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Introduction

Discovering of h(125) milestone for particle physics and
the LHC program
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Investigate properties of Search for complex
the observed Higgs boson. Higgs sector.

. Is h(125) the ONLY Higgs boson
g; Eﬁézga?THE Higgs boson of the SM?

» More than one SU;(2)

» Properties different from doublet?

SM expectation.

» Prediction of many BSM

X :
Exotic decays not models (among those SUSY).

expected within the SM.

Rich program to search for new physics in the
Higgs sector.
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BSM Higgs Sector
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6@ &' O :
....................................................... » . * Higgs Triplet: 5
Electroweak ? %;, charged, doubly-
Singlet (EWS) . . ................... .. Charged a.nd
; : ‘Iwo-Higgs Double : ;
2 CP-even bosons. : Models (2HDM): neutral Posoms..
5 Higgs bosons ;
aHpmes: T E AR
éTwo Higgs Doublets i ...................... x&xgﬁggﬁg ........................................................................................ ;
and an additional “Higgs Sector is Type-II 2HDM. :
:complex singlet : : :
: : :Current common benchmark is
(e.g. NMSSM) "hMSSM.

MSSM:

» At tree level two free parameters: ma and tanpf (doublets VEVs ratio)
» couplings parametrised by P and a (mixing angle between h and H)
NMSSM

» 6 free parameter
» More complex phenomenology wrt MSSM
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RuUN1 BSM Higgs Sector

Many searches were performed in Runl, with 7 and 8 TeV
datasets at the LHC.

2HDM Type Il ATLAS
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; 124 Ge DX ICRK XX RE KD
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4+ I:I Observed exclusion 95% CL 1 ?““‘ | ‘)”"
W Expected exclusion 95% CL ""’ ; ’ "“
af T eeea e XK KX KA XX X XX >
|| W5 (arxiv:1508.07774) ‘?”"“”’ \ ,.‘"“"‘
ol %)%\ AH = bb (arXiv:1506.08329) 0. }.’"““"‘ | : ""““‘. )
? A A/H/h = pp (arXiv:1508.01437) "“" | 4."“
. k % [ ] AMMh = 1 (HIG-14-029) 0 A"““”““ '.”“""’ )
DAL s\ e RS SAR SRR
100 200 300 400 500 _ [(;2(3/(3 -1-08-06-04-02 0 02 04 Oé?)so(g_a;

cos(P - @) < 0.1 from hizs couplings
Down-type Fermionic channels become interesting
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Analyses covered

MSSM H/A/h - 7t ] H - v

ATLAS: JHEP @1 (2018) 055 | ATLAS: arXiv:1807.07915
CMS : arXiv:1803.06553 i ICMS: CMS-PAS-HIG-16-031

h(125) 5 aa - UUTT | ' h(125) - aa - bbrr |
CMS arXiv:1805.04865 E CMS: arXiv:-1805.10191 |
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https://doi.org/10.1007/JHEP01(2018)055
http://arxiv.org/abs/1803.06553
https://arxiv.org/abs/1807.07915
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-031/index.html
https://arxiv.org/abs/1805.10191
https://arxiv.org/abs/1805.04865
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gg fusion bb associated production

TT decay mode provides sensitivity in MSSM at high tanB,E

and in 2HDM at the alignment Llimit.

CMS . ATLAS
» Range: 90GeV +=3.2TeV » Range: 200GeV +2.25TeV
» Final states: €uU,HUTy, €Ty, T)Ty i » Final states: HTp €Ty TyT),

Final Discriminant
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https://doi.org/10.1007/JHEP01(2018)055
http://arxiv.org/abs/1803.06553

CATEGORIZATION

Categories exploit topological kinematic peculiarities of

MSSM motivated production
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FAKE FACTOR METHOD

A large fraction of the backgrounds can be attributed to

jets misidentified as Tn decays

ut, no b-tag tight-m;

- pass Z i
]Vfail i
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o AR multijet Z+jets
w; = T it
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MODEL INDEPENDENT LIMITS

gluon

fusion

b associated

production

C.CAPUTO

95% CL limit on o(ggo)-B(0—11)(pb)

95% CL limit on o(bbd)-B(d—1t)(pb)
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MODEL DEPENDENT LIMITS

Model independent limits interpreted in the hMSSM

Exclusion contours

in the ma-tanP plane
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H*-Tv decay channel represents a clean signature and
substantial BR (~10%) in several MSSM benchmarks.

CMS (12.6 fb-1) | ATLAS (3.2 + 32.9 fb1)
» Range: 80GeV +160GeV » Range: 90GeV =2TeV
180 GeV = 3TeV » Final states: 7,+jets — 7, + lepton
» Final states: 7,+]jets » intermediate-mass region
» Transverse mass used as ; included
discriminant E » BDT multivariate discriminant
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https://arxiv.org/abs/1807.07915
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-031/index.html

CATEGORIZATION
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95% CL LIMITS
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h(125) - aa

Constraint on from BRasv couplings fits still allows for:
up to 20-30% decays into unobserved particles.

CMS Preliminary

.05 . 3597(13TeY)
» Decay chain h(125)->aa offers §52 [Joeoc--eoma
several constraints during 0df-.. ¥ cunn K ot
kinematic reconstruction. L -
» Plethora of final states analyzed ~r RN ]
from lowest m; possible up to mn/2
-
o 1
O
I | :
s YT o1 o0z 03 04
as BR

inv.

Latest results with 13 TeV and taus
in the final state:

» arXiv:1805.04865  (uu)(rr)
» arxXiv:1805.10191  (bb)(r7)
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https://arxiv.org/abs/1805.04865
https://arxiv.org/abs/1805.10191

Analyses strategies

35.9 o (13 TeV)
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Events / 10 GeV
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0
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» Signal extracted using m)® 8 gl "’* ________ "’W
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4 3
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Model Independent Limits

(up)(77)
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Assuming SM production xsec and mechanisms for h:

12% < BR(h — aa — 2u27t) < 30 %

3% < BR(h — aa — 2b27) < 12% |
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tan 3

Model Dependent Limits
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Computing the branching fractions of a to SM particles E

limits on iBR(h—>aa)for different NMSSM models.

Ospm

Contours correspond to exclusion for —-BR(:—aa)=1 or =0.34:
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Conclusions

»Very successful start of BSM Higgs boson searches
for LHC Run-2.

»Rich program of (SUSY motivated) BSM Higgs boson

searches.
»Final states with tau leptons have a central role

»Both experiments ATLAS and CMS show very compatible

and consistent results.

»Looking forward to analyses of the full LHC Run-2
dataset with more than 150/fb!
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Fake factors as a function of the Th pr, in categories of the Tn decay

mode and the jet multiplicity (Njec=0, Njet>0)

DR

ltau

tautau

QCD

tau pair Same Sign (orthogonal to SR)

transvers mass(lep,Emiss) < 40 (reduce
W+jets)

Relative Iso (l) [0.05,0.15]

tau pair Same Sign (orthogonal to

(No need to reduce W+jets)

considering combinatorial effect,

background weighted with 0.5

SR)

this

W+jets

transvers mass(lep,Emiss) > 70 (away
from SR)

#btag == 0 (reduce tt)

QCD FF used for this background.

considering combinatorial effect,

background weighted with 1

this

tt
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Subdominant process

No sufficiently well populated DR

covering a similar phase space as SR

MC samples, after SR selection, before

categorisation, used

24

QCD FF used for this background.

considering combinatorial effect,

background weighted with 1

this
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