor by LHCb [8] in the decay B0 →
(J/ψπ+)π−. On the other hand, the Y (4260) may have
been seen in the decays B → J/ψππK by BaBar [9],
so there could be production of Z+

c (3900) in b-hadron
decays through the two-step process Hb → Y (4260)+
anything, Y (4260) → Z+

c (3900)π−, where Hb represents
any hadron containing a b quark. The process may be
spread over many channels and thus escape observation
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in any specific channel.
In this article we look for the presence of such two-step

processes using 10.4 fb−1 of pp collision data collected by
the D0 experiment at the Fermilab Tevatron collider.

II. D0 DETECTOR, EVENT
RECONSTRUCTION AND SELECTION

The D0 detector [10] has a central tracking system con-
sisting of a silicon microstrip tracker [11] and a central
scintillating fiber tracker, both located within a 1.9T su-
perconducting solenoidal magnet. A muon system [12]
covering pseudorapidity |ηdet| < 2 [13] is located out-
side of the central tracking system and the liquid argon
calorimeter, and consists of a layer of tracking detectors
and scintillation trigger counters in front of 1.8T toroidal
magnets, followed by two similar layers after the toroids.

In high-energy pp collisions the J/ψ can be pro-
duced both promptly, either directly or in strong inter-
action decays of higher-mass charmonum states, or non-
promptly in weak-interaction b-hadron decays [14–16].
Non-prompt J/ψ mesons from Hb decays are displaced
from the pp̄ interaction vertex by typically several hun-
dred µm as a result of the long b-quark lifetime.

Events used in this analysis are collected with both
single-muon and dimuon triggers. We re-use a sample of
events, prepared for an earlier study, containing a non-
prompt J/ψ and a pair of oppositely charged particles
consistent with coming from a displaced decay vertex.
For this previously used data sample, the event selec-
tion requirement that the decay vertex be separated from
the primary vertex with a significance of more than 3σ
precludes extension of the current study to include the
prompt production of Z+

c (3900) and Y (4260). Unless in-
dicated otherwise, we assume the hadrons to be pions and
select events in the mass range 4.1 < m(J/ψπ+π−) <
5.0 GeV that includes the Y (4260) states and is high
enough for production of the Z+

c (3900), but low enough
to exclude fully reconstructed direct decays of b hadrons
to final states J/ψh+h− where h stands for a pion, a
kaon, or a proton.

Candidate events are selected by requiring a pair of
oppositely charged muons and a charged particle with
pT above 1 GeV at a common vertex with χ2 < 10 for
3 degrees of freedom. Muons must have transverse mo-
mentum pT > 1.5 GeV. At least one muon must traverse
both inner and outer layers of the muon detector. Both
muons must match tracks in the central tracking sys-
tem. The reconstructed invariant mass m(µ+µ−) must
be between 2.92 and 3.25 GeV, consistent with the world
average mass of the J/ψ [4]. To select final states orig-
inating from b-hadron decays, the J/ψ + 1 track vertex
is required to be displaced from the pp̄ interaction ver-
tex in the transverse plane by at least 5σ and the trans-
verse impact parameter [17] significance IP/σ(IP ) of the
hadronic track is required to be greater than 2σ.

For accepted J/ψ + 1 track combinations, another

track, with an opposite charge to the first track and with
pT > 0.8 GeV, is added to form a common J/ψ+2 tracks
system. The second track must have an IP significance
greater than 1σ and its contribution to the χ2 of the
J/ψ + 2 tracks vertex [18] must be less than six. The
cosine of the angle in the transverse plane between the
momentum vector and decay path of the J/ψ + 2 tracks
system is required to be greater than 0.9.
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FIG. 1: The J/ψπ+π− decay length in the transverse plane
for accepted candidates in the range 4.2 < m(J/ψπ+π−) <
4.7 GeV and for the case when the IP cut on the second pion
is removed.

For the accepted J/ψ + 2 tracks combinations we cal-
culate the J/ψπ+π− invariant mass by assigning the pion
mass to both hadronic tracks. We correct the muon
momenta by constraining m(µ+µ−) to the world aver-
age J/ψ meson mass [4]. The sample includes events in
which the hadronic pair comes from decays K∗ → Kπ
or φ → KK. We remove such events by vetoing the
mass combinations 0.81 < m(πK) < 0.97 GeV, 0.81 <
m(Kπ) < 0.97 GeV, and 1.01 < m(KK) < 1.03 GeV.
We also veto photon conversions by removing events with
m(π+π−) < 0.35 GeV. Multiple candidates per event are
allowed but their rate is negligible.

