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Theory

The Higgs boson’s coupling to a particle is proportional to that particle’s mass.

(See Dr Luis Flores lectures)
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We can describe these interactions in an effective way: 

ℒEFT = ℒd=4 +
∞

∑
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Potential  sources of CP violation: 
necessary to explain the matter–

antimatter asymmetry in the 
Universe

(See Dra Myriam Mondragón lectures)
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Induced at three-loop level in the SM  ∼ 10−11
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ONE LOOP CONTRIBUTIONS
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bounds on anomalous contributions and 
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asymmetry, Phys. Rev. D 107, 115031 
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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). 

No difference between SM results 
and the anomalous couplings 

contributions.



POLARIZATIONS

ΓH*→ZZ

We considere the anomalous couplings as complex hV
i = Re[hV

i ] + iIm[hV
i ]

We calculate the partial width

= ΓH*→ZRZR
+ ΓH*→ZLZL

+ ΓH*→Z0Z0

A. I. Hernández-Juárez, G. Tavares-Velasco, and 
A. Fernández-Tállez, New evaluation of the HZZ 
c o u p l i n g : D i r e c t b o u n d s o n a n o m a l o u s 
contributions and CP-violating effects via a new 
asymmetry, Phys. Rev. D 107, 115031 (2023). 



ΓH*→ZZ

We considere the anomalous couplings as complex hV
i = Re[hV

i ] + iIm[hV
i ]

We calculate the partial width

Asymmetry

𝒜LR =
ΓH*→ZLZL

− ΓH*→ZRZR

ΓH*→ZLZL
+ ΓH*→ZRZR

POLARIZATIONS

= ΓH*→ZRZR
+ ΓH*→ZLZL

+ ΓH*→Z0Z0

A. I. Hernández-Juárez, G. Tavares-Velasco, and 
A. Fernández-Tállez, New evaluation of the HZZ 
c o u p l i n g : D i r e c t b o u n d s o n a n o m a l o u s 
contributions and CP-violating effects via a new 
asymmetry, Phys. Rev. D 107, 115031 (2023). 



ΓH*→ZZ

We considere the anomalous couplings as complex hV
i = Re[hV

i ] + iIm[hV
i ]

We calculate the partial width

= ΓH*→Z+Z+
+ ΓH*→Z−Z−

+ ΓH*→Z0Z0

Asymmetry

𝒜LR =
4m2

Z∥q∥ q2 − 4m2
Z (Re[hH

1 ]Im[hH
3 ] − Re[hH

3 ]Im[hH
1 ])

q2 (q2 − 4m2
Z) (Re[hH

3 ]2 + Im[hH
3 ]2) + 4m4

Z(Im[hH
1 ]2 + Re[hH

1 ]2)

 in the SM at tree level hH
3 = 0

𝒜LR = 0

POLARIZATIONS A. I. Hernández-Juárez, G. Tavares-Velasco, and 
A. Fernández-Tállez, New evaluation of the HZZ 
c o u p l i n g : D i r e c t b o u n d s o n a n o m a l o u s 
contributions and CP-violating effects via a new 
asymmetry, Phys. Rev. D 107, 115031 (2023). 



ΓH*→ZZ

We considere the anomalous couplings as complex hV
i = Re[hV

i ] + iIm[hV
i ]

We calculate the partial width

Asymmetry

𝒜LR =
4m2

Z∥q∥ q2 − 4m2
Z (Re[hH

1 ]Im[hH
3 ] − Re[hH

3 ]Im[hH
1 ])

q2 (q2 − 4m2
Z) (Re[hH

3 ]2 + Im[hH
3 ]2) + 4m4

Z(Im[hH
1 ]2 + Re[hH

1 ]2)

CP-odd

 in the SM at tree level hH
3 = 0

𝒜LR = 0

POLARIZATIONS

= ΓH*→ZRZR
+ ΓH*→ZLZL

+ ΓH*→Z0Z0

A. I. Hernández-Juárez, G. Tavares-Velasco, and 
A. Fernández-Tállez, New evaluation of the HZZ 
c o u p l i n g : D i r e c t b o u n d s o n a n o m a l o u s 
contributions and CP-violating effects via a new 
asymmetry, Phys. Rev. D 107, 115031 (2023). 



ΓH*→ZZ

We considere the anomalous couplings as complex hV
i = Re[hV

i ] + iIm[hV
i ]

We calculate the partial width

= ΓH*→Z+Z+
+ ΓH*→Z−Z−

+ ΓH*→Z0Z0

Asymmetry

𝒜LR =
4m2

Z∥q∥ q2 − 4m2
Z (Re[hH

1 ]Im[hH
3 ] − Re[hH

3 ]Im[hH
1 ])

q2 (q2 − 4m2
Z) (Re[hH

3 ]2 + Im[hH
3 ]2) + 4m4

Z(Im[hH
1 ]2 + Re[hH

1 ]2)

CP-odd

Imaginary parts

 in the SM at tree level hH
3 = 0

𝒜LR = 0

POLARIZATIONS A. I. Hernández-Juárez, G. Tavares-Velasco, and 
A. Fernández-Tállez, New evaluation of the HZZ 
c o u p l i n g : D i r e c t b o u n d s o n a n o m a l o u s 
contributions and CP-violating effects via a new 
asymmetry, Phys. Rev. D 107, 115031 (2023). 



ΓH*→ZZ

We considere the anomalous couplings as complex hV
i = Re[hV

i ] + iIm[hV
i ]

We calculate the partial width

= ΓH*→Z+Z+
+ ΓH*→Z−Z−

+ ΓH*→Z0Z0

Asymmetry

𝒜LR =
4m2

Z∥q∥ q2 − 4m2
Z (Re[hH

1 ]Im[hH
3 ] − Re[hH

3 ]Im[hH
1 ])

q2 (q2 − 4m2
Z) (Re[hH

3 ]2 + Im[hH
3 ]2) + 4m4

Z(Im[hH
1 ]2 + Re[hH

1 ]2)

CP-violation

Imaginary parts

 in the SM at tree level hH
3 = 0

𝒜LR = 0

To induce a non-zero asymmetry 2 elements are required 
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It is not a source of CP violation, but it constitutes a background in searches for CP-violating 
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First reported in 1991. Forgotten for 35 yers!



HWW

A. I. Hernández-Juárez, G. Tavares-
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Phys.Rev.D 114 (2026) 5, 053007. 

First numerical evaluation!
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Conclusions

• We have found new observables for CP-odd effects in 
Higgs decays into gauge bosons.


• Polarized and angular observables are sensitive to CP-
odd effects.
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¡Gracias!


