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Evidence for the exclusive decay B±
c
→ J/ψπ± and measurement of the mass of the B

c

meson
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J. Lee,̊27 J. Lee,̊47 S.W. Lee,̊51 R. Lefèvre,̊3 N. Leonardo,̊31 S. Leone,̊44 S. Levy,̊12 J.D. Lewis,̊15 K. Li,̊59

C. Lin,̊59 C.S. Lin,̊15 M. Lindgren,̊15 E. Lipeles,̊8 T.M. Liss,̊23 A. Lister,̊18 D.O. Litvintsev,̊15 T. Liu,̊15

Y. Liu,̊18 N.S. Lockyer,̊43 A. Loginov,̊35 M. Loreti,̊42 P. Loverre,̊49 R-S. Lu,̊1 D. Lucchesi,̊42 P. Lujan,̊28

P. Lukens,̊15 G. Lungu,̊16 L. Lyons,̊41 J. Lys,̊28 R. Lysak,̊1 E. Lytken,̊46 D. MacQueen,̊32 R. Madrak,̊15

K. Maeshima,̊15 P. Maksimovic,̊24 G. Manca,̊29 F. Margaroli,̊4 R. Marginean,̊15 C. Marino,̊23 A. Martin,̊59

M. Martin,̊24 V. Martin,̊37 M. Mart́ınez,̊3 T. Maruyama,̊54 H. Matsunaga,̊54 M. Mattson,̊57 P. Mazzanti,̊4



2

K.S. McFarland,̊47 D. McGivern,̊30 P.M. McIntyre,̊51 P. McNamara,̊50 R. McNulty,̊29 A. Mehta,̊29 S. Menzemer,̊31

A. Menzione,̊44 P. Merkel,̊46 C. Mesropian,̊48 A. Messina,̊49 T. Miao,̊15 N. Miladinovic,̊5 J. Miles,̊31 L. Miller,̊20

R. Miller,̊34 J.S. Miller,̊33 C. Mills,̊9 R. Miquel,̊28 S. Miscetti,̊17 G. Mitselmakher,̊16 A. Miyamoto,̊26 N. Moggi,̊4

B. Mohr,̊7 R. Moore,̊15 M. Morello,̊44 P.A. Movilla Fernandez,̊28 J. Muelmenstaedt,̊28 A. Mukherjee,̊15

M. Mulhearn,̊31 T. Muller,̊25 R. Mumford,̊24 A. Munar,̊43 P. Murat,̊15 J. Nachtman,̊15 S. Nahn,̊59 I. Nakano,̊39

A. Napier,̊55 R. Napora,̊24 D. Naumov,̊36 V. Necula,̊16 T. Nelson,̊15 C. Neu,̊43 M.S. Neubauer,̊8 L. Nicolas,̊15,19

J. Nielsen,̊28 T. Nigmanov,̊45 L. Nodulman,̊2 O. Norniella,̊3 T. Ogawa,̊56 S.H. Oh,̊14 Y.D. Oh,̊27 T. Ohsugi,̊22

T. Okusawa,̊40 R. Oldeman,̊29 R. Orava,̊21 W. Orejudos,̊28 K. Osterberg,̊21 C. Pagliarone,̊44 E. Palencia,̊10

R. Paoletti,̊44 V. Papadimitriou,̊15 A.A. Paramonov,̊12 S. Pashapour,̊32 J. Patrick,̊15 G. Pauletta,̊53 M. Paulini,̊11

C. Paus,̊31 D. Pellett,̊6 A. Penzo,̊53 T.J. Phillips,̊14 G. Piacentino,̊44 J. Piedra,̊10 K.T. Pitts,̊23 C. Plager,̊7

L. Pondrom,̊58 G. Pope,̊45 X. Portell,̊3 O. Poukhov,̊13 N. Pounder,̊41 F. Prakoshyn,̊13 A. Pronko,̊16 J. Proudfoot,̊2

F. Ptohos,̊17 G. Punzi,̊44 J. Rademacker,̊41 M.A. Rahaman,̊45 A. Rakitine,̊31 S. Rappoccio,̊20 F. Ratnikov,̊50

H. Ray,̊33 B. Reisert,̊15 V. Rekovic,̊36 P. Renton,̊41 M. Rescigno,̊49 F. Rimondi,̊4 K. Rinnert,̊25 L. Ristori,̊44

W.J. Robertson,̊14 A. Robson,̊19 T. Rodrigo,̊10 S. Rolli,̊55 R. Roser,̊15 R. Rossin,̊16 C. Rott,̊46 J. Russ,̊11

