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Motivations : additionalHiggs?
So farl25GeV Higgs bosois consistentwith SMpredictions

Howeveran extended Higgs sectas stronglymotivated {Hierarchy
problem, baryon asymmetry, dark matter/energy... )

Many BSM theories such a2HDMand NMSSMpredict
modified and extended Higgs sectors wattiditional Higgs

Lots of searches fadditional Higgs Bosondh/H/a/H /H™ ) have
beenperformed at LHC witRun2dataset, in awide mass range
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Some latest results of additiondiliggssearch at LHC

U Heavy neutral Higgs bososearches

V Decays t&SM Higg®oson pairsHIh Ko MH p U K@ GAH_ RS ONMB0A-016)
V Decaygo Higgsoson and another scalaHlhy K o M H p_0(KMIAGA08)14)
AThZH (ATLAS&uUr Phys. J. 81(2021)5, 396)

U Lightneutral Higgbosonsearches
V EXxotic decays dfliggs Bosoto light Higgs boson pairk: Mgalhbb> XATLASCONF2021-009)

U Charged Higgs boson searches

V Decays to fermiondd” I'htb (ATLASrXiv:2102.1007% H* Mcs (CMSPhys. Rev. D 10272009
V Decays to vector bosonB(Ih 2Z andH™“ThH 2W'): ATLASrXiv:2101.11961
in VBF production mod€&&MSarXiv:2104.04762
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Heavy neutral Higgboson :HMM(125K bp_ _
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Heavy neutral Higgboson :A
lIbb and IWW (WWI'hn )jfinal states
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Heavy neutral Higgboson :AThZH (cont)

Eur. Phys. J.81(2021)5,396 5 °

U IIWW: dominant background+jets(~90%)
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2HDM parameters awafrom the weak decoupling limit
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Light neutral Higgs bosokRl- aa- bbmm
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Singly Charged Higast: Mtb andH* Mcs

H Mtb V
(ATLASIXiv:2102.10076

9\000000)

U le/mrjetsevents are categorized accordingNg,
andNg. : 5J(3b), 5j¢ 4b),2 6j(3b)and? 6j (¢ 4b)

U ANeural Networkis usedo discriminate between
sigandbkgevents

U Bkgdominatedby td(from MC but correcteah
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Phys. Rev. D 102, 072001
https://arxiv.org/abs/2102.10076

Yield

Data/SM

Charged HiggsH~Th 2W | H

U Doublyandsingly chargediiggsoosons
are predicted irntype |l seesaw model

U Threefinal statestwo samecharge
leptons, three leptons andfour leptons

— I T T [ | I T T T T
— I Charge-flip N WW.VH VWY — B0
355_|:] Non-Prompt lepton [ tW .12 ATLAS =
30 I WZ I tW)ZEHAVW3tat VY {s=13 TeV 139 b < 50
= ] ZZ —e— Data
25— U Total uncertainty I? 40
20= — =
15 g I Y
= T
WEEEEE —~—1 = N | e i
I 20
5 T
0 T 10
2 g
=
1 9 0
0 ©

Mypes = 200 GeV My = 300 GeV My = 400 GeV Myt = 500 GeV

20 3 4@ 20 3 4 | 20 3 4 20 3 4

Eventyields

g "C'® pair production

_TIII[IITIlIIII[WIIIlIIIIIIIII

ATLAS |

s=13Tev 139 fb’  _ ; -

—— observed 95% CL upper limit

—— - expected 95% CL upper limit 7
l:l expected limit (+20) 3
[ expected limit (+10)
Theory (NLO QCD) j

N T PO T DU i s T
200 250 300 350 400 450 500 550 600

my e [GeV]

15 fb-51b

W

o x B(pp— H*H - W W W' Z2) [fb]

ExcludeH “up to 350 GeV

Pairproduction

J. Tao (IHEP/CAS), LHCP2042, June 2021

H ”,Z«\ W

120~

100

80

60

40

20

ATLASIXiv:2101.11961
q 'O and H ® W

associated productionL
e H -7 i Z

ATLAS

Vs=13 TeV 139 fb”’

I\Illllllll‘ll\l\ll

—e— observed 95% CL upper limit

expected 95% CL upper limit |
:] expected limit (+20)
[[7] expected limit (+10)
Theory (NLO QCD)

200 250 300 350 400 450 500 550 600

my =+ [GeV]

40fb - 10fb
ExcludeH’ “up to 230 GeV

Associatedoroduction
11


https://arxiv.org/abs/2101.11961

Charged HiggsH' Ih 2Z,H"Th 2W (CMS)

U Singlyanddoubly charged Higgs bosons CMSarXiv.2104.04 762
Investigated in a context dbeorggMachacek
model : producedin vector boson fusion
processesanddecaying intovector bosons

U Searchn fully leptonic decays: 2 or 3electrons ,
or muons plusMET(>30 GeV) and jetswith a HE = Wz = 3 HEE = WEWS — 202y
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‘ T T L
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y el : _ i - mex
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Distributions for signal, backgrounds, and data for gfme® m;*)
binsused inthe simultaneous fit
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850,1050 2] GeV) and 4 bins imy([500, 800, 1200, 180@.] GeV)

A WZSR with 7 bins im;V([0, 325, 450, 550, 650, 850, 135(
GeV) and 2 bins m;([500, 1500r ] GeV)
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Charged HiggsH*' h 2Z,H*~
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Heavy neutral Higgboson :A/H |

U Mostsensitive channel in margcenarios

U _jep-hag @Nd _paq nagdecay channels areonsidered
U Selectedcevents are categorized #stag category (>=D-jet)
andb-veto category (no b jets)
U Significantlyncreasinghe sensitivity and explored mass
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Heavy neutral Higgboson :AT'hZH(125)

ATbZHIbllbb selections

Single-electron or single-muon trigger

Exactly 2 leptons (¢ or p) (pr = 7 GeV) with the leading one having pr = 27 GeV
Opposite electric charge for ppu pairs: 80 GeV < myp, ep < 100GeV, £ =¢, u
At least 2 b-jets (pr = 20GeV) with one of them having pr = 45GeV

Emss ) JHr < 3.5GeV!/2, Vs“):p%/m,,,,,, > 04

. Eur. Phys. J.&1 (2021)5, 396
ATHZHIbHlIWW selections

Single-electron or single-muon trigger

Exactly 2 leptons (e or i) (pr = 15 GeV) with the leading one having pr = 30 GeV
Opposite electric charge for g pairs: 80 GeV < myp, ep < 100GeV. € =¢, u

At least 4 jets (pr = 20GeV) with leading and second leading jets having pr = 40, 30GeV
Jets chosen with a dedicated discriminant
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https://link.springer.com/article/10.1140/epjc/s10052-021-09117-5

Light neutral Higgs bosokRl- aa- bbmm

U A kinematic likelihoodKL) fitexploiting
the m, symmetry ofH- aadecays is
performed toimprove thefour-object
Invariant massn,,,, ),resolution and
reduce the SMbackgrounds.

U Theoutput of the fit is the logarithm of
the maximum likelihood value, I4{®),
that quantifies how compatible the event
IS with them_, .= m,, hypothesis,
characteristic of signavents.

U The fourobjectinvariant mass
recomputed after the KL fit is denoted as

KL
m bbmm



