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LHCb experiment Int. J. Mod. Phys. A 30 (2015) 1530022

o TRIGGER:
- LO hardware (12 — 1 MHz)
- HLT software ( 1 — 0.005 MHz)

= Very good £(u)
Good g(h)

TRACKING SYSTEM

momentum resolution
Aplp = 0.4%—0.6%

VERTEX DETECTOR
reconstruct vertices

decay time resolution: 46 fs
IP reconstruction: 20 um

COLLISIONS
@ 40 MHz

~12 MHz |
VISIBLE . .

INTERACTIONS 2 DIPOLE MAGNET
2012 . 4Tm

regular polari
switches MUON SYSTEM

CALORIMETERS
RICH DETECTORS energy measurement
K/m/p separation particle identification

LHCb is a general purpose forward spectrometer (2 < 1 < 5) optimized to
measure CP violation, rare decays involving B and D mesons, and searches for
beyond Standard Model physics
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http://dx.doi.org/10.1142/S0217751X15300227

LHCb experiment

LHC 14 TeV Kinematics
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It offers a unique coverage
complementary to ATLAS and CMS

@ Probe Parton Density Function
(PDFs) in a previously unexplored
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Recent results for LHCb in SM
physics involving W /Z /top
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Top Measurements
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TOp measurements Phys. Lett. B 767 (2017) 110-120

Previous measurements in the forward region:

o First observation of the top in the forward region through the channel
t — p+ b (Phys. Rev. Lett. 115 (2015))

° Simultan_eous measurement of W + bb, W + ¢, and tt through the channel
tt — ¢bb (Phys. Lett. B 767 (2017) 110-120)

Channel tt — eub

@ Only possible due to an increase in production of a factor ~10 with respect
to Run | (8 TeV — 13 TeV)

@ Second lepton with different flavour suppresses contribution from W + bb,
Z + bb and QCD background

o Analysis performed with the data collected in 2015 and 2016 (~ 2fb™')

o Fiducial region:

pr(£) > 20GeV and 2.0 < n(¢) < 4.5 (prompt)
AR(, jet) > 0.5 and A(p,e) > 0.1
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http://dx.doi.org/10.1016/j.physletb.2017.01.044
http://dx.doi.org/10.1103/PhysRevLett.115.112001
http://dx.doi.org/10.1016/j.physletb.2017.01.044

Jet reconstruction and tagging

Inputs are defined using the particle
flow algorithm based on tracks,
metastable particles (like K2 and A)
and calorimeter objects

Anti-kt clustering algorithm with
R=0.5

Jet tagging is based on the
secondary vertex reconstruction
inside the jet with Booster Decision
Tree discrimination

Efficiency of about 65% (25%) for
identification of b-jets (c-jets) with
misidentification for light jets of
0.3%
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https://arxiv.org/abs/1504.07670

Channel tt — eub Phys. Lett. B 767 (2017) 110-120

Kinematic variables for the i and b-jet
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@ QCD background shape taken from (enb) [Gev]

Data

o Z+ jet, W + t and tt shapes
obtained from simulation

@ Good agreement for the kinematic

variables and M(eub)

H H 0,
e tf normalized to the data after o High purity (~ 87%)
background subtraction

Oscar Augusto (CERN) LHCb W/Z/Top results and prospects Rencontres de Blois 2019 8/23


http://dx.doi.org/10.1016/j.physletb.2017.01.044

Channel tt — eub

Systematic uncertainty %

trigger 2.0
muon reconstruction 1.1
electron reconstruction 2.8
muon identification 0.8
electron identification 1.3
jet reconstruction 1.6
event selection 4.0
jet tagging 10.0
background 5.1
resolution factor 0.5
total 12.7
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http://dx.doi.org/10.1016/j.physletb.2017.01.044

Z /W measurements
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Channel Z — ¢ (f = € or ,u) JHEP 05 (2016) 131