V. Rusu,̊12 A. Ruiz,̊10 D. Ryan,̊55 H. Saarikko,̊21 S. Sabik,̊32 A. Safonov,̊6 R. St. Denis,̊19 W.K. Sakumoto,̊47

G. Salamanna,̊49 D. Saltzberg,̊7 C. Sanchez,̊3 L. Santi,̊53 S. Sarkar,̊49 K. Sato,̊54 P. Savard,̊32 A. Savoy-Navarro,̊15

P. Schlabach,̊15 E.E. Schmidt,̊15 M.P. Schmidt,̊59 M. Schmitt,̊37 T. Schwarz,̊33 L. Scodellaro,̊10 A.L. Scott,̊9

A. Scribano,̊44 F. Scuri,̊44 A. Sedov,̊46 S. Seidel,̊36 Y. Seiya,̊40 A. Semenov,̊13 F. Semeria,̊4 L. Sexton-Kennedy,̊15

I. Sfiligoi,̊17 M.D. Shapiro,̊28 T. Shears,̊29 P.F. Shepard,̊45 D. Sherman,̊20 M. Shimojima,̊54 M. Shochet,̊12

Y. Shon,̊58 I. Shreyber,̊35 A. Sidoti,̊44 A. Sill,̊52 P. Sinervo,̊32 A. Sisakyan,̊13 J. Sjolin,̊41 A. Skiba,̊25

A.J. Slaughter,̊15 K. Sliwa,̊55 D. Smirnov,̊36 J.R. Smith,̊6 F.D. Snider,̊15 R. Snihur,̊32 M. Soderberg,̊33

A. Soha,̊6 S.V. Somalwar,̊50 J. Spalding,̊15 M. Spezziga,̊52 F. Spinella,̊44 P. Squillacioti,̊44 H. Stadie,̊25

M. Stanitzki,̊59 B. Stelzer,̊32 O. Stelzer-Chilton,̊32 D. Stentz,̊37 J. Strologas,̊36 D. Stuart,̊9 J. S. Suh,̊27

A. Sukhanov,̊16 K. Sumorok,̊31 H. Sun,̊55 T. Suzuki,̊54 A. Taffard,̊23 R. Tafirout,̊32 H. Takano,̊54 R. Takashima,̊39

Y. Takeuchi,̊54 K. Takikawa,̊54 M. Tanaka,̊2 R. Tanaka,̊39 N. Tanimoto,̊39 M. Tecchio,̊33 P.K. Teng,̊1 K. Terashi,̊48

R.J. Tesarek,̊15 S. Tether,̊31 J. Thom,̊15 A.S. Thompson,̊19 E. Thomson,̊43 P. Tipton,̊47 V. Tiwari,̊11 S. Tkaczyk,̊15

