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Particle physics and LHC
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A All elements of the Standard Model (SM)
are confirmed and SM continues to
describe observations successfully

Mysteries of the SM

A Flavor structure, mass hierarchy

A Symmetry between quarks and leptons

A Origin of the electroweak (EW) symmetry
breaking (EWSB)

Unexplained phenomena

A Gravity is not included in SM
A Dark matter, dark energy
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A Deepen understanding of the SM by
precision measurements
A Search for new physics
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LHC Upgrade

2018 data taklng has started'

A Run-2 (end of 2018) { . T S
A T p dTeV, 150 fb? R L

A Run-3 (20217 2023) 2 T
A VT pt TeV, 300 fbl 5 .1
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Physics cases at the LHC

SM (incl. top) Higgs particle
measurements and EWSB
A Inclusive and differential cross A Mass, width, spi
sections A Cross sections
A Mass, coupling A Couplings to other particles
A Anomalous gauge couplings A Heavy Higgs searches
A Top quark properties and
Interactions
[ : J [ SUSY and BSM J
Flavor physics
searches
A B-hadron properties A Direct search of new particles
A CP violation A SUSY, dark matter candidate etc.
A Rare decays A Resonance or non-resonance

A Flavor structure with top

|
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Standard model summary plot

Standard Model Production Cross Section Measurements

Status: March 2018
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Standard model summary plot

Standard Model Production Cross Section Mea§ A (Cross-section measurements are
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EW production of same-sign W pairs

A EW production of vector boson pairs (Vector o EMS___ ssowiusTey
Boson Scattering, VBS) probes the . mewww
triple/quartic gauge interactions £ M Nonprompt

A CMS observation at 5.5, D100 | o,

A Limits on the coefficients of dimension-8 effective A\

operators
A Limitsonthe i parameter for the Doubly charged
Higgs in the framework of Georgi-Machacek
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Observed limits Expected limits Previously observed limits

(TeV %) (TeV ) (TeV )

foo/A* [-7.7,7.7] [~7.0,7.2] [—38,40] ,[11]

fo1 /A*  [-21.6,21.8] [~19.9,20.2] [—118,120] , [11]

favo/ At [—6.0,5.9] [—5.6,5.5] [—4.6,4.6] ,[36]

far /A [—8.7,9.1] [-7.9,8.5] [—17,17] ,[36]

fve/A* [—11.9,11.8] [—11.1,11.0] [—65,63] ,[11]

fuz/A* [-13.3,12.9] [~12.4,11.8] [-70,66] ,[11]

fro/A*  [~0.62,0.65] [—0.58,0.61] [—0.46,0.44] , [37]

fri/A*  [—0.28,0.31] [—0.26,0.29] [—0.61,0.61] , [37]

fro/A*  [-0.89,1.02] [—0.80,0.95] [-1.2,1.2] ,[37]

Phys. Rev. Lett. 120 (2018) 081801



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.081801
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Prospects of same-sign WW at HL-LHC

Events / 20 GeV
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ATL-PHYS-PUB-2017-023

CMS-PAS-SMP-14-008

A Same-sign WW VBS

A Expected uncertainty of the cross is

about 5% at HL-L
A Longitudinal WW

HC
component can be

extracted using sensitive variables,

e.g. 3%o FT]

A W2z VBS is more difficult
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https://cds.cern.ch/record/2220831
https://cds.cern.ch/record/2298958
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Top mass and cross sections

A &

QCD calculation

P X& 1 T ((world average)
A Cross section well described by NNLO+NNL

LHC Top working group

ATLAS+CMS Preliminary
LHClopWG

World Comb. Mar 2014, [7]
stat
total uncertainty

ATLAS, l+jets (*)
ATLAS, dilepton (*)
CMS, l+jets

CMS, dilepton
CMS, all jets

LHC comb. (Sep 2013) LHciopwa
World comb. (Mar 2014)

My, SUMmary, fs = 7-13 TeV

total stat

mygp T total (stat + syst)

172.31+ 1.55 (0.75 + 1.35)
173.09 + 1.63 (0.64 + 1.50)
173.49 £1.06 (0.43 + 0.97)
172.50 £1.52 (0.43 + 1.46)
173.49+£1.41 (0.69 + 1.23)
173.29 + 0.95 (0.35 + 0.88)
173.34 + 0.76 (0.36 + 0.67)

ATLAS, l+jets
ATLAS, dilepton
ATLAS, all jets
ATLAS, single top
ATLAS, dilepton
ATLAS, all jets
ATLAS, l+jets

ATLAS comb. (::1:03.7.)
CMS, l+jets

CMS, dilepton

CMS, all jets

CMS, single top
CMS comb. (Sep 2015)
CMS, l+jets

[3] JHEP 12 (2012) 105

(*) Superseded by results
shown below the line
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aoboand oo cross sections

Interesting final state to investigate as
extensions of SM may alter the couplings
to top or EW gauge bosons

Within the SM, it probes the top neutral
current interaction
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https://cds.cern.ch/record/2264544

