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talk based on discussions with various theory and 
experimental colleagues

Towards HH in a global EFT fit
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                                                                                          Outline

• Effective Field Theory for HH

• HH at NLO

• single Higgs production and global fit
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                                                                                          Effective Theory for the Higgs boson

There exist two fundamentally different choices for an EFT.

SMEFT

The Higgs boson transforms in a SU(2) doublet. The Lagrangian contains all possible 
operators allowed by the symmetries. Ordering by operator dimension and suppression  
  
leading Higgs deviations for n=2.

(1/Λ)n

Different choices of operators connected by equations of motion. Warsaw basis

SILH basis

equivalent for HH

HEFT (or Electroweak Chiral Lagrangian)

Higgs transforms as gauge singlet.

Based on chiral perturbation theory.

Ordering of operators not unique but for instance by chiral dimension.
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                                                                                          Effective Theory for HH
Status:  
Predictions given only for variation of κλ

SMEFT:

ℒ =
c6

Λ2
|H |6 +

cg

Λ2
|H |2 GμνGμν ytcy

Λ2
Q̄LH̃tR |H |2 + h . c .+ +

ctG

Λ2
Q̄LσμνTaH̃tRGa

μν + h . c .

cH

Λ2
(H†∂μH )2 +
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                                                                                          Effective Theory for HH
Status:  
Predictions given only for variation of κλ

HEFT:

ℒ = −mtt̄t ( h
v

+
h2

v2 )ct ctt +
αs

8π ( h
v

+
h2

v2 ) GμνGμνcg cgg +
m2

h

2v
h3chhh
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                                                                                          Effective Theory for HH
Status:  
Predictions given only for variation of κλ

HEFT:

ℒ = −mtt̄t ( h
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+
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v2 )ct ctt +
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8π ( h
v

+
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two Higgs couplings only to be probed in HH
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                                                                                          HEFT/SMEFT for HH?

HEFT SMEFT

contains dipole operator (which by power 
counting is expected to be of higher order 
though) 

+

Combination with single Higgs fits  
simpler

+

NLO results available+

+
[Buchalla et al ’18; Heinrich et al ’20]

di-Higgs is THE place to 
probe differences 
in one or two Higgs 
couplings

− many more couplings 
only in HH: 
degeneracies?

− UV models that don’t 
linearise to SMEFT?
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                                                                                          HH at NLO
HH production has large QCD corrections 

Complicated to compute due to various mass scales. 

Full top mass dependent computations for NLO QCD available numerically.

[Borowka et al. ’16, Baglio et al. ’19]

POWHEG implementation of HEFT HH @ NLO QCD available.
[Buchalla et al ’18; Heinrich et al ’20]

Figure 11: K-factors for the total cross section as a function of the di↵erent couplings.

3.2 Cross sections and distributions at several benchmark points

In the following we will show results for the benchmark points defined in Ref. [71],

except for benchmark point 8, where we choose a di↵erent one (denoted as “outlier”

number 5 for cluster 8 in Ref. [72]) which has a more characteristic shape, and which

we call 8a.

The conventions for the definition of the couplings between our Lagrangian, given in

Eq. (2.6), and the one of Ref. [71] are slightly di↵erent. In Table 2 we list the conversion

factors to translate between the conventions.

EWChL Eq. (2.6) Ref. [71]

chhh �

ct t

ctt c2

cggh
2

3
cg

cgghh �
1

3
c2g

Table 2: Translation between the conventions for the definition of the anomalous

couplings.

– 17 –

[Buchalla et al ’18]

Strong dependence on EFT coefficient!

Problem:

Uncertainties to be understood:

• large mt renormalization scheme 
uncertainty

[Baglio et al. ’19, Baglio et al. ’20]

• intrinsic uncertainty from 
numerical evaluation
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                                                                                          HH at NLO
HH production has large QCD corrections 

Complicated to compute due to various mass scales. 

Full top mass dependent computations for NLO QCD available numerically.

[Borowka et al. ’16, Baglio et al. ’19]

POWHEG implementation of HEFT HH @ NLO QCD available.
[Buchalla et al ’18; Heinrich et al ’20]

Truth level HEFT reweighting validation

6

Using the 20k SM sample (left) and the 100k SM sample (right)

Distributions normalised to 1
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Recommendations on the way

[Alasfar, Cadamuro, Dimitriadi, Ferrari, RG, 
Heinrich, Lang, Ördek, Pereira Sanchez, Scyboz]

Benchmarks by [Carvalho, Dall’Osso, Dorigo, 
Goertz, Gottadro ’15]

Reweighting procedure for EFT 

[figure by C.Dimitriadi]
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                                                                                          EFT Single Higgs production
Single Higgs production provides bounds to the single Higgs couplings 

We do not expect that HH can improve on them (though maybe for degeneracies)
[Gillioz, RG, Grojean, Mühlleitner, Salvioni ’12, 

Azatov, Contino, Panico, Son ’15, Azatov, 
Grojean, Paul, Salvioni ‘16]

Trilinear Higgs self-coupling enters via electroweak loops to single Higgs production
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Figure 2. Structure of the �
SM
3 -dependent part in M

1
�SM
3

for processes involving massive vector
bosons in the final or in the intermediate states (VBF, HV and H ! V V

⇤
! 4f).
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Figure 3. Sample of �SM
3 -dependent diagrams in tt̄H production.
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Figure 4. Diagrams contributing to the C1 coefficient in the gluon-gluon-fusion Higgs production.
The one on the right has a multiplicity factor 2.

where both W -boson-fusion and Z-boson-fusion contribute. Moreover, each subprocess
contributes in proportion to the parton distribution weights.