D. Toback,̊51 K. Tollefson,̊34 T. Tomura,̊54 D. Tonelli,̊44 M. Tönnesmann,̊34 S. Torre,̊44 D. Torretta,̊15

S. Tourneur,̊15 W. Trischuk,̊32 R. Tsuchiya,̊56 S. Tsuno,̊39 D. Tsybychev,̊16 N. Turini,̊44 F. Ukegawa,̊54

T. Unverhau,̊19 S. Uozumi,̊54 D. Usynin,̊43 L. Vacavant,̊28 A. Vaiciulis,̊47 A. Varganov,̊33 S. Vejcik III,̊15

G. Velev,̊15 V. Veszpremi,̊46 G. Veramendi,̊23 T. Vickey,̊23 R. Vidal,̊15 I. Vila,̊10 R. Vilar,̊10 I. Vollrath,̊32

I. Volobouev,̊28 M. von der Mey,̊7 P. Wagner,̊51 R.G. Wagner,̊2 R.L. Wagner,̊15 W. Wagner,̊25 R. Wallny,̊7

T. Walter,̊25 Z. Wan,̊50 M.J. Wang,̊1 S.M. Wang,̊16 A. Warburton,̊32 B. Ward,̊19 S. Waschke,̊19 D. Waters,̊30

T. Watts,̊50 M. Weber,̊28 W.C. Wester III,̊15 B. Whitehouse,̊55 D. Whiteson,̊43 A.B. Wicklund,̊2 E. Wicklund,̊15

H.H. Williams,̊43 P. Wilson,̊15 B.L. Winer,̊38 P. Wittich,̊43 S. Wolbers,̊15 C. Wolfe,̊12 M. Wolter,̊55 M. Worcester,̊7

S. Worm,̊50 T. Wright,̊33 X. Wu,̊18 F. Würthwein,̊8 A. Wyatt,̊30 A. Yagil,̊15 T. Yamashita,̊39 K. Yamamoto,̊40

J. Yamaoka,̊50 C. Yang,̊59 U.K. Yang,̊12 W. Yao,̊28 G.P. Yeh,̊15 K. Yi,̊24 J. Yoh,̊15 K. Yorita,̊56 T. Yoshida,̊40

I. Yu,̊27 S. Yu,̊43 J.C. Yun,̊15 L. Zanello,̊49 A. Zanetti,̊53 I. Zaw,̊20 F. Zetti,̊44 J. Zhou,̊50 and S. Zucchelli,̊4

(CDF Collaboration)

1̊ Institute of Physics, Academia Sinica, Taipei, Taiwan 11529, Republic of China

2̊ Argonne National Laboratory, Argonne, Illinois 60439

3̊ Institut de Fisica d’Altes Energies, Universitat Autonoma de Barcelona, E-08193, Bellaterra (Barcelona), Spain

4̊ Istituto Nazionale di Fisica Nucleare, University of Bologna, I-40127 Bologna, Italy

5̊ Brandeis University, Waltham, Massachusetts 02254

6̊ University of California, Davis, Davis, California 95616

7̊ University of California, Los Angeles, Los Angeles, California 90024

8̊ University of California, San Diego, La Jolla, California 92093

9̊ University of California, Santa Barbara, Santa Barbara, California 93106

1̊0 Instituto de Fisica de Cantabria, CSIC-University of Cantabria, 39005 Santander, Spain

1̊1 Carnegie Mellon University, Pittsburgh, PA 15213

1̊2 Enrico Fermi Institute, University of Chicago, Chicago, Illinois 60637

1̊3 Joint Institute for Nuclear Research, RU-141980 Dubna, Russia

1̊4 Duke University, Durham, North Carolina 27708



3

1̊5 Fermi National Accelerator Laboratory, Batavia, Illinois 60510

1̊6 University of Florida, Gainesville, Florida 32611

1̊7 Laboratori Nazionali di Frascati, Istituto Nazionale di Fisica Nucleare, I-00044 Frascati, Italy

1̊8 University of Geneva, CH-1211 Geneva 4, Switzerland

1̊9 Glasgow University, Glasgow G12 8QQ, United Kingdom

2̊0 Harvard University, Cambridge, Massachusetts 02138

2̊1 Division of High Energy Physics, Department of Physics, University of Helsinki and Helsinki Institute of Physics, FIN-00014,

Helsinki, Finland

2̊2 Hiroshima University, Higashi-Hiroshima 724, Japan

2̊3 University of Illinois, Urbana, Illinois 61801

2̊4 The Johns Hopkins University, Baltimore, Maryland 21218

2̊5 Institut für Experimentelle Kernphysik, Universität Karlsruhe, 76128 Karlsruhe, Germany

2̊6 High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305, Japan

2̊7 Center for High Energy Physics: Kyungpook National University, Taegu 702-701; Seoul National University, Seoul 151-742; and

