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We first study the charmless two-body Λb decays with scalar mesons as the final states and predict that
BðΛb →Λf0ð980;1500ÞÞ ¼ ð2.9� 0.7;12.4� 3.8Þ× 10−6 and BðΛb → pK�−

0 ð800; 1430ÞÞ ¼ ð1.9� 0.5;
14.1� 4.5Þ × 10−6. With the resonant f0ð980; 1500Þ → ðπþπ−; KþK−Þ andK�−

0 → K̄0π− decays, we then
obtain BðΛb→Λðπþπ−;KþK−ÞÞ¼ð4.2�1.0;3.5�0.7Þ×10−6 and BðΛb→pK̄0π−Þ¼ð10.4�2.9Þ×10−6,
in comparison with the data of ð4.6� 1.9; 15.9� 2.6Þ × 10−6 and ð12.6� 4.0Þ × 10−6, respectively, from
LHCb. Our results for Λb → Λπþπ− and Λb → pK̄0π− would be regarded as the first evidence of scalar
meson production in the antitriplet b baryon decays. The smaller predicted value of BðΛb → ΛKþK−Þ
indicates the existence of other resonant contributions to the decay, such as Λb → K−ðN�þ →ÞΛKþ.
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I. INTRODUCTION

The LHCb Collaboration has recently measured the
three-body Λb decays [1,2], given by

BðΛb →Λπþπ−Þ ¼ ð4.6� 1.2� 1.4� 0.6Þ× 10−6;
BðΛb →ΛKþK−Þ ¼ ð15.9� 1.2� 1.2� 2.0Þ× 10−6;
BðΛb → pK̄0π−Þ ¼ ð12.6� 1.9� 0.9� 3.4� 0.5Þ× 10−6:

ð1Þ

However, the present available calculations in the literature
show that BðΛb → Λρ0; ρ0 → πþπ−Þ is merely in the range
of 10−9–10−7 [3–5], which is much smaller than that in
Eq. (1). Similarly, according to the measured BðΛb →
ΛϕÞ ¼ ð5.18� 1.04� 0.35þ0.67−0.62Þ × 10−6 [6] and the pre-
dicted BðΛb → pK�−Þ ¼ ð2.5� 0.3� 0.2� 0.3Þ × 10−6
[7], the resonant vector ϕ → KþK− and K�− → K̄0π−
contributions lead to BðΛb→ΛKþK−;pK̄0π−Þ¼ð2.5�0.6;
1.7�0.3Þ×10−6, which are also unable to explain the data
in Eq. (1). Clearly, there must be some undiscovered
contributions to these three-body Λb decays.
In this study, we propose to use the resonant scalar

mesons as the dominant productions to resolve the deficits
for the three-body decays in Eq. (1). Explicitly, we
consider the scalar meson decays of f0ð980; 1500Þ →
ðπþπ−; KþK−Þ and K�−

0 ð1430Þ → K̄0π− through the
charmless two-body processes of Λb → Λf0ð980; 1500Þ
and Λb → pK�−

0 ð1430Þ to produce the three-body Λb

decays in Eq. (1). We will demonstrate that BðΛb →
Λπþπ−;ΛKþK−Þ and BðΛb → pK̄0π−Þ can be taken as
the first evidence for scalar meson production in charmless
two-body Λb decays. Our present study will be useful to
distinguish the resonant contributions of the two-quark,
tetraquark, and glueball bound states, similarly to the

tetraquark and scalar meson searches in the charmful
two-body cases [8,9].
Note that theoretical studies are still controversial con-

cerning the underlying structures of the scalar mesons
[10,11]. For example, f0ð980Þ is one of the scalar mesons
lighter than 1 GeV to be identified as either the two-quark
or four-quark (tetraquark) bound state [12,13], while
f0ð1500Þ and K�−

0 ð1430Þ heavier than 1 GeV belong to
the conventional qq̄ nonet, but with f0ð1500Þ identified to
primarily consist of either the glueball or the ss̄ bound
states [14]. Nevertheless, the scalar quark currents in the
decaying processes favor the formation of scalar mesons
due to the quantum numbers of JPC ¼ 0þþ, causing the
enhanced branching ratios compared to the decays with the
recoiled vector mesons of ρ0, ϕ, and K�−.

