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We present precise theoretical predictions for the absolute branching fractions of Λþ
c →Λlþνlðl¼ e;μÞ

decays in the covariant confined quark model. This study is motivated by two recent and accurate
measurements of the absolute branching fractions of Λþ

c → pK−πþ and Λþ
c → Λeþνe by the Belle

Collaboration at the KEKB and by the BESIII Collaboration at the BEPCII. Our predictions for the
branching fractions are consistent with both experimental results. We also provide detailed numerical
results for differential decay distributions and polarization observables.

DOI: 10.1103/PhysRevD.93.034008

I. INTRODUCTION

In 2013 the Belle Collaboration at KEKB [1] reported on
the first model-independent measurement of the branching
fraction BrðΛþ

c → pK−πþÞ ¼ ð6.84� 0.24þ0.21
−0.27Þ%. This

measurement significantly improved the precision of the
absolute branching fractions of other Λþ

c decay modes and
of b-flavored hadrons involving the Λþ

c state. In particular,
using the Belle result, the Particle Data Group [2] updated
their average for the branching fractions of the exclusive
semileptonic modes of the Λþ

c to

BrðΛþ
c → ΛeþνeÞ ¼ ð2.9� 0.5Þ%;

BrðΛþ
c → ΛμþνμÞ ¼ ð2.7� 0.6Þ%: ð1Þ

A few months ago the BESIII Collaboration reported
on the first absolute measurement of the branching ratio
of Λþ

c → Λeþνe ¼ ð3.63� 0.38ðstatÞ � 0.20ðsystÞÞ% [3].
The current upper limit, given in the 2015 Review of
Particle Physics, agrees with the lower limit of the BESIII
result. The new data call for a detailed theoretical analysis
of the Λþ

c → Λlþνl (l ¼ e; μ) process.
In this paper, we present a comprehensive study of the

semileptonic decay Λþ
c → Λlþνl in the covariant confined

quark model [4–9]. We calculate the total rate, differential
decay distributions and polarization effects. The paper is

organized as follows. In Sec. II, we briefly review the
helicity formalism for the Λc → Λ transition which was
discussed in detail e.g. in Ref. [9]. In Sec. III we discuss the
dynamics of the current-induced Λc → Λ transitions in
terms of the covariant confined quark model and present
our numerical results. Finally, in Sec. IV we summarize and
conclude our results.

II. HELICITY FORMALISM FOR THE
Λc → Λ TRANSITION

First, we define the matrix element MV=A
μ ðλ1; λ2Þ ¼

hB2; λ2jJV=Aμ jB1; λ1i of the process Λþ
c ðp1Þ →

Λ0ðp2Þ þWþ
off-shellðqÞ, which can be expanded in terms

of a complete set of invariants,

MV
μ ðλ1; λ2Þ ¼ ū2ðp2; λ2Þ

�
FV
1 ðq2Þγμ −

FV
2 ðq2Þ
M1

iσμq

þ FV
3 ðq2Þ
M1

qμ

�
u1ðp1; λ1Þ;

MA
μ ðλ1; λ2Þ ¼ ū2ðp2; λ2Þ

�
FA
1 ðq2Þγμ −

FA
2 ðq2Þ
M1

iσμq

þ FA
3 ðq2Þ
M1

qμ

�
γ5u1ðp1; λ1Þ; ð2Þ
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where σμq ¼ i
2
ðγμq − q γμÞ and q ¼ p1 − p2. The labels

