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HIGGS BOSON PROPERTIES
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The hypothesis of a

pseudoscalar particle has been
excluded at 99.95%

SM

to be sensitive to anomalous
couplings BSM (Beyond Standard Model).

The
asymmetry between matter and antimatter
implies CP violation. The Standard Model
(SM) can only partially explain the CP
violation needed — we look for other sources

of violation.
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https://cds.cern.ch/record/1502670/files/PhysRevLett.110.081803.pdf
https://cds.cern.ch/record/1502670/files/PhysRevLett.110.081803.pdf

ANOMALOUS COUPLINGS
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The 'point-like' coupling (G) becomes a complete theory

when probing larger scales (My, ~ 100GeV)
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ANOMALOUS COUPLINGS
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The sensitivity to Anomalous couplings could be translated into sensitivity to higher
dimensionality operators in SM Effective Field Theory (SMEFT)
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ANOMALOUS COUPLINGS

Wy, Wy — Dirac spinors

me — fermion mass

v — Vacuum expectation value.
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HOW DO WE MEASURE GP OPERATORS?

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

— CP-sensitive variables (A¢;;, pr(H) , ...)
Phys. Rev. Lett. 125, 061801 (2020)
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https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427

CMS ANALYSIS
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Phys. Rev. Lett. 125, 061801 (2020)

Phys.Rev.D 104 (2021) 5, 052004

Eur. Phys. |. C 84 (2024) 779

Phys. Rev. D 108 (2023) 032013

JHEP 07 (2023) 092

JHEP 06 (2022) 012

[Submitted on 15 Jul 2024]

We can use information both from production and decay to perform

studying on HVV and/or Hff


https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0
https://inspirehep.net/files/b4f75969056328cfc2912bb41cc2a13b
https://link.springer.com/content/pdf/10.1007/JHEP07(2023)092.pdf
https://link.springer.com/article/10.1007/JHEP06(2022)012
https://arxiv.org/abs/2407.10896
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Channels considered: 2e2y, 4y, and 4e in the Higgs decay

VBF <=

.-
VH
ggH
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Phys.Rev.D 104 (2021) 5, 052004

MELA variables used both for S/B discrimination and SM-BSM discrimination

Detinition of specific categories for different anomalous couplings and difterent HVV
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https://inspirehep.net/files/09a2e59fa16ebf014aa6d0e63db40e94
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Production modes considered ggH, VBF, VH (resolved and boosted)
Main background: tt , DY, non-resonant WW and W-Jet (estimated from data)
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Eur. Phys. J. C 84 (2024) 779

A simultaneous measurement of four Higgs boson couplings to electroweak vector bosons has been
performed in the framework of SMEFT

Correlations

-1
oCMS 138 b (13 TeV) CMS 138 o (13 TeV) CMS 138 b (13 TeV)

. : : Expected
9:_ — Observed —e— Observed Best fit 68% CL 0.8
8 .

S D T Expected 0.6
7 sc, -0.06 [-0.22, 0.03] 0.4
6:— - 0.2
5;_ Czo 0.01  [-0.05, 0.03] 0
4:_ 95% CL

- _ _0.2
35_ C,, 0.03  [-0.49, 0.33] —_0.4
2
1E 68% CL 06

- c,, -0.17  [-0.47,0.25] -0.8
O_ | I ] L1 1 I |

-1 1 L i T B A
0.6 04 06 08 -1

Parameter value


https://link.springer.com/article/10.1140/epjc/s10052-024-12925-0

-2AInL

H— 17

Considered channel : 7,7, ut,, et,, ey

Both MVA and MELA used to discriminate background, BSM, SM events

The combination improves the limits on the anomalous coupling
parameters typically by about 20-50%
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https://inspirehep.net/files/b4f75969056328cfc2912bb41cc2a13b

ttH AND tH PRODUCTION

Higgs couplings are proportional to the mass so 1tH and tH channel are very
sensitive

H boson decays via H=>WW+H—=1t (multi lepton)

final states characterized by the presence of at least

two leptons are studied
IHEP 07 (2023) 092

1tH and tH production with the Higgs boson decay
into a bottom quark-antiquark pair (H = bb)

[Submitted on 15 Jul 2024]

three different final states of the t quark considered,

detined by the number ot leptons (e/u) in the event
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https://arxiv.org/abs/2407.10896
https://link.springer.com/content/pdf/10.1007/JHEP07(2023)092.pdf
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JHEP 06 (2022) 012

To study the Hff couplings we can also target the Hrz coupling &, = — &H(kfff + k 7iy7)

CP violation appears as a phase shifting the cross section differential distribution in respect to
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https://link.springer.com/article/10.1007/JHEP06(2022)012

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, all the results are in agreement with the SM

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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Thanks for the attention!
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GP VIOLATION IN HWV

Higgs anomalous couplings could be studied both in production and decay modes
Decay:

H — VV — 4 |leptons [target -> HVV]

Production:

Vector Boson fusion (VBF) [HVV]

Higgs production in association of a vector boson (VH)

Studied in Higgs's decay in 11, ZZ and WW

20



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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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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https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427
https://inspirehep.net/files/206eb66ef9547308fa4cd275dfd79427

' VBF <=
H WW VH I+ | _H(HY)

Final state H 2 WW — puvev

Production modes considered ggH, VBF, VH (resolved and boosted)
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https://arxiv.org/pdf/2403.00657
https://arxiv.org/pdf/2403.00657

1> ON SHELL H-41

Channels considered: 2e2y, 4, 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

(V=ZZ,WW)
; q
“0000000)
¢ > H H
y —_— — W/Z o
“0000000 q q
g
Gluon gluon fusion Vector boson fusion H

WWY/ZZ bremsstrahlung t-quark fusion



