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Upon renormalisation, operators run 
and mix with the scale as dictated by 
the renormalisation group equations 
(RGEs)

UV scale

Matching scale

Electroweak 
scale

UV model 
RGEs

SMEFT 
RGEs

…

Giuseppe Ventura                         1



Running and Mixing in the SMEFT

Upon renormalisation, operators run 
and mix with the scale as dictated by 
the renormalisation group equations 
(RGEs)

UV scale

Matching scale

Electroweak 
scale

UV model 
RGEs

SMEFT 
RGEs

…

Jenkins, Manohar and Trott
[1308.2627, 1310.4838, 1312.2014] 

Giuseppe Ventura                         1

𝒪1

𝒪1 𝒪2 𝒪𝑛…

𝛾𝑖𝑗



Effects of RGEs in the SMEFT

Giuseppe Ventura                        2



Effects of RGEs in the SMEFT

Plot from Aoude, Maltoni, 
Mattelaer, Severi and Vryonidou
[arXiv:2212.05067]

Different choices of the renormalisation scale 𝜇 can 
impact observables and bounds on Wilson coefficients
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See also:
Battaglia, Grazzini, Spira and Wiesemann 
[arXiv: 2109.02987],
Di Noi, Gröber [arXiv: 2312.11327],
Di Noi, Gröber, Mandal [arXiv: 2408.03252],
Heinrich, Lang [arXiv: 2409.19578]
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• We extend the study of (QCD-induced) RG effects 
by considering the impact on Higgs observables at 
the LHC, and on constraints of relevant Wilson 
coefficients

See also:
Battaglia, Grazzini, Spira and Wiesemann 
[arXiv: 2109.02987],
Di Noi, Gröber [arXiv: 2312.11327],
Di Noi, Gröber, Mandal [arXiv: 2408.03252],
Heinrich, Lang [arXiv: 2409.19578]
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𝑝𝑝 → 𝑡 ҧ𝑡 ℎ

𝑝𝑝 → ℎ ℎ

𝑝𝑝 → ℎ 𝑗

Leading contribution from:

Induces tree-level 
diagrams for ℎℎ and ℎ𝑗

Divergences in ℎℎ and 

ℎ𝑗 reabsorbed by 𝒪𝜑𝐺

𝒪𝑡𝐺-inserted cross-section 
terms will depend on the 
renormalisation scale 𝜇
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𝑝𝑝 → 𝑡 ҧ𝑡 ℎ

𝑝𝑝 → ℎ ℎ

𝑝𝑝 → ℎ 𝑗

Leading contribution from:

Closed under QCD-induced 
anomalous dimension matrix

Induces tree-level 
diagrams for ℎℎ and ℎ𝑗

Divergences in ℎℎ and 

ℎ𝑗 reabsorbed by 𝒪𝜑𝐺

𝒪𝑡𝐺-inserted cross-section 
terms will depend on the 
renormalisation scale 𝜇

Maltoni, Vryonidou and Zhang
[arXiv: 1607.05330]



Mixing structure
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Impact of scale choice on distributions
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SM and EFT cross-sections computed with MadGraph and SMEFT@NLO ( 𝜇0 = 1 TeV )

Scale choices
• Dynamical scale ( event-by-event variation )
• Fixed scale ( 𝜇0 → 𝜇 )
• No running ( 𝜇0= 𝜇 = 1 TeV )
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Scale choices
• Dynamical scale ( event-by-event variation )
• Fixed scale ( 𝜇0 → 𝜇 )
• No running ( 𝜇0= 𝜇 = 1 TeV )

𝒑𝒑 → 𝒉 𝒋 Linear Quadratic

𝑐𝑡𝜑 𝜇0 = 1 10% 20%

𝑐𝜑𝐺 𝜇0 = 1 20% 35%

𝑐𝑡𝐺 𝜇0 = 1 30% 50%

Variation consistent with the self-running of 
the coefficients (same for ҧ𝑡𝑡ℎ)
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Scale choices
• Dynamical scale ( event-by-event variation )
• Fixed scale ( 𝜇0 → 𝜇 )
• No running ( 𝜇0= 𝜇 = 1 TeV )

