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• BSM? 

• Operators at dim-6:                                

SMEFT
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New particles

New Interactions of SM particles 

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653   

Grzadkowski et al arxiv:1008.4884 
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SMEFT in Higgs processes
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Extensive work for Monte Carlo implementation and automation e.g. 
Alloul, Fuks, Sanz arXiv:1310.5150   
• Higher-order corrections: SMEFT renormalisable order by order in 1/Λ 

Need for precision in EFT predictions has led to a lot of work towards 
NLO QCD predictions 
• Higgs characterisation in MG5_aMC@NLO Demartin et al.: ggH arXiv:

1306.6464, VH+VBF arXiv:1311.1829, ttH arXiv:1407.5089, tHj arXiv:
1504.00611 

• MCFM+POWHEG box: VH Mimasu et al arXiv:1512.02572 

Electroweak Higgs production 
HEL@NLO see Ken’s talk for HV and VBF

http://arxiv.org/abs/arXiv:1310.5150
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The need for NLO
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Impact of NLO corrections 
• Accuracy and precision: NLO corrections modify the 

central value and come with reduced theoretical 
uncertainties compared to LO 

• Impact on the distributions - non-flat K-factors different 
between operators and different from the SM 

• Better control on RG and operator mixing effects - new 
operators entering at NLO 

• Effort to match SM precision in the light of more sensitive 
measurements and in the context of global EFT fits where 
precision is needed to extract maximal information on the 
coefficients
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Parallel progress in top quark processes in the same framework:  
• top pair production: Franzosi and Zhang (arxiv:1503.08841) 
• single top production: C. Zhang (arxiv:1601.06163) 
• ttZ/γ: O. Bylund, F. Maltoni, I. Tsinikos, EV, C. Zhang (arXiv:1601.08193)

• SMEFT@NLO ingredients: 
• Mixing between operators: anomalous dimension 

matrix: Alonso et al. arxiv:1312.2014 
• Additional operators at NLO

Automation within MadGraph5_aMC@NLO 
R2+UV counterterms for the NLO computation:  
NLOCT Degrande (arxiv:1406.3030)

SMEFT@NLO
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ttH in the EFT
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At NLO in this talk 

4-fermion 
operators

Not in this talk, work in progress
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ttH@NLO
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Alonso et al. arxiv:1312.2014

Higher-dimension 
operators mix into lower-

dimension ones

dim-6 dim-5 dim-4

interference 
with SM

interference between 
operators, squared 

contributions

Setup allows 
computation of:
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Cross-section results (1)
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• Different K-factors for different operators, 
different from the SM 

• Large 1/Λ4 contribution for the 
chromomagnetic operator 

• Constraints from top pair production: 
ctG=[-0.42,0.30] Franzosi and Zhang 
arxiv:1503.08841 

• Global approach needed to consistently 
extract information on coefficients within 
the SMEFT framework

How should we treat O(1/Λ4) terms? 

EFT condition satisfied but O(1/Λ4) large for 
large operator coefficients 

To be checked on a case-by-case basis 
(see also Francesco’s talk)
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First systematic study of uncertainties: 
• 1) Scale and PDF uncertainties:  
Similar to SM 
• Reduced scale and PDF 

uncertainties in the ratio over the SM  
• 2) EFT scale uncertainties 

Cross-sections evaluated at a different 
scale (μ0/2, 2μ0) evolved back to μ0  taking 
into account operator mixing and running 

Cross-section results (2)

3) C/Λ2 expansion 
Included

Needs dim-8 operators (Not included here) 
But it can be estimated using a cut-off  Contino 
et al arXiv:1604.0644
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A study of RG effects
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RG corrections not a good 
approximation to the NLO 
result, underestimate the 

NLO corrections

Comparison of exact NLO with LO 
improved by 1-loop RG running

Milder EFT scale 
dependence at NLO, when 

mixing effects also taken into 
account
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Differential distributions for ttH
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Maltoni, EV, Zhang arXiv:1607.05330

NLO: smaller uncertainties, 
non-flat K-factors

Different shapes for different 
operators for the squared terms
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Top and Higgs
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See also  
Degrande et al. arXiv:1205.1065  
Grojean et al. arXiv:1312.3317 
Azatov et al arXiv:1608.00977

Use with 1) ttH and 2) H, H+j to break degeneracy between 
operators and extract maximal information on these operators

Maltoni, EV, Zhang: arXiv:1607.05330

ttH H, H+j, HH
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SMEFT in H+j 
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Harder tails from dim-6 operators: Boosted analysis
Maltoni, EV, Zhang: arXiv:1607.05330
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SMEFT in HH
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Chromomagnetic 
operator computed 

for the first time

To be investigated: the impact of the chromomagnetic operator in EFT 
analyses that focus on the extraction of the triple Higgs coupling λ 

(e.g. arXiv:1502.00539 and arXiv:1410.3471)

http://arxiv.org/abs/arXiv:1502.00539
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Constraints on the Wilson coefficients
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Toy χ2 fit for illustrative purposes using:  
single H, ttH Run I and Run II results  

Impact of the 3 operators also included in 
Higgs decays

95% c.l.

typically CtG=0 in 
Higgs analyses • Individual limit on CtG comparable to the one 

from top pair production-room to improve with 
ttH measurement in run II   

• Including the chromomagnetic operator leaves 
much more space to the other two operators

Need for 
global analysis
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Constraints using two-operator fits
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Maltoni, EV, Zhang 
arXiv:1607.05330

Current limits 
using LHC 

measurements 

14TeV projection 
3000 fb-1
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How to extract maximal information?
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Azatov et al arXiv:1608.00977

Combination: 
• inclusive H 
• boosted Higgs 
• ttH 
• HH 
• off-shell Higgs
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Outlook
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• SMEFT a consistent way to look for new interactions 
• Higher-order corrections needed to match SM precision 

and experimental accuracy 
• ttH production computed at NLO in QCD within MG5_aMC 
• QCD corrections important both for total cross-sections 

and distributions: SM k-factors are not enough 
• Loop-induced Higgs processes also available in the same 

framework 
• Preliminary fit results already available: important to 

include NLO predictions where available and to combine 
Higgs and top results in a global manner to extract 
maximal information 



Thank you for your attention


