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This paper presents two recent measurements of b-hadron lifetimes, using 1 fb−1 of data col-
lected by LHCb. The effective lifetime of the B0

s → J/ψ K0
S decay is measured and found to

be τeff
B0

s→J/ψ K0
S
= 1.75± 0.12 (stat) 0.07 (syst) ps. The result is compatible with the Standard

Model prediction and is the first measurement of this quantity. The Λ0
b lifetime is measured in the

Λ0
b→ J/ψ pK decay using the same data set. The measured quantity is the difference in recipro-

cial lifetimes of the B0 and Λ0
b hadrons and found to be 1/τ

Λ0
b
− 1/τB0 = 16.4± 8.2± 4.4 ns−1.

Using the world average of the B0 lifetime, this translates into a lifetime ratio of τ
Λ0

b
/τB0 =

0.976±0.012±0.006, which is the precise measurement of this quantity to date.
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1. Introduction1

This paper reports on two recent measurements of b-hadron lifetimes by LHCb [1]. The results2

presented are a measurement of the effective lifetime in the B0
s→ J/ψ K0

S decay [2] and a precision3

measurement of the Λ0
b lifetime [3] using the Λ0

b→ J/ψ pK decay. The first measurement can be4

used to constrain CP violation in this decay and is presented in Section 2. The second result is the5

most precise measurement of the Λ0
b lifetime to date and is presented in Section 3.6

The lifetimes of singly heavy b hadrons are domnated by the weak decay of the b quark with7

only small contributions from the light spectator quarks. Hence the lifetimes of the B0, B0
s , B+ and8

Λ0
b are expected to be the same to first order. More precise predictions can be made using a theory9

know as Heavy Quark Expansion (HQE) [4], exploiting of the fact that the mass of the b quark10

(mb) is much larger than ΛQCD. The decay rate can be expressed as11

Γ = Γ0 +
Λ

mb
Γ1 +

Λ2

m2
b

Γ2 +
Λ3

m3
b

Γ3 + ... (1.1)

where the coefficients Γi are determined using both perturbative and non-perturbative methods.12

The predictions of ratios of b-hadron lifeimes are even more precise since the first two terms in13

Equation 1.1 cancel. In the ratios of the B0, B+ and B0
s lifetimes also the second order term cancels,14

resulting in ratios close to unity. For instance, recent predictions give τB+/τB0 = 1.06± 0.02 and15

τB0
s
/τB0 = 1.00±0.01 [5, 6].16

The second order term does not cancel for the ratio τ
Λ0

b
/τB0 , hence a larger deviation from17

unity is possible and the uncertainties in the predictions are slightly larger. Predictions vary and18

values from ∼ 0.98 [7, 8] to ∼ 0.86− 0.88 [5, 6] are found in the literature. Experimentally,19

early measurements indicated a value of this ratio smaller than one [9, 10, 11, 12, 13], however20

with relatively large uncertainties. More recent measurements have brought the avereage closer21

to unity [14, 15, 16, 17]. The world average of τ
Λ0

b
/τB0 prior to this measurement was 0.975±22

0.034 [18].23

Lifetime measurements of B0
s meson decays have an additional interest due to the finite decay24

width difference of the two mass eigenstates. Hence the decay time distribution is described by the25

sum of two exponential functions. The untagged decay time distribution is described by26

Γ(t) ∝

[
(1−A∆Γs)e−Γs− ∆Γs

2 t +(1+A∆Γs)e−Γs+
∆Γs

2 t
]
, (1.2)

where Γs and ∆Γs are the average decay rate and the decay rate difference and A∆Γs is the decay rate27

asymmetry. Decays that are only accessible from either B0
s or B0

s have A∆Γs = 0, hence have an equal28

contribution of the two exponentials. For decays into CP eigenstates the decay rate asymmetry29

depends on the mixing and decay parameters amplitudes, in particular the mixing phase φs and the30