SungKyunKwan University, Suwon 440-746; Korea

2̊8 Ernest Orlando Lawrence Berkeley National Laboratory, Berkeley, California 94720

2̊9 University of Liverpool, Liverpool L69 7ZE, United Kingdom

3̊0 University College London, London WC1E 6BT, United Kingdom

3̊1 Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
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We report the first evidence of a fully reconstructed decay mode of the B±
c

meson in the channel
B±

c
→ J/ψπ±, with J/ψ → µ+µ−. The analysis is based on an integrated luminosity of 360 pb−1

in pp̄ collisions collected by the Collider Detector at Fermilab. We observe 18.9 ± 5.7 signal events
on a background of 10.0 ± 1.4 events and the fit to the J/ψπ± mass spectrum yields a B±

c
mass of

6287.0 ± 4.8(stat) ± 1.1(syst) MeV/c2.

PACS numbers: PACS numbers: 14.40.Lb, 14.40.Nd, 13.25.Hw

Within the standard model of elementary particles, five
of the six different kinds of quarks combine in quark-
antiquark pairs to make mesons. The B±

c meson is the
combination of the two heaviest of these quarks, and is

made of a bottom-charm antiquark-quark pair. Although
it has been observed in semileptonic decay modes [1, 2],
up to now it has not been observed in any fully recon-
structed decay mode. Consequently, its mass M(Bc) has
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not been measured with good precision.
Nonrelativistic potential models predict the b̄ and c

quarks to be tightly bound with a ground state mass
in the approximate range 6200-6300 MeV/c2 [3, 4, 5].
Recent QCD-based perturbative computations up to
O(α4

s) predict M(Bc) to be 6307 ± 17 MeV/c2 [6, 7].
Most recently, a three-flavor lattice QCD calculation ob-
tains M(Bc) = 6304 ± 12(stat ⊕ syst) +18

−0 (cutoff ef-
fects) MeV/c2 [8].

Several of the B±
c decay modes are predicted to con-

tain a J/ψ meson [9]. These are among the most easily
reconstructed B±

c decays at CDF, owing to an efficient
dimuon trigger giving high purity J/ψ → µ+µ− recon-
struction. The CDF collaboration made the first observa-
tion of the B±

c meson in the semileptonic decay channels
B±

c → J/ψl±νlX , in a sample of 110 pb−1 of data at√
s = 1.8 TeV in Run I at the Tevatron [1]. With a

signal of 20.4+6.2
−5.5 events, the B±

c mass was measured to
be 6.40 ± 0.39(stat) ± 0.13(syst) GeV/c2. Recently, the
D0 Collaboration reported a preliminary observation of
a B±

c signal in the decay channel B±
c → J/ψµ±νµX in

a sample of 210 pb−1 of Run II data [2]. The symbol X
denotes possible unobserved particles.

In this paper we report first evidence for the B±
c meson

in the fully reconstructed decay channel B±
c → J/ψπ±,

with J/ψ → µ+µ−. The analysis is based on a dataset
of 360 pb−1 in pp̄ collisions collected at

√
s = 1.96 TeV

by CDF at the Tevatron during Run II.
The CDF II detector consists of a magnetic spectrom-

eter surrounded by calorimeters and muon chambers and
is described in detail elsewhere [10]. The components
relevant to this analysis are briefly described here. The
tracking system is in a 1.4 T axial magnetic field and
consists of a silicon microstrip detector (L00, SVX, ISL,
in increasing order of radius) [11, 12, 13] surrounded
by an open-cell wire drift chamber (COT) [14]. The
muon detectors used for this analysis are the central
muon drift chambers (CMU), covering the pseudorapid-
ity range |η| < 0.6 [15, 16], and the extension muon drift
chambers (CMX), covering 0.6 < |η| < 1.0.

