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Introduction — CP violation in the Higgs sector

Run 1 data identified H as a CP-even scalar
* Still room for CP-odd admixtures in the coupling behaviour — potential for CP violation

o~ |Msp + Mcp_oqal?

How to look for signs of CP violation in Higgs couplings? = My + M¢p_oaq + 2Re(Msy Mcp_oaa)
* Modified rates — not immediately distinguishable from CP-even BSM CP-even. Affects rates oo Vamiehes for Cp-
* Characteristic: Interference effects on shapes of CP-odd observables even observables

—> Can extract limits from rate measurements, but dedicated CPV searches typically use shape information

Fermion couplings Boson couplings
* (CP-odd contribution allowed at tree level « CP-odd contribution from higher order operators -
» Mainly third-generation couplings suppressed by BSM scale
» ttH production and H->Tt decays * VBF/VH production and WW/ZZ decays
. p— . — 1 -
Example model: Lz o« KF(\COSf,b F}Z +\sm ¢flV51j)H Example model: £,y > Loy sy + ~c HV, VI 4 .
even odd B;\JA dim-6 frequently:

embedded in

scale  CP-odd EFT framework

This talk: Selection of latest ATLAS results covering both fermion and boson couplings
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Htt coupling f
_
Target observable: Signed Acoplanarity angle between t decay planes :\
ot
—> Exploit spin correlations " ;
—> CP mixing angle directly visible as phase-shift /'\
Challenge: Reconstruct angle using visible T decay products
2
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Exploit track impact parameters and neutral pions (1°->vyy) ATp i ~ 1 — b(E+)b(E_)E cos(gip — 267
* Relies on excellent performance of particle flow based T classification
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-032/
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» Classify events by purity and CP sensitivity — driven by decay mode and angle resolution
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Phys. Rev. Lett. 125 (2020) 061802
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802
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ttH coupling

New, complementary: ttH measurement using H->bb decay

- Form top candidates from jets & leptons to define CP-sensitive observables

Evaluated in multitude of signal regions
« exploit (b)-jet multiplicity and dedicated BDT classifiers

top candidates .. axis

T normalised to data yield
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-016/

Boson couplings — VBF H2>vyy

VBF signature allows probe of HVV vertex

CERN-EP-2022-134

Fraction of events / 1.2

—>Exploit properties of dijet system (angle between Vqq planes)

Combine information: Optimal observable (matrix element discriminant)

* Direct measure of interference impact

 Vanishing mean if CP conserved
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High-statistics measurement in H->yy decay mode

—>Enrich signal using 2D BDT classification and VBF dijet topolog
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https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-08/

CERN-EP-2022-134
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Summary and outlook

CP structure of Higgs coupling: Highly active field for run-2 measurements
—> Still space for CP-odd admixture, potential source for CP violation
- Would be clear evidence for BSM physics

Efforts concentrate in two areas: Fermion and Boson couplings
« Combine use of production and decay vertices for maximum sensitivity
* Use of dedicated CP-sensitive observables — ability to distinguish CPV from other BSM

Today: Some recent example from ATLAS

« Starting to probe rare & challenging topologies for CP information
» Converging on methodologies and interpretations - combinations

* More ongoing & potential in Run-3 — more to follow!

2022-07-06 Higgs-boson CP at ATLAS