CP violation in the decay. The decay time distribution in Equation 1.2 is normally fitted with a31

single exponential distribution, resulting in an effective lifetime measurement. If the distribution is32

fitted with an unbinned maximum likelihood fit, it will yield the result [19]33

τ
eff =

∫
t ·Γ(t)∫
Γ(t)

=
τB0

s

1− y2
s

1+2 A∆Γsys + y2
s

1+A∆Γsys
, (1.3)

where ys ≡ ∆Γs
2Γs

and τB0
s

is the average B0
s lifetime.34
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2. Effecitve Lifetime Measurement of B0
s→ J/ψ K0

S35

The decay B0
s→ J/ψ K0

S is of particular interest since it is related to the decay B0→ J/ψ K0
S36

through the U-spin symmetry of the strong interaction. This decay is considered to be the golden37

mode to measure the CKM angle sin(2β ). Two of the dominant Feynman diagrams for the two38

decays are shown in Figure 1. The similarity of the decays can be exploited to determine the CKM39

angle γ from a measurement of the time dependent CP violation in the B0
s→ J/ψ K0

S decay with the40

overall normalisation taken from the B0→ J/ψ K0
S decay [20].41

In order to reach the precision on sin(2β ) that is achievable from the statistics that will be42

available at LHCb, the penguin contributions to the B0→ J/ψ K0
S decay have to be determined.43

This can also be done by exploiting the similarity between the B0
(s)→ J/ψ K0

S decays. The penguin44

contributions shown in Figure 1 (right) are Cabbibo suppressed in the B0→ J/ψ K0
S decay but give45

a sizable contribution in the B0
s→ J/ψ K0

S decay. Hence they can be measured from an analysis46

of the time dependent CP violation in the B0
s→ J/ψ K0

S decay and by assuming U-spin symmetry47

translated back to the B0→ J/ψ K0
S analysis.48

b

d(s)

B0
d(s)

J/ψ

K0
S

c

c

d(s)

s(d)

W

J/ψ

K0
S

B0
d(s)

b

d(s)

s(d)

d(s)

c

c

W

u, c, t

Colour singlet
exchange

Figure 1: Feyman diagrams for the B0
(s)→ J/ψ K0

S decays, showing the (left) tree and (right) penguin
diagrams.

The first step in the process of achieving those two goals is to measure the branching ratio and49

the effective lifetime of the decay. The signal candidates are reconstructed in the B0
(s) → J/ψ (→50

µ+µ−)K0
S(→ π+π−)final state and selected with a multivariate selection. The candidates are di-51

vided into two different categories depending on if the K0
S decayed within or outside of the vertex52

detector (VELO), and are called long or downstream candidates respectively. The two invariant53

mass spectra are shown in Figure 2. The event yields are used to determine the relative branching54

ratios of the B0
s and B0 decays, resulting in55

B(B0
s→ J/ψ K0

S)

B(B0→ J/ψ K0
S)

= 0.0439±0.0032 (stat)±0.0015 (syst)±0.0034 ( fs/ fd) (2.1)

where the last uncertainty originates from the ratio of hadronisation probability into B0
s and B0

56

mesons, as measured by LHCb [21].57

The effective lifetime of the B0
s→ J/ψ K0

S decay is determined from a 2-dimensional unbinned58

maximum likelihood fit in mass and decay time. The decay time distributions of the B0
s and B0 sig-59
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Figure 2: Mass spectra of the B0
(s)→ J/ψ K0

S candidates from 1 fb−1 of data collected at
√

s = 7 TeV by

LHCb. The candidates are divided into two samples, those where the K0
S decays (left) within and (right)

outside the vertex detector.

nals are described by single exponential distributions convolved with a Gaussian resolution func-60

tion. The decay time distribution of the combinatorial background is determined from data using61

sWeights [22] and is modelled with one (two) exponentials for the long (downstream) candidates.62

The decay time acceptance function is assumed to be the same for both decays and is modelled63

with the function64

fAcc (t) =
1+β t

1+(λ t)−κ
. (2.2)

The parameters are determined from a fit to the B0 decay time distribution using the well-known65