II. FORMALISM

In accordance with the diagrams depicted in Fig. 1, the
amplitudes of Λb → BnS via the effective Hamiltonian can
be decomposed as the matrix elements of the Λb → Bn
baryon transitions as well as the vacuum-to-scalar-meson
productions (0 → S), given by [15]

AðΛb → Λf0Þ ¼
GFffiffiffi
2

p fα3hf0js̄γμsj0ihΛjs̄γμð1 − γ5ÞbjΛbi

þ αs6hf0js̄sj0ihΛjs̄ð1 − γ5ÞbjΛbig;

AðΛb → pS−0 Þ ¼
GFffiffiffi
2

p fαq1hS−0 jq̄γμuj0ihpjūγμð1 − γ5ÞbjΛbi

þ αq6hS−0 jq̄uj0ihpjūð1 − γ5ÞbjΛbig;

AðΛb → Λa00Þ ¼
GFffiffiffi
2

p α2ha00jq̄γμqj0ihΛjs̄γμð1 − γ5ÞbjΛbi;

ð2Þ
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where GF is the Fermi constant, f0 ¼ f0ð980; 1500Þ, S−0 ¼
ðK�−

0 ð800; 1430Þ; a−0 ð980; 1450ÞÞ for q ¼ ðs; dÞ, and a00 ¼
a00ð980; 1450Þ for q ¼ u or d, while the parameters αi are
given by

αq1 ¼ VubV�
uqa1 − VtbV�

tqa
q
4;

α2 ¼ VubV�
usa2 − VtbV�

ts3a9=2;

α3 ¼ −VtbV�
tsða3 þ as4 þ a5 − a9=2Þ;

αq6 ¼ VtbV�
tq2a

q
6; ð3Þ

with Vq1q2 being the Cabibbo-Kobayashi-Maskawa (CKM)
matrix elements, where ai ≡ ceffi þ ceffi�1=Nc for i ¼ odd
(even) consists of the effective Wilson coefficients ceffi
defined in Ref. [15] with the color number Nc fixed to be 3
in the naive factorization. Nonetheless, in the generalized
factorization [15] used in this study, one is allowed to float
Nc from 2 to ∞ to estimate the nonfactorizable effects,
which are taken as a part of the theoretical uncertainty. Note
that although the use of the factorization method has been
successful in various baryonic decays [16], the present case
with scalar mesons such as f0 may contain some uncon-
trollable uncertainty due to the less-known meson
structures.
The matrix elements of the 0 → S production are given

by [17,18]

hSjq̄2γμq1j0i ¼ fSqμ; hSjq̄2q1j0i ¼ mSf̄S; ð4Þ

with fS and f̄S the decay constants, where qμ is the four-
momentum vector. For the neutral scalar mesons, one has
ff0 ¼ fa0

0
¼ 0 due to the charge conjugation invariance as

well as the conservation of the vector current, such that
the α2;3 terms in Eq. (2) vanish, resulting in
BðΛb → Λa00ð980; 1450ÞÞ ¼ 0. For the charged ones, fS

and f̄S are related as mSfS ¼ ðmq2 −mq1Þf̄S by using the
equation of motion, such that fa−

0
¼ f̄a−

0
ðmd −muÞ=mfa−

0

causes the suppressed αd1 term that contributes to Λb →
pa−0 ð980; 1450Þ in Eq. (2). The matrix elements of the
Λb → Bn baryon transitions are parameterized as [7]

hBnjq̄γμbjΛbi¼ ūBn

�
f1γμþ

f2
mΛb

iσμνqνþ
f3
mΛb

qμ

�
uΛb

;

hBnjq̄γμγ5bjΛbi¼ ūBn

�
g1γμþ

g2
mΛb

iσμνqνþ
g3
mΛb

qμ

�
γ5uΛb

;

hBnjq̄ð1−γ5ÞbjΛbi¼ ūBn
ðgSγμ−gPγμγ5ÞuΛb

; ð5Þ

where fiðgiÞ (i ¼ 1, 2, and 3) and gSðPÞ are the form factors,
where f1 ¼ g1 and f2;3 ¼ g2;3 ¼ 0 are derived by the
SUð3Þ flavor and SUð2Þ spin symmetries [19,20], in
agreement with QCD models [21–23]. From the equation
of motion, one obtains that gS ¼ aSf1 and gP ¼ aPg1
with as;p ¼ ðmΛb

∓ mBn
Þ=ðmb ∓ mqÞ.

