
•Good probes for lots of studies:  

 

•High branching fractions 𝕭(B→Xlν)~10% 

•Theoretically clean: only b → c current, parametrized in 
terms of scalar functions 

•Theoretical uncertainty under control: could be further 
reduced with improvements in lattice QCD calculations 

•Fully reconstructed signal due to missing neutrinos
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Why semileptonic 
b-hadron decays ?

Lepton flavor universality (LFU) 
tests

CKM parameters

Neutral meson mixing

b- and c-hadron properties: 
production fractions, 
form factors, lifetimes

W

• In Heavy Quark Effective Theory (HQET), at lowest order (LO), 
all charm lifetimes are equal. Sizable corrections enter at 
O(1/mc2, 1/mc3) → charm hadron lifetimes provide a sensitive 
probe of these higher order (HO) corrections 

•Results: 

• The measurements are 3-4 times more precise than the 
current world average. Λc+, Ξc+ lifetimes consistent with the 
world averages whilst Ξc0 one is ~3.3𝝈 higher 

Λc+, Ξc+, Ξc0 baryon lifetimes

• Knowledge of the fragmentation fractions of B̅s0 (fs) and Λb0 
(fΛb0) hadrons is essential for determining absolute branching 
fractions of decays of these hadrons at the LHC  
→ measurement of 𝕭(B̅s0 →μ-μ+) and evaluation of |Vcb| from 
Λb0→Λc+μ-νμ̅ decays 

• The measured fractions of B̅s0 and Λb0 are normalized to the 
sum of B- and B̅0 fractions: 

• The Λb0 ratio depends strongly on transverse momentum, 
while the B̅s0 ratio shows a mild dependence

B̅s0, Λb0 fragmentation fractions
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Abstract
We report measurements of the lifetimes of the ⇤+

c , ⌅
+
c and ⌅

0
c charm baryons using

proton-proton collision data at center-of-mass energies of 7 and 8TeV, corresponding
to an integrated luminosity of 3.0 fb�1, collected by the LHCb experiment. The
charm baryons are reconstructed through the decays ⇤+

c ! pK
�
⇡
+, ⌅+

c ! pK
�
⇡
+

and ⌅
0
c ! pK

�
K

�
⇡
+, and originate from semimuonic decays of beauty baryons.

The lifetimes are measured relative to that of the D
+ meson, and are determined to

be

⌧
⇤
+
c
= 203.5± 1.0± 1.3± 1.4 fs,

⌧
⌅

+
c
= 456.8± 3.5± 2.9± 3.1 fs,

⌧⌅0
c
= 154.5± 1.7± 1.6± 1.0 fs,

where the uncertainties are statistical, systematic, and due to the uncertainty in
the D

+ lifetime. The measurements are approximately 3–4 times more precise
than the current world average values. The ⇤

+
c and ⌅

+
c lifetimes are in agreement

with previous measurements; however, the ⌅
0
c baryon lifetime is approximately 3.3

standard deviations larger than the world average value.

Submitted to Phys. Rev. D

c� 2019 CERN for the benefit of the LHCb collaboration. CC-BY-4.0 licence.

†Authors are listed at the end of this paper.
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• Fully leptonic B+ decays are rare as their branching fraction is 
proportional to |Vub|2. B+→l+νl decays have precise Standard 
Model predictions and are helicity suppressed 
→ highly sensitive to New Physics 

• At LHCb, measuring B+→μ+νμ decays is challenging. This 
problem is absent for the B+→μ+μ-μ+νμ decay which receives 
contributions from B+→μ+νμɣ* and B+→μ+νμV (where V is a 
vector-meson such as ω and ρ) 

Search for B+→μ+μ-μ+νμ
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The LHCb detector @ the LHC

LHCb is a forward 
spectrometer (2 < η < 5) 
designed for B physics 

with proton-proton 
collisions

~100 M semileptonic decays of b-hadrons (B, Bs, Bc, Λb, …) collected

stat. 
syst. 

due to the 
uncertainty in the 

D+ lifetime

and we are left with only residual e↵ects to which we assign systematic uncertainties.
The b-hadron ⌘ and pT, pT(Hb), must be known because the b fractions can depend

on production kinematics. While ⌘ can be evaluated directly using the measured primary
and secondary b vertices, the value of pT(Hb) must be determined to account for the
missing neutrino plus extra particles. The correction factor k is given by the ratio of the
average reconstructed to true pT(Hb) as a function of m(Hcµ

�) and is determined using
simulation. It varies from 0.75 for m(Hcµ

�) equals 3GeV to 1 at the nominal b-hadron
mass for all hadron species.

The distribution of fs/(fu+fd) as a function of pT(Hb) is shown in Fig. 3. We perform
a linear �2 fit incorporating a full covariance matrix which takes into account the bin-by-
bin correlations introduced from the kaon kinematics, and PID and tracking systematic
uncertainties. The factor A in Eq. 1 incorporates the global systematic uncertainties
described later, which are independent of pT(Hb). The resulting function is

fs

fu + fd
(pT) = A [p1 + p2 ⇥ (pT � hpTi)] , (1)

where pT here refers to pT(Hb), A = 1± 0.043, p1 = 0.119± 0.001, p2 = (�0.91± 0.25) ·
10�3GeV�1, and hpTi = 10.1GeV. The correlation coe�cient between the fit parameters
is 0.20. After integrating over pT(Hb), no ⌘ dependence is observed (see the Supplemental
material).

