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We report on recent BABAR analyses of the baryonic B decays B0 → Λ+
c pπ+π−, B− →

Σ++
c pπ−π−, B0→ Λ+

c ppp and B0→D0ΛΛ . The used data sample contains 471×106 BB pairs
that were generated in the process e+e− → ϒ (4S)→ BB and collected with the BABAR detector
at the PEP-II storage ring at SLAC. We find B(B0 → Λ+

c pπ+π−) = (12.3± 0.5stat± 0.7syst±
3.2Λc)×10−3, B(B−→ Σ++

c pπ−π−) = (2.98±0.16stat±0.15syst±0.77Λc)×10−3, where the
last uncertainty is due to B( Λ+

c → pK−π+), respectively. For the decay B0→ Λ+
c ppp we see no

events and set an upper limit B(B0→ Λ+
c ppp)× B( Λ+

c →pK−π+)
0.050 < 2.8×10−6 at 90% CL, where

we have normalized B( Λ+
c → pK−π+) to the world average value. There is evidence for the de-

cay B0→D0ΛΛ and we measure B(B0→D0ΛΛ) = (9.8+2.9
−2.6 stat±1.9syst)×10−6 corresponding

to a significance of 3.4σ .
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1. Introduction

From ARGUS measurements published in 1992 it is known that approximately 7% of all B decays
have baryons among their final states [1]. This is a substantial fraction which has motivated a large
number of studies on exclusive decay modes that were published in the last twenty years, mainly
by BABAR, Belle, and CLEO. However, until today the branching fractions of these modes sum up
to only (0.53±0.06)% for B0 and (0.85±0.15)% for B+ [2], and leaving us the until now unsolved
B→ baryon puzzle.

Due to its large mass, B mesons are able to decay to a large spectrum of baryons with dif-
ferent flavours such as p,Λ , Λ+

c ,Ξcs, as well as their isospin partners and excited states. Hence
exclusive modes of baryonic B decays are a good place to search for exotic baryons. On the other
hand baryonic B decays allow better understanding of hadronization into baryons at low q2 values.
One feature that has been observed in a number of decay channels is an enhanced baryon produc-
tion at the baryon-antibaryon mass threshold and the dependence of the branching fraction on the
multiplicity; it can be stated that B(B→ NN) < B(B→ NNπ) < B(B→ NNππ). In addition,
it has been found that baryonic B decays may have complex resonant substructures and that the
branching fraction of decays of the sort B→ Λ+

c p+n ·π with n = 1,2,3 have large contributions
from intermediate states including baryon resonances.

In the following we present recent BABAR results on studies of the baryonic B decays 1 B0→
Λ+

c pπ+π−, B0 → Λ+
c ppp, B− → Σ++

c pπ−π−, and B0 → D0ΛΛ using the full BABAR dataset
with an integrated luminosity of 426 fb−1, which corresponds to 471×106 BB pairs.

2. B0→ Λ+
c pπ+π− [3]

In the analysis the total signal yield is ex-
tracted in the plane of the reconstructed B mass
minv and m( Λ+

c π) (Fig. 1) to seperate con-
tributions that include intermediate states with
Σc(2455,2520)0,++→ Λ+

c π−,+ (four exclusive
modes) from the remaining non-Σc signal. It
shows that decay modes with a Σ++

c are pref-
ered w.r.t. Σ 0

c . Summing up, the four resonant
three-body modes amount to about one third
of the total branching fraction. The measured
branching fraction is B(B0 → Λ+

c pπ+π−) =
(12.3±0.5stat±0.7syst±3.2Λc)×10−3
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Figure 1: The m( Λ+
c π+) distribution in data

(points with errors) and the different signal and
background contributions fitted to the data.

Beside the Σc(2455) and Σc(2520) resonances that are accounted for in the analysis, other interme-
diate states are visible in the invariant mass spectra of Λ+

c π , pπ and π+π−. There are suggestions
for the Σc(2800), ∆−− and ρ(770) [3]. Similar to the situation of Σc(2455) and Σc(2520), the
signal for the Σc(2800)++ is more pronounced than for the Σc(2800)0.