This measurement uses events containing muon pairs
with |η| < 1.0, recorded with a three-level trigger. At
the first trigger level, muon-candidate track segments in
CMU and CMX are matched to COT tracks obtained
with a hardware processor [17]. Dimuon triggers use
combinations of CMU-CMU and CMU-CMX muons with
pT >1.5 (2.0) GeV/c for CMU (CMX) muons, where pT

is the momentum transverse to the beamline. At the
second level, opening angle and opposite-charge cuts are
imposed on the muon pairs. At the third level, three
dimensional (3-D) tracking is performed to select muon
pairs with invariant mass, M(µ+µ−), between 2700 and
4000 MeV/c2.

To reconstruct the B±
c → J/ψπ± decay offline, we

make several requirements on the quality of the tracks
and the J/ψ candidate. To ensure good vertex resolution,

each track must have an r − φ position measurement on
at least three of five SVX layers. For J/ψ identification,
we require good matching between the COT muon tracks
and the muon chamber track segments. In addition, we
require that 3042 < M(µ+µ−) < 3152 MeV/c2, the aver-
age J/ψ mass resolution in our sample being 14 MeV/c2.
Each other charged particle track with pT > 400 MeV/c2

is treated as a pion candidate to be combined with the
J/ψ. The pion and the two muons are then fitted to a
common 3-D vertex, with M(µ+µ−) constrained to the
world average J/ψ mass value [18]. Track combinations
that fail the vertex fit are rejected. The primary vertex
position is calculated from the tracks in each event.

The B±
c search was performed using a “blind” analysis

method. The mass values of the J/ψπ± combinations in
the search window 5600 < M(J/ψπ±) < 7200 MeV/c2,
referred to as B±

c candidates, were temporarily hidden.
The search window was chosen to correspond to the ±2
standard deviation region around the CDF Run I mea-
surement of the B±

c mass [1], and is approximately 100
times wider than the expected B±

c mass resolution.

In order to optimize the significance of a possible B±
c

signal, we varied the selection criteria to maximize the
function SF /(1.5 +

√
B) [19]. Here, SF is the accepted

fraction of signal events, in this case taken from a Monte
Carlo sample, and the background B is the number of
accepted B±

c candidates scaled to correspond to a mass
range of 63 MeV/c2, based on the average mass resolu-
tion of a B±

c candidate within the search window. The
term 1.5 is appropriate for optimizing a search for signal
at least 3σ above background fluctuations. The distri-
butions of the selection variables for the signal events
were evaluated using samples of simulated B±

c → J/ψπ±

decays. These were generated with a B±
c mass of 6400

MeV/c2 and a lifetime of 0.46 ps [1], and pT and rapidity
distributions according to a leading order perturbative
QCD calculation [20]. A harder pT spectrum [21] was
used as an alternative to check the stability of the op-
timal selection criteria; these were not very sensitive to
variations of the pT spectrum or the assumed lifetime
within its experimental uncertainty. The Monte Carlo
B±

c decays were processed with full detector simulation
and the same trigger and reconstruction criteria as the
data. The distributions of the selection variables for the
background were taken from the data in the search win-
dow, in which the contribution from a signal is expected
to be small.

The following optimized selection criteria were used: a
quality requirement on the J/ψπ± three-track 3-D vertex
fit (χ2 < 9 for four degrees of freedom), a requirement
on the pion track contribution to the vertex fit (χ2

π <
2.6), the impact parameter of the B±

c candidate with re-
spect to the primary vertex (< 65 µm), the maximum ct
where t is the proper decay time of the B±

c candidate (<
750 µm), the transverse momentum of the pion (> 1.8
GeV/c), the 3-D angle between the momentum of the
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FIG. 1: The invariant mass distribution of the B±
→ J/ψK±

candidates.

B±
c candidate and the vector joining the primary to the

secondary vertex (β < 0.4 rad), and the significance of
the projected decay length of the B±

c candidate onto its
transverse momentum direction (Lxy/σ(Lxy) > 4.4). Af-
ter these selection requirements, 390 candidates remain
in the search window.