We determine an average value for fs/(fu+fd) by dividing the yields of B0
s
semileptonic

decays by the sum of B0 and B
� semileptonic yields, which are all e�ciency-corrected,

between the limits of pT(Hb) of 4 and 25GeV and ⌘ of 2 and 5, resulting in

fs

fu + fd
= 0.122± 0.006,
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Figure 3: Measured fs/(fu+ fd) ratio in bins of pT(Hb). The smaller (black) error bars show the
combined bin-by-bin statistical and systematic uncertainties, and the larger (blue) ones show the
global systematics added in quadrature. The fit to the data is shown as the solid (green) band,
whose width represents the ±1� uncertainty limits on the fit shape, and the dashed (black) lines
gives the total uncertainty on the fit result including the global scale uncertainty.
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where the uncertainty contains both statistical and systematic components, with the latter
being dominant, and discussed subsequently. The total relative uncertainty is 4.8%.

Figure 4 shows the ⇤
0
b
fraction as a function of pT(Hb) demonstrating a large pT

dependence. The distribution in ⌘ is flat. We perform a similar fit as in the B
0
s
fraction

case, finding
f⇤0

b

fu + fd
(pT) = A [p1 + exp (p2 + p3 ⇥ pT)] , (2)

where pT here refers to pT(Hb), A = 1±0.061, p1 = (7.93±1.41)·10�2, p2 = �1.022±0.047,
and p3 = �0.107± 0.002GeV�1. The correlation coe�cients among the fit parameters
are 0.40 (⇢12), –0.95 (⇢13), and –0.63 (⇢23).

The average value for f⇤0
b
/(fu + fd) is determined using the same method as in the B0

s

case. The result is
f⇤0

b

fu + fd
= 0.259± 0.018,

where the dominant uncertainty is systematic, and the statistical uncertainty is included.
The overall uncertainty is 6.9%.

As a systematic check of the analysis method, and a useful measurement to test the
knowledge of known semileptonic branching fractions and extrapolations used to saturate
the unknown portion of the inclusive hadron spectrum, we measure the ratio of the
D

0
Xµ

�
⌫µ to D

+
Xµ

�
⌫µ corrected yields f+/f0. We subtract the small contributions from

B
0
s
and ⇤

0
b
decays, and a very small contribution from B ! D

+
s
Kµ

�
X decays has been

taken into account [27], as in all the fractions measured above.
Assuming fu equals fd, Ref. [6] estimates the fraction of D+

µ with respect to D
0
µ

modes in the sum of B� and B
0 decays as 0.387± 0.012± 0.026. The first uncertainty

comes from the uncertainties on known measurements. The second uncertainty comes
from the di↵erent extrapolations from excited D mesons used to saturate the remaining
portion of the inclusive rate.

The f+/f0 ratio must be independent of ⌘ and pT. To derive an overall value for
f+/f0, the pT(Hb) distribution is fit to a constant. Only the PID and tracking systematic
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Figure 4: Measured f
⇤
0
b
/(fu + fd) ratio in bins of pT(Hb). The description is the same as in

Fig. 3.
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Figure 4: Corrected mass distribution of the selected B+! µ+µ�µ+⌫µ candidates with the fit
overlaid. Samples with low and high corrected mass uncertainty are fitted as individual samples
but are merged in the figure. The fit has components for (green) combinatorial background,
(blue) misidentified candidates and (orange) partially reconstructed candidates. The signal
component is not visible as the fitted signal yield is negative. The best fit is the solid red line
while the dashed line shows how the total would have looked like if the signal had the branching
fraction predicted in Ref. [11].

fit component being slightly below the sum of the background contributions. As there is
no significant signal component, a limit on the branching fraction,

B(B+! µ+µ�µ+⌫µ) < 1.6⇥ 10�8

at 95% confidence level is set using the CLs method [34]. From pseudoexperiments, the
expected upper limit is found to be 2.8⇥10�8 and the present result represents a downward
fluctuation of 1.4�. Systematic uncertainties are included in this limit and are discussed
in the following section.

7 Systematic uncertainties

A summary of the systematic uncertainties is given in Table 1, yielding a total relative
uncertainty of 16% on the normalisation of the branching fraction of the signal.

The largest systematic uncertainty arises due to the choice of the shape for the
combinatorial background. If the combinatorial background is allowed to have two
components with di↵erent exponential slope, the upper limit on the branching fraction
changes by 14.2%. While the fit does not improve from adding in an extra component, its
existence cannot be excluded from the fit to the data.

In simulation, the nominal signal model, as described in Sec. 2, creates a photon
pole, increasing the branching fraction in the low dimuon mass region. The associated
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•Data compared with recent 
theoretical prediction [4]
(vector-meson dominance) 

• An upper limit on 𝕭 is set: 
1.4 x 10-8 at 95% C.L.

[1] = LHCb collaboration, Precision measurement of the Λc+, Ξc+, Ξc0 baryon 
         lifetimes                                                             [Phys. Rev. D 100, 032001] 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