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Lifetimes of weakly-decay singly charmed baryons

m Lifetime hierarchy in the past 20 years

® Precisions in the range of 3-17%
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Lifetimes of weakly-decay singly charmed baryons

m Lifetime hierarchy in the past 20 years

® Precisions in the range of 3-17%
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m LHCb measurements with 2011-12 data
changed the landscape dramatically

® Use signals from semileptonic b-hadron decays
® Precisions in the range of 1-10%

T RE HH CLHCP 2021

) m(20) < 7(af) < 7(2)) < 7(=))

[PRL 121 (2018) 092003]

EL LHCb Q- QX
S10%F +Data
e =Fit
k=

2

>

©

g

=y

2]

10

. .
0 0.2 0.4 0.6
20 decay time [ps]

[PRD 100 (2019) 032001]

P
2 — o -
Sl LHCD BNV
2 +Data
2 =Fit
By
E
g
13
2

10°

, |

04 06
=9 decay time [ps]

LHCb SL

2/12



Lifetimes of weakly-decay singly charmed baryons

[PRL 121 (2018) 092003]

m Lifetime hierarchy in the past 20 years
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m Independent measurements helpful to understand T
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the large discrepancy in £22 and =0 lifetimes
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NEW

0 =0 |: .
Measurement of 2: and =7 lifetimes 210801334

m Independent from LHCb SL

* (Data) £ =5.4fb~" LHCb data collected in 2016-18
® (Method) Prompt £29/Z0 signals through pK~ K~ 7" decays

m Results not examined until full procedure had been finalised

m Method in a nutshell

1. Determine signal yield in bins of decay time

2. Determine lifetime with least chi-square fit
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Boost in signal yield

m Prompt 29/59 — pK~K~nt decays
® Signals produced directly from pp collisions (PV)

Prompt Secondary
‘ Fixed target | LHCb SL| |LHCb prompt
20 180 1K 12 K
=0 160 | 2K 36 K
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Complicated background components

m Combinatorial: random combination of tracks
® |inear in the invariant-mass distribution
m Secondary: true signals from b-hadron decays

® Larger peak positions in the logorithm of X2 ~ :%2
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Efficiency variation with decay time

m Efficiency of selection criteria is different at different decay time

® Need to be considered for an unbiased estimation of decay time
m Simulated signal samples used to evaluate efficiency

m D° 5 K- KTn—xt as normalisation channel to further reduce

systematic uncertainties
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Least chi-square fit to decay time

m Chi-square

Ulz\ﬁig + O-I2Viexp
* N is signal yield in decay-time bin i
® N7 is expected yield in decay-time bin i

NP — Wig x Lexp(_t/T)dt % N’gon
! ! fiexp(—t/Tsim)dt Mgen

m Unbiased estimator validated with pseudo-experiment
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Decay-time distributions

m Signal yields per ps in decay-time bins
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Cross and consistency checks

m D lifetime measured with normalisation channel D° — K~ KTr— 7+
® Good agreement with its world average
m Consistent results measured with sub-samples split by

® Data-taking periods
® Magnetic polarities of the LHCb dipole magnet

m Consistent results measured with

¢ Different decay-time binning scheme

® Different lifetime assumption in simulation
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Systematic uncertainties

m Dominant uncertainties stem from fit model and difference between

data and simulation

Sources o [fs] = [fs]
Fit model 2.2 1.0
Kinematic correction 3.4 0.4
Decay-time resolution 1.3 1.8
xﬁ, scaling 1.1 0.5
Calibration sample size 0.1 0.1
Decay-length scale 0.1 0.1
DO—D° mixing 0.8 0.6
Total systematic uncertainty 4.4 2.2
DP lifetime 0.7 0.2
Statistical uncertainty 13.4 2.3
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Results

Too = 276.5 & 13.4(stat) =+ 4.4(syst) £ 0.7(D°) fs

Too = 148.0 4 2.3(stat) 4 2.2(syst) 4 0.2(D°) fs

=c

m Most precise measurement of £29 lifetime so far

m Consistent with LHCb SL measurements
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m Is Heavy Quark Expansion still valid in the 29 system? ..o
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Summary

m Lifetimes of £22 and =0 are measured precisely

m New hierarchy of charmed baryons established

Sciecé

CERN

Juiv/AucusT 2021

iy
New charmed-baryon lifetime hierarchy cast in stone

Accepted by Science Bulletin Reported by CERN courier
HAENZFREREANFRERASEND
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The LHCb detector

[JINST 3 (2008) S08005, IJMPA 30 (2015) 1530022]

m A single-arm forward spectrometer at LHC

Vertex Locator RICHs ECAL

opp =20pm e(K - K)~95% 0. /E = 10%
o, =45fs mis-ID e(rr > K)~5% E
T WS U

Magnet

Tracking stations
etracking~96%
0,/p~0.5% — 1%(5 — 200 GeV)
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LHCb data taking

m About £ = 9fb~! data accumulated in Run 1-2
LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

. 2018 (6.5 TeV): 2.19 /b
. 2017 (6.5+2.51 TeV): 1.71 b + 0.10 /b
. 2016 (6.5 TeV): 167 /fo

2015 (6.5 TeV): 0.33 b
. 2012 (4.0 TeV): 2.08 /fb
N 2011 (35 TeV): 1.11 /b "
2010 (3.5 TeV): 0.04 ifo I
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