λi ¼ � 1
2
denote the helicities of the two baryons. In the

present application, B1 ¼ Λc and B2 ¼ Λ.
Helicity amplitudes for the Λþ

c → Λ0 þWþ
off-shell tran-

sition are defined through the matrix elements as

HV=A
λ2;λW

¼ MV=A
μ ðλ1; λ2Þϵ†μðλWÞ; ð3Þ

where there are four helicities for the Wþ
off-shell, namely

λW ¼ �1; 0ðJ ¼ 1Þ and λW ¼ 0ðJ ¼ 0Þ. See Fig. 1 for the
definition of the kinematical variables for the decay process
(the polar angles θ, θB and the azimuthal angle χ). The label
J ¼ 1, 0 denotes the two angular momenta ofWþ

off-shell in its
rest frame. Following the convention of Refs. [10,11], we
distinguish the two λW ¼ 0 states and adopt the notation
λW ¼ 0 for J ¼ 1 and λW ¼ t for J ¼ 0 (t for temporal).
From angular momentum conservation, one has
λ1 ¼ λ2 − λW . Using Eq. (3), one can derive explicit
relations between the helicity amplitudes and the relativistic
form factors [6–9],

HV=A
þ1

2
t
¼

ffiffiffiffiffiffiffi
Q�

p
ffiffiffiffiffi
q2

p
�
M∓FV=A

1 � q2

M1

FV=A
3

�
;

HV=A
þ1

2
þ1

¼ ffiffiffiffiffiffiffiffiffiffi
2Q∓

p �
FV=A
1 �M�

M1

FV=A
2

�
;

HV=A
þ1

2
0
¼

ffiffiffiffiffiffiffi
Q∓

p
ffiffiffiffiffi
q2

p
�
M�F

V=A
1 � q2

M1

FV=A
2

�
; ð4Þ

where M� ¼ M1 �M2 and Q� ¼ M2
� − q2.

The total left-chiral helicity amplitude is defined by the
composition

Hλ2;λW ¼ HV
λ2;λW

−HA
λ2;λW

; ð5Þ

where from parity or from an explicit calculation, one has

HV
−λ2;−λW ¼ HV

λ2;λW
; HA

−λ2;−λW ¼ −HA
λ2;λW

: ð6Þ

The polarization observables to be discussed further on
can be expressed in terms of helicity structure functions
given in terms of bilinear combinations of helicity ampli-
tudes. The definitions of the structure functions are col-
lected in Table I (for more details see Ref. [9]).
The helicity structure functions have definite parity

properties as indicated in Table I. The upper and lower
halves of Table I list the parity-conserving (p.c.) and parity-
violating (p.v.) bilinear combinations of helicity ampli-
tudes, respectively; i.e., the p.c. and p.v. helicity structure
functions are linked to the products of VV and AA, and VA
and AV currents, respectively.
The helicity amplitudes Hλ2;λW are a superposition of

vector and axial vector pieces and, thus, do not have
definite parity properties. One can project back to the
vector and axial vector helicity amplitudes by defining
the transversity amplitudes [12] (see the relations
in Ref. [9]).
We do not list the full threefold angular decay distribu-

tion of the cascade decay Λc → Λð→ pπ−Þ þ lþνl but
distill various asymmetries and polarization observables
from the angular decay distribution as has been done in [9].
When transcribing the results of [9] to the case Λc →
Λlþνl treated here, one has to take into account the
necessary changes going from the l−ν̄l to the lþνl final
state lepton configuration as discussed in [9].
Next we list the expressions for the physical observables

(width, differential rate, polarizations) in terms of the
helicity structure functions:

FIG. 1. Definition of the polar and the azimuthal angles.

TABLE I. Definition of helicity structure functions.

Parity-conserving (p.c.)

