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CP-violation and how to look for it
• CP-violation needed to explain matter-anti-matter asymmetry

• Plethora of searches in the flavour sector and through EDMs

• High-pT efforts at the LHC also relevant and complementary

• Higgs and top sectors particularly promising

• Effects can be parametrised in terms of the Wilson coefficients of the SMEFT

• Sensitivity to the CP-odd interactions through both CP-even and CP-odd observables
∝ c2

odd ∝ codd
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Standard Model

Effective Field Theory

UV physics (heavy particles)Energy

Λ

Effective Field Theory reveals high energy physics through precise 
measurements at low energy.

LSM (�) + Ldim6(�) + . . .

LSM (�)

LNP (�,Z
0, X,Q, S . . . ){new

Effective Field Theory 
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CP-violation in the top-Higgs sector

Yukawa operator Dipole operators

Bosonic operators

V=γ, Z, W, g
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Example 1: Top-Higgs associated production

CP-odd Yukawa
Demartin, Mawatari, EV, Zaro 1505.07081


Higgs Characterisation Studies: Demartin et al. arXiv:1504.00611,1407.5089,1306.6464

 

Important to consider both to probe the top Yukawa coupling

Sensitivity to the sign of yt

tt̄H

tHj

https://arxiv.org/abs/1505.07081
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CP-odd top level observables: tt̄H

CP-odd interference gives 
an odd distribution


Odd distributions for both 
the top Yukawa and 
chromoelectric dipole 
operators


Even distributions for the 
SM and CP-even operators

Miralles, Peters, EV, Winter 2412.10309
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Decay observables: tt̄H

Even distributions for the SM and CP-even operators but odd for the CP-odd 

Require top reconstruction

Top pair rest frame

No top reconstruction, lab frame
See also Azevedo et al 2208.04271, Bahl et al 2406.03950 

Miralles, Peters, EV, Winter 2412.10309
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Single top Higgs associated production

Odd distributions for the 
interference of the CP-odd 
operators


Similar to single top 

de Beurs, Laenen, Vreeswijk, EV arXiv:1807.03576

Top polarisation angles

Miralles, Peters, EV, Winter 2412.10309
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Asymmetries for CP-violation

tt̄H tHj
Only linear contributions in the numerator: CP-odd observables

Asymmetry is 0 for the SM and CP-even contributions

Asymmetries suffer less from systematic uncertainties: can they help to probe CPV?

Miralles, Peters, EV, Winter 2412.10309


x = 0
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Analysis

Assume statistical uncertainties based on current 
measurements and same systematics 


Rescale systematics based on  and reduce 
systematics by a factor of 2 at HL-LHC


Consider all relevant CP-even and CP-odd operators 

ℒ

Miralles, Peters, EV, Winter 2412.10309
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Constraints on Wilson coefficients

Marginalised and individual fit results different: need to add more observables e.g. top pair production, 
Higgs production in gluon fusion, VH production


Quadratic effects large: constraints dominated by CP-even observables 
Miralles, Peters, EV, Winter 2412.10309


Shaded: marginalised

Solid: individual
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CP violation in the top Yukawa coupling
Adding tHj removes the degeneracy

Sensitive to the sign of the Yukawa 
coupling


Small effect of the asymmetries 
(constraints on CP-odd component 
coming from CP-even observables)

Miralles, Peters, EV, Winter 2412.10309
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CP violation in VH 
Typically vanishing interference in inclusive observables


Need to look at angular distributions of gauge boson decay products

Example: WH

See also R. Barrué, P. Conde-Muíño, V. Dao, R. Santos 2308.02882 for ML study 

Bosonic operators

Azatov et al 1707.08060, Panico et al 1708.07823, 
Azatov et al 1901.04821, Banerjee et al 1905.02728 

& 1912.07628, Bishara et al [2004.06122] 

Bishara et al [2004.06122] 
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CP-violation in @NLO in QCDVH

Rossia, EV 2409.00168


ODD

4 bins 
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CP-violation and constraints

Rossia, EV 2409.00168


Boosted analysis with angular bins
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Loop induced diboson production 
  gg     hh

gg     hz

gg      ZZ

Production process

gg      WW

Connection to top physics

Operators

Top chromo

Top Yukawa

Top EW

Higgs Gluon
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CP-violation in gg → VV

CP-odd interference contribution is odd
Thomas, EV arXiv: 2411.00959

How can we probe CP-violation in the loop induced VV processes?

No interference for Z-level observables

https://arxiv.org/abs/2411.00959
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Conclusions

• CP-violation searches at the LHC can provide crucial information on 
the CP nature of the Higgs couplings


• CP-violating interactions probed through CP-sensitive observables

• Complementarity between single top and top pair associated 

production for top Yukawa 

• Angular observables crucial for probe of CP-violating Higgs-gauge 

interactions

• Exciting prospects for LHC and HL-LHC
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Thank you for your attention


