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Motivation

Lifetime measurements play an important role in the study of non-perturbative aspects of QCD.

+ Recent Bc lifetime measurements by the LHCb experiment are significantly larger than
those measured at Tevatron.

. Previous Ab lifetime measurements have relatively wide ranges. The issue of the Ab
lifetime had not been solved.

. Understanding the Bs —J/W 11T decay channel, which is a CP-odd eigenstate, is very
important since it could be used to make CP-violation studies.

. We present measurements of the lifetimes of the Bs, Bd, Bu, Bc and Ab hadrons using
different decay channels.
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Compact Muon Solenoid: perfect detector for measuring muons
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https://cds.cern.ch/record/2276459?ln=en

Overview of the latest HF studies by CMS

Precision lifetime measurements of b hadrons reconstructed in final states with a J/y meson.
arXiv: 1710.08949

Measurement of the P1 and P5' angular parameters of the decay BO—K*u+u- in proton-proton collisions at Vs=8 TeV.
PLB 753 (2016) 424

Observation of Y(1S) pair production at CMS.
JHEP 05 (2017) 013

Measurement of the total and differential inclusive B+ hadron cross sections in pp collisions at Vs= 13 TeV.
PLB 771 (2017) 435

Quarkonium production cross sections in pp collisions at Vs = 13 TeV.
PLB 780 (2018) 251

Search for the X(5568) state in BOs pi+- decays.
arXiv:1712.06144

Measurement of Lambdab polarization and the angular parameters of the decay Lambdab to J/psi Lambda.
PRD 97 (2018) 072010

Angular analysis of B+->K+mumu
CMS-PAS-BPH-15-001

Search for the Z->Jpsi(->mumu) Il decay
CMS-PAS-BPH-16-001



https://arxiv.org/abs/1710.08949
https://www.sciencedirect.com/science/article/pii/S0370269315009685
https://link.springer.com/article/10.1007%2FJHEP05%282017%29013
https://www.sciencedirect.com/science/article/pii/S0370269317304379
https://www.sciencedirect.com/science/article/pii/S0370269318301357
https://arxiv.org/abs/1712.06144
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072010
https://cds.cern.ch/record/2308111
https://cds.cern.ch/record/2308113

Lifetime measurements
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Previous Ab lifetime measurements have relatively wide
ranges.

Using 5fb™' at 7TeV and in the same channel
CMS had performed a measurement of Ab
lifetime

The first CMS result was in the higher range of
measurements


https://link.springer.com/article/10.1007%2FJHEP07%282013%29163
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https://link.springer.com/article/10.1007%2FJHEP01%282015%29063

. Most of the lifetime measurements are based on
the modeling of the ct, O and mass of the B
hadrons.

. In the Bc Lifetime measurement a different
approach (DeltaGamma) has been applied and it
will be discussed later.

. Here L is the distance of the flight of the B
hadron in xy plane.

Efficiency correction is needed

+ Reconstruction and selection criteria generate a
distortion

. Efficiency is taken from MC simulation

« The turn-on region is discarded selecting
ct>200um (100um Bc)
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Efficiency

For each decay channel, the efficiency is determined as a function
of ct by using fully simulated MC samples. The efficiency is defined
as the ct distribution of the selected events after reconstruction
divided by the ct distribution obtained from an exponential decay
with the lifetime set to the value used to generate the events.
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Table 1: Summary of the sources and values of systematic uncertainties in the lifetime measu-
rements (in ym). The total systematic uncertainty is the sum in quadrature of the individual

uncertainties.

Source BY— J/wK*(892)° B'— ]/lng B—J/prt i BY—J/pe Ag—> J/pN°

PV selection 0.7 0.7 0.7 0.7 0.7

Detector alignment 0.3 0.7 0.3 0.3 0.7 .
MC statistical uncertainty 1.1 2.4 2.0 0.6 2.3 SySte m atl C
Mass modelling 0.3 0.4 0.2 0.4 0.9 —r
Efficiency modelling 0.3 0.5 0.6 0.2 0.6 unce rta [ ntl esS
ct resolution 0.0 0.1 0.1 0.1 0.2

ct modelling 0.1 0.1 0.4 0.0 0.1

B contamination —_ — 1.4 — —

Mass window of 7t~ — — 1.8 — —

K=+ mass assignment 0.3 — — — —

ct range — —_— —_ 0.1 —

S-wave contamination — — — 0.4 —

Total (ym) 1.5 2.7 8.2 1.2 2.7

Table 2: Summary of the systematic uncertainties in the Al and ¢7;+ measurements.