HU ¼ jHþ1
2
þ1j2 þ jH−1

2
−1j2

HL ¼ jHþ1
2
0j2 þ jH−1

2
0j2

HS ¼ jHþ1
2
tj2 þ jH−1

2
tj2

HLT ¼ ReðHþ1
2
þ1H

†
−1
2
0
þHþ1

2
0H

†
−1
2
−1Þ

HST ¼ ReðHþ1
2
þ1H

†
−1
2
t
þHþ1

2
tH

†
−1
2
−1Þ

HSL ¼ ReðHþ1
2
0H

†
þ1

2
t
þH−1

2
0H

†
−1
2
t
Þ

Parity-violating (p.v.)
HP ¼ jHþ1

2
þ1j2 − jH−1

2
−1j2

HSLP
¼ ReðHþ1

2
0H

†
þ1

2
t
−H−1

2
0H

†
−1
2
t
Þ

HLP
¼ jHþ1

2
0j2 − jH−1

2
0j2

HSP ¼ jHþ1
2
tj2 − jH−1

2
tj2

HLTP
¼ ReðHþ1

2
þ1H

†
−1
2
0
−Hþ1

2
0H

†
−1
2
−1Þ

HSTP
¼ ReðHþ1

2
þ1H

†
−1
2
t
−Hþ1

2
tH

†
−1
2
−1Þ
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(i) The normalized differential rate reads

dΓ
dq2

¼ Γ0

ðq2 −m2
lÞ2jp2j

M7
1q

2
Htot; ð7Þ

where

Htot ¼ HU þHL þ δl½HU þHL þ 3HS�; ð8Þ

and where we define a helicity flip factor δl ¼
m2

l=ð2q2Þ. In (7) we have introduced the Born term
rate

Γ0 ¼
G2jVcsj2M5

1

192π3
: ð9Þ

The rate Γ0 represents the SM rate of the decay of a
massive parent fermion into three massless fermions,
i.e. M1 ≠ 0 and M2, ml, mνl ¼ 0, where FV=A

1 ¼ 1

and FV=A
2;3 ¼ 0. The q2-dependent factor multiplying

Γ0 in Eq. (7) is chosen such that the integral results
in 1 for these mass and form factor settings. Vcs ¼
0.986 is the Cabibbo-Kobayashi-Maskawa matrix
element.
It is convenient to define partial rates dΓX=dq2

and d ~ΓX=dq2 for the helicity nonflip (nf) and
helicity flip (hf) helicity structure functions HX
defined in Table I. One has

dΓX

dq2
ðnfÞ ¼ Γ0

ðq2 −m2
lÞ2jp2j

M7
1q

2
HX;

d ~ΓX

dq2
ðhfÞ ¼ δlΓ0

ðq2 −m2
lÞ2jp2j

M7
1q

2
HX: ð10Þ

The partial rates can then be split into a helicity “nf”
and helicity “hf” part according to

dΓX

dq2
¼ dΓX

dq2
ðnfÞ þ d ~ΓX

dq2
ðhfÞ: ð11Þ

(ii) The lepton-side forward-backward asymmetry is
defined by

Al
FBðq2Þ ¼

3

4

HP − 4δlHSL

Htot
: ð12Þ

(iii) The convexity parameter is CFðq2Þ according to

CFðq2Þ ¼
3

4
ð1 − 2δlÞ

HU − 2HL

Htot
: ð13Þ

(iv) The longitudinal Ph
z ðq2Þ and transverse Ph

xðq2Þ
polarizations of the daughter baryon Λ are

Ph
z ðq2Þ ¼

HP þHLP
þ δlðHP þHLP

þ 3HSPÞ
Htot

;

Ph
xðq2Þ ¼

3π

4
ffiffiffi
2

p HLT þ 2δlHSTP

Htot
: ð14Þ

(v) The longitudinal Pl
z ðq2Þ and transverse Pl

xðq2Þ
polarizations of the charged lepton lþ are

Pl
z ðq2Þ ¼

HU þHL − δlðHU þHL þ 3HSÞ
Htot

;

Pl
xðq2Þ ¼ −

3π

4
ffiffiffi
2

p ffiffiffiffiffi
δl

p HP þ 2HSL

Htot
: ð15Þ

When calculating the q2 averages of the components
of ~Ph and ~Pl, one has to reinstate the common q2-
dependent factor ðq2 −m2

lÞ2jp2j=q2 in the numer-
ator and denominator of the right-hand sides of
Eqs. (14) and (15).

