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The H — Zy decay
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The first evidence for the Higgs boson decay to a Z boson and a photon is presented, with a statistical
significance of 3.4 standard deviations. The result is derived from a combined analysis of the searches
performed by the ATLAS and CMS Collaborations with proton-proton collision datasets collected at the

CERN Large Hadron Collider (LHC) from 2015 to 2018. These correspond to integrated luminosities of
around 140 fb~! for each experiment, at a center-of-mass energy of 13 TeV. The measured signal yield is
2.2 0.7 times the standard _model predlcuon and agrees with the theoretics expectation within 1.
Standard deviatons. '
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The H — Zy decay
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The H — Zy decay

The signal strength is defined as
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The H — Zy decay

The Higgs production is well measured and agrees with the SM production through a top

quark loop in gluon fusion.
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Therefore, the new physics can only arise from the H — Zy decay:

A lot of models trying to
explain this excess (THDM,
MSSM, left-right models, new
particles,...)
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Therefore, the new physics can only arise from the H — Zy decay:

A lot of models trying to
explain this excess (THDM,
MSSM, left-right models, new

particles,...)

'CP violation can also explain this excess!




The H — Zy decay

The H — Zy decay can be parametrized by the vertex function F%’j -
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The general form of the vertex function F% . is given as follows
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The H — Zy decay

The H — Zy decay can be parametrized by the vertex function I'*”
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The general form of the vertex function F% . is given as follows
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The H — Zy decay

The signal strength ,uZ7 can be expressed as follows
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The H — Zy decay

Effective Lagrangian that induces FCNC of the Higgs and Z boson:
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A possible new physics contribution:

It does not contribute
to the H — yy decay




The H — Zy decay
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Calculated for the first time also

A possible new contribution:

It does not contribute
to the H — yy decay




The H — Zy decay

2
g @em; N
h = =< mCy ( 0,mz, m27, m?, m?, m?
3 Ar2eymy, / A

2 2 .2 2 9
+m,Cy <O,mH, my, m;, m:, m

Limits on top quark FCNC
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o We estimate that for FCNC of the top quark h3Z7’ ~ 107, too small to
explain the u%" excess.

o Contributions from new quarks are also possible and close to the bounds on h3Z7.



The HZ/Z vertex
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The H/Z/Z vertex

Anomalous couplings for the ZZH vertex can be induced
Z,(p1)

Similar for the HWTWT case
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HZ/ vertex function

Anomalous couplings for the ZZH vertex can be also induced
Z,(p1)

Similar for the HWTWT case
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HZ/ vertex function

Anomalous couplings for the ZZH vertex can also be induced

Induced at three level
and complex in the SM.
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level and complex in
the SM.
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HZ/ vertex function

Anomalous couplings for the ZZH vertex can also be induced
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HZ/ vertex function
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HZ/ vertex function
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HZ/ vertex function
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HZ/ vertex function

e Small effects of h3H in the process gg —» H* — Z7Z — 4l
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HZ/ vertex function
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HZ/ vertex function

e Small effects of h3H in the process gg —» H* — Z7Z — 4l
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o Left-Right asymmetry: CP-violation
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Similar asymmetries are posible in the Z* — Z,H and the HWW vertex



Summary

o Effects of new physics are still possible in Higgs
couplings.

e CP-violation can explain the reported excess in the
H — Zy decay.

e New sources of CP-violation in the HZZ and HWW.
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The H — Zy decay
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HZ/ vertex function
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The observation of the QifR asymmetry would imply a new source of CP violation