1The use of charge conjugate decays is implied throughout this text.
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3. B0→ Λ+
c ppp [4]

This decay is interesting in comparison to B0→
Λ+

c pπ+π− because B0→ Λ+
c ppp cannot have

intermediate states, for example due to Σc or ∆

resonances, and has a very small phase space∫
dPS(B0→ Λ+

c ppp)∫
dPS(B0→ Λ

+
c pπ+π−)

≈ 1
1400

.

The ratio of B(B0 → Λ+
c ppp) over B(B0 →

Λ+
c pπ+π−) may be larger than the phase space

factor of 1/1400 due to the the fact that the sig-
nal of B0→ Λ+

c ppp is limited to a small phase
space and the invariant masses of Λ+

c p and
pp are generally low and hence the hadroniza-
tion into baryons may be ruled by threshold en-
hancement effects.
In our analysis we define a signal region
in the plane of the reconstructed B mass
mB and the energy-substituted mass mES ≈√

(
√

s/2)2− p2
B, with

√
s the center-of-mass

energy (the exact formula takes into account the
boost of the initial e+e− system in the labo-
ratory frame). The signal region is an ellipse
that uses the mean and the standard deviation
of mES and mB extracted from fits to the signal
MC sample (Fig. 2).
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Figure 2: The mES vs. mB distribution of se-
lected events in (a) signal MC and (b) data. No
signal candidates are observed within the signal
region of the data sample.

We find no events in the signal region in the BABAR data and set an upper limit on the branching
fraction

B(B0→ Λ
+
c ppp)×B( Λ+

c → pK−π+)
0.050

< 2.8×10−6 at 90% CL,

where we have normalized B( Λ+
c → pK−π+) to the world average value [2]. We compare this

upper limit to B(B0 → Λ+
c pπ+π−)non−res ≈ 50% ·B(B0 → Λ+

c pπ+π−) = 6 · 10−4, which is
B(B0→ Λ+

c pπ+π−) without contributions from intermediate states with Σc(2455,2520)0,++→
Λ+

c π−,+ and estimated contributions from intermediate states with ∆ ,N∗ and ρ resonances that are
visible in the spectra of m(pπ±) and m(π+π−). We find that there is no significantly enhanced
hadronization into baryons due to threshold enhancement effects in the small phase space of the
decay. This can be quantified by an effective enhancement factor that is smaller than seven.

B(B0→ Λ+
c ppp)

B(B0→ Λ
+
c pπ+π−)non−res

. 7× 1
1400
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4. B−→ Σ++
c pπ−π− [5]

This decay is a resonant subchannel of B− →
Λ+

c pπ+π−π−, which has the largest known
branching fraction among all baryonic B de-
cays, and its studies may allow better under-
standing of the resonant substructure of baryon
production in B decays. The Σ++

c is recon-
structed as Σ++

c → (pK−π+)Λcπ
+. In the

BABAR data we find 787 ± 43 signal events
with a reconstruction efficiency of 11.3% de-
termined from signal MC. Therefore we derive
B(B− → Σ++

c pπ−π−) = (2.98 ± 0.16stat ±
0.15syst ± 0.77Λc) · 10−4 which is about 14%
of B(B− → Λ+

c pπ+π−π−). There is a sug-
gestion for Λc(2595)+ but not for other known
Λ ∗+c in the invariant mass spectrum of Σ++

c π−.
We see unexplained structures in the spectrum
of m( Σ++

c π−π−) (Fig. 3).
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Figure 3: The m( Σ++
c π−π−) distribution

in data after efficiency correction and ∆E-
sideband subtraction compared to simulated
four-body phase space decays.

