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Outline

1 Phenomenologef extendedscalaisector models

Alreadydiscussean detailduringthis workshop
Few examplesvhereH /AY VV/Vh/ hharerelevant

1 RecentCMSsearchresultsat 13TeV
HY zZZY 4/22q/22n
AY ZhY 212b/ 2n2b
HY hhY 2b2y/4b/2b22n/2b2

} Disclaimerthere are manyother CMSsearchesargeting
the samefinalstates

However they normallyaddressvery highmass (> TleV)
narrow resonance#\ hadronicfinalstatesbecomethe most
sensitivehanksto the use oflargeareajets

Not relevantfor BSMHiggstherefore not reported here
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hMSSM  °
[ ] observed exclusion 95% CL
% Expected exclusion 95% CL
. ,' Model not strictly applicable
[ h(125) (HIG-15-002)

A/H — bb (arXiv:1506.08329)
A/H/h — pp (arXivi1508.01437)

[ ] AlMh = 1t (HIG-14-029)
] o hhfote /A 5 2h (ko
{arXiv:1510.01181)

[ | H=hh(obyy) (HIG-13-032)
H— WW/ZZ (arXiv.1504.00936)

In remainingphasespaceHVV suppression

CMS Preliminary <51 1fb' (7 TeV) +<19.7 o' (8 TeV)
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somehowlifted (decouplingdelayedat
largerM,, weakertanb suppressioh .
HY VVandAY Zh canhavestill significant BR(HY VV) 2.6%

branchingatios, while total widths stay
relativelysmallcomparedto experimental

resolutions
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Constraintsfrom Run2
h(125)couplingmodifiers
(CMSPASHIG-17-031)

CMS Preliminary 35.9 1" (13 TeV)
RN EAEREEame

hMSSM
—— Observed 95% CL 1
----- Expected 95% CL

m, (GeV)

M, =500 GeV,tanb =3

G(H) (GeV) 2.04

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGMSSMNeutral
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Other extended scalar -sector models
}M: —1000

> o(ggH) x BR(H—hh) [{b]
Sensitivity exclusiondependingn f demie
specifigphenomenology & o
Exampleof benchmarlplanes A £ ooof F
F.Kling, .M. No and S. SHER9 (2016) 093, etc 500 ..‘\%\\
Someparameterchoicesenhancing . N
Importanceof bosonicdecays R
ExampleFermiophobideavyH 3. oleA) <RG0
D.LopezVal et al.arXiv:1610.07922, etc. ?800 %Aﬁoﬁﬁ 12<0
. £ 700 - ﬁ‘fg v
1 Scalarsinglet <
VV andhh heavyHiggsdecays
dominantin both realandcomplex  “°}
SMextensions
T.Robensand T.StefaniakEurPhysJC76 (2016) 268 e 0 B nt el b he .;051{;3.3)35

R. Costa et alJHERG6 (2016) 034, etc.
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Experimental analyses

1 RecentCMSsearchresultsat 13TeV
HY ZZY 4l/212q/2I2n

CMS collaboration]HERG6 (2018) 127

AY ZhY 212b/2n2b

CMS collaboration, CMBASHIG-18-005

HY hhY 2b2g  cms collaboratiorarxiv: 1806.00408, submitted tBhys.Lett.B

Y 4b CMS collaboration]HE®S (2018) 152
Y 2b2A2n  cwms collaboration]HER1 (2018) 054

Y sz CMS collaboratiorRhys.Lett &8 (2018) 101

COmbined CMS collaboration, CMBASHIG-17-030
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Analysis method

} Combinedsearchfor a heavyresonancdo ZZ in the 4l / 212q /
212n finalstates

} Modelindependensearchin a widerangeof massegm in
[m,, 3TeV]) andwidths (G'm in [0, 30%])where:
} m_=160GeVfor 4
} m_=300GeVfor 212n
} m_=550GeVfor 2129

