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We study dim-6 EW top-loop effects in Higgs processes, including 
•  VBF, ZH, WH at LHC 
•  ZH, WWF, ZZF at e+e- 
•  H decay to γγ, γZ, Zll, Wlv, bb, ττ, μμ
•  ggH is known

How large are these?
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MOTIVATION



• Physics: 

• To correctly interpret Higgs signal strength measurements…  
Are we measuring  
 
                                            or                               ?  

• When does this start to matter, Run-2? HL/HE? Future LC? 

• NLO EW in SMEFT may not be small:  
 
 
given that in general Ct is less constrained than CH. 

• TH uncertainties due to unknown Ct cannot be avoided, in a global view.

MOTIVATION (1)

O(↵EW /⇡ · Ct/CH)
instead of O(↵EW /⇡)
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• Techical: 
• Along the effort of automating SMEFT @ NLO with MG5, see 

Ken’s talk for progress in NLO QCD. 
• Existing implementation, see e.g.  

• A first step towards automatic NLO EW. 
• Some NLO EW computations for Higgs, e.g.  
 

• A suitable problem for automation…

MOTIVATION (2)

Degrande, Maltoni, Wang, CZ 15, D. B. Franzosi, CZ 15, CZ 16 
Bylund, Maltoni, Tsinikos, Vryonidou, CZ 16 

Degrande, Fuks, Mawatari, Mimasu, Sanz 17

C. Hartmann, M. Trott 15, Ghezzi, Gomez-Ambrosio, Passarino, Uccirati 15 
S. Dawson, P. P. Giardino 18, Gauld, Pecjak, Scott 16 

…
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BECAUSE…

Need R2 terms: HH, VV, HVV 
UV terms: HH, VV, HVV, ffV, ffH
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IMPLEMENTATION



• Our goal is to include operators that enter either ttV, tbW, or ttH:

IMPLEMENTATION (0)
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bbZ ttZ



• MadGraph5.26x, with reweighting functionality 
• Generate events at tree level in SM 
• then for each event recompute a new  

weight with EW loops (at dim-6).   

• For loops, need R2.  Compute with FeynArts->FeynCalc 

• Gamma5: KKS scheme 
• always anticommute 
• no cyclic relation 
• trace starts with a reading point

IMPLEMENTATION (1)
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(Olivier Mattelaer 16)

New weight

Example: HWW

(Korner, Kreimer, Schilcher 92)



• Dim-6 renormalization 

• Counter term operators  

• Starting with Warsaw basis but replace  
 
 
 
by OW, OB which are blind directions in EWPO. 

• CTs are independent of basis. 

• S and T parameters can be identified as CɸWB and CɸD

IMPLEMENTATION (2)
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• Mixing  
 
 
 
 
 
 
 
 

• MSbar renomalization for all C’s except CɸWB and CɸD, where S 
and T are used as renormalization conditions. 

• So that we can easily set S=T=0 to be consistent with EWPO

IMPLEMENTATION (3)
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Consistent with [Alonso, Jenkins, Manohar, Trott]



• SM renormalization  

IMPLEMENTATION (4)

Switch to MW, MZ, GF scheme (for convenient reweighting):
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RESULTS 
(PRELIMINARY)



• A UFO model, with which we can compute dim-6 top loop 
corrections in many processes, thanks to automation 

• Higgs production at LHC: WH, ZH, VBF 

• Higgs production at LC: ZH, WWF, ZZF 

• Higgs decay: γγ, γZ, WW*->Wlv, ZZ*->Zll, bb, ττ, μμ 

• EWPO: S T U

• Many others: W-/Z-pole, widths, ee→ff, Drell-Yan at LHC…

• All results are with scale dependence…

RESULT (0)
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“Top-down”: μEFT = 1 TeV 
“Bottom-up”: μEFT = 125 GeV



RESULT (1): LHC

This means the 0.94% deviation in signal strength
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13 TeV, C/Λ2 = 1 TeV-2



RESULT (2): LEPTON COLLIDER

250 GeV  (e+,e-) = (+0.3,-0.8)

250 GeV  (e+,e-) = (-0.3,+0.8)
�20



PHYSICS IMPACT



• Let’s use current constraints on the  
top operators 

• Current constraints:  
(reconstruct the 95% allowed  
region in parameter space,  
neglecting correlation) 

• Possible deviations in Higgs channels at LHC:

