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Lifetime measurements at LHCb

• LHCb can perform very precise relative lifetimemeasurements of mesons

and baryons.

• Common technique: Fit the decay time spectrum of particleH with a

template function to extract the lifetime. e.g.

• S(trec) = f(trec) · g(trec) · β(trec)
• f(trec): Signal template from simulation with full selection applied

• g(trec) ≡ e−trec/τfit

e−trec/τsim
, where τfit is fitted for.

• β(trec): To account for difference between data and simulation in track
reconstruction for tracks far from the beam line.

• And then use a well-measured decay-time of an abundant resonance to

normalize to.
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Charm hadron lifetimes (I)

Hb
Hc

P

QPV

Figure 1: Cartoon showing the anatomy of a semileptonic decay.

as shown in Fig. 1. For simplicity, this cartoon ignores contributions such as Xb ! Xc⌧⌫⌧128

and Xb ! XcDX, D ! µX, which are a small fraction of our signal sample. We also use129

the B0 ! D+µ�⌫µ decay, which provides a large statistics control channel.130

In each case, we have a long-lived b-hadron with a lifetime of around 1.5 ps, which131

subsequently decays into a charm hadron, a muon and a neutrino, plus possibly additional132

Table 1: Summary of PDG values of lifetimes of beauty and charm baryons considered in this
analysis [3, 4]. The B0 and D+ lifetimes are also indicated, as they are used in the analysis for
control and calibration.

Hadrons b-hadron c-hadron
Lifetimes (ps) Rel. uncertainty(%) Lifetimes (fs) Rel. uncertainty (%)

⇤0
b
, ⇤+

c
1.470± 0.010 0.7 200± 6 3

⌅b, ⌅+
c

1.464± 0.031 2.1 442± 26 6
⌅�

b
, ⌅0

c
1.560± 0.040 2.6 112+13

�10
+12
�9

⌦�
b
, ⌦0

c
1.66± 0.19 11.4 69± 12 17

B0, D+ 1.520± 0.004 0.26 1040± 7 0.7

5

• Lifetimemeasurements are an important to the HeavyQuark Expansion

(HQE), as sub-leading terms are sensitive to spectator quarkmasses.

• Λ+
c , Ξ

+
c andΞ0

c lifetimes last measured almost 20 years agowith limited

statistics.

• Use semileptonic decays ofΛ0
b , Ξ

+
b andΞ0

c baryons:

• Large number of events and relatively low background due to displacement.
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Charm hadron lifetimes (II)
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[Phys. Rev. D 100, 032001]

3 fb−1@ 7, 8 TeV

N ≈ 304 · 103 N ≈ 22 · 103 N ≈ 56 · 103

• Measure rHc ≡
τHc
τD+

with as simultaneous fit to rHc andD
+ lifetime, to

cancel systematic effects

• Use template from simulation, and fit for the lifetime difference between

simulation and data.

• Using the knownD+ lifetime:

• τΛ+
c
= (203.5± 1.0± 1.3± 1.4) fs

• τΞ+
c
= (456.8± 3.5± 2.9± 3.1) fs

• τΞ0
c
= (154.5± 1.7± 1.6± 1.0) fs

• Most precise measurements to date. 5
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Ωc lifetime (I)
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N ≈ 980

[Phys. Rev. Lett. 121, 092003]

3 fb−1@ 7, 8 TeV

• Use the same strategy withΩc(→ pK−K−π+) fromΩb→ ΩcµνX
decays

• τΩc = (268± 24± 10± 2) fs

6
17

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.092003


Ωc lifetime (II)
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[Phys. Rev. Lett. 121, 092003]

3 fb−1@ 7, 8 TeV
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• World average value: (69± 12) fs,
• i.e.≈ 4x smaller....
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Charm hadron lifetimes (III)
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[Phys. Rev. D 100, 032001]

3 fb−1@ 7, 8 TeV

• Good agreement forΛ+
c andΞ+

c values, 3.3σ discrepancy forΞ0
c , 4x

larger value forΩc.