𝒑𝒑 → 𝒉 𝒋 (𝒉 𝒉) Linear Quadratic

𝑐𝑡𝜑 𝜇0 = 1 10% 20%

𝑐𝜑𝐺 𝜇0 = 1 20% 35%

𝑐𝑡𝐺 𝜇0 = 1 30% 50%

𝒪𝑡𝐺 causes the biggest impact in loop-induced 
processes (order 1% for ҧ𝑡𝑡ℎ)
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Variation (up to)

SM and EFT cross-sections computed with MadGraph and SMEFT@NLO ( 𝜇0 = 1 TeV )



Mixing effects in loop-induced processes
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When 𝑐𝑡𝐺 𝜇0 ≠ 0, the RGEs will activate 𝒪𝜑𝐺 

inducing tree-level contributions resulting in 
a strong mixing among different terms

𝜎𝑡𝐺-dominated𝜎𝜑𝐺-dominated

dynamical 𝜇 , 𝑐𝑡𝐺 𝜇0 = 1 
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When 𝑐𝑡𝐺 𝜇0 ≠ 0, the RGEs will activate 𝒪𝜑𝐺 

inducing tree-level contributions resulting in 
a strong mixing among different terms

𝜎𝑡𝐺-dominated𝜎𝜑𝐺-dominated

dynamical 𝜇 , 𝑐𝑡𝐺 𝜇0 = 1 

Different behaviour for 𝑡 ҧ𝑡ℎ, 
sub-leading mixing effects



Impact of RGEs on bounds : current data
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Toy fit of differential 𝑝𝑇
𝐻 spectrum to inclusive data from ATLAS and CMS* ( 𝑝𝑇

𝐻 > 200 GeV )

*[arXiv: 2006.13251, arXiv: 2111.08340]

Constraints extracted at 𝜇0 = 1 TeV

Enhanced constraints for 𝑐𝑡𝜑 and 𝑐𝜑𝐺
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Different behaviour for 𝑐𝑡𝐺, biggest 
variation when running is activated

Toy fit of differential 𝑝𝑇
𝐻 spectrum to inclusive data from ATLAS and CMS* ( 𝑝𝑇

𝐻 > 200 GeV )

*[arXiv: 2006.13251, arXiv: 2111.08340]

Enhanced constraints for 𝑐𝑡𝜑 and 𝑐𝜑𝐺

Constraints extracted at 𝜇0 = 1 TeV



Impact of RGEs on bounds : current data

Impact on correlations between coefficients, flat 
directions get rotated in the EFT parameter space

Much smaller effect when the 
dipole operator is excluded

Solid 68% C.L.
Dashed 95% C.L.
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Impact of RGEs on bounds : HL-LHC
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Bound for 𝑐𝑡𝐺 widened by a factor of 2 
when running is activated

Toy fit with projected uncertainties for inclusive 𝑝𝑇
𝐻 spectrum, 𝑡 ҧ𝑡 ℎ differential cross-section and 

𝐻𝐻 cross-section [arXiv: 1902.00134]



𝐻𝐻 production and impact on Higgs self-interaction
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Double Higgs production probes Higgs trilinear 

coupling at hadron colliders, which is modified by 𝒪𝜑
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Double Higgs production probes Higgs trilinear 

coupling at hadron colliders, which is modified by 𝒪𝜑

Does not run under QCD, impact of scale 
choice through marginalisation

𝐻𝐻 production and impact on Higgs self-interaction



Conclusions
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• We studied the effects of running and mixing of SMEFT operators 
for single and double Higgs production

• The study revealed a major role of mixing in loop-induced 
observables

• Toy fit showed an impact on correlations between Wilson 
coefficients
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• We studied the effects of running and mixing of SMEFT operators 
for single and double Higgs production

• The study revealed a major role of mixing in loop-induced 
observables

• Toy fit showed an impact on correlations between Wilson 
coefficients

Thank you



BACKUP



Running of the couplings



Differential distributions: 𝐻𝑗



Differential distributions: ҧ𝑡𝑡ℎ



Differential distributions: ℎℎ



other 2D fits



Backup: more plots about mixing
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