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Dedicated AC measurements

« Study Higgs Couplings to:
— Uncover CPV in Higgs sector
— Uncover BSM phenomena

« What consists of a dedicated
measurement

- Targeted analysis

- Dedicated sensitive observables to specific
couplings

- Gen + Full Detector simulation of AC effects
(Interference effects, acceptance effects+)

« Measurements utilize EFT

) 1 ) (5 1 : "
CET N semdpa@ograde() o

HEFT Mass eigenstate basis + symmetries — \
Vi

SMEFT
SUR)XU() + ... Weak eigenstate basis : Warsaw basis

o _/

Savvas Kyriacou SM@LHC July 13" 2023 2



mailto:SM@LHC

EFT - basis

Mass eigenstate - Higgs basis
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- Natural choice for Higgs couplings
- Less operators

Weak eigenstate: Warsaw basis
- More general - used in EW TOP and Higgs sector

- SMEFT build in ( SU(2)x U(1) )

- Has many more dim 6 operators
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HVV: H->4l CMS
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HVV: H->4l CMS
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HIG-19-009

SU(2)xU(1) sym. (SMEFT) with only 3

independent A.C.

Stringent constraints driven by production

information
Full Run2

Minima consistent with SM

137 b (13 TeV)
R B L L B

T T T T T T T T | L | T
— Observed, fix others

---- Expected, fix others

— Observed, float others

---- Expected, float others

-1-08-06-04-02 002 0 002

il
020

40608 1


mailto:SM@LHC

HVV: H- 4] CMS
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HVV: H-tt + H->4lI CMS P <

CMS HIGr20,007
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HVV: H-tt + H-4| CMS

« SMEFT but study only a3

 High H— tt BR provides
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HVV in H-4l (ATLAS)

i 2R (Mg Masm)

e Use ME based optimal observables B |Msml?

* Single AC fits each time

* Production only or Decay only
analysis and then combined

 Warsaw + Higgs basis
e Full Run2
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Yukawa ttH : H= tt CMS

CERN-EP- 2021 189
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CMS Preliminary 138 b (13 TeV) CMS Prehmmary 1387 (13 TeV) CMS preliminary 138 fb™ (13 TeV)
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CERN-EP-2021-096

Hgg in H>WW*— evuv+jj (ATLAS) >Ho
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e Parameterization in terms of mixing angle gOt L e o Termied
and K worTr
g 0.1_ -"i".“.i.-i-. ]
Hgg R AL S
Ly = =5 (kgq cON(@)G, G+, sin{a}GE, G W)H T
: 0.055..H i
 Use production information L]
. 0 2 4 6
e Assume HVV -SM like AD,
. S R A R S ' ] —e— Observed
« BDT to separate signal and background FRC S i Az Toelue.
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CERN-EP-2021-096

Hgg in H>WW*—= evuv+jj (ATLAS) e

R ey St
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use BDT and A®jj distributions for fitting -
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Yukawa ttH : ttH(ggH),H->4l/yy/Tt/WW (CMS)>HO :\i':"

my _ .
A(Hff) = _?f'l’f (¢ +1Rers)
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£ = ——{yikjlcosfa) + isin(a)ysly, }H

Fraction of Data Events

Classify ttH events in hadronic and leptonic

- lept: require at least single isolated lepton

- had: at least 2 jets

Use production information
Dedicated signal-background BDT

BDT CP: use top and diphoton system

kinematics

Fit myy in overall 20 categories (12Had + 8Lept)

Tightly constrain pure CP odd ttH coupling

Full Run 2

Savvas Kyriacou

SM@LHC July 13*" 2023

Phys, Rev. Lett. 125 (2020) 020N

Yukawa ttH with ttH,H-vyy (ATLAS)

Analysis targets CP mixing angle and kt
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Yukawa tH/ttH, H- bb (ATLAS) et

HIGG-2020-003

 Dedicated observables . o
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Off-shell studies in H—>4l +2I2v (CMS)

Use same formalism as on-shell H—>4| AC analysis

M4l > 220 GeV (2e2u, 4e, 41)
Design categories targeting ggF + EW production of the Higgs

Use ME based observables + m4l

Consider 1 AC at a time
Constrain Higgs width + AC

Combine with H—> ZZ- 2I2v
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Nat. Phys. 18, 1329-1334 (2022)
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Summary

e Full on program at the LHC studying Higgs
anomalous coupling with dedicated measurements

e Multiple results both from ATLAS and CMS

e Target Hff /HVV couplings within EFT framework
« Combinations with mutliple final states
e Results consistent with SM

e Full Run2

Savvas Kyriacou SM@LHC July 13* 2023
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Anomalous couplings

Utilize EFT as a framework for
studying the couplings

5) (5 1
foum el L ;;//d LSl o
: k

« Study low energy approximations
of UV complete theory on the
SM

e Truncate at certain order +
consider cut-off scale

e Study impact of said operator to
the couplings
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=
Effective Lagrangian and couplings (Higgs basis ) in!,'
(arXiv:2002.09888)
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