PHYSICS IMPACT 1: AT LHC

This means potentially ~9% deviation ZH, H->ZZ*

Maltoni, Vryonidou, Zhang 16
Alioli, Cirigliano, Dekens, de Vries, Mereghetti 17
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• Let’s use current constraints on the  
top operators 

• Current constraints:  
(reconstruct the 95% allowed  
region in parameter space,  
neglecting correlation) 

• Possible deviations in Higgs channels at LC:

PHYSICS IMPACT 2: AT LEPTON COLLIDERS
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Even a LC below 350 GeV  
can probe top couplings



• Let’s use current constraints on the  
top operators 

• Current constraints:  
(reconstruct the 95% allowed  
region in parameter space,  
neglecting correlation) 

• Possible deviations in Higgs channels at LC:

Alioli, Cirigliano, Dekens, de Vries, Mereghetti 17

PHYSICS IMPACT 2: AT LEPTON COLLIDERS
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350 GeV, only Otɸ (the Yukawa) allowed

If fixed with 350 run

Maltoni, Vryonidou, Zhang 16
The TopFitter 16



• To estimate HL-LHC “sensitivities” to top-quark operators, we 
perform a “global fit” using HL projected Higgs measurements. 

• Other Higgs operators are fixed to 0. 

• Set S=T=0, which means CɸWB and CɸD=0 in our scheme. 

• Projections follow  [Maltoni, Pagani, Shivaji, Zhao 17]  
• Add bb  

ATL-PHYS-PUB-2014-011  

• and γZ  
ATL-PHYS-PUB-2014-006 

PHYSICS IMPACT 3: PROBING TOP COUPLINGS AT HL-LHC
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• Individual “limits”: 

• Chi square eigenvalues:

PHYSICS IMPACT 3: PROBING TOP COUPLINGS AT HL-LHC

Loop-induced

NLO EW
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PHYSICS IMPACT 3: PROBING TOP COUPLINGS AT HL-LHC
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SENSITIVITY  
DECOMPOSITION
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PHYSICS IMPACT 4: DIFFERENTIAL DISTRIBUTIONS

DIFFERENTIAL CROSS SECTION: 
LARGER DEVIATIONS AT TAIL
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• Improve the fit with differential distributions…
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[Maltoni, Pagani, Shivaji, Zhao 17]

PHYSICS IMPACT 4: DIFFERENTIAL DISTRIBUTIONS



• Improve the fit with differential distributions…
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GDP improved by a factor of ~0.8

[Maltoni, Pagani, Shivaji, Zhao 17]

PHYSICS IMPACT 4: DIFFERENTIAL DISTRIBUTIONS
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PHYSICS IMPACT 4: DIFFERENTIAL DISTRIBUTIONS

Comparison of sensitivity, current direct limits with HL-LHC



CONCLUSION



CONCLUSION

• We compute NLO EW corrections from dim-6 top operators to major Higgs processes:  

• LHC: VBF, WH, ZH 

• LC: ZH, VBF 

• Decay: γγ, γZ, WW*, ZZ*, bb, ττ, μμ

• and in principle many other non-Higgs processes

• Implemented in MG5_aMC@NLO: a first step towards automated SMEFT@NLO in EW

• Using these results we find Higgs measurements are sensitive to top operators

• Loop-induced processes (in SM) affected by O(1)-O(10), while others by ~10% due to 
NLO EW corrections. Will matter at HL-LHC and LC.

• We derive projected “constraints” on top operator coefficients using loop effects.  They 
could range from O(0.01) to O(10), if Λ=1TeV.
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CONCLUSION

• Treating the dim-6 top-quark sector and the Higgs/EW sector 
separately will not continue to be a good approximation. A global 
approach with loop effects is desirable. 

• Our implementation provides an automatic and realistic simulation 
tool for this purpose.
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BACKUPS
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H DECAY



LOOP/TREE DISCRIMINATION

• We have set Higgs operators to ZERO.  What if we have not?  i.e. 
in a real global fit, how do we discriminate tree-level contributions 
from OH and loop-level contributions from Ot? 

• RG correction is not useful here: observable-independent. 

• Finite correction is the key.  This is why we think muEFT=125 GeV better 
reflects the “sensitivity” of a real fit. 

• Consider OtB that mixes into OɸB.  Suppose we want to distinguish the two 
only using Higgs processes (γγ, γZ, WW*, ZZ*, all 10%)

With finite corrections With RG logs only
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DISTRIBUTIONS ARE CRUCIAL

LOOP/TREE DISCRIMINATION