A sample of B± mesons, reconstructed in the decay
mode B± → J/ψK±, was analyzed as a control sample
in order to check our understanding of the reconstruction
of the relevant variables in the simulation. The B± →
J/ψK± decay topology is the same as that of B±

c →
J/ψπ±, apart from the different masses and lifetimes.
The B± mass distribution, shown in Fig. 1, was obtained
using the same selection requirements as optimized for
the B±

c candidates, but without the cut on maximum
ct. A total of 2378 ± 57 B± → J/ψK± signal events
are found with a fitted mass of 5279.0 ± 2.6 MeV/c2.
The fit takes into account a small contribution from the
Cabbibo-suppressed decay B± → J/ψπ±. The average
mass resolution is 11.5 ± 0.3 MeV/c2, in agreement with
the simulation, which can thus be used with confidence
to evaluate the expected mass resolution for B±

c decays.
The B± yield is used to calculate the expected B±

c yield.
The relative reconstruction efficiency, ǫB±/ǫB±

c

, is in the

range 35%-85%, with uncertainties arising from the B±
c

pT spectrum and the B±
c lifetime. On the basis of the

B± yield, previous CDF cross section measurements [1],
and theoretical calculations [9, 22, 23, 24, 25, 26, 27] of
the branching fractions of the B±

c → J/ψπ± and B±
c →

J/ψl±ν decay modes, a B±
c yield in the range of 10 to

50 events is expected.

Before unblinding the J/ψπ± mass distribution, a pro-
cedure to search for a signal peak was defined. This was
based on a scan of the search region in intervals of 10
MeV/c2, with a sliding fit window extending from −100

MeV/c2 to +200 MeV/c2 in mass around each nominal
peak position, m. The fit window was chosen to mini-
mize possible contributions from partially reconstructed
B±

c decays below the peak position (e.g. into J/ψ and
more than one meson). For each peak value, a fit function
was defined as a Gaussian signal component with mean
m, combined with a linear background term. The Gaus-
sian resolution was a linear function ofm based on Monte
Carlo simulation, and varied from 13 to 19 MeV/c2 over
the search region. The number of signal (S) and back-
ground (B) events and the linear background slope were
the parameters of the fit function. The output of a scan
was defined to be the largest value of Σ = S/(1.5+

√
B),

Σmax, obtained from the 121 fits performed in the mass
interval 5800 ≤M(J/ψπ±) ≤ 7000 MeV/c2.

A set of Monte Carlo experiments was performed to de-
termine the expected distribution of Σmax for pure back-
ground samples [28]. This distribution was used as a deci-
sion criterion, before unblinding the mass distribution, as
to whether the data would be used to establish a signal.
The background in the search window is expected to con-
sist of two components: a combinatorial background aris-
ing from random associations of a J/ψ with a track, and
a “physical” background at masses below M(Bc), aris-
ing from partially reconstructed B±

c decays. The mass
distribution for the latter was modeled as a fixed broad
Gaussian centered below 6400 MeV/c2, based on Monte
Carlo simulations of inclusive B±

c → J/ψX decays, with
branching ratios taken from Ref. [9]. The mass distri-
bution for the combinatorial background was modeled
as a linear function. The number of combinatorial and
physical background events was randomly varied in each
experiment, according to the statistics in the data. From
1000 such Monte Carlo scans, one gave Σmax ≥ 3.5 and
this value was chosen as the threshold for measuring the
B±

c mass after unblinding the search window.

We applied the fitting procedure to the 390 candidates
in the unblinded J/ψπ± mass distribution. Figure 2
shows the variation of Σ obtained from the scan over
the search window. A maximum value of 3.6 is found at
a mass ≈6290 MeV/c2, passing our predefined threshold
criterion. Other maxima with magnitude ≈1 are consis-
tent with random background fluctuations. Although the
shape of the background mass distribution was not pre-
cisely known before the unblinding, it was subsequently
found to be consistent with the shape assumed in the
Monte Carlo scans. With a more accurate model and
high statistics, the data value of Σmax was found to be
exceeded in 0.27% of Monte Carlo scans.

