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H* evidence at the LHC

The Higgs boson  must to be 
off-shell to produce two on-shell 

Z bosons 
�mH < 2mZ

Evidence for off-shell Higgs  boson 
production in the final state with two 

Z bosons decaying into 4 charged 
leptons has been reported for the 

FIRST TIME

�   MeVΓH = 3.2+2.4
−1.7
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Induced at one-loop 
level in the SM.

¿Induced at three-
loop level in the SM?

Similar for the �  caseHW±W∓
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CP-conserving CP-violating

Similar for the �  caseHW±W∓
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One-loop contributions

ZZH in the SM
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More diagrams…..



!  in the SMZZH*

A. I. Hernández-Juárez, G. Tavares-Velasco, and A. Fernández-
Téllez, New evaluation of the HZZ coupling: Direct bounds on 
anomalous contributions and CP-violating effects via a new 
asymmetry, Phys. Rev. D 107, 115031 (2023), arXiv:2301.13127 

[hep-ph].  

 

The from factor �  is complexhH
2



ΓH*→ZZ
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We considere the anomalous couplings as complex hV
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i ]

We calculate the partial width
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No difference between tree level results 
and the anomalous couplings 

contributions.
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To induce a non-zero asymmetry 2 elements are required 
1. CP-violation 
2. Complex anomalous couplings
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gg → H* → ZZ → 4l H∗(q)
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Unpolarized angular observables�  indicates the polarization of the �  bosonsλ Z
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Polarized decay in TNGBC

TNGBCs require at least one off-shell boson to exist
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Polarized decay in TNGBC
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At the LHC is not possible to distinguish if the �  pair arise from an off-shell �  or �Zγ Z γ

But if we consider the polarizations of the �  final state…Zγ



Polarized decay in TNGBC

We can compute

Γλ1λ2(V* → Z(λ1)γ(λ2))
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Γ0λ(V* → Z(0)γ(λ)) V = Z, γ

Two different non-zero polarized final sates:



Polarized decay in TNGBC

We can compute

Γλ1λ2(V* → Z(λ1)γ(λ2))

polarizations

Two different non-zero polarized final sates:

V = Z, γ

Γ0λ(V* → Z(0)γ(λ)) V = Z, γ

Γλλ(Z* → Z(λ)γ(λ)) Only for an off-shell �  bosonZ

If we study transversally polarized �  pairs, we can know if they arise from an �  or �  off-shellZγ Z γ



Polarized decay in TNGBC
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Summary

• Complex form factors and CP violation are necessary to 
induce new left-right asymmetries.


• Polarized observables can lead to interesting results in 
the  �  coupling. 


• Polarized observables can be useful to distinguish off-
shell contributions. 

HZZ



¡Gracias!
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IMAGINARY CONTRIBUTIONS

ΓH*→ZLZL
, ΓH*→ZRZR
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