The transverse decay length distribution of the
J/ψπ+π− system Lxy is shown in Fig. 1. With the av-
erage resolution of 0.0057 cm most of the prompt events
would be contained at Lxy < 0.025 cm. The distribution
confirms that prompt background has been strongly sup-
pressed and that the selected J/ψ+2 tracks combinations
originate predominantly from partially reconstructed ver-
tices of b-hadron decays.

III. FIT RESULTS

Our study is focused on the J/ψπ+ system around
the Z+

c (3900) mass. As mentioned above, the produc-
tion of Z+

c (3900) may occur through a sequential process
with an intermediate Y (4260), e.g., B+ → Y (4260)K+,
Y (4260) → Z+

c (3900)π−. To test this possibility, we
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FIG. 2: The invariant mass distribution of J/ψπ+ candidates in six ranges of m(J/ψπ+π−) as indicated. The solid lines show
the results of the fit. The dashed lines show the combinatorial background and the dotted lines indicate the signal contributions.

select events in the mass range 4.1 < m(J/ψπ+π−) <
5.0 GeV. We construct the mass m(J/ψπ+) by combin-
ing the J/ψ with either of the two pion candidates and,
following Refs. [1] and [2], selecting the higher-mass com-
bination. We fit the resulting m(J/ψπ+) distribution to
the sum of a resonant signal represented by a relativis-
tic S-wave Breit-Wigner function with a width fixed to
Γ = 28.2 MeV [4] smeared with the D0 mass resolution of
σ = 17±2 MeV and a mass that is allowed to vary freely,
and an incoherent background. Background is mainly
due to b-hadron decays to a J/ψ, with a random hadron
coming from the same multi-body decay. For the back-

ground shape we use Chebyshev polynomials of the first
kind. The fitting range is chosen so as to obtain an ac-
ceptable fit while avoiding regions where the background
function becomes negative.

We perform binned maximum-likelihood fits to the
J/ψπ+ mass distribution in six J/ψπ+π− mass in-
tervals of varying size, chosen to align with the
Y (4260) states. These intervals, (4.1−4.2), (4.2−4.25),
(4.25−4.3), (4.3−4.4), (4.4−4.7), and (4.7−5.0) GeV,
contain roughly equal numbers of signal plus background
events. In each interval we represent the background
contribution by a Chebyshev polynomial whose order
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FIG. 3: The Z+
c (3900) signal yield per 50 MeV for the

six intervals of m(J/ψπ+π−): 4.1−4.2, 4.2−4.25, 4.25−4.3,
4.3−4.4, 4.4−4.7, and 4.7−5.0 GeV. The points are placed at
the bin centers.
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FIG. 4: The invariant mass distribution of J/ψπ+ candidates
in the range 4.2 < m(J/ψπ+π−) < 4.7 GeV. The solid line
shows the result of the fit. The dashed line show the combi-
natorial background parametrized with the fifth-order Cheby-
shev polynomial and the dotted line indicates the signal con-
tribution.

is chosen to minimize the Aikake Information Crite-
rion (AIC) [19]. For a fit with p free parameters to
a distribution in n bins the AIC is defined as AIC =
χ2 + 2p + 2p(p + 1)/(n − p − 1). We use fourth-order
polynomials in all bins except (4.7−5.0) GeV where we
use a fifth-order polynomial.

As shown in Fig. 2, we see a clear enhancement near
the Z+

c (3900) mass for events in the range 4.20 <
m(J/ψπ+π−) < 4.25 GeV, consistent with coming from
the ψ(4260) (recall that the ψ(4260) mass is 4230 ± 8
MeV [4]), and smaller enhancements in other ranges
between 4.2 GeV and 4.7 GeV. We find no significant
signal in the bin 4.1 < m(J/ψπ+π−) < 4.2 GeV or
4.7 < m(J/ψπ+π−) < 5.0 GeV. The resulting differential
distribution of the signal yield is shown in Fig. 3. We note
the presence of a Z+

c (3900) signal with a statistical signif-

icance greater than 3σ in the 4.4 < m(J/ψπ+π−) < 4.7
GeV region above the ψ(4360) signal [3], indicating some
contribution from a non-Y (4260) J/ψπ+π− combination.
The measured signal masses are consistent with each
other (with a p-value of 0.1).

