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The  decayH → Zγ
The signal strength  can be expressed as followsμZγ

μZγ ≃
ℬSM(H → Zγ) + δΓ(H → Zγ)/ΓH

ℬSM(H → Zγ)
,

δΓ(H → Zγ) = g2 (m2
H − m2

Z)3

32 πm3
Hm4

Z
|hZγ

3 |2 .
Where

Re[hZγ
3 ] , Im[hZγ

3 ] ≲ 1.15 GeV at 95 % CL.
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First direct limit on  from experimental datahZγ
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A possible new physics contribution:
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The  decayH → Zγ

hZγ
3 =

g 𝒬 e m2
Z Nc

4π2cWmW {mjC0 (0,m2
H, m2

Z, m2
j , m2

j , m2
i )[ − Im{gij

A (gij
S )

*

} + Im{gij
V (gij

P)
*

}]

+miC0 (0,m2
H, m2

Z, m2
i , m2

i , m2
j )[Im{gij

A (gij
S )

*

} + Im{gij
V (gij

P)
*

}]}
Limits on top quark FCNC 

couplings: 
|gtc

V,A | < 0.0095, |gtc
S,P | ≲ 0.25 GeV

• We estimate that for FCNC of the top quark , too small to 
explain the  excess.

hZγ
3 ≈ 10−5

μZγ

• Contributions from new quarks are also possible and close to the bounds on .hZγ
3
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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

The    vertexHZZ

The  well measured at 
the LHC

H → ZZ*



ΓZZH
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Anomalous couplings for the  vertex can be inducedZZH
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2
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3 ∼ 10−8
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3 ∼ 10−7



 vertex functionHZZ

• Small effects of  in the process hH
3 gg → H* → ZZ → 4l

H∗(q)

Z(p1)

Z(p2)

ℓ1(q2)

ℓ1(q1)

ℓ2(q3)

ℓ2(q4)

¿Polarized process  ?       ,   and gg → H* → ZλZλ → 4l λ = R L 0

𝒜H
LR =

ΓH*→ZLZL
− ΓH*→ZRZR

ΓH*→ZLZL
+ ΓH*→ZRZR

• Left-Right asymmetry:
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• Small effects of  in the process hH
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CP-violation

Imaginary parts

• Left-Right asymmetry:

 complex in the SMhH
1

Similar asymmetries are posible in the  and the  vertexZ* → ZλH HWW



Summary
• Effects of new physics are still possible in Higgs 

couplings.


• CP-violation can explain the reported excess in the 
 decay.


• New sources of CP-violation in the  and .

H → Zγ

HZZ HWW
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¡Back up!
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The observation of the  asymmetry would imply a new source of CP violation𝒜H
LR