. g [ LHCb (s=8Tev U™ 20<n"<45 [ 1
Selection: 3 cooonl- U .Daa” Hoo
fu X —Fit  [lEecrowesk ]
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http://dx.doi.org/10.1007/JHEP05(2016)131

Channel Z — 71 JHEP 09 (2018) 159
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aa

@ 77 reconstructed via ¢¢, £h or £hhh

@ 58% of all Z — 77 modes

o first time high-pt tau reconstructed via 3-prong
decay mode

@ Back-to-back in ¢ (|A¢(7,T)| > 2.7) "

@ T isolation requirement reduces contribution
from QCD

@ leptonic mode

> At least one high pr lepton (pr(£) > 20 GeV)
> unbalanced pr between the two leptons due to
the neutrinos

Candidates/ (0.2 GeV/c?)
@
3

@ hadrons
> vertex information of h3 allow a better mass T o, -
Meorr = MSV ~+ Pmiss * Pmiss + |Pmiss|

estimation (Mcorr)
> h; impact parameter minimum requirement

reduces the prompt contributions
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http://dx.doi.org/10.1007/JHEP09(2018)159

Channel Z — 71
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Measurement in agreement with NNLO
predictions and the lepton universality

Dominated by the systematic uncertainty
(Selection and reconstruction efficiencies,
and background estimation)
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http://dx.doi.org/10.1007/JHEP09(2018)159

Channel Z — bb

o First measurement of the
Z — bb in the forward region
with 2fb~1

@ Challenging reconstruction due
to the large QCD background

@ Balance jet (jetpajance) required
to reduce the contribution from
QCD multi-jet

@ Selection:

v

Yy VY VY VY
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2.2 < n(b— jet) < 4.2

pr(b — jet) > 20 GeV

45 GeV< mj; < 165 GeV
|Ap(b — jet1, b — jetr)| > 2.5
pT(j_?tbalancs_) > 10 GeV
PT(ZbE +jetbalance) > 20 GeV

Arbitrary Units
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Phys. Lett. B 776 (2018) 430-439

F T
0.1~ LHCb8TeV
Z - bb simulation

oogf~ [ pata
0.06 — "

r Control Signal

- Region Region
0.04 —

with mj;

@ inputs are based on the kinematic

variables of the 3-jet system
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@ uGB-BDT minimizes the correlation
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http://dx.doi.org/10.1016/j.physletb.2017.11.066

Channel Z — bb

o Simultaneous fit of mj; in the signal region and
control region determines the Z,; yield and jet
energy scale factor

@ Pearson IV distribution describes the QCD
background

o Observation of the Z — bb production with 6¢

@ Systematic uncertainty dominated by the jet
tagging (~ 17%)

o Cross-section is compatible with the prediciotn
at NLO with aMCONLO + Pythia

@ jet energy scale is compatible with unity shows
that the LHCb simulation describes well the
b-jet energy
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http://dx.doi.org/10.1016/j.physletb.2017.11.066

Charged Hadron production in Z-tagged jets arXiv:1904.08878

Submitted to PRL

@ First measurement of the jet
hadronization in the forward region and

. L . radial distance
in association with the Z boson

@ The light-quark jets enhanced selection  z|5 e e <306 ]
can provide information about the |z '_'_:1: »I§=8Tev.30<p,}<50c'ev 3
difference gluon and quark z e v 50<pH <100 GeV |
hadronization dynamics Mna —’—‘=‘=_+_ ]

@ Selection: E*E:t-f-

» Same Z boson used for Run I q:
(see previous slides) I 1
> pr(jet) > 20 GeV 1o o 02 03 04 0.
» 2.5 < n(jet) < 4.0 r
> pr(hadron) > 0.25, p(hadron) > 4
GeV = 2 2
= — Qj, + — Vi
» AR(hadron, jet) < 0.5 \/(¢had ¢Jet) (Vha yjet) 4

> |AG(Z, jet)| > Tm/8
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https://arxiv.org/pdf/1904.08878.pdf

