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Introduction

Why search for new high mass Higgs bosons? : Is there a solution to fix these issues?

proposing heavy scalar particles
» The asymmetry between matter and anti-matter

» The gravitational interaction » Minimal Super-symmetry Standard Model (MSSM): two-Higgs-

» Dark matter and dark energy : doublet models (2HDM)

» The neutrino oscillation : > Next-to-minimal extensions (NMSSM): 2HDM + Singlet, Higgs
: triplet, ...

This presentation covers three of the last CMS high mass Higgs boson searches

X — HH/YH — yytt : A—-ZH- It : X—-ZZ—- 4l

CMS-PAS-HIG-22-012 CMS-PAS-HIG-22-004 CMS-PAS-HIG-24-002

* NMSSM * Model-independent & MSSM * Model-independent

* Neutral scalar Higgs boson (X) * Neutral pseudoscalar Higgs : * Neutral scalar Higgs boson (X
boson (A) * Golden channel
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-004/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/
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Analysis Strategy X — HH/YH — yytt

Both resonant & non-resonant production modes are considered
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X — HH/YH — yytt
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A—ZH — lItt
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Analysis Strategy A— ZH — lItt

h
Two production modes are considered: ,/
Event selection and categorization
* Trigger: Single e/u triggerson Z — Il (I = e/ ,

» Selection: Select leptons (e, u, hadronic t) in order

to build the Z and H candidate _ CMS Preliminary ___ 1381b" (13TeV) CMS Preliminary 138 b (13TeV)
 Categorization: 2 categories 3 20 _ 4 Zoask _ i
2 s ODbjet i 2 f 21D jet ]
E 16 no b-tag 41 Eoxk b-tag
i . ' -¢-data ] : -¢-data
Observable of interest: My;; % ‘a4 Al 3 % : o
1.2 [ reducible 3 0.15F [ reducible ]
i 1.0 [ other E C [ other
Process modelling | — gg—A(350) - | — gg—>A(350) -
- 08 - bbA(350) 0.10F IF -~ bbA(350)
* Signals: from MC E el ]
. : from MC 0.05 1 .

* Reducible backgrounds: estimated from a data-

0.00
driven method = Tad 2 SF T T T :
g ? E o 3 E
2 TR & % ]1 """"" L I T T E
o] . [«] 1B " i Y IHE RN i
E 3 I
= O: + I H ~I H Ia
200 300 400 500 1000

mens (GeV) meens (GeV)

It

30/09/2024 LHC Days 2024 7/15




A — ZH — lItt

Model-independent MSSM
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No excess observed
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X— 2 — 4l

30/09/2024 LHC Days 2024 9/15



Analysis Strategy

Two production mechanisms are considered:

Event selection

* Trigger:on 1, 2 or 3 leptons

« Selection: e and u in order to build Z candidates,
and then the ZZ candidate

Event categorization
Two categories mutually exclusive targeting ggF and

VBF based on jet kinematics and D3}, computed

from the Matrix Element Likelihood Approach (MELA)
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Analysis Strategy
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Results — Narrow width

CMS Preliminary 137.6 fb (13 TeV) CMS Preliminary 137.6 b (13 TeV)
! I

goF, NWA
----- ==-Median-expected
68% expected

NWA
----- =-NMedian expected

<<
m

- -
O O
32 32
I'g} I'g}
2z 2z 68% expected
Z107 5] 95% expected =10 “95% expected
Kol C L Median expecied; ATLAS o + Median expected,-ATLAS
& b bserved 2 Cl bserved
1 Io0 Highest significance
10—2 ...... —= 10—2 -------- —
L e AW . reached at 137.8 GeV
-] 8 ® .
S ggF 1 s /B i Local: 3.02 o
E E .
=10° =10° Global: 1.85 ¢
[0 [0
Q Q
% 200 300 400 500 1000 2000 % 200 300 400 500 1000 2000
M, (GeV) M, (GeV)
CMS Preliminary 137.6 o™ (13 TeV) CMS Preliminary 138 fb' (13 TeV)
o ~ | | A1 fﬁiﬁfff,f'f ' Vi Yo
2 All:prod, NWA o : P
8 . I Median expected A N A RO DU I A | I A Y T £ o
R ‘all’ % expected Tct)x 107
o) - N 4 1 2% guofc echutcd 3
& B —+ QObserved
= —
N -
T ¥ T N  toro
o 1072 e b — 2
L " S & 107
3 it —
© |
g v/ L Ly 'l = P L D _ = e e e S B
= vbrracuon rioating 7 N
=107 A
g’_ 1 -
% 200 300 400 500 1000 2000 y
M, (GeV) 200 300 400 500 1000 2000

M, (GeV)

30/09/2024 LHC Days 2024 12/15




Results — Varying width
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Conclusion

Some of the last published results on searches for high mass Higgs bosons
 Scalar X - HH/YH — yytt
* Pseudoscalar A — ZH — lItt

* ScalarX — ZZ — 4l
No significant excess is observed

What can be done now?
* Some measurements can be improved with machine learning technics

* Significant improvements are expected with LHC Run 3 and HL-LHC with increased statistics
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