We then perform a fit to the data in the mass range
4.2 < m(J/ψπ+π−) < 4.7 GeV. The AIC test gives
similar results using the fifth- and fourth-order polyno-
mial as background while the χ2 test prefers the fifth-
order polynomial (p-value of 0.18 vs 0.066). The fit
using the fifth-order polynomial background shown in
Fig. 4 yields N = 502 ± 92 (stat) signal events, M =
3895.0 ± 5.2 (stat) MeV, and a statistical significance
of S = 5.6σ. The fit using the fourth-order polyno-
mial gives N = 608 ± 82, M = 3895.7 ± 4.6 MeV, and
S = 7.7σ. The statistical significance of the signal is de-
fined as S =

√

−2 ln(L0/Lmax), where Lmax and L0 are
likelihood values for the best-fit signal yield and for the
signal yield fixed to zero. In the following we choose the
fit using the fifth-order polynomial as the baseline. A χ2

test of the fit quality gives the χ2 over the number of
degrees of freedom (ndf) χ2/ndf = 36.8/30.
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FIG. 5: The invariant mass J/ψπ+π− distribution for events
near the Z+

c (3900) peak, 3.83 < m(J/ψπ) < 3.95 GeV. The
arrows indicate the masses of ψ(4260) and ψ(4360).

The distribution of m(J/ψπ+π−) for events in the
Z+

c (3900) peak range, defined as 3.83 < m(J/ψπ+) <
3.95 GeV, is shown in Fig. 5. There is an enhancement
corresponding to ψ(4260), also seen in Fig. 3, supporting
the assumption that the decay of this neutral state is a
contributing source of the Z+

c (3900) signal.

IV. CROSS-CHECKS

In an alternative approach, we perform a simultaneous
fit to the four subsamples of the m(J/ψπ+π−) in the
4.2−4.7 GeV range, allowing for separate free parameters
of the fourth-order Chebyshev polynomial background
and free signal yields but using a common free signal mass
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parameter. The fitted mass is 3889.6±9.8 MeV, and the
number of signal events is 444 ± 149, in agreement with
the baseline result, and the quality of the fit is χ2/ndf =
53.3/81.

We divide the sample into two ranges of the pT of the
pion from the Z+

c (3900) decay, pT (π) < 1.5 GeV and
pT (π) > 1.5 GeV, and fit them separately. The fitted
yields are 202 ± 51 and 319 ± 72 events and the masses
are 3906.6±10.0 MeV and 3896.1±6.7 MeV, respectively.

Fits to the three Z+
c (3900) pseudorapidity ranges |η| <

0.9, 0.9 < |η| < 1.3 and 1.3 < |η| < 2.0 contain-
ing similar numbers of events give the signal yields of
195 ± 57, 155 ± 52, and 163 ± 48 and mass values of
3902.8± 7.3 MeV, 3906.4± 11.2, and 3887.8± 8.8 MeV.
The signal to background ratios in the three |η| regions
are consistent with being the same, as would be expected
from the fact that both signal and the dominant back-
grounds arise from the decays of b hadrons.

To test the sensitivity of the results to the fit qual-
ity requirements, we define a control sample by selecting
events with the fit quality of the J/ψ+ 1 track vertex in
the range 10 < χ2 < 20. The fitted yield in the control
sample is 10 ± 25 events, consistent with no signal.

Due to the limited muon momentum resolution, our
selection of the J/ψ mass window passes some non-
J/ψ dimuons while rejecting a fraction of genuine J/ψ’s.
The non-J/ψ background includes sequential decays b→
cµX , c → sµX , and semileptonic b-hadron decays ac-
companied by a muon track originating from a charged
pion or kaon decay in flight. We estimate the fraction of
non-J/ψ background in our baseline sample at 9% and
the dimuon mass cut efficiency for J/ψ at 94%. A fit
to the m(J/ψπ+) spectrum when the J/ψ mass window
is expanded to 2.8–3.4 GeV yields 530 ± 100 Z+

c (3900)
signal events, 6% more than in the baseline analysis, in
agreement with expectation.

V. SYSTEMATIC UNCERTAINTIES

There are several sources of systematic uncertainties
in the baseline measurement of the Z+

c (3900) mass and
yield, summarized in Table I.

TABLE I: Systematic uncertainties for the Z+
c (3900) mass

and yield measurements.

Systematic uncertainty Mass (MeV) Yield

Mass calibration +3
−0 <1

Mass resolution < 0.1 ±27

Background shape ±0.4 ±53

Bin size ±1.1 ±9

Signal model ±2.4 ±3

Natural width variation <0.1 ±23

Total (sum in quadrature) −2.7,+4.0 ±64

We assign an asymmetric uncertainty of (+3,−0) MeV

to the J/ψπ+ mass scale based on studies of the D0 mea-
sured mass shift compared to world-average values in sev-
eral final states with a similar topology [20].