(vi) The normalized azimuthal distribution is described
by

~Wðχ; q2Þ ¼ 1

2π
ð1þ αBγ cos χÞ; ð16Þ

where

γðq2Þ ¼ 3π2

16
ffiffiffi
2

p HLT þ 2δlHSTP

Htot
¼ π

4
Ph
xðq2Þ; ð17Þ

and αB is the asymmetry parameter in the decay
Λ → pπ−.

Next we define averages of the above observables: the
mean forward-backward asymmetry hAFBi, the mean con-
vexity parameter hCFi and the hadronic hPh

x;zi and leptonic
hPl

x;zi polarization components, which are obtained from
the nonflip and flip rates:

hAl
FBi ¼

3

4

ΓP − 4 ~ΓSL

Γtot
;

hCFi ¼
3

4

ΓU − 2ΓL − 2 ~ΓU þ 4 ~ΓL

Γtot
;

hPh
z i ¼

ΓP þ ΓLP
þ ~ΓP þ ~ΓLP

þ 3 ~ΓSP

Γtot
;

hPh
xi ¼

3π

4
ffiffiffi
2

p ΓLT þ 2 ~ΓSTP

Γtot
;

hPl
z i ¼

ΓU þ ΓL − ~ΓU − ~ΓL − 3 ~ΓS

Γtot
;

hPl
xi ¼ −

3π

4
ffiffiffi
2

p ffiffiffiffiffi
δl

p ΓP þ 2ΓSL

Γtot
;

hγi ¼ π

4
hPh

z i: ð18Þ
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III. THE Λc → Λs TRANSITION FORM FACTORS
IN THE COVARIANT CONFINED QUARKMODEL

We shall use the covariant confined quark model
previously developed by us to describe the dynamics of
the current–induced Λc ¼ ðc½ud�Þ to Λs ¼ ðs½ud�Þ transi-
tion (see Refs. [5–9]). The starting point of the model is an
interaction Lagrangian which describes the coupling of the
Λq baryon ðq ¼ c; sÞ to the relevant interpolating three-
quark current. One has

L
Λq

int ðxÞ ¼ gΛq
Λ̄qðxÞ · JΛq

ðxÞ þ H:c:;

JΛq
ðxÞ ¼

Z
dx1

Z
dx2

Z
dx3FΛq

ðx; x1; x2; x3Þ

× ϵa1a2a3qa1ðx1Þua2ðx2ÞCγ5da3ðx3Þ: ð19Þ

The vertex function FΛq
is chosen to be of the form

FΛq
¼ δð4Þ

�
x −

X3
i¼1

wixi

�
ΦΛq

�X
i<j

ðxi − xjÞ2
�
; ð20Þ

where ΦΛq
is a correlation function involving the three

constituent quarks with coordinates x1, x2, x3 and with
masses m1, m2, m3. The variable wi is defined by wi ¼
mi=ðm1 þm2 þm3Þ such that

P
3
i¼1 wi ¼ 1. The form

factors describing the Λc → Λs transition via the local
weak quark current are calculated in terms of a two-loop
Feynman diagram. Due to the confinement mechanism of
the model, the Feynman diagrams do not contain branch
points corresponding to on-shell quark production.
The values of the constituent quark masses mq and the

infrared cutoff parameter λ have been fixed from the
analysis of a wide spectrum of data on meson and baryon
decays with

mu;d ms mc λ

0.241 0.428 1.67 0.181 GeV
: ð21Þ

The values of the hadronic size parameters are taken from
our previous papers [6,7]:

ΛΛs
ΛΛc

0.492 0.867 GeV
: ð22Þ

The results of our numerical two-loop calculation are
well represented by a double-pole parametrization:

Fðq2Þ ¼ Fð0Þ
1 − asþ bs2

; s ¼ q2

M2
1

: ð23Þ

For the Λc → Λs transition, the parameters of the approxi-
mated form of the form factors are given by

