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Introduction

• Baryon asymmetry observed in the universe
• Sakharov: Need CP violating processes
• But CP violation in Standard Model (SM) presumably not sufficient

−→ Probe Higgs sector for additional sources of CP violation

• Presenting four Run-2 ATLAS analyses
• Search for CP-odd contribution to Higgs interaction vertices
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H → ZZ ∗ → 4` analysis
arXiv:2004.03447

• Classify events with neural networks (NN)
• Discriminants combine 3 NNs for:
4` system, jets and additional event info
• Distinguish between dominating processes

in different (STXS) event categories
0 0.2 0.4 0.6 0.8 1

ggF

Med4l

T
pj0

NN

0

10

20

30

40

50

60

E
v
e

n
ts

Data

ggF+bbH ZZ*

VBF tXX, VVV

VH tZ+jets, t

ttH+tH Uncertainty

ATLAS
 4l→ ZZ* →H 

1 = 13 TeV, 139 fbs

 < 130 GeV4lm115 < 
Med4l

T
pj0

• Probe for BSM physics in SMEFT framework in Warsaw basis
• L = LSM + 1
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CP-even CP-odd Impact on
Operator Structure Coeff. Operator Structure Coeff. production decay
OuH HH†q̄pur H̃ cuH OuH HH†q̄pur H̃ cũH ttH -
OHG HH†GA

µνGµνA cHG OHG̃ HH†G̃A
µνGµνA cHG̃ ggF Yes

OHW HH†W l
µνWµνl cHW OHW̃ HH†W̃ l

µνWµνl cHW̃ VBF, VH Yes
OHB HH†BµνBµν cHB OHB̃ HH† B̃µνBµν cHB̃ VBF, VH Yes
OHWB HH†τlW l

µνBµν cHWB OHW̃B HH†τlW̃ l
µνBµν cHW̃B VBF, VH Yes

Serhat Ördek 2 / 11

https://arxiv.org/pdf/2004.03447.pdf
https://arxiv.org/pdf/1508.05895.pdf


H → ZZ ∗ → 4` results
arXiv:2004.03447

Warsaw basis parameters ~c change (NLO
predicted) signal strength µ = Nsignal

Obs
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SM
through

cross-section σ, branching ratio B4` and
detector acceptance A:
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ATLAS

 4l→ ZZ* →H 
1 = 13 TeV, 139 fbs

SMEFT

Bestfit 95% CL

 21± [50,50]2 10⋅ 5 ⋅

0.000 [0.029,0.029]2 10⋅

0.0 [1.0,1.0]

0.00 [0.56,0.56]

 0.6± [2.4,2.4]

Bestfit 95% CL

 21± [50,50]

0.000 [0.029,0.029]

0.0 [1.0,1.0]

0.00 [0.56,0.56]

 0.6± [2.4,2.4]

Expected: Stat+Sys

Observed: Stat+Sys

Observed: StatOnly[   ]
• Limits on single ci assuming cj 6=i = 0
• No deviation from SM observed
• Only used impact on total event rates
⇒ Cannot fully distinguish CP-even
and CP-odd contributions

• No pure CP test
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H → γγ analysis
ATLAS-CONF-2019-029

• Analyzing events with mγγ ∈ [105 GeV, 160 GeV]
• Simultaneous fit to 5 distributions (correlations taken into account)
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• Use EFT in SILH basis, same setup as before, slightly different operators
• Variable for CP test: ∆ϕjj
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Pure CP test
ATLAS-CONF-2019-029

CP-even and odd operators both change yield
⇒ Should not rely on yield change wrt SM for CP test
For CP-odd operators:

|M|2 = |MSM|2︸ ︷︷ ︸
CP-even

+2 Re(M∗
SMMCP-odd)︸ ︷︷ ︸

CP-odd, source of CP violation

+ |MCP-odd|2︸ ︷︷ ︸
CP-even

Integrated over CP-even selection, CP-odd interference term vanishes
⇒ Using only interference term, can conduct shape-only analysis, less
model-dependent CP test
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H → γγ results
ATLAS-CONF-2019-029

• Limits on single ci assuming cj 6=i = 0
• No deviation from SM observed
• Not taking event rate into account reduces
sensitivity to CP-odd Wilson coefficients
• But makes test of CP violation less
model-dependent
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VBF H → ττ analysis
Phys.Lett.B 805 (2020) 135426

• Investigating only HVV couplings
• EFT Lagrangian: L =
LSM + fB̃B

Λ2 H† ˆ̃BµνB̂µνH + fW̃ W
Λ2 H† ˆ̃WµνŴ µνH

• Simