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Higgs discovered, re-discovered and re-re-discovered
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Uncertainty in mass ~ 0.2% , better than for top (~0.5%)!



Couplings
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Observed significance is 4.9 o

5.9 when combined with CMS Runl
Best Fit signal strength : 1.06 + 0.25



Cross sections in “agreement” with SM in all channels (large errors yet)
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WHY MULTIPLE HIGGS?
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Scalar Symmetry Breaking potential in the SM:

A 2 A
V=7 (20H+H2) = (2N H? + MH® + TH*

Self coupling fixed by measurement of the Higgs mass and VEV!
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Scalar Symmetry Breaking potential in the SM:
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BECAUSE IS FUNDAMENTAL TO TEST THE SCALAR POTENTIAL



SM is an effective theory:
Let’s move to higher dimension operators
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Let’s move to higher dimension operators

SM EFT: Warsaw basis — 2499 non-redundant 6-dim operators
Phenomenological use: Subsets, e.g. SILH C Warsaw

Relevant for HH production: H-top & H-G interactions
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Co 3M2 T - gs T a uv ya
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HEFT: Interactions that involve the Higgs singlet only:
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Linearly (in A-lgrr) equivalent if ¢ = Cgq
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QCD Corrections: Too diflicult — Use HTL and rescale by Born

These include virtual
NNLO corrections \
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WHAT WE DID?



ADAPTED THE DOUBLE HIGGS RESULT TO THE EFT

(arXiv:hep-ph/1704.05700 - DdF, IF, JM)
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(arXiv:hep-ph/1704.05700 - DdF, IF, JM)

—1 Maximum departure from SM:

4.20

0.66 .

~0.15,

0.69.

AK™ax ~ g4% — EFT NNLO calculation relevant!!!
at c3 =7.0, ¢, = 1.15, ¢ty = 0.1, ¢, = —0.09, ¢4y = 0.02



ADAPTED THE DOUBLE HIGGS RESULT TO THE EFT

arXiv:hep-ph/1704.05700 - DdF, IF, JM)
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Breaking of degeneracy in differential distributions
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Figure 4: Invariant mass distribution of the produced Higgs boson pair plotted for (a) different values
of its self-coupling, and (b) different combinations of anomalous couplings that are degenerate with the
SM. The relative deviation from the SM of the total cross section in (b) is specified between brackets on
the label.



WHAT ABOUT TRIPLE HIGGS?



WHAT ABOUT TRIPLE HIGGS?

Cons:
*Very low cross section (ab -> won’t be seen @ LHC)

*HTL not very good approximation



WHAT ABOUT TRIPLE HIGGS?

Cons:
*Very low cross section (ab -> won’t be seen @ LHC)

*HTL not very good approximation

But... only NNLO (single) real emission missing to have a full
calculation (arXiv:hep-ph/1610.05012 - DdF, JM)

.
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SUMMARY

Multiple Higgs production is a tool to test the scalar
potential that drives EWSM.

We need precision in QCD to have good estimates & EFT’s
to parametrize possible deviations.

We can make use of existing calculations in order to achieve
precision without doing the heavy lifting.

Work in progress with Daniel and Manuel:
Mixed QCDxQED corrections to Z production. Please ask.
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