(Some) Challenges in constraining SMEFT with experimental data

1. Large number of (dim-6) Wilson coefficients, many of which could be correlated between each other.

e 1D fit with one parameter at a time ignores the possibility
of such correlations, resulting in too strong limits.

e Global fit of all parameters simultaneously requires a
combination of many complementary observables.

2. Each measurement affected by a large number of
systematic uncertainties, with non-trivial
uncertainty correlations between measurements.

e Marginalized likelihoods
(bhenomenology approach: computing-efficient, but not exact)

Nuisance parameters in a measurement are integrated out,
correlation of uncertainties between measurements
treated through covariance matrices.

® Profiled likelihoods

(experimental approach: computing intensive, but more accurate)

Separate treatment of each uncertainty in a measurement &
detalled treatment of correlations between measurements.

3. EFT validity/truncation:
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Quadratic dim-6 terms (cl.z/A4) could be of same size as unknown dim-8 terms — need to minimize their impact.




ATLAS & CMS SMEFT interpretations of combined Higgs data

Simultaneous profiled likelihood fit of Wilson coefficients grouped into PCA-based eigenvectors.

Eigenvector definitions are measurement-dependent, making direct comparisons difficult.
— comparing eigenvectors that have the strongest relation to a given Warsaw-basis Wi
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ATLAS Higgs STXS-1.2, arXiv:2402.05742:
(¢gH, VBF, WH, ZH, 1tH, tH) x (p7', N5 m;)

combining yy, Zy, WW, ZZ, bb, tt & uu decays
* lin-only & lin+quad parametrization

iInclusive Higgs production,
combining yy, WW, ZZ, & Tt decay channels
* in+quad parametrization

CMS differential p.', CMS-PAS-HIG-23-013:

® STXS-based eigenvectors more
strongly related to a single WC.

e Comparable sensitivity from
STXS & differential measurements,
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but STXS adds some more sensitivity to Hgqg, HIl and HVqgQg vertices.

e Significant dependence on quadratic terms for cypg, C,55 Cipp» € cD

Hgqg
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(4 - 10 times stronger limits).




Global SMEFT interpretations (Higgs+EW+Top/QCD+EWPQO)
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(up to an order of magnitude better [imits)

Sensitivity to further Wilson coefficients (not probed by the Higgs data):
EW: many operators affecting 2/2g vertices

Top/QCD: ¢, ¢y, and many operators affecting 4q vertices
EWPO: many operators affecting VI, Vqq, HIl, Hqq, HVII, HVqq, 4/ vertices



What'’s next? An open list:

Updates of combined Higgs interpretations:

- Individual measurements with improved analysis techniques
- additional Higgs observables

(A(Dj]-, matrix-elements, H + y or other new channels, Higgs decay kinematics ...)

Additional EW/Top/Di-Higgs observables in the global EFT fit
ATLAS+CMS global EFT interpretation
Inclusion of CP-odd parameters in the global fit?

Improvements in th. predictions, better treatment of EFT truncation uncertainties ...

Complementary approaches:
matching of UV models to SMEFT, linear SM extensions in SMEFT...



