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Introduction

® Very successful Run | and 2 at the LHC: Vs = 8,13 TeV, Lumi = ~20, ~140/fb
= Remarkable performance of LHC and the experiments
e Particle physics research at the energy frontier has entered an exciting era

- Improve precision of measurements; Have an access to rare processes; Discover some
for first time observed in pp collisions

2010, 7 TeV, 45.0 pb~!
2011, 7 TeV, 6.1 fb~!
2012, 8 TeV, 23.3 f
2015, 13 TeV, 4.3 f
2016, 13 TeV, 41.6
2017, 13 TeV, 49.8
2018, 13 TeV, 67.9
2022, 13.6 TeV, 3.8 fb!
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Standard Model Production Cross Section Measurements

Status: February 2022
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Objectives

e Study of EWV processes enables to

- Validate our knowledge of the SM (detector performance, backgrounds)
= Provide input to PDF fits; Test higher order QCD/EW corrections
= First time observe rare EWK processes

e Study of Higgs boson

- Significantly advances our knowledge on this unique particle and confirms the
SM theory

- Yet, the SM remains a low energy approximation of a more fundamental theory;
Higgs could be the key to physics beyond the SM

e Precise measurements in EWK/Higgs sectors are another important handle
to probe for presence of new particles

® Here are presented my personal picks of some of the latest results from the
ATLAS, CMS, and LHCb experiments.
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arXiv:2112.07458

Forward Z production

The most precise measurement at |3 TeV

® Vector boson production is an important tool for o(Z = u ' )=196.4+02+ 1.6+ 3.9b.
testing perturbative QCD at high energy,
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Z+)ets Cross Section Measurements

Key tool for calibrating detector, different object reconstruction and identification, validate
background to Higgs measurements and new physics searches

New measurement from CMS with 35/fb data (previous measurement with 2.19/fb)

di-electron/muon channels, 71 < mgp < ||| GeV

up to 8jets (incl.), 5jets (diff), larger values of pt, double differential measurements
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® Whole Run 2 data; electron/muon channels with a secondary
vertex or a muon in a jet; W and charm with opposite signs
helps to reduce background.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-005/index.html

Z angular coefficients

e Kinematics of final state leptons can 12—
. . - LLHCb -
probe the polarization of a boson, T A R ey sa
. . .« e . 0.8 -
which is sensitive to perturbative QCD | * &V
.. . 0.4} . -
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- Coefficients determined in region 75 < m,, < 105 GeV

= Yet, statistically dominated..
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<  yy—1t in PbPb Collisions
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Anomalous magnetic moments are sensitive to BSM physics a; = (g_2);

2

where U = g%§

ae and a, are precisely measured, while a; is much less constrained due to its short lifetime

Heavy lon collisions offer clean environment to study photon-induced processes. It is

significantly enhanced over the production in pp collisions
yy— Tt observation @ 50
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Observation of yy—1t at CMS

® Similarly, the first observation with 50 significance at CMS

e Using 2015 dataset, using signature with p+3prong T
o(yy — t717) = 4.8 £ 0.6 (stat) += 0.5(syst) ub
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ATLAS-CONF-2021-038 CMS-PAS-SMP-21-011

EWK Vyjj production

® VBS processes play important role for understanding EVWSB; Offer
unique features to probe BSM physics.

q q
= Many VBS processes are observed and studied by ATLAS and CMS >
= Important to distinguish between EWV and QCD Vyjj productions
. . Z
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The first observation of three W bosons at
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Nature: ATLAS
yearS Nature: CMS

HIGGS boson

discovery

Higgs Status

Phys. Lett. B 805 (2020) 135425
arXiv:2207.00320

Mass measurement with | per mille precision

ATLAS+CMS Runi
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Off-shell Higgs production

The SM prediction ['h = 4.1MeV; Direct meas. ['h < |.1 GeV at 95% CL

Off-shell H production above 2Mz is enhanced; Combination

of H2ZZ—40 and H2ZZ—202v channels for best results

Comparison of on-shell and off-shell rates constrains the Higgs width

No off-shell scenario excluded at
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https://arxiv.org/pdf/2202.06923.pdf

e From total cross sections to

Cross Sections

Simplified Template Cross Sections

(STXS) g

= Measure production modes separately

in mutually exclusive kinematic regions
defined by pT(H), Njets, Mjj, pT(V), but
inclusively over the Higgs decay