B0 lifetime as input [18]. This is done separately for the long and downstream candidates. The66

measured effective lifetime is67

τ
eff
B0

s→J/ψ K0
S
= 1.75±0.12 (stat) 0.07 (syst) (2.3)

which can be compared to the Standard Model (SM) prediction [23] calculated from Equation 1.3,68

using [24] as input69

τ
eff
B0

s→J/ψ K0
S

∣∣∣
SM

= 1.639±0.022. (2.4)

The values are consistent within the relatively large uncertainties.70

3. Λ0
b Lifetime Measurement71

As described in Section 1, there has been a long-standing discrepancy between the theoretical72

predictions and the experimental measurements of the ratio between the Λ0
b and B0 lifetime. The73

decay Λ0
b→ J/ψ pK is used by LHCb to measure the Λ0

b lifetime. The candidates are selected in the74

final state Λ0
b→ J/ψ (→ µ+µ−)pK−using a multivariate selection and the mass spectrum is shown75

in Figure 3 (left). This is the first observation of this decay and a measurement of the branching76

ratio relative to the B0→ J/ψ K∗0 decay is in preparation.77

The Λ0
b lifetime is measured relative to the B0 lifetime, comparing the decay time distributions78

of the decays Λ0
b→ J/ψ pK and B0→ J/ψ K∗0 . The two decays are topologically indentical and79
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differ in the selection only by the particle identification requirements applied. Moreover, the un-80

certainty of the B0 lifetime is small. The yields of the two decays is determined in 16 decay time81

bins and the ratio of yields is fitted with the function82

R(t) =
N

Λ0
b
(0)

NB0(0)
e
−t/τ

Λ0
b

e−t/τB0
= R(0)e−t∆ΛB , (3.1)

where ∆ΛB = 1/τ
Λ0

b
−1/τB0 . The decay time acceptance is expected to be close to identical for the83

two decays, but a linear difference in acceptance is allowed in the fit described by84

R(t) = R(0)[1+a · t]e−t∆ΛB . (3.2)

The free parameter is determined from full simulations and is found to be a = 3.3±2.4 ns−1, hence85

compatible with zero. The directly measured quantity is86

∆ΛB = 16.4±8.2±4.4 ns−1 (3.3)

which using the world average of the B0 lifetime [18] can be expressed as a ratio of lifetimes87

τ
Λ0

b

τB0
=

1
1+ τB0∆ΛB

= 0.976±0.012±0.006. (3.4)

This is the most precise measurement of this quantity to date and translates into a lifetime of88

τ
Λ0

b
= 1.482±0.018±0.012 ps.89
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Figure 3: Left: Mass spectra of the Λ0
b→ J/ψ pK candidates from 1 fb−1 of data collected at

√
s = 7 TeV

by LHCb. The signal is shown in magenta, the combinatorial background in black and the reflections
B0

s→ J/ψ K+K− and B0→ J/ψ π+K− in red and green respectively. The fit is shown in blue. Right: The
mass spectrum of the normalisation channel B0→ J/ψ K∗0 .

4. Conclusions90

The decay of singly heavy b-hadrons is dominated by the weak decay of the b-quark and91

hence the lifetimes are expected to be the same to first order. More precise predictions can be92

done using heavy quark expansion. In the particular case of the B0
s meson decaying in to CP93

eigenstates, effective lifetime measurements can be used to constrain CP violation in the decay and94

in interference between mixing and decay.95
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An effective lifetime measurement of the B0
s → J/ψ K0

S decay is presented together with96

branching ratio measurement relative to the B0→ J/ψ K0
S decay. This is the first measurement97

of these two quantities. The measured lifetime is compatible with the predictions by the Standard98

Model.99

The Λ0
b lifetime is measured in the decay Λ0

b→ J/ψ pK , yielding the most precise measurement100

of the Λ0
b lifetime to date. The ratio of the Λ0

b to B0 lifetime is also determined yielding a result101

close to unity, as predicted by theory.102
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