The estimate of the mass resolution is based on the
dependence of the measured and simulated resolution
of the released kinetic energy for decays with a similar
topology. The variation of the assumed resolution by its
uncertainty of ±2 MeV has a negligible effect on the mea-
sured Z+

c (3900) mass. We assign an uncertainty on the
signal yield equal to half of the difference between the
two extreme results.

We assess the effects of the fitting procedure and back-
ground shape as half of the difference of the results ob-
tained with the fourth- and fifth-order Chebyshev poly-
nomial. Similarly, we estimate the effect of bin size by
comparing the results for 20 MeV and 10 MeV bins.

We assign the uncertainty in the signal model as half of
the difference in the results obtained with the relativistic
Breit-Wigner shapes with and without the energy depen-
dence of the natural width.

In the analysis we set the natural width equal to the
world-average value. We assign the uncertainty in the
mass and yield measurement by repeating the fits with
the width altered by ±2.6 MeV [4].

VI. RESULTS

A. The Zc(3900) signal yield as a function of
m(J/ψπ+π−)

Table II lists the Z+
c (3900) fitted signal yields and the

measured mass in the six non-overlapping intervals of the
J/ψπ+π− invariant mass between 4.1 GeV and 5.0 GeV.
The Z+

c (3900) width is fixed at Γ = 28.2 MeV for these
fits. The measured masses are consistent with each other
and with the original results of Refs. [1] and [2], and thus
we conclude that we are observing the same Z+

c (3900)
state. We report the results for the range 4.2−4.7 GeV
as our best measurement of the mass of the Z+

c (3900)
resonance and the signal significance.

Our baseline result above allows the Z+
c (3900) mass to

float but fixes its width at the world average value, and
thus raises the question of whether the significance of the
fit would change if the world average [4] mass were used.
We have tested this by fixing the mass to M = 3886.6
MeV [4]. The fit gives a yield of 480±91, χ2/ndf = 39/31,
and significance S = 5.4σ that differ very little from our
baseline result. A slightly better fit is obtained with the
mass and width fixed to the PDG values [4] for just those
measurements that use the final state Z±,0

c → J/ψπ±,0:
M = 3893.3 MeV and Γ = 36.8 MeV. In this case we
obtain χ2/ndf = 35.9/31, yield of 580±104 and S = 5.7σ.
We conclude that variations in the choice of Z+

c mass and
width have only a small effect upon our conclusions.

The systematic uncertainties are taken into account in
the estimate of the significance by convolving the sta-
tistical significance as a function of signal yield with a
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TABLE II: Z+
c (3900) signal yields and mass measurements,

fit quality, and statistical significance S in intervals of
m(J/ψπ+π−). The six measurements in non-overlapping sub-
samples are dominated by statistical uncertainties. There is
a common asymmetric +3,−0 MeV mass uncertainty. The
last row shows a summary result that includes statistical and
systematic uncertainties.

m(J/ψπ+π−) Event yield Mass χ2/ndf S
(GeV) (MeV) (σ)
4.1−4.2 66 ± 38 3902.2± 10.6 24.1/15 1.7
4.2−4.25 167 ± 41 3881.3± 6.1 14.6/15 4.3
4.25−4.3 58 ± 35 3910.7± 15.7 23.6/17 1.6
4.3−4.4 80 ± 48 3886.5± 13.0 26.3/19 1.8
4.4−4.7 206 ± 65 3905.7± 9.5 35.8/26 3.2
4.7−5.0 19 ± 25 3884.7± 26.6 21/22 0.4

4.2−4.7 502 ± 92 ± 64 3895.0± 5.2+4.0
−2.7 36.8/30 4.6

Gaussian function with a mean of 500 and width equal
to the systematic uncertainty on the yield. Adding the
systematic uncertainty changes the significance for the
baseline fit from 5.6σ to 4.6σ.

B. Normalization to B0
d → J/ψK∗
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FIG. 6: The invariant mass distribution of accepted J/ψ +
2 track candidates under the J/ψK±π∓ hypothesis with a
requirement that (at least) one of the K±π∓ combinations is
within the K∗ window (see text).