In order to evaluate the C1 coefficients of the various processes, we generated the rele-
vant amplitudes using the Mathematica package FeynArts [43]. For all the cases involving
only one-loop amplitudes, we computed the cross sections and decay rates with the help
of FormCalc interfaced to LoopTools [44] and we checked the partonic cross sections at
specific points in the phase space with FeynCalc [45? ]. In processes involving massive
vector bosons in the final or in the intermediate states (VBF, HV and H ! V V

⇤
! 4f),

the �3-dependent parts in M
1

�
SM
3

have a common structure, see Fig. 2. In the case of the
tt̄H production the sensitivity to �3 comes from the one-loop corrections to the tt̄H vertex
and from one-loop box and pentagon diagrams. A sample of diagrams containing these
�3-dependent contributions is shown in Fig. 3.

The presence of not only triangles but also boxes and pentagons in the case of tt̄H

production provides an intuitive explanation of why the �3 contributions cannot be captured
by a local rescaling of the type that a standard -framework would assume for the top-Higgs
coupling. Similarly, not all the contributions given by the corrections to the HV V vertex
can be described by a scalar modification of its SM value via a V factor, due to the different
Lorentz structure at one loop and at the tree level.

The computation of �(gg ! H), the related �(H ! gg), and of �(H ! ��) is much
more challenging and deserves a more detailed discussion. These observables receive the
first non-zero contributions from one-loop diagrams, which do not feature �3, so that the

10

[McCullough ’14, Gorbahn, 
Haisch ’16, Degrassi, 

Giardino, Maltoni, Pagani 
’16, Bizon, Gorbahn, 

Haisch Zanderighi ’16]

Global fit necessary, including HH and differential measurements to resolve 
degeneracies

[Di Vita, Grojean, Panico, 
Rimbau, Vantalon ’17, 

Maltoni, Pagani, Shivaji, 
Zhao ’18]
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                                                                                          EFT Single Higgs production
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Trilinear Higgs self-coupling enters via electroweak loops to single Higgs production
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Figure 3: Value of �2 ln⇤ as a function of � for single-Higgs and double-Higgs analyses separately and for the
combination of the two analyses: for the data (a) and for the Asimov dataset [50] generated in the SM hypothesis (b).
The intersections of the dashed horizontal lines, corresponding to �2 ln⇤ = 1 and �2 ln⇤ = 3.84, with the profile
likelihood curve are used to define the ±1� sigma uncertainty on � and the 95% CL interval, respectively.

5.1 �-only model

In a variety of BSM models new physics is expected to only appear at the LHC as a modification of the
Higgs boson self-coupling, as for example in the Higgs boson portal models in the alignment limit [51]. In
these BSM scenarios, the constraints on �, derived through the combination of single-Higgs measurements,
can be directly compared to the constraints set by double-Higgs production analyses and the sensitivity
gain from their combination can be evaluated.

These models have been implemented by setting all coupling modifiers to the SM values (W = Z = t =
b = ` = 1) with the exception of the Higgs self-coupling modifier �. The � self-coupling modifier is
probed in the range �20 < � < 20, because outside this range the calculation in Refs. [11, 12] loses its
validity.

The value of �2 ln⇤ is shown as a function of � in Figure 3, separately for the observed data and
the Asimov dataset with � = 1. Results are shown for the single-Higgs production, the double-Higgs
production, and their combination. The double-Higgs analyses are more sensitive than the single-Higgs
measurement for � >> 1 and show similar sensitivity for negative �.

The combined single-Higgs and double-Higgs fit result for the � modifier is:

� = 4.6+3.2
�3.8 = 4.6+2.9

�3.5 (stat.) +1.2
�1.2 (exp.) +0.7

�0.5 (sig. th.) +0.6
�1.0 (bkg. th.) [observed],

� = 1.0+7.3
�3.8 = 1.0+6.2

�3.0 (stat.) +3.0
�1.7 (exp.) +1.8

�1.2 (sig. th.) +1.7
�1.1 (bkg. th.) [expected],

where the total uncertainty is decomposed into components for statistical uncertainties, experimental
systematic uncertainties, and theory uncertainties on signal and background modelling, following the

8

double-Higgs analyses provides substantial constraints on the � parameters even in this more generic
model. The results for the �-only model and for the more generic model are summarised in Table 2.
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Figure 5: Value of �2 ln⇤ as a function of � with W , Z , t , b , ` profiled (i.e., the generic model) for the data (a)
and the Asimov dataset [50] generated assuming � = 1 with the likelihood distribution ⇤ evaluated with nuisance
parameters fixed to the best-fit values obtained from data and the parameters of interest fixed to the SM hypothesis
(b). The curves are compared to the �-only model (where all m modifiers are set to unity). The intersections of the
dashed horizontal lines, corresponding to �2 ln⇤ = 1 and �2 ln⇤ = 3.84, with the profile likelihood curve are used
to define the ±1� sigma uncertainty on � and the 95% CL interval, respectively.

