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LHC and Detectors

® Very successful Run | and 2 at the LHC: Vs = 8,13 TeV, Lumi over 150/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; Go after many exotic signatures in Higgs sector
and beyond...

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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arXiv:2207.00320

Mass measurement with | per mille precision

ATLAS+CMS Runi

CMS Runi + 2016

ATLAS Run1 + 4I Run2

125.09 + 0.24 (+ 0.21stat + 0.11 syst) GeV
125.38 + 0.14 (% 0.11stat + 0.08 syst) GeV

124.94 + 0.17 (% 0.17 stat + 0.03 syst) GeV
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http://dx.doi.org/10.1016/j.physletb.2020.135425
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x
https://arxiv.org/pdf/2207.00320.pdf

Additional Higgs?

® So far, the observed H(125) boson is consisted with the SM predictions.
But...

® Observed phenomena (dark matter, neutrino masses, matter-anti matter
asymmetry , etc..), hierarchy problem, can be explained by theories beyond
the SM

® The new physics can manifest in the Higgs sector
= Deviations in measurements of the H(125) properties from the SM
- Exotic decay modes of the H(125) boson

- Existence of additional neutral or charged scalar bosons

Keti Kaadze, Kansas State University 4



¢ Minimal extensions Two-Higgs Doublet Model (2HDM): CP-even h and H, CP-odd A,
Singly charged H#*

e 2HDM with additional singlet (2HDM+S)
leads to two additional neutral Higgs
CP-even h and H, CP-odd A, hgA;,

Singly charged H*

e Higgs Triplet Models (HTMs) extend the
sector by additional scalar triplet:
Presence of doubly-charged Higgs
bosons H*

e In this talk — the latest results on searches for additional Higgs bosons
= Light neutral Higgs bosons 2HDM
type | All quarks & leptons couple to &, Type u d /
- Heavy heutral nggs bosons type Il All u-type to ®2 and all d-type & £ to ;1
- Charged HIggS bosons type X Both v & d types couple to &2, all £ to P

IV (Y) & o o
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L ATLAS-CONF-2021-009
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9 ut |6 GeV < ma < 62 GeV

® Couplings of a boson is proportional to mass - K AMAMARAMALAAA A A ata Asend anc
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http://cds.cern.ch/record/2759283/files/ATLAS-CONF-2021-009.pdf

CMS arXiv:2208.01469

H—aa—4y

15 GeV <m, <62 GeV_ '
® Model independent analysis with four fully resolved photons

g 500D a ’ y

e Using BTD to separate signal and background | Ho_ s
= photon identification, pT(a), smallet Amaiaz, ARaj... 9 QQQQ a\\< !
e Fit data, signal, background in range 110 <m,,,, < 180 GeV y

- Signal model of m,,,, with double-sided CB function; Granularity of 0.5GeV for m. < 40 GeV (|

GeV for m, > 40 GeV); CMS Preliminary 132 b (13 TeV)
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https://arxiv.org/pdf/2208.01469.pdf
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Very different phase space; yy merged into one photon candidate

— Develop a dedicated convolutional NN to reconstruct yy mass

based on energy deposition in N-§ space;Validate on TP candidate.

Use MLE to determine compatibility of observed template with

Signal template: 2D diagonal from simulation

95% CL upper limit on B(H —» AA —

107"
CMS

Preliminary

1072

. H—aa—4y, very low m,

CMS-PAS-HIG-21-016

0.1 GeV <m, < 1.2 GeV
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background: binned 2D template from SM H—yy simulation and data using sideband of di-y mass.

signal and bkg. models
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-016/index.html

ATLAS arXiv:2004.01678

H—Za— 00+hadrons

Limits on o(pp—H)Br(H—Za)
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e Motivated from extended Higgs sector, DM, — Pp Oy B O
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https://arxiv.org/pdf/2004.01678.pdf

CMS arXiv:2204.13532

Higgs in SUSY Cascade Decays

interest: m(H1) < m(Z)

® NMSSM with the singlino-like neutralino (Xs°) as LSP TR
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a Y R S
- . . o X
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https://arxiv.org/pdf/2204.13532.pdf