1 Crosssectionlimits obtainedfrom 2D likelihoodfunction

ik L reco i = signabackgrounccomponents
Py (mizz, Dbkb”) = My (HIZZ)T(Dbkg“”ZZ)' k = analysiehannel&ategories

} My, :reconstructedZZ mass {ransversemass for 22n)

} Dpyg: discriminantoasedon fermionkinematicsfrom the ZZ decays
(not usedfor 2I2n, with undetectedneutrinog
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BSM signal model (1)

} Assumedoroduction fromeither ggkFor VBFE-or both with a
free crosssectionfraction (f,,zp

} Resonancé&inematicqp; spectrun) from POWHEG
} m,, modeling

CMS Simulation

O.5_\|||||||l|rr‘\\lllllllllrr\\|||||

M (mzz) = ( (m%%“)M“(mC‘e“\mx Fx)) QR mzz\mc‘e“)

ggF, (m, I'y) = (450, 10) GeV .
Interference X-H -

4]
——— Interference X-B

1 Only efficiency(e) andresolution(R) from

detector simulationA modelnot
dependenibn signalidth choice

} In case obignificantesonanceawidth,
Interferencewith SM h(125) + continuum

Events / 2 GeV

Interference X-(B+H)

In the relative production modéully ok \ ]
takeninto account 500400400 'éo\sil 500 700 ééav r
A Achievedthroughthe MELA packagevhichuses o h.ntm:]f [r en]

amplitudesrom MCFMandJHUGenMVIC tools eI behg i

becausef ZZ offshelltalil
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BSM signal model (ll)

} Dygmodeling
} Alsoachievedhroughthe MELA

package
i _].
:__r)kin ~ (1 Pﬁﬁ—}ét’(ﬁ){_}il”mZZ)
“bkg (X4t
Px_sae(C¥ 7% mzz)
: : : @ 160 g
} Ratio ofweightedprobabilitiesbuilt: = 4 .. 1= (150, 106V
. ) 8 M e oz 2 (m, [,) = (200, 0)GeV |
A from signalnd dominan} background < 1o z.x — (m,s 1,)= (800, 100) Gev
. = - I gg,vV—(H-)ZZ, Zy"—— (m_, I';) = (3000, 10) GeV -
amplitudes £ 1005
N .. . 80
A usinginformation from ol
productiontdecayanglesand difermion  ,f
Invariantmasses 20

C.0 01 02 03 04 05 O
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Events / bin

Data / Bkg

Event selection : 4l and 2I12 n

CMS 35.9f" (13 TeV)
E 10° Pl * Dalta ;
3 qa-»2Z, 2y 5
=) Untagged I Z:X E
210° B gg.VV-(H-)ZZ, Zy* -
= Systematic 3
2 signal + interference (f = 0) ]
W —— (m, I,)=(150, 10)GeV |
{m,, Ty) = (200, 0)GeY 3
—— (m, I) = (800, 100) GeV
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y 4l
4 e or mat least2 with highpy,
identificationcuts

3 analysizategories
With 2 VBFtaggingets
With reducedelectron selection
All the rest («untagged)

1 212n

2 e or m+ largemissingp;

b-tag (3rd lepton) vetoesto reject tt
(WZ)
Transversanassusedasanalysis
variable(no Dy, )

3 categoriesO, 1jets,VBFtagged
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Event selection : 2129 ¢ e

w 0.95— CMS Ssimulation Merged untagged =
} 2 separateanalysesoveringregions °2 = o voraes
with large/smalp; of hadronicZ o6 oo
«Resolved:two antikT jets (R = 0.4)  *° —a——t 3
detected 0ab :
«Merged»>:a single CA jet (R = 0.8) 02 :
containingall Z-decayproducts B A

. . . . 0 500 1000 1500 2000 2500 3000 3500 4000
1 Similarleptoryjet selectionFor m’ (GeV]

mergedevents

Selectionon largejet «pruned> mass
(after removingsoft/collinear
component$ and«subjettiness

MELADbuilt usingsulzjet directions

} 3 analysigategories/BFtagged
taggedasZ Y bb,untagged
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