Table 2: Best-fit values for the -modifiers with ±1� uncertainties for the �-only and generic models. The 95% CL
interval for � is also reported. For each model the upper row corresponds to the observed results, and the lower row
to the expected results obtained using Asimov datasets [50] generated under the SM hypothesis.

Model W+1�
�1� Z+1�

�1� t+1�
�1� b+1�

�1� `+1�
�1� �+1�

�1� � [95% CL]

�-only 1 1 1 1 1
4.6+3.2

�3.8 [�2.3, 10.3] obs.

1.0+7.3
�3.8 [�5.1, 11.2] exp.

Generic
1.03+0.08

�0.08 1.10+0.09
�0.09 1.00+0.12

�0.11 1.03+0.20
�0.18 1.06+0.16

�0.16 5.5+3.5
�5.2 [�3.7, 11.5] obs.

1.00+0.08
�0.08 1.00+0.08

�0.08 1.00+0.12
�0.12 1.00+0.21

�0.19 1.00+0.16
�0.15 1.0+7.6

�4.5 [�6.2, 11.6] exp.

6 Conclusion

The Higgs boson self-coupling modifier � = �HHH/�SMHHH
has been constrained with a combination

of single-Higgs analyses using data collected at
p

s = 13 TeV with an integrated luminosity of up to

10
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                                                                                          EFT Single Higgs production
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Figure 3: Value of -2 ln⇤ as a function of � obtained setting all observables to their SM
expectation. The function is shown for the EWPO, the single-Higgs, the double-Higgs ob-
servables, the single-Higgs plus double-Higgs combination and the full combination.

The functional shapes of -2 ln⇤ show that the constraining power of the
EWPO is expected to be lower than what observed in data, in fact the full
combined -2 ln⇤ doesn’t show large di↵erences with respect to the combination
of only the single-Higgs and double Higgs -2 ln⇤. From Figure 2 is possible
to see that the combined H and HH -2 ln⇤ has a minimum far from its SM
expectation of � = 1, while the minimum of the EWPO -2 ln⇤ is closer to
its SM expectation. Therefore the EWPO have an higher impact on the final
observed result, in particular at the upper edge of the confidence interval.

6. Conclusion

In this paper we combine the ATLAS data analyses of the single-Higgs and
double-Higgs processes with the information coming from the EWPO in order to
constraint the Higgs boson trilinear self-coupling modifier � = �3/�

SM
3 . Under

the assumption that NP a↵ects only the Higgs potential we find as the best fit
value of the trilinear self-coupling modifier � = 4.0+2.9

�3.3 excluding values outside
the interval �1.8 < � < 9.2 at 95% CL. With respect to analyses where single-
Higgs data [22] or double-Higgs data [27] or a combination of both [22] are taken
into account, our study shows that the inclusion in the fit of the information
coming from the EWPO mW and sin2 ✓lepe↵ gives rise to a stronger constraint on
�, in particular on the positive side of the CL interval.

At the moment the information coming from EWPO gives an indication
for �3 values closer to �

SM
3 than the single and double-Higgs analyses. It is

interesting to see if, in the future, with the LHC collaborations analysing larger
set of single and double-Higgs data and with possible improvements on the
measurement of the mW from LHC, this di↵erent indication will remain in the
data.
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Trilinear Higgs self-
coupling enters also in 
electroweak precision 

observables

[Degrassi, Fedele, Giardino ’17, 
Kribs, Maier, Rzehak, 

Spannowsky, Waite ‘17]

Impact on fit though small

[Degrassi, Di Micco, Giardino, 
Rossi ’21]

[Degrassi, Di Micco, Giardino, Rossi ’21]
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                                                                                          Operators entering at NLO
But is it enough to include the tree-level operators into the global fit?

(d)(c)

(b)(a)

(e)

/

Figure 1: Example Feynman diagrams for four fermion operator contributions to the Higgs
production via gluon fusion. The red box indicates the four-fermion operator. Show also
diagrams with bottoms [JB: replace H by h in diagrams]

5

E.g. poorly constrained four-fermion operators 
enter at NLO to single Higgs production

[work in progress with L. Alasfar and J. De Blas]
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[Alasfar, De Blas, 
RG, to appear]

self-coupling 
modification

four-top quark singlet operator

[bounds from 4 top 
production from SMEFiT 
collaboration ’21]
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                                                                                          Conclusions
• Di-Higgs production provides new information beyond pure trilinear coupling

• HEFT/SMEFT? di-Higgs production could potentially distinguish, BUT: two new 
unconstrained parameters 

• also single Higgs production can be used to constrain  trilinear Higgs self-
coupling

• though keeping in mind that more weakly constrained operators enter into single 
Higgs production
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Thanks for your attention!
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