• Expect: τΞ+
c
> τΛ+

c
> τΞ0

c
> τΩ0

c

• Measured: τΞ+
c
> τΩ0

c
> τΛ+

c
> τΞ0

c
,

• Could be due to smaller interference effect between spectator s and s from
c→ sW+, or a larger effect of additional higher-order contributions.
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Ξ++
cc lifetime

]2c) [MeV/+π+π−K+
cΛ(m

3500 3600 3700

)2 c
C

an
di

da
te

s 
/ (

5 
M

eV
/

0

20

40

60

80

100

120

140

160

Data

Total fit

Signal

Background

LHCb(a)

Decay time [ps]
0.5 1 1.5 2

C
an

di
da

te
s 

/ (
0.

09
5 

ps
)

0

10

20

30

40

50

60 LHCb
Data
Fit

[Phys. Rev. Lett. 121, 052002]

1.7 fb−1@ 13 TeV

seeMatt Needham’s talk on spectroscopy

N ≈ 304

• Measure lifetime ofΞ++
cc (→ Λ+

c K
−π+π)with respect to

Λ0
b→ Λ+

c π
−π+π−

• τΞ++
cc

= (0.256+0.024
−0.022 ± 0.014) ps

• τΞ+
cc
is predicted to be shorter by a factor 3∼4 (additionalW exchange

between c and s), can help in searching for the state.
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Mass measurements in LHCb
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[Int.J.Mod.Phys. A 30, 1530022 (2015)][Phys. Lett. B 708 (2012) 241]

Run I

• LHCb has performedworld’s best massmeasurements of many hadrons.

• Need to correct for non-unity momentum scaleα: Fix scale at abundant
resonance with well-measuredmass (e.g.J/ψ ), derive scale factor, check
with other resonances.

• About 0.03% uncertainty on scale factor for LHCbmeasurements.

• Find balance between decays with large number of events (e.g.

B+→ J/ψK+) and decays with small Q-value.
11
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Mass measurements in B0/B0
s→ J/ψpp (I)

[Phys. Rev. Lett. 122, 191804]

5.2 fb−1@ 7, 8, 13 TeV

• First observation of the decaysB0
(s)→ J/ψpp.

• B(B0→ J/ψpp ) = (4.51± 0.40± 0.44) · 10−7

• B(B0
s → J/ψpp ) = (3.58± 0.19± 0.39) · 10−6: much higher than

expectedO(10−9)
• Resonant contribution?

• Very small Q value: Can do precise massmeasurements.
12

17

https://doi.org/10.1103/PhysRevLett.122.191804


Mass measurements in B0→ J/ψpp (II)
[Phys. Rev. Lett. 122, 191804]

5.2 fb−1@ 7, 8, 13 TeV

• Most precise singleB0 massmeasurement (from LHCb andworldwide).

13
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Mass measurements in B0
s→ J/ψpp (III)

[Phys. Rev. Lett. 122, 191804]

5.2 fb−1@ 7, 8, 13 TeV

• Most precise singleB0
s massmeasurement (from LHCb andworldwide).

14
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Ξ−
b mass measurement
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[Phys. Rev. D 99, 052006]

4.6 fb−1@ 7, 8, 13 TeV

seeMarcello Rotondo’s talk for the productionmeasurements

• Measure themass difference betweenΛ0
b andΞ

−
b baryons, using the

Λ0
b→ J/ψΛ andΞ−

b → J/ψΞ decays.

• δm = (177.30± 0.39± 0.15)MeV/c2
• m(Ξ−

b ) = (5796.70± 0.39± 0.15± 0.17)MeV/c2

• Most precisemeasurement ofm(Ξ−
b ) to date, in agreement with previous

measurements.
15
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J/ψ and ηc mass difference

Table 4: Systematic uncertainties for the measurement of the J/ and ⌘c mass di↵erence.

