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Higgs to ZZ and Zγ in the SMEFT at NLO Introduction

• Why the SMEFT?

• Why Complete?

• Why NLO?

Here I will present our complete calculation of the Higgs 
decays into ZZ and Zγ in the SMEFT at NLO

H to ZZ is un-physical, first step to H to Zff
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Higgs to ZZ and Zγ in the SMEFT at NLO Why the SMEFT?

LHC results are compatible with the SM predictions



 3

Higgs to ZZ and Zγ in the SMEFT at NLO

We can parametrize NP with small 
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gSM !  gSM , (� 1) / v2
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Higgs to ZZ and Zγ in the SMEFT at NLO

We can parametrize NP with small 
modifications of the SM couplings

gSM !  gSM , (� 1) / v2

⇤2

Small variation from SM=High energy scale! 

Problem: no consistent way to calculate perturbations! 
(Non renormalizable)

Why the SMEFT?

LHC results are compatible with the SM predictions
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Higgs to ZZ and Zγ in the SMEFT at NLO Why the SMEFT?

A sounder approach is to introduce 
a set of gauge invariant operators

L = LSM +
1X
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The resulting theory (SMEFT) 
allows perturbative calculations
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The resulting theory (SMEFT) 
allows perturbative calculations

Some work done:

H ! b̄b,H ! ⌧̄ ⌧

H ! ��

H ! W
+
W

�

Gauld, etc.15, 16.

Ghezzi, etc.15, Hartmann, etc. 15. Dedes, etc. 18

Ghezzi, etc. 15

H ! ZZ,H ! Z� Ghezzi, etc. 15; 
Dawson, PPG 18; plus complete (1st time)v $ Gµ
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allows perturbative calculations

Some work done:

H ! b̄b,H ! ⌧̄ ⌧

H ! ��

H ! W
+
W

�

Gauld, etc.15, 16.

Ghezzi, etc.15, Hartmann, etc. 15. Dedes, etc. 18

Ghezzi, etc. 15

H ! ZZ,H ! Z� Ghezzi, etc. 15; 
Dawson, PPG 18; plus complete (1st time)v $ Gµ

Still a lot to do!
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Higgs to ZZ and Zγ in the SMEFT at NLO

Why Complete?

Why the SMEFT?
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Higgs to ZZ and Zγ in the SMEFT at NLO Why Complete?

There are ~2500 Dimension-6 Operators in SMEFT

59 after imposing fermion symmetries

7 operators enter H   ZZ at LO and 12+7 at NLO !
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Higgs to ZZ and Zγ in the SMEFT at NLO Why Complete?

Let’s concentrate on the LO
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There could be large cancellations between contributions
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Higgs to ZZ and Zγ in the SMEFT at NLO

Why NLO?

Why Complete?
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Higgs to ZZ and Zγ in the SMEFT at NLO
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Higgs to ZZ and Zγ in the SMEFT at NLO

Operators that do 
not appear at LO

could be less 
constrained 

Large contributions!

Why NLO?
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Higgs to ZZ and Zγ in the SMEFT at NLO

Operators that do 
not appear at LO

could be less 
constrained 

Large contributions!

Notice that Logs are predominant 

Why NLO?
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Higgs to ZZ and Zγ in the SMEFT at NLO

Not true in general! 
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Higgs to ZZ and Zγ in the SMEFT at NLO

Not true in general! 

A complete 
computation of 

the NLO 
contribution is 

necessary
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Higgs to ZZ and Zγ in the SMEFT at NLO Conclusions

Conclusions

• We can parametrize NP with the SMEFT.

• NLO can have large effects.

• Calculation of Logs is often not sufficient.

• This is the first step towards the physical decay.
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Higgs to ZZ and Zγ in the SMEFT at NLO Backup Slides
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