Charged Hadron production in Z-tagged jets arXiv:1904.08878

Submitted to PRL
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@ Beginning of a broader hadronization research program at LHCb

@ Based on particle identification (tracking, RICH, calorimetry), resonance
production within jets (J/v, ®, T), jet tagging and correlation with flavour
identification

v
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https://arxiv.org/pdf/1904.08878.pdf

Prospects
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Top Asymmetry

@ Single pa+rtic|e asymmetry:
o=

@ Measurements during Run | and |l
with a precision of 20-40% limited
by the available data samples

@ Sub percent statistical precision

cross-section and asymmetry in the
{b and peb final states in Run IV

A(1b) [%]

LHCB-PUB-2018-009

9k T -
QE- pp—sti-sIbX, 14 TeV 4 Lot
E ,\ A @ LHCb 300 85"

7 3 aMC@NLO + Pythia = Scale/Total Uncertainty
6F NNPDF3.1,m = 1725 GeV
5E
4

3
2%

1E
OF

15 L L

2 3 4

n

@ High purity channel ueb will allow the most precise cross-section
measurement in LHCb (total uncertainty of order of few percent) due to its

unambiguous identification of tt events

@ Inclusive cross-section at the percent level will allow a reduction of order of
20% on the gluon PDF uncertainty at large-x (JHEP 02 (2014) 126)
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https://arxiv.org/abs/1808.08865
https://doi.org/10.1007/JHEP02(2014)126

Effective Weak miXing ang|e LHCB-PUB-2018-009, JHEP 1511(2015) 190,
ATL-CONF-2018-037

o Current measurement uncertainty is ATLAS Preliminary __
. LEP-1 and SLD: Z-pole Y 0.23152 £ 000016
~ 6 times larger than the LEP-1and SLD: AL | —e— | 023221+ 0.00020
measurements from SLD and LEP SLD: A, [ —e—t | 023098 + 0.00026
@ The total uncertainty (100 x 1073) ™ L R et
LHCD: 7+8 TeV & |023142:0.00106
can be reduced by a factor ~ 8 CMS: 8 Tev [ ——rt "] 0.23101 0.00053
(N 20) by the end of Run IV (Run ATLAS: 7 TeV [ —— e+ |023080£000120
V) ATLAS:eecchu, | —e "] 0.23119+ 0.00049
. . . ATLAS: e, [ e |023166+0.00043
@ The full high lumi dataset will allow ;s 57y r ol ozst05 00008
to probe the difference in the 023 0231 0232
measurements from SLD and LEP Sin“,y
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https://arxiv.org/abs/1808.08865
https://arxiv.org/pdf/1509.07645.pdf
https://cds.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf

W boson mass

LHCB-PUB-2018-009, Eur. Phys. J. C75 (2015) 601

@ LHCb can reduce the m‘L;\I/-IC xml}_]—[cb,w‘]zunu

250

200

uncertainty by 20-40% of
the total uncertainty with
the Run Il data

@ Softer W production implies

Events per 0.5 GeV.
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between W mass and the

0.98F
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lepton p7 spectrum

@ ATLAS and CMS W mass measurements are limited by the theoretical

uncertainties

30

0
Muon p, (GeV)

Ratio to best template

20
Muon p, (GeV)

@ Upgrade Il will allow a statistical precision of few MeV and a similarly precise

measurement through W (ev)
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https://arxiv.org/abs/1808.08865
https://arxiv.org/pdf/1508.06954.pdf

Conclusion

LHCb is a general purpose detector in the forward region
@ Vast program of Top and W/Z measurements

@ The top production measured on three final states which peb final state
provides clearest signature

@ Several Vector boson decays already measured including Z — 77 and Z — bb

@ Beginning of a hadronization program at LHCb with the measurement of
charged hadron production in Z-tagged jets

@ More measurements to come with the full Run Il data

Prospects
@ Exciting prospects for the EW and Top physics

@ LHCb will play an important role in the W mass and the effective weak
mixing angle measurements at LHC
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Thank you for your attention! |
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