We now perform a separate unbinned likelihood fit to
the mass region containing the peak. As before, we fit
the distribution to a Gaussian plus a linear background.
The mean of the Gaussian is now a free parameter of
the fit, while the standard deviation is a linear function
of the mean as found in the Monte Carlo simulation. A
signal of 18.9 ± 5.7 events centered at a mass of 6287.0
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FIG. 2: The Σ function at different values of the invariant
mass corresponding to the nominal mass peak position.
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FIG. 3: The invariant mass distribution of the J/ψπ± can-
didates and results of an unbinned likelihood fit in the 300
MeV/c2 region indicated by the Σ scan in Fig. 2.

± 4.8 MeV/c2 is observed, as shown in Fig. 3, with a
background of 10.0 ± 1.4 events within a region of ±2
standard deviations from this central value. The stan-
dard deviation of the Gaussian at the central value is 15.5
MeV/c2. Within the signal region, the distributions of
the selection variables agree within statistics with those
of the Monte Carlo simulation.

Systematic uncertainties on the B±
c mass determina-

tion due to measurement uncertainties on the track pa-
rameters (±0.3 MeV/c2) and the momentum scale (±0.6
MeV/c2) are evaluated from the corresponding uncer-
tainties on the B± mass analysis [29]. Further uncertain-
ties are due to the possible differences in the pT spectra of
the B± and B±

c mesons (±0.5 MeV/c2) and our limited
knowledge of the background shape used in the final mass
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FIG. 4: Impact parameter distribution of the third track
with respect to the J/ψ vertex for the lower sideband region,
after subtraction of the same distribution for the upper side
band: (top) in the B± data sample with an overlaid double
Gaussian fit; (bottom) in the B±

c
candidate sample with the

above curve, rescaled. In both cases the selection criteria were
relaxed.

fit (±0.8 MeV/c2). The total systematic uncertainty is
evaluated to be ±1.1 MeV/c2.

In view of the limited statistics of the observed mass
peak, it is desirable to establish an independent consis-
tency check. If the mass peak is due to B±

c → J/ψπ±

decays, we should also detect partially reconstructed B±
c

decays in the mass region below the peak but not in
the region above. The pion candidate in partially re-
constructed decays should have a small impact parame-
ter dxy relative to the J/ψ vertex, consistent with being
physically associated with it, whereas the pion candidate
in combinatorial background events should have a broad
dxy distribution reflecting random association with the
J/ψ vertex.

To perform this investigation, we relax the cuts on β,
the impact parameter of the B±

c candidate, and the 3-D
χ2 vertex fit, so as to be able to see the signal in the dxy

distribution over the broader combinatorial background.
We compare the distribution of dxy of the pion candidate
in the region 5600 < M(Bc) < 6187 MeV/c2 (lower side
band) to that in the region 6387<M(Bc)< 7200 MeV/c2

(upper side band), where the main contribution should
be combinatorial.

Figure 4 (top) shows the difference between the lower
and upper sidebands for the dxy distribution in the B±

data sample, with a large excess of events visible at small
dxy values. Figure 4 (bottom) shows the corresponding
plot obtained using the B±

c candidate sample. An en-
hancement is visible with a shape compatible with that
seen in the B± sample. The B± curve, rescaled to fit
the B±

c data, provides a good description of this distri-
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bution. The excess of low dxy events in the B±
c sample

is evaluated to be 172 ± 49(stat) ± 15(syst), where the
systematic uncertainty is evaluated by varying the fitting
method. This result is consistent with Monte Carlo ex-
pectations based on the calculations of [9], and supports
the hypothesis that the lower sideband in this sample
contains a component of partially reconstructed B±

c de-
cays.

In conclusion, we observe a peak in the J/ψπ± mass
spectrum at a mass of 6287.0 ± 4.8(stat) ± 1.1(syst)
MeV/c2. This peak is consistent with a narrow par-
ticle state which decays weakly, and is interpreted as
the first evidence for fully reconstructed decays of the
B±

c meson. The probability that a random background
fluctuation would generate such a peak anywhere in the
search window is calculated to be 0.27%. The mass value
agrees with the much less precise mass values found in B±

c

semileptonic decays. There is also good agreement with
recent theoretical predictions for the B±

c mass around
6300 MeV/c2 [6, 7, 8].
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