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Normalizing the recent LHCb measurement of Λb → Λcτν̄ to the standard model (SM) prediction for the
Λb → Λcμν̄ rate, instead of a LEP measurement, provides a more consistent comparison with the SM
prediction for the lepton flavor universality ratio RðΛcÞ. This modestly increases RðΛcÞ compared to the
quoted LHCb result, such that it no longer hints at a suppression compared to the SM, which would be hard
to accommodate in new physics scenarios that enhance RðDð�ÞÞ. We point out that the fraction of excited
states in inclusive semileptonic Λb decay may be significantly greater than the corresponding fraction in B
decays. Possible implications are speculated upon.
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The LHCb Collaboration recently observed for the first
time the Λb → Λcτν̄ decay at 6.1σ significance [1]. This is
an impressive and particularly timely measurement,
because of persistent hints [2] of lepton flavor universality
violation (LFUV) in the ratios RðHcÞ ¼ ΓðHb → Hcτν̄Þ=
ΓðHb → Hclν̄Þ, l ¼ e, μ, whereHb;c denotes a beauty and
charmed hadron, respectively. Measurements of RðDð�ÞÞ
have exceeded the SM expectations by about 20%, and are
in more than 3σ tension with the SM.
The Λ0

b → Λþ
c lν̄ baryon decay provides a complemen-

tary probe of the underlying physics, but subject to (partly)
different uncertainties. LHCb has recently published [1]

RðΛcÞ ¼ 0.242� 0.026� 0.040� 0.059: ð1Þ

In order to assess agreement with the SM, the LHCb
analysis compares Eq. (1) with the SM prediction [3]

RðΛcÞSM ¼ 0.324� 0.004: ð2Þ

This prediction is obtained by fitting a heavy quark
effective theory (HQET) based parametrization of the

Λb → Λc form factors [4,5] at OðΛ2
QCD=m

2
cÞ to the

dΓðΛb → Λcμν̄Þ=dq2 shape measurement [6] plus lattice
QCD predictions [7].
The LHCb result (1) is derived from the measurement

KðΛcÞ≡ B½Λb → Λcτν̄�
B½Λb → Λc3π�

¼ 2.46� 0.27� 0.40; ð3Þ

using Λb → Λc3π as a normalization channel to obtain

BðΛb → Λcτν̄Þ ¼ ð1.50� 0.16� 0.25� 0.23Þ%; ð4Þ

in which the third uncertainty comes from the normaliza-
tion mode. The first and second uncertainties in Eq. (1) are
statistical and systematic, respectively, while the third one
incorporates the uncertainty in the branching fraction
BðΛb → Λcμν̄Þ ¼ ð6.2� 1.4Þ% [8], which is used to
determine RðΛcÞ from Eq. (4). This branching fraction is
the result of a PDG fit [8] incorporating a measurement
by the DELPHI Collaboration [9], BðΛb → Λcμν̄Þ ¼
ð5.0þ1.1

−0.8
þ1.6
−1.2Þ% [9], together with correlated measurements

for Λb → Λcπ, Λb → ΛcK, and Λb → Λc3π. The DELPHI
measurement is anticorrelated with the BðΛc → pKπÞ and
the Bðb → ΛbÞ production fraction. The values used for
these were ð5.0� 1.3Þ% and ð10.8� 2.0Þ% respectively,
versus the current world average BðΛc → pKπÞ ¼ ð6.28�
0.32Þ% and Bðb → ΛbÞ ¼ ð8.4� 1.1Þ% [8]. Though these
two effects would approximately cancel in the BðΛb →
Λcμν̄Þ central value, they will also reduce the systematic
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uncertainties of the DELPHI measurement, and thus likely
pull the PDG fit to lower values. Moreover, within the PDG
fit, the Λb → Λcμν̄ branching fraction is also mildly
correlated to the Λb → Λc3π normalization channel.
Thus, the result in Eq. (1) might not incorporate potentially
important corrections or correlations.
We point out that it is more robust and precise to compare

