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What 1s the nature of the TeV scale?

..and what are its implications ?

» plethora of serious theoretical /observational problems

» somehow SM correlations are unexpectedly accurate

monetise electroweak data correlations towards BSM discovery ?

» New avenues for collider CP sensitivity ?

v BSM sensitivity from rare multi-Higgs processes ?

» What can the LHC do for us ?



high energies?

”“Low energy physics highly rules the Higgs CP game.”

e.g. [Pospelov, Ritz " 05] [Engel, Ramsay-Musolf, van Kolck " 13]
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e.g. [Cirigliano, Crivellin, Dekens etal. ™ 19]



high energies?

”“Low energy physics highly rules the Higgs CP game.”
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VS.

e.g. [Pospelov, Ritz " 05] [Engel, Ramsay-Musolf, van Kolck " 13]
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underlying UV dynamics can often imply delicate cancellations

— comp. Higgs ...



high energies?

...[Brod, Cornell, Skodras, Stamou " 22], [Brod, Polonsky, Stamou " 23], [Degenkolb, Elmer, Modak, Muhlleitner, Plehn ™ 24]
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high energies?
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high energies?
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A matter of light couplings!
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A matter of light couplings!

Current exclusion makes LHC improvements a high priority target

— top-Higgs, gauge-Higgs sectors



[ATLAS. 2006.15458) ...and we are already in the deep end &
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[ATLAS, 2006.15458] Higgs CP violation ?
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going beyond

» CP-interference net zero results from cancelling event weights
e.g. [Gritsan etal. "~ 20]
can create (near) optimal observable from
binary + weight distinction?
[Bhardwaj etal. “21]

» test cases ~—>Z/ (single scale) and weak boson fusion (Z2+2ets)
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going beyond

» CP-interference net zero results from cancelling event weights
e.g. [Gritsan etal. "~ 20]
can create (near) optimal observable from
binary + weight distinction? <
[Bhardwaj etal. “21]

» testcases 21—/ (single scale) and weak boson fusion (42+Zets)
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Going beyond linearity?




Going beyond linearity?

» How does the mechanism providing masses to the W/Z bosons look like?
[Alonsoetal., 16, " 16,and “21]
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Going beyond linearity?

» How does the mechanism providing masses to the W/Z bosons look like?
[Alonsoetal., 16, 16, and " 21]
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Going beyond linearity?

» How does the mechanism providing masses to the W/Z bosons look like?
[Alonsoetal., 16, 16, and " 21]

asmM,bsm = 1,csm =0

perturbative BSM composite Higes SM as a BSM mirage




(non-linear) gauge-Higgs interactions

~ e.g. [ATLAS " 23]
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(non-linear) gauge-Higgs interactions

~ e.g. [ATLAS " 23]
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(non-linear) gauge-Higgs interactions

~ e.g. [ATLAS " 23]
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(non-linear) gauge-Higgs interactions

~ e.g. [ATLAS " 23]
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~ e.g. [ATLAS " 23]
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(non-linear) fermion-Higgs interactions
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(non-linear) fermion-Higgs interactions
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» quartic top-Higgs contact interaction drive phenomenology

[Groberetal. " 10]

16 [Banerjee etal. ~22]



(non-linear) fermion-Higgs interactions
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Summary

» sad but true: jury 1s still out on what’s at play at the electroweak scale
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» crucially need a more fine-grained picture of Higgs boson interactions

» CP-sensitvity of Higgs interactions within reach of the LHC,
optimisation can gain up to factors of 2-10

» geometric view on the symmetry-breaking sector
» entirely new (effective) perspective on the nature of the TeV scale

» relevance for Higgs boson CP
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» testable at the | HC!