= Less model-dependent measurements

= Best sensitivity to signal/BSM and reducing
theory uncertainty

e Fiducial Cross Section

= More model independent than STXS

= VBF+V(—qq)H

Stage 1.2
i1 [0, 200 |,,51 [-l_’()u.x] |"” [ 0-jet ” 1-jet I
I .[_Je.. $ -- 20(
qqqqq
) ETICEIN R e =||
D m,; '
| ] B R
1 60 1 70( : 00
| | | I =~ 2-jet = 3jet 0.15
1 120 1L Pl 100 I';l,/,,‘,l,
| |‘zun | I ----------- 150
0 0 X0
o0
Stage 1.2 VH = V(— leptons) H
[ % ]
§ | a7 >wH | | ga—zH | | 99—z |
' p— | |
L ¢« | [ | |
75 . ] ] | .
) [ | |
50 i
| | | B |
250 _l : . I . | .
400 f---mmtmmmem e ------:,-----.------ ------i ------------

O-jet 1-jet > 2-jet

O-jet 1-jet > 2-jet

= Fiducial phase space defined based on the Higgs decay product

O-jet 1-jet > 2-jet

= Differential distributions in kinematic variables sensitive to BSM effects
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® Recent measurements of ggH,VBF, (alsoVH in case

of CMS) productions from both ATLAS and CMS
using the whole Run 2 data

® Ogn=12.0%1.4 pb, Over=0.75%019 ¢ pb from ATLAS

LI L S B B (L B L

- ATLAS ® Data
6000F (s 13Tev, 139 10" M Hye I Hosr
H->WW*—evuv W Other H  (T/Wt
5000 ggF sk mww W zZy
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800F
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STXS Measurement: H>WW

CMS

arXiv:2207.00338

arXiv:2206.09466

138 fb~1 (13 TeV)
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https://arxiv.org/pdf/2207.00338.pdf
https://arxiv.org/pdf/2206.09466.pdf

arXiv:2207.08615

Differential Measurements: H—ZZ,yy

Combination of differential measurements in high resolution channels H—=yy and H=>ZZ—420

Higgs pT measurement can constrain coupling to b
and c quarks due to loop-induced ggH production.

Including b and k. from VH, H—bb/cc analyses

further improve constraints

< oo 1 T T T T T T T l p—
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‘-5’ “E Total Uncertainty -
© 1.4 ¥ MG5 FxFx K=1.47, +XH = —
© = NNLOPS K=1.1, +XH =
e e s XH=VBF+VH+{tH+bbH+tH
|= S -
sy |t E
0.6 { ﬁl -
ot i, _z
TE } g -
0 Esasadocaoee NSNS AN JANNANN Jrsssss Jecsese LM gy | onl g
_.CE 2 — I I ' l I —
S 15 b ~ |
E\ 1 =R .' """" §--—--- B e e e I ; """ | i T el
S o5- e

|'E 0O 10 20 30 45 60 80 120 200 300 650 13000

Keti Kaadze, Kansas State University

H
P [GeV]

Q =T T T T I T T T T I T T I T T T T I T T T T | T T T T
10ATLAS % Standard Model ~ ----68% CL —
- H—>2ZH—yy /\ Obs. H - ZZ* —95% CL .
8Vs=13TeV,139fb" V Obs.H — 7y -
- Shape + normalisation % Obs. Combination .
6 -
4 2
2:_ \ —:
N i \ 1
O__ ¢ ) ]
- / .
_2_— \ /l __
4 s .
-6 | L -]
-1.5 -1 -0.5 0 0.5 1 1.5
Kp
¥O 10—1_ LI L B I B T T L — | _,_
- ATLAS % Standard Model ~ ----68% CL
8LH =272 H - vy, # Obs. Combination — 95% CL ]
- VH(bb), VH(cT) Bggy =0 .
6;\(§=13TeV,139fb" ]
4 -
2 -
of -
-2 .
-4 :_ _:
—6;_ 1 1 1 | 1 ] Il 1 I 1 1 1 I 1 1 1 I 1 | 1 I Il 1 1 ;
—1 -0.5 0 0.5 1
Ky

|7


https://arxiv.org/pdf/2207.08615.pdf

e First measurement of fiducial and differential cross-sections with H—tt decay

Differential Measurements: H— 1t

arxXiv:2107.11486

(&
=)
)