FV
1 FV

2 FV
3 FA

1 FA
2 FA

3

Fð0Þ 0.511 0.289 −0.014 0.466 −0.025 −0.400
a 1.736 1.970 5.053 1.594 0.321 2.083
b 0.760 1.054 8.138 0.647 8.127 1.195

:

ð24Þ

Let us take a closer look at the q2 dependence of the form
factors FV

1 ðq2Þ ≈ FA
1 ðq2Þ. Their q2 dependence is very

close to a dipole behavior since one has
ffiffiffi
b

p
∼ a=2 in

both cases with a dipole mass mdipole ¼ M1=
ffiffiffiffiffiffiffiffi
a=2

p ≃
2.45 GeV. The dipole mass is quite close to the expected
ðcs̄Þ mass scale of 2.1121 GeV set by the D�

s meson mass
[2]. Note that the uncertainties in the physical observables
like decay rates due to the model form factors are about
10% as estimated in previous papers. The asymmetry
parameters are not affected by an error in the form factors.
It is also interesting to consider the heavy quark limit

(HQL) for the Λc → Λ form factors (when mc → ∞). An
analogous analysis for the Λb → Λ form factors has been
performed by us in Ref. [7]. We showed that the HQL
relations between form factors are analytically satisfied and
are valid for any heavy-to-light transition [13]:

ū2ðp2ÞΛμ
ΛQ→Λq

ðp1; p2Þu1ðp1Þ
¼ ū2ðp2Þ½F1ðq2Þ þ F2ðq2Þv1�Γμu1ðp1Þ; ð25Þ

where Γμ is γμ or γμγ5 and

FV;HQL
1 ¼ FA;HQL

1 ¼ F1 þ
M2

M1

F2;

FV;HQL
2 ¼ FA;HQL

2 ¼ −F2;

FV;HQL
3 ¼ FA;HQL

3 ¼ F2; ð26Þ

i.e. there are only two independent form factors in the
HQL. We emphasize that the form factor relations
Eq. (26) are valid in the full kinematical region of
4m2

l ≤ q2 ≤ ðMΛQ
−MΛq

Þ:2 We also showed that the
HQL is a reasonable approximation for the Λb → Λ form
factors. In case of the Λc → Λ form factors we find that the
deviation of the HQL results for the leading FV

1 ðq2Þ and
FA
1 ðq2Þ form factors from the exact results is not big [see

Fig. 2 for the FV
1 form factor in the exact case (solid line)

and in the HQL (dashed line)]. For the subleading FV
2 ðq2Þ

and FA
2 ðq2Þ form factors the difference between HQL and

exact results is more sizeable [see Fig. 3 for the FV
2 form

factor in the exact case (solid line) and for the HQL (dashed
line)], which is less important for physical observables. For
completeness, we also present results for the coupling
constant gΛc

in the exact case and the HQL:
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gΛc
¼

�
35.63 GeV−2 exact;

26.02 GeV−2 HQL:
ð27Þ

IV. NUMERICAL RESULTS

We shall present numerical results for the two cases
lþ ¼ eþ and lþ ¼ μþ. Note that the results for two
modes are sometimes similar and sometimes not. In the
calculations we use the baryon mass values MΛc

¼
2.28646 GeV and MΛs

¼ 1.11568 GeV [2].
In Figs. 4 and 5 we display the q2 dependence of the

partial differential rates dΓU=dq2, dΓL=dq2 and the total
differential rate dΓUþL=dq2 for the e and μ mode. The
transverse rate dominates in the low recoil region while
the longitudinal rate dominates in the large recoil region.
In the case of the e mode, the longitudinal and thereby
the total rate shows a steplike behavior close to the
threshold q2 ¼ m2

e.
In Fig. 6 we show the q2 dependence of the lepton-side

forward-backward asymmetry Al
FBðq2Þ, which is negative

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

q2 GeV2

F
2V

q2

FIG. 3. Form factor FV
2 ðq2Þ: solid line (exact result), dashed

line (HQL).

