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HIGGS BUSON to be sensitive to anomalous

Ref couplings BSM (Beyond Standard Model).
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BSM COUPLINGS
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ACCOPPIAMENTI BSM
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BSM COUPLINGS
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| > CMS ANALYSIS
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I KEY POINT OF ALL THE ANALYSIS

p,(H)

The distributions of the kinematic variables are sensitive to Higgs quantum numbers and anomalous
couplings

Obviously, using all the kinematic variables available would make the analysis very complex so we choose
to create ad hoc variables for the problem of interest that summarize the kinematic variables.




CMS ANALYSIS

ttH [H]— yy Hff Phys. Rev. Lett. 125, 061801 (2020)
H— 77 HVV,Hft H — yy Phys.Rev.D 104 (2021) 5, 052004
H— 1t HVV Hft H—=ZZ+H—> 11 Phys. Rev. D 108 (2023) 032013

"Measurements of ttH production and the CP structure of the Yukawa
interaction between the Higgs boson and the top quark in the
diphoton decay channel”
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ttH [H]—yy

First observation of the Htt coupling in a single decay channel.

First analysis of the CP structure in ttH.

BDT BKG to distinguish between ttH events and background (yy + j / tt + yY).

Further categorization using MELA variables (Matrix Element Likelihood Analysis).

P, () Psy(£2)
D _(€2) = B
alt( ) PSM(Q) 4 Palt(Q) DO_(Q) PSM(Q) + PO—(Q)

(2 = kinematics information
alt =alternative Hypothesis



Events / bin

100
90

80}
70f

60
50
40
30
20
10

ttH [H] 2 yy

CMS Ref

137 fb™ (13 TeV)

llllllllllllllllllll

llllll

llIll

4
L

llllll

lIl

111

bin 1

bin 2

bin 3

.OU

£

Dj summerize the kinematics information to maximize the
analysis sensitivity to anomalous contributions.

fep = 1 (all BSM type of events) = bin 1 = 26 events

fep = 0 (all SM type of events) = bin 1 = 8 events

The number of events expected in each bin is the Key point to
perform a fitin the M,

Then the fits will be combined to perform a global fit!
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The categories were defined using the output of the BDT (BDT bkg) and D,
maximizing the analysis sensitivity to anomalous contributions.
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CMS ANALYSIS

ttH [H]— yy Hf Phys. Rev. Lett. 125, 061801 (2020)
H— 77 HVV,Hft H— yy Phys.Rev.D 104 (2021) 5, 052004
H— 1t HVV Hft H—=ZZ+H—> 11 Phys. Rev. D 108 (2023) 032013

“Constraints on anomalous Higgs boson couplings to vector bosons
and fermions in its production and decay using the four-lepton final
state”
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ON SHELL H-4l

Channels considered: 2e2y, 4y, and 4e in the Higgs decay
MELA variables to distinguish signal from background

Definition of specific categories for different anomalous couplings and different HVV and Hff interaction

HVV : production and decay Htt : production
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CMS ANALYSIS

ttH [H]— yy Hf Phys. Rev. Lett. 125, 061801 (2020)
H— Z7 HVV, Hft H — yy Phys.Rev.D 104 (2021) 5, 052004
H— 7 HVV Hft H—=ZZ+H - 11 Phys. Rev. D 108 (2023) 032013

“Constraints on anomalous Higgs boson couplings to vector bosons
and fermions from the production of Higgs bosons using the TT final
state”
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ON SHELL H-77

Considered channel: 7,7, ut;, e, ey
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SUMMARY

Studies on anomalous couplings are essential to understand the nature of the Higgs boson
Analyses with the most stringent limits on CP violation and anomalous couplings presented by the
CMS experiment have been addressed

A rapidly growing field with recent advances and possibilities for new interpretations

Analyses are limited by statistical uncertainties, so we expect improvements from the increase in data.
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Studies on anomalous couplings are essential to understand the nature of the Higgs boson
Analyses with the most stringent limits on CP violation and anomalous couplings presented by the
CMS experiment have been addressed

A rapidly growing field with recent advances and possibilities for new interpretations

Analyses are limited by statistical uncertainties, so we expect improvements from the increase in data.

Thanks for the attention!
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ON SHELL H-4l
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ttH [H]—yy

First observation of the Htt coupling in a single decay channel.

First analysis of the CP structure in ttH.

Hadronic Leptonic

BDT BKG to distinguish between ttH events and background (yy + j / tt + yY).
Further categorization using MELA variables (Matrix Element Likelihood Analysis).
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