Eq. (4) with the SM prediction for ΓðΛb → Λclν̄Þ, l ¼ τ
(or μ or e), which can be trivially derived from the very same
fits in Ref. [3] as used to obtain Eq. (2), and can also be
computed using the HAMMER library [10,11]. These pre-
dictions are more precise than the DELPHI measurement
or the PDG fit, even accounting for the uncertainty from
the inclusive versus exclusive values for jVcbj2 [2,12].
Explicitly, they are

ΓðΛb →Λcμν̄Þ ¼ jVcbj2ð14.81� 0.69Þ× 10−12 GeV;

ΓðΛb →Λcτν̄Þ ¼ jVcbj2ð4.79� 0.21Þ× 10−12 GeV: ð5Þ

The correlations between ΓðΛb → Λcμν̄Þ=jVcbj2 ∶ΓðΛb →
Λcτν̄Þ=jVcbj2 ∶RðΛcÞ are

0
B@

1. 0.9723 −0.3332
--- 1. −0.1038
--- --- 1.

1
CA; ð6Þ

and the predictions for the branching fractions are

BðΛb → Λcμν̄Þ ¼ jVcb=0.04j2ð5.27� 0.25Þ%; ð7aÞ

BðΛb → Λcτν̄Þ ¼ jVcb=0.04j2ð1.70� 0.08Þ%: ð7bÞ

The prediction in Eq. (7a) is in good agreement with a
lattice-only prediction [13]. Central values of past predic-
tions based on the small-velocity limit [14] or certain
model-dependent calculations [15] are higher. (For pre-
dictions for related nonleptonic rates, based on factoriza-
tion, see Ref. [16].)
The prediction in Eq. (7b) is in good agreement with the

LHCb measurement in Eq. (4), over the exclusive to
inclusive range for jVcbj. That is, using Eqs. (4) and (7b),
one finds jVcbj ¼ ð37.5� 4.5Þ × 10−3. This is compatible
with jVcbj determined both from exclusive and inclusive
semileptonic decays, for which we use [2,12]

jVcbjexcl ¼ ð39.10� 0.50Þ × 10−3 ;

jVcbjincl ¼ ð42.16� 0.51Þ × 10−3 : ð8Þ

For tests of LFUV, one may divide Eq. (4) by Eq. (7a) to
obtain (adding uncertainties in quadrature)

RðΛcÞ ¼ j0.04=Vcbj2ð0.285� 0.073Þ: ð9Þ

This result is in good agreement with the SM prediction
in Eq. (2). For comparison, combining the uncertainties in
Eq. (1) in quadrature gives RðΛcÞ ¼ 0.242� 0.076. In
Fig. 1 we show the various evaluations of RðΛcÞ, including
the value quoted by LHCb [1] (green), the SM prediction [3]
(horizontal band), and our updated values for the measured
RðΛcÞ from Eq. (9), using jVcbj ¼ 0.04 with no uncertainty
(dark blue), and jVcbjexcl (light blue) and jVcbjexcl (medium
blue) from Eq. (8).
Our result in Eq. (9) has at present only a mildly smaller

(absolute or relative) uncertainty, because the last uncer-
tainty in Eq. (4) is substantial. A more precise measurement
of BðΛb → Λc3πÞ would help reduce the uncertainty. The
correlation between the SM prediction and our evaluation
of RðΛcÞ is 6.1%. We also calculate the double ratio
to the SM expectation and find RðΛcÞ=RðΛcÞSM ¼
j0.04=Vcbj2ð0.88� 0.22Þ, which can be compared to that
obtained from Eq. (1), RðΛcÞ=RðΛcÞSM ¼ 0.75� 0.25.
The inclusive semileptonic Λb widths are predicted to be

close to those for B decays [17]. To OðΛ2
QCD=m

2Þ in the
OPE, the rates are obtained from the corresponding B decay
widths by the replacements of λ1;2 according to λbaryon2 ¼ 0