5. Threshold enhancement

The threshold enhancement has been observed in a number of baryonic B decays and may be a
key feature in understanding hadronization processes into baryons. Figure 4 shows the invari-
ant baryon-antibaryon mass of the two resonant subchannels B0 → Σ++

c (2455)pπ− and B0 →
Σ 0

c (2455)pπ+ of the decay B0→ Λ+
c pπ+π−. It can be seen that in the data sample the decay rate

of B0→ Σ++
c (2455)pπ− is clearly enhanced at the mass threshold in contrast to the distribution

of B0→ Σ 0
c (2455)pπ+.
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Figure 4: The invariant baryon-antibaryon mass of the decays B0 → Σ++
c (2455)pπ− and B0 →

Σ 0
c (2455)pπ+ for selected events from data (points with error bars) and from reconstructed phase-

space generated MC events of the respective decay (histogram) scaled to the same integral.
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In the past years several theoretical models have been developed to describe this feature, e.g. baryon
form factors, glueballs and pole models [6]. One simple ansatz to describe the threshold enhance-
ment are QCD considerations according to which the partial decay rate Γi is proportional to the
running coupling constant αS(q2) and the gluon propagator term 1/q2. This leads to the effect
that the hadronization process prefers soft gluons and produces baryon pairs with small invariant
masses.

In case of the very different behaviour of the invariant baryon-antibaryon mass distribution of
B0→ Σ++

c pπ− and B0→ Σ 0
c pπ+, the pole model can be used to describe this. Figure 5 shows one

example diagram for both decays. The quarks that are enclosed by the dashed line are created by
gluons after the B0 decay.
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Figure 5: One example diagram for the decay B0→ Σ++
c pπ− and B0→ Σ 0

c pπ+

According to the pole model the left diagram represents the decay of a B0 to a π− and a virtual D+

meson pole which decays via soft gluons to a Σ++
c p pair with a small invariant mass. In contrast,

the right diagram shows the decay of a B0 to a diquark pair that hadronizes to a baryon and a virtual
baryon pole, but never to a meson and a virtual meson pole. In the end, the baryon pole decays to
a baryon and a pion. Since the diquark content of both baryons are created back-to-back in the B0

rest frame, the Σ 0
c p pair has a high invariant mass and the extra quarks are created by hard gluons.

In combination with the QCD considerations this leads to the conclusion that the matrix element
of the left diagram is larger than the one of the right diagram resulting in a higher decay rate of
B0→ Σ++

c pπ−.
In summary, the pole model and QCD considerations provide a qualitative description of the

observation of an enhanced decay rate of B0 → Σ++
c pπ− w.r.t. B0 → Σ 0

c pπ+ and the different
distributions of the invariant baryon-antibaryon mass.
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6. B0→ D0ΛΛ [7]

This decay can be compared to the similar decay B0→D0 pp and allows studies on the ss suppres-
sion in fragmentation at low q2 in baryonic B decays. From jet fragmentation results it is predicted
that N(uu) : N(ss) ∼ 3 : 1. Under the assumption of an equal decay rate of the four possible final
states ΛΛ , ΛΣ 0, Σ 0Λ and ΣΣ 0 we expect that N(pp) : N(ΛΛ) ∼ 3 : 1

4 = 12 : 1. We reconstruct
Λ → pπ− and D0 in the final states K−π+,K−π+π0 and K−π+π+π−. The number of signal events
is determined simultaneously in an unbinned two-dimensional fit to m(D0ΛΛ) and mES of all D0

subsamples. In addition, contributions from Σ → Λγ decays are accounted for in the fit model.
Figure 6 shows the distribution of m(D0ΛΛ) of the B0 candidates from the D0→K−π+ subsample
and the fit result.

Figure 6: The distribution of m(D0ΛΛ) of selected B0→D0ΛΛ candidates with D0→ K−π+ and
the projection of the fit result.

The branching fraction is determined to be B(B0 → D0ΛΛ) = (9.8+2.9
−2.6 stat± 1.9syst)× 10−6 cor-

responding to a significance of 3.4σ . In combination with the result B(B0 → D0 pp) = (1.04±
0.07)× 10−4 [2] this leads to B(B0→D0 pp)

B(B0→D0ΛΛ)
= 10.6± 3.8, which is compatible with the aforemen-

tioned prediction of 12 : 1.
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