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0

20

40

60

80

q2 GeV2

FIG. 4. The q2 dependence of the partial rates dΓU=dq2

(dashed), dΓL=dq2 (dot-dashed) and their sum dΓUþL=dq2

(solid) for the eþ mode (in units of 10−15 GeV−1).

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0

20

40

60

80

q2 GeV2

FIG. 5. The q2 dependence of the partial rates dΓU=dq2

(dashed), dΓL=dq2 (dot-dashed) and their sum dΓUþL=dq2

(solid) for the μþ mode (in units of 10−15 GeV−1).

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
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F
1V
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FIG. 2. Form factor FV
1 ðq2Þ: solid line (exact result), dashed

line (HQL).
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FIG. 6. Al
FBðq2Þ plot: eþ (solid) and μþ (dashed).

SEMILEPTONIC DECAYS … PHYSICAL REVIEW D 93, 034008 (2016)

034008-5



and very similar for both the e and μmode at q2 ≥ 1 GeV2.
At zero recoil, Al

FBðq2Þ goes to zero due to the zero recoil
relations HP ¼ HSL ¼ 0. In the large recoil limit, Ae

FBðq2Þ
goes to zero due to the longitudinal dominance in the
partial rates.
In Fig. 7 we display the q2 dependence of the convexity

parameter CF, which is similar for both modes for

q2 ≥ 0.6 GeV2 and different for q2 < 0.6 GeV2. At zero
recoil, CF goes to zero for both modes due to the zero recoil
relationHU ¼ 2HL. For the e mode, one finds CF → −1.5
at maximal recoil due to the longitudinal dominance, while
CF → 0 for the μ mode at maximal recoil q2 ¼ m2

μ due to
the overall factor ð1 − 2δÞ in (13). In both modes, CF is

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

q2 GeV2

FIG. 8. Ph
z ðq2Þ plot: eþ (solid) and μþ (dashed).

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
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0.4

0.2

0.0

q2 GeV2

FIG. 9. Ph
xðq2Þ plot: eþ (solid) and μþ (dashed).
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FIG. 10. j~Phjðq2Þ plot: eþ (solid) and μþ (dashed).
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FIG. 7. CFðq2Þ plot: eþ (solid) and μþ (dashed).
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FIG. 11. Pl
z ðq2Þ plot: eþ (solid) and μþ (dashed).
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FIG. 12. Pl
xðq2Þ plot: eþ (solid) and μþ (dashed).
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large and negative which implies that the cos θ distribution
is strongly parabolic in terms of a downward open tilted
parabola.
In Figs. 8 and 9, we show the longitudinal and transverse

polarization components of the Λ defined in Eq. (14),
which are similar for the e and μ modes in the case of both
polarizations. The magnitude of the Λ polarization shown
in Fig. 10 is also similar for both modes and is quite large.
In Figs. 11 and 12 we show the q2 dependence of the

longitudinal and transverse polarization components of the
charged lepton. In the case of the electron, the two curves
reflect the chiral limit of a massless lepton in which the
lepton is purely left-handed. The behavior of the two
polarization components in the μ mode is distinctly differ-
ent. The longitudinal polarization is reduced from 1 to a

negative number of −0.34 at zero recoil, while the trans-
verse polarization can become negative and quite large on
magnitude towards maximal recoil. At zero recoil, the
transverse polarization of the charged lepton tends to zero
in agreement with the vanishing of HP and HSL at zero
recoil. The total polarization of the lepton shown in Fig. 13
is maximal in the e mode and somewhat reduced but still
quite large in the μ mode.
In Table II we present our predictions for the semi-

leptonic branching ratios of the Λc in % and compare them
with data from the Belle [1] and BESIII [3] Collaborations.
We have used the value for the Λc lifetime from the Particle
Data Group [2] τΛc