III. NUMERICAL RESULTS AND DISCUSSIONS

For our numerical analysis, the CKM matrix elements in
the Wolfenstein parameterization are presented as

ðVub; VtbÞ ¼ ðAλ3ðρ − iηÞ; 1Þ;
ðVud; VtdÞ ¼ ð1 − λ2=2; Aλ3Þ;
ðVus; VtsÞ ¼ ðλ;−Aλ2Þ; ð6Þ

with ðλ; A; ρ; ηÞ ¼ ð0.225; 0.814; 0.120� 0.022; 0.362�
0.013Þ [10]. To estimate the nonfactorizable effects in
the generalized factorization approach [15], ai are taken
as floating numbers for Nc from 2 to ∞. The specific
values of ai with Nc ¼ 2, 3, and ∞ are given in Table I.
With the double-pole momentum dependences, we have

(a)

(c) (d) (e)

(b)

FIG. 1. Diagrams for the Λ0
b → BnS decays, where S denotes the scalar mesons such as a00, f0, K

�−
0 , and a−0 .
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f1ðg1Þ¼CBn
=ð1−q2=m2

Λb
Þ2 with Cp¼

ffiffiffiffiffiffiffiffi
3=2

p
CΛ¼0.136�

0.009 [7,19]. The decay constants are scale (μ)–dependent,
adopted to be [18]

ðf̄f0ð980Þ; f̄f0ð1500ÞÞ ¼ ð460� 25; 605� 60Þ MeV;

ðf̄K�
0
ð800Þ; f̄K�

0
ð1430ÞÞ ¼ ð420� 25; 550� 60Þ MeV;

ðf̄a−
0
ð980Þ; f̄a−

0
ð1450ÞÞ ¼ ð450� 25; 570� 60Þ MeV; ð7Þ

with μ ¼ 2.1 GeV, where the model with the qq̄ states for
the scalar mesons has been assumed. The branching ratios
for the scalar meson productions in the two-bodyΛb decays
are shown in Table II.
In Table II, the three errors correspond to the uncertain-

ties from the nonfacotrizable effects in αi with Nc ¼ 2 −∞
illustrated in Table I, form factors, and decay constants,
respectively. With the combined errors, we see that
BðΛb → Λf0ð980;1500ÞÞ ¼ ð2.9� 0.7;12.4� 3.8Þ× 10−6
and BðΛb → pK�−

0 ð800;1430ÞÞ ¼ ð1.7� 0.5;14.1� 4.5Þ×
10−6, which arise mainly from the αs6 terms due to the
penguin contributions, where the s̄u and s̄s scalar currents
favor the formations of f0ð980; 1500Þ and K�−

0 ð800; 1430Þ,
respectively. On the contrary, since the vector currents
disfavor those of a−0 ð980; 1450Þ, which are in accordance

with the decay constants of fa−
0
ð980;1500Þ ≃ ð1.8; 1.1Þ MeV,

we obtain BðΛb → pa−0 ð980; 1450ÞÞ in the range of
10−8 − 10−7. Despite of the predictions of BðΛb →
Λa00ð980; 1450ÞÞ ¼ 0, which are due to fa0

0
ð980;1500Þ ¼ 0,

the picture of the tetraquark state—that is,
a00ð980Þ≡ 1=

ffiffiffi
2

p ðuū − dd̄Þss̄—may let the decays receive
the ss̄ scalar current, such that whether or not the branching
ratios of Λb → Λa00ð980; 1450Þ are equal to zero can be
clear measurements to test the underlying structures of the
scalar mesons.
With the two-body-decay branching ratios in Table II,

connected to the resonant scalar meson data of
Bðf0ð980Þ→ πþπ−;KþK−Þ¼ ð46�6;16.1�7.2Þ% [24],
Bðf0ð1500Þ → πþπ−; KþK−Þ ¼ ð23.3� 1.5; 4.3� 0.5Þ%
[10], and BðK�−