�MJ/ , ⌘c [MeV]
Stat. uncertainty 0.67
Mass resolution model 0.08
Variation of �⌘c/�J/ 0.01
Variation of �(⌘c) 0.04
Comb. bkg. description 0.03
Contribution from J/ ! pp⇡0 < 0.01
Momentum scale 0.05
Total systematic uncertainty 0.11
Total uncertainty 0.68

momentum greater than 5.5GeV and a large flight distance with respect to any PV. The289

contamination of the selected sample from J/ and ⌘c prompt production is estimated to290

be below 10�3.291

The mass di↵erence �MJ/ , ⌘c is extracted from an extended maximum-likelihood fit292

to the Mpp distribution. The signal and background components are modelled in the same293

way as discussed in Section 4. The fit provides a good description of the pp invariant-mass294

distribution (Fig. 6) yielding �MJ/ , ⌘c = 113.0± 0.7MeV.295

The majority of the sources of systematic uncertainty are common to the production296

measurement. The systematic uncertainty related to momentum scale calibration is297

estimated by comparing the fit result with and without the momentum scale calibration298

applied. The total systematic uncertainty is calculated as the quadratic sum of the299

individual contributions (Table 4). The dominant source of systematic uncertainty is300

related to the resolution model and its pT dependence.301

As a cross-check, the invariant mass fit is performed simultaneously in 7 bins of302

charmonium transverse momentum to take into account the dependence of resolution on303

charmonium pT. The obtained value for the mass di↵erence is consistent with the baseline304

result.305
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Figure 6: The distribution of Mpp. The solid line represents the fit result. The dashed line shows
the ⌘c and J/ signal contributions of the fit.
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[PAPER-2019-024]

2 fb−1@ 13 TeV

preliminary

• Use non-prompt ηc→ pp andJ/ψ→ pp decays to determine themass
difference.

• Separate prompt and non-prompt with pseudo-proper lifetime

tz =
∆zMpp

pz
> 80 fs and PV displacement of protons.

• ∆M = (113.0± 0.7)MeV/c2, uncertainty completely dominated by
statistical uncertainty. Most precise single measurement so far.

• Value is in good agreement with all previousmeasurements.
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Conclusion

[magnolia]

• LHCb performed several world’s best measurements of hadron lifetimes

andmasses.

• Most of them are compatible with the world averages, notable exception:

Ωc lifetime is 4× larger than the previously measured value.

• Several measurements are still statistically limited.
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B+→ J/ψρ+
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3 fb−1@ 7, 8 TeV

[EPJC 79 (2019) 537]

• Measure branching ratio andCP asymmetry ofB+→ J/ψρ+, with
respect toB+→ J/ψK+

• 2D fit tom(J/ψπ+π0) andm(π+γγ)mass to separate P-wave, S-wave
and background.

• B(B+→ J/ψρ+) = 3.81+0.25
−0.24 ± 0.35) · 10−5

• ACP (B+→ J/ψρ+) = −0.045+0.056
−0.057 ± 0.008

19
17

https://doi.org/10.1140/epjc/s10052-019-6698-3


Charm hadron lifetimes suppl.
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Source rΛ+
c

rΞ+
c

rΞ0
c

Decay-time acceptance 6 13 4
Hc lifetime 4 4 12
Hb lifetime 1 3 0
Hb production spectra 2 4 1
Background subtraction 8 17 7
Hc(τ

−, D, random µ−) 5 11 3
Simulated sample size 4 13 5
Total systematic 13 28 16
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Source r0
c

(10−4)

Decay-time acceptance 13
−
b prod. spectrum 3
−
b lifetime 4
Decay-time resolution 3
Background subtraction 18
Hc(τ

−, D), random µ− 8
Simulated sample size 98
Total systematic 101
Statistical uncertainty 230

[Phys. Rev. D 100, 032001][Phys. Rev. Lett. 121, 092003]
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