® Measurement is performed over three variables (pT(H), Njets, pT(j)) integrating
different Higgs production modes

= Four distinct final states: ThTh, Thl,

138 b (13 TeV)

//////////

//////////

10 g

—= gg—H (NNLOPS) + XH

T T I
Observed

gg—H (POWHEG) + XH

XH = VBF + VH + ttH (POWHEG)

do,/dp_(H) (fo/GeV)

Ratio to NNLOPS
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The, el

Oy (fb)

Ratio to NNLOPS

102

10

Measurement: ofid = 427 + |02 fb
Theory: 0fid = 408 + 27 fb

138 fb™' (13 TeV)

//////////

wwoon gg—H (NNLOPS) + XH
XH = VBF + VH + ttH (POWHEG)

/////////////
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https://arxiv.org/pdf/2107.11486.pdf

CMS-HIG-21-012

. o arxXiv:2205.05550
Higgs-charm coupling
(13 TeV)
o -
S - CMS DeepAK15
o Hi h i : hall : o " Simulation — ParticleNet
iggs-charm coupling measurement is very challenging 1 ani, R 15
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-012/index.html
https://arxiv.org/pdf/2205.05550.pdf

CMS-HIG-20-007

) CP structure of Higgs couplings , oo comseomen
0 2 o1 = i
Qg &t ; — CMS data
® The SM predicts a scalar Higgs boson J<P = 0** - ! .

= CP structure of HVV coupling is more
extensively studied; However, CP-odd
contributions could be suppressed by NP scale

= CP-violating Hff coupling may occur at ol :Ll“
-30 -20 -10 0 10 20 30
tree level 2x In(c, /L)

= Measuring CP-properties of interactions with the
SM particles allow us to probe BSM scenarios

e Both ATLAS and CMS

CMS 137 fb' (13 TeV)

have extensive program g 1007~ 1 M 17 (3TV)
. CP ~ 90 it O%0700c e [ — Observed: 41177 = —1+19 °(68.3% CL)
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structure of Higgs 2 70 —fep = Aosror - ] R
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https://cds.cern.ch/record/2784578?ln=en

AC in VBF/ggH production, H— 1t

e VBF ggH+2j,and VH productions

2jet

CMS Preliminary  VBF, T,

D\ E[0.2,0.4]

Dy E[0.4,0.6]

102 E

Events/bin

DYEF [0.3,0.7], Dggp“>o

Dy E[0.6,0.8]

Obs./Exp.

ggH AC couplings

combination:
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arXiv:2205.05120
Phys. Rev. D 104 (2021) 052004
Phys. Rev. Lett. 125 (2020) 06180
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_ LARGE HADRON COLLIDER

LHC HL-LHC

Ls: Ls2 13- 18 Tov IR 4 ToV
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HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDIIgGS

We are here!
Twice more time to go!
Twenty times more data to come!
And before all those, Run 3 has ‘just’ started!

Keti Kaadze, Kansas State University

22



CMS-FTR-18-011
CMS-FTR-18-019

Looking Into the Future cusioiw,
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-011/index.html
http://cds.cern.ch/record/2652549/files/FTR-18-019-pas.pdf?version=1
http://cds.cern.ch/record/2776773?ln=en

Conclusion

Broad range of EWK physics at the LHC using full Run 2 data
Test and validate our knowledge of the Standard Model
Shed light of some of the unexplored parts
Significant input to our theory community

Plenty of Higgs results from ATLAS and CMS using full Run 2 data
Decays to vector bosons or third generation fermions are established
STXS, fiducial inclusive and differential cross sections measurements
Rare and very challenging final states are studied

All results show agreement with the SM prediction albeit the many measurements
are still dominated by the statistical uncertainties

We have already ~//fb data collected by the CMS/ATLAS.

Significant improvement in precisions of EWK and Higgs sector will come
with Run 3 and HL-LHC data!

Keti Kaadze, Kansas State University
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