0 ð1430Þ → K̄0π−Þ ¼ ð62.0� 6.6Þ% [10],
we show our results for the three-body Λb decays in
Table III. It is interesting to see that our result for Λb →
Λπþπ− fits the data very well, which would be regarded as
the first evidence for scalar meson production in charmless
two-body Λb decays. As a result, it is expected that we will
find the resonant peaks for f0ð980Þ and f0ð1500Þ in the ππ
invariant mass spectrum. Like Λb → Λπþπ−, our result of
BðΛb → pK̄0π−Þ ¼ ð10.4� 2.9Þ × 10−6 not only allevi-
ates the theoretical deficit but also explains the data of
ð12.6� 4.0Þ × 10−6. For Λb → ΛKþK−, our prediction
due to the resonant scalar mesons seems much lower than
that of the data. However, it still helps us to mimic the
theoretical shortage, and leaves room for other contribu-
tions, such as the resonant Λb → K−ðN�þ →ÞΛKþ decay.
Since there exists the possible sign revealed in the
m2ðΛKþÞ from the Dalitz plot [2], according to the
study of the measured BðΛb → J=ψðN� →ÞpKþÞ≃
ð3.04� 0.55Þ × 10−4 [25,26], we estimate that BðΛb →
K−ðN�þ →ÞΛKþÞ≃ 10 × 10−6, which can explain the
deviation.

IV. CONCLUSIONS

In sum, we have studied the charmless two-body Λb
decays with scalar mesons as final states. We predicted the
first scalar meson productions in the Λb decays, such as
BðΛb → Λf0ð980;1500ÞÞ ¼ ð2.9� 0.7;12.4� 3.8Þ× 10−6
and BðΛb → pK�−

0 ð800;1430ÞÞ ¼ ð1.9� 0.5;14.1� 4.5Þ×
10−6. With the resonant f0ð980; 1500Þ → πþπ−, we have
obtained BðΛb → Λπþπ−Þ ¼ ð4.2� 1.0Þ × 10−6, which
can explain the data of ð4.6� 1.9Þ × 10−6 that was much

TABLE I. The parameters ai with Nc ¼ 2, 3, and∞ to estimate
the nonfactorizable effects in the generalized factorization.

ai Nc ¼ 2 Nc ¼ 3 Nc ¼ ∞

a1 0.98 1.05 1.17
104a3 −13.1−15.6i 72.4 243.2þ 31.2i
104ad4 −377.6−34.7i −417.2−37.0i −496.5−41.6i
104as4 −391.0−77.9i −431.6−83.1i −512.6−93.5i
104a5 −174.1−15.6i −65.8 150.7þ31.2i
104ad6 −560.7−34.7i −584.9−37.0i −633.4 − 41.6i
104as6 −574.1−77.9i −599.3 − 83.1i −649.5−93.5i
104a9 −93.5−2.2i −99.8−2.2i −112.3−2.2i

TABLE II. Our numerical results for the branching ratios of the
two-body decays in units of 10−6, where the first, second, and
third errors are from the nonfactorizable effects, form factors, and
decay constants, respectively.

Decay modes Our results

Λb → Λf0ð980Þ 2.9þ0.5−0.2 � 0.4� 0.3

Λb → Λf0ð1500Þ 12:4þ2.2−1.0 � 1.7� 2.6

Λb → pK�−
0 ð800Þ 1.9þ0.4−0.2 � 0.3� 0.2

Λb → pK�−
0 ð1430Þ 14:1þ2.5−1.2 � 1.9� 3.2

Λb → pa−0 ð980Þ ð7.8þ1.3−0.6 � 1.0� 0.9Þ × 10−2

Λb → pa−0 ð1450Þ ð6.3þ1.1−0.5 � 0.9� 0.1Þ × 10−1

Λb → Λa00ð980; 1450Þ 0

TABLE III. Our numerical results for the branching ratios of the
three-body Λb decays in units of 10−6.

Decay modes Our results Data [1,2]

Λb → Λπþπ− 4.2� 1.0 4.6� 1.9
Λb → ΛKþK− 3.5� 0.7 15.9� 2.6
Λb → pK̄0π− 10.4� 2.9 12.6� 4.0
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underestimated by the previous studies. Similarly, we have
shown that the resonant scalar meson contributions from
f0ð980; 1500Þ andK�

0ð1430Þ− lead to BðΛb → ΛKþK−Þ ¼
ð3.5� 0.7Þ × 10−6 and BðΛb → pK̄0π−Þ ¼ ð10.4� 2.9Þ×
10−6, which alleviate the theoretical shortages compared to
the current observations.
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