® Improved strategy to search for BSM signals in
di-t spectrum: ggd, bbd, bd productions of

scalar boson; vector leptoquark

= Multiple channels, multiple

BSMH—=tt -

TAU DECAYS

categories depending on
production and low/high mass
ranges Dedicated observable
for high/low mass search
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CMS arXiv:2208.02717
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https://arxiv.org/pdf/2208.02717.pdf

BSM H—11

CMS arXiv:2208.02717

® Model-independent search for spin-0 ¢ resonance

95% CL limit on 6(ggo)B(0—7) (pb)

138 b (13 TeV)
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https://arxiv.org/pdf/2208.02717.pdf

CMS arXiv:2106.10361

More of BSM H—11

e NMSSM with five neutral and two charged Higgs bosons <
h
H 7 g T
= h =Hsm 240 GeV <= my < 3000 GeV, RN b
60 GeV < m; < 2800 GeV : <
b
e Considering h(tt)hs(bb) final state with Thth, Thll, The signatures of di-tau system
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ATLAS arXiv:2102.13405

High Mass Scalar = yy
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ATLAS arXiv:2009.14791
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CMS-PAS-HIG-20-016

High Mass H—=WW

CMS Preliminary L=59.7fb" (13 TeV)
NogosE mmoy T T T wandd | i
% ww Nonprompt E
. . . (@) 10* Multiboson SM Higgs -=
e Considering ey, ee, pu final states and ggH,VBF productions PR IR== AL = .
o) =
> - ]
. . . . w10 =
= Using DNN for classification between signals and bkgs v e, E
= Using mt from DNN as final observable E
® Interpretations: SM-like couplings/decays, 2HDM/MSSM E
= Consider different width scenarios; Interference with WW g e
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/index.html

CMS 2204.12413

Heavy Scalar X — YH

e Motivated from NMSSM, Two-Real-Scala-Singlet extension of SM (TRSM)
® Focusing on kinematic region where

= my < 2m{— Both Y and H decay to pair of b-quarks with highest BR: 4 quarks

= 0.9 <mx <4TeV, 60 < my< 600 GeV — collimated bb-pairs
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https://arxiv.org/pdf/2204.12413.pdf

ATLAS arXiv:2102.10076
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e Highest branching fraction for heavy H*

= Final state with single lepton and jets;
Categorization based on Nj and Nbj
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b
® Focusing heavy H* production mn+ >> m¢ + mp

= mup =200 GeV, mn = |25 GeV

- Considering £2tn+3j and £ththt2j final states using
BDTG and mt observables, rest.

CMS 138 b (13 TeV)
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Summary

® Very vibrant program at ATLAS and CMS to search for additional Higgs bosons
= Light, heavy, and charged bosons
® No evidence of significant deviation from the SM background prediction
= Improved analyses techniques and object identification let to broadening phase space for the searches

® Many of the Run 2 analyses are still ongoing. Stay tuned! CMS Results
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Standard Model Production Cross Section Measurements

Status: February 2022
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_ LARGE HADRON COLLIDER

LHC HL-LHC

Ls: Ls2 13- 18 Tov IR 4 ToV
13 TeV energy
Diodes Consolidation
splice consolidation crvolimn LIV Installation -
7 TeV 8 TeV button collimators lnty;actlon inner triplet HL-LHC
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HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY £¢ PROTOTYPES _ C' INSTRUCTION INSTALLATION & COMM.||| PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDIGGS

We are here!
Twice more time to go!
Twenty times more data to come!
And before all those, Run 3 has ‘just’ started!
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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
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http://cds.cern.ch/record/2776773?ln=en

Can there be non-SM decay? i

® The SM does not explain our current observations of the universe (dark matter,
naturalness, matter-antimatter asymmetry, etc..)

® The Higgs is the unique particle of its kind — this could be one of the keys to
beyond the SM physics o |
Composite Higgs with LFV decays
NMSSM

Besm = 35% @ 95% CL 2HDM + S models H—aa
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