We normalize the Z+
c (3900) → J/ψπ+ signal in the

parent J/ψπ+π− mass range of 4.2−4.7 GeV to the num-
ber of events of the decay B0

d → J/ψK∗. The latter are
required to satisfy the same stringent kinematic and qual-
ity cuts as applied to the J/ψπ+π− except that the K∗

veto is replaced with the requirement that at least one
K±π∓ pair is within the K∗ mass window. If two such
pairs are present we select the K±π∓ combination with

mass closer to the K∗ mass. We fit the distribution to
a sum of a signal described by a double Gaussian func-
tion and a quadratic polynomial background. We find
the number of B0

d decays N(B0
d) = 5900 ± 116 (stat)

and obtain the ratio of the observed number of events
502/5900 = 0.085±0.019 where the uncertainty is a sum
in quadrature of the statistical and systematic uncertain-
ties (0.016 and 0.011, respectively). Since the two pro-
cesses have the same topology and the kinematic restric-
tions assure a uniform track finding efficiency, we assume
that the efficiency factors cancel out in the ratio. The in-
variant mass J/ψKπ distribution and the fit results are
shown in Fig. 6.
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FIG. 7: The decay length distribution of Z+
c (3900) events

(black circles) and B0
d → J/ψK∗ events (red squares).
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FIG. 8: The pT of the J/ψπ+π− parents of the Z+
c (3900)

events (black circles) and of the B0
d in the J/ψK∗ channel

(red squares).

Figure 7 shows a comparison of the decay length distri-
bution of the Z+

c (3900) signal events, obtained by fitting
m(J/ψπ+) in bins of the decay length, and that of the B0

d
signal from the B0

d → J/ψK∗ decay. The mean lifetime
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of a b-hadron admixture averaged over all b species is sim-
ilar to the B0

d lifetime, and the momentum distributions
are similar. We therefore expect the decay length distri-
bution of the two states to show general agreement. The
distributions show exponential behavior N ∼ e−Lxy/Λ in
the region above Lxy = 0.025 cm where the efficiency is
constant, with consistent coefficients of Λ = 0.098±0.030
and 0.130 ± 0.004 cm for the Z+

c (3900) and B0
d, respec-

tively, supporting the claim that the signal events come
from b-hadron decays. The turnover at low Lxy occurs
because of some events whose Lxy resolution is small,
thus allowing them to pass the 5σ significance cut for
lower Lxy. Figure 8 compares the pT distribution of the
J/ψπ+π− system in Z+

c (3900) events and the pT dis-
tribution of B0

d in the J/ψK∗ channel. The two distri-
butions are similar, as expected for decay products of b
hadrons. The average pT of the former (12.5 GeV) is
lower than the average pT of B0

d (13.6 GeV) because the
J/ψπ+π− system carries less than 100% of the parent b
hadron’s momentum.

C. Search for the Z+
c (3900) in the decay

B̄0
d → J/ψπ+K−
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FIG. 9: Background-subtracted J/ψπ+ invariant mass distri-
bution in the decay B̄0

d → J/ψπ+K− with the K∗ mass range
removed.

As mentioned in Section I, the Belle Collaboration [7]
did not see a significant signal of the Z+

c (3900) in the
decay B̄0 → J/ψπ+K−. Their amplitude analysis con-
firmed the Zc(4430) and led to an observation of a new
resonance, Zc(4200). We have studied the J/ψπ+ mass
in events consistent with this decay, excluding the events
consistent with the decay B̄0

d → J/ψK∗. The sideband-
subtracted mass distribution is shown in Fig. 9. There is
no indication of the Z+

c (3900) and the spectrum above
4 GeV is consistent with the resonance structures ob-
served in Figure 8 of Ref. [7].

VII. SUMMARY AND CONCLUSIONS

In summary, our study of the semi-inclusive decays of b
hadrons Hb → J/ψπ+π− + anything reveals a Z±

c (3900)
signal that is correlated with the J/ψπ+π− system in
the invariant mass range 4.2−4.7 GeV. The process in-
cludes the sequential decays Hb → Y (4260) + anything,
Y (4260) → Z±

c (3900)π∓, Z±
c (3900) → J/ψπ±, where

Y (4260) stands for the combined signal of two neutral
charmonium-like states ψ(4260) and ψ(4360) [4]. There
is an indication that some events arise from Hb decays
to an intermediate J/ψπ+π− combination with mass
above that of the ψ(4360), with subsequent decay to
Z±

c (3900)π∓. The measured mass of the Z±
c (3900) reso-

nance is M = 3895.0±5.2 (stat)
+4.0
−2.7 (syst) MeV. The sig-

nificance, including systematic uncertainties, is 4.6 stan-
dard deviations. We confirm the conclusion of Ref. [7]
that there is no significant production of the Z+

c (3900)
in the decay B̄0

d → J/ψπ+K−. With the present data
sample we have no sensitivity to prompt production of
the Z±

c (3900) in pp collisions.
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