and λbaryon1 − λmeson
1 ≃ 2mbmcðmΛb

−mB −mΛc
þmDÞ=

ðmb −mcÞ þOðΛ3
QCD=mÞ ≃ −0.02 GeV2. (Here mB ¼

ð3mB� þmBÞ=4 is the spin-averaged Bð�Þ mass, and sim-
ilarly for mD.) With these changes, correcting for the
lifetimes, using the isospin averaged measurement BðB̄ →
XclνÞ ¼ ð10.65� 0.16Þ% [2], and Ref. [18] for the τ
mode, we obtain

BðΛb → Xcμν̄Þ ¼ ð10.3� 0.2Þ%; ð10aÞ
BðΛb → Xcτν̄Þ ¼ ð2.32� 0.07Þ%: ð10bÞ

Comparing theBðΛb → Λcμν̄Þ prediction in Eqs. (7a)–(10a)
implies that decays to excited states should comprise nearly
half of the inclusive rate.

FIG. 1. The LHCb [1] result for RðΛcÞ (green) is compared to
the SM expectation [3] and to our evaluation (dark blue). We also
show RðΛcÞ using jVcbjexcl (light blue) and jVcbjincl (medium
blue) from Eq. (8).
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The CDF measurements of decay rates to the excited
states [19]

Γ½Λb → Λ�
cð2595Þμν̄�

Γ½Λb → Λcμν̄�
¼ 0.126� 0.033þ0.047

−0.038 ; ð11aÞ

Γ½Λb → Λ�
cð2625Þμν̄�

Γ½Λb → Λcμν̄�
¼ 0.210� 0.042þ0.071

−0.050 ; ð11bÞ

then appear to imply that further excited states must
comprise a surprisingly large fraction of the inclusive rate.
This CDF analysis, however, relies on the isospin limit
assumption BðΛ�

cð2595Þ → Λcπ
þπ−Þ ¼ 2BðΛ�

cð2595Þ →
Λcπ

0π0Þ to convert the measurement of the reconstructed
Λcπ

þπ− final state to the full branching ratio. As has
been noted in Ref. [20], the very-near-threshold intermedi-
ate resonance Λ�

cð2595Þ → Σcð2455Þπ may alter this
ratio significantly, such that BðΛ�

cð2595Þ → Λcπ
þπ−Þ≃

0.25BðΛ�
cð2595Þ → Λcπ

0π0Þ, although the theory uncer-
tainties in this estimate are not well understood. This
would, however, nominally lead to an enhancement of
Eq. (11a) by a factor of ≃3.3. Similar, but far smaller
prospective enhancements have also been considered for
the Λ�

cð2625Þ mode [21], such that the central value in
Eq. (11b) increases to 0.25. The smallness of the BðΛb →
Λcμν̄Þ prediction (7a) compared to the inclusive rate
prediction suggests that such enhancements may well be
present, although these particular enhancements, taken at

face value, would cause the ratio of the Λb → Λ�
cð2595Þμν̄

versus Λb → Λ�
cð2625Þμν̄ decays to depart significantly

from the (leading order) heavy quark symmetry expectation
of 1=2 (see, e.g., Ref. [22]). A final state interaction
analysis in the Λb → Λ�

cð→ ΣcÞ → Λc cascade should be
performed to connect HQET predictions to data. Further
study of such enhancements is therefore well motivated.
In conclusion, we pointed out that normalizing the LHCb

measurement of the Λb → Λcτν̄ rate to the SM prediction
for Λb → Λcμν̄ provides the most robust interpretation for
the lepton flavor universality violating ratio, which reduces
the significance of a hint for a suppression of RðΛcÞ. We
presented some evidence that the fraction of excited states
in inclusive semileptonic Λb decay may be significantly
greater than in semileptonic B decays, which has important
experimental and theoretical implications.
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