¼ ð2.0� 0.06Þ × 10−13 s. One can see
that our results are in a good agreement with Belle data and
close to the lower value of the BESIII result. We also
present our predictions for branching ratios in HQL: 2.17%
for the electronic mode and 2.11% for the muonic mode. In
Table III we compare our predictions with previous
theoretical results [4,14–23] for Λþ

c → Λ0eþνe. For some
approaches in brackets, we indicate the result by taking into
account the SUð6Þ spin-flavor suppression factor equal to
1=3 (see detailed discussion in Ref. [24]). q2 averages of
helicity structure functions in units of 10−15 GeV are listed
in Table IV. We do not display helicity flip results for
the eþνe mode because they are of order 10−6–10−7 in the
above units. Partial rates, from which we can compile the
total rate, are listed in Table V. Again we list the partial and
total rates in units of 10−15 GeV. The numbers show that
the partial flip rates make up 34.2% of the total rate, where
the biggest contribution comes from the scalar rate with
20.4%. The results for the mean values of the asymmetry
parameters are shown in Table VI. When calculating the q2

averages, one has to remember to include the q2–dependent
factor ðq2 −m2

lÞ2jp2j=q2 in the numerator and denomina-
tor of the relevant asymmetry expressions. In most of the
cases shown, the mean values change considerably when
going from the e to the μ modes including even a sign
change in hAl

FBi.

TABLE II. Semileptonic branching ratios of the Λc in %.

Mode Our results Data

Λþ
c → Λ0eþνe 2.78 ð2.9� 0.5Þ Belle

ð3.63� 0.38� 0.20Þ BESIII
Λþ
c → Λ0μþνμ 2.69 ð2.7� 0.6Þ Belle

TABLE III. Comparison of our predictions with previous theoretical results for BrðΛþ
c → Λ0eþνeÞ in %.

Our Ref. [14] Ref. [15] Ref. [16] Ref. [17] Ref. [18] Ref. [19] Ref. [20] Ref. [4] Ref. [21] Ref. [22] Ref. [23]

2.78 12 (4) 3 (1) 3.4 (1.12) 2 4.4 (1.46) 1.42 1.07 1.44 1.4 2.64� 0.36 3.05� 0.27
2.6 (0.86) 1.96� 0.32

TABLE IV. q2 averages of helicity structure functions in units of 10−15 GeV.

ΓU ΓL ΓLT ΓSL ΓP ΓLP
ΓLTP

eþνe 35.6 55.8 −17.7 53.9 −25.7 −53.6 −8.8
μþνμ 34.3 50.3 −17.1 48.5 −24.7 −48.1 −8.3

~ΓU
~ΓL

~ΓS
~ΓLT

~ΓSP
~ΓSL

~ΓP
~ΓLP

~ΓLTP
~ΓSTP

~ΓSLP

μþνμ 0.31 0.91 0.93 −0.15 −0.90 0.91 −0.24 −0.90 −0.10 −0.19 −0.92

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.80

0.85

0.90

0.95

1.00

q2 GeV2

FIG. 13. j~Pljðq2Þ plot: eþ (solid) and μþ (dashed).
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V. SUMMARY AND CONCLUSIONS

Let us summarize the main results of our paper. We
have used the helicity formalism to study the angular
decay distribution in the semileptonic decay Λþ

c →
Λ0 þ lþνl as well as the corresponding cascade decay
Λþ
c → Λ0ð→ pþ π−Þ þ lþνl. Starting from the angular

decay distribution, we have defined a number of polariza-
tion observables for which we have provided numerical
results using form factor results from the covariant confined
quark model. Our predictions for the absolute branching

fractions for Λþ
c → Λlþνl decays are in agreement with

the central value of data from Belle [1] and with the
lower limit of the data from the BESIII Collaboration [3].
We would like to emphasize that quantities related to
tests of lepton universality are the least sensitive to form
factor uncertainties. For example, lepton mass effects
considerably affect the polarization of the muon which
can be measured. With higher statistics available, angular
decay distributions could be measured and asymmetry
parameters defined by us would be determined. These
observables lead to further critical tests of the Standard
Model.
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