Source AT [ps™] cTgt [pm]
PV selection 0.02 2.0
Detector alignment 0.01 0.6
MC statistical uncertainty 0.01 1.3
Mass modelling 0.04 3.7
ct binning 0.01 1.4
Total uncertainty 0.05 4.7
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BS0 Lifetime

CTRYsJjprt - = 902.7 = 10.2 (stat) = 3.2 (syst) CTRY ] /pep(1020) = 443.9 = 2.0 (stat) == 1.2 (syst)
-1
CMS 19.7 b (8 TeV) CMS 19.7 b (8 TeV)
E 5 T T T T T E1osolllll_é
= 10 BO - J/\I’n+n ¢+ Data = BS =P J/W¢(1 020) + Data 3
o 10°L — Fi Q 10 — Fit s
n 10 . 0090200 e B signal ok 4 5 . o By signal =
3 TED - g 10°F " Background 3
= B°(J/w *n") background = B :
o 10 - R, JEL Otgeanbggkgrou%ds 2 10° §_ 1;
T E -...;-..;..,_;:, N : w19 E
E e, 00 T IS ler 91 = =
1 : : , | f=¢-...__.1_, ik 1o T e o e IR nmmmnﬁ
© 3 T © 3 T T T T
= Ll = b b
L A b Lt et T 6 X0 L R, I, DV, L R AT
é =3 { . n h 4 0 ’ B o 1 ! ) ueYI i IR R
© -2 { — © 2
e -3t D L R o JFE P
0.1 0.2 0.3 0.4 0.5 01 02 03 04 05 06
ct [Cm‘ ct [Cm]

In agrement with world average (509+12 pm)
In agrement with world average (443.4%£2.4 um)

The Bs—]/ynn channel is dominantly a CP-odd sate
[ts lifetime can be translated to I'H



CTpp = 442.9 -

Events / 50 um

o

(Data—Fit) /

— —
o o
N w

—
o

_IIII| I |IIlIII| I |IIIIII| 15 o7

CMS

/\bO Lifetime

- 8.2 (stat)

19.7 fb" (8 TeV)

= 2.7 (syst) ym

Ap = JIyA

= PDG (2016) lel
¢ Data =
F'g ] u CMS (2017, 19.5 fb™"), J/yA —
------ A, signal = |~
S B aCkg round E/ LHCb (2015, 3.0 fb™"), J/yPK Fed
= LHCb (2012, 1.0 fb™), J/yA ——

A

...ﬂmm%.ln.wI.H.U.HUME RIESTIATAR, A58 =

[

|||||||||||||||||||||||

-_—
-
[
A
9
——
Y
i
i
—

[ | &&= | |

CDF (2011, 4.3 fb™), J/wA —e—
CMS (2013, 5.0 fb™"), J/wA —e—|
D@ (2012, 10.4 fb"), J/wA
0-4 0-5 |III|III|IIIIIIIIIIIIIIl|III|IIIIIIIIIII
280 300 320 340 360 380 400 420 440 460
ct [cm] um

In agreement with world average (439.8+3.0 Um)

This result is in agreement with previous measurement from CMS

Follow

the tendency for long lifetime
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Bc Lifetime

The measurement of Bc lifetime is obtained using the difference between the total
width of the Bc and B+ mesons in the decays Bc — J/yt + and B+—J/y K +
(Analogous to LHCb approach)
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Bc lifetime
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This measurement confirms a Bc lifetime value higher
than that measured at the Tevatron, and it is in
agreement with the more recent LHCb measurements
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Summary

Precision lifetime measurements of b hadrons reconstructed in final states with a J/y meson.

. For some measurements the precision that we get is competitive with the world
average.

« The measurement of the Bc lifetime confirms a longer lifetime than found by the
Tevatron experiments, in agreement with results from LHCDb.

« The precision of the Ab lifetime measurement is also as good as all previous
measurements in the J/Y/A channel.

« CMS shows its capability to make precision time-dependent measurements,
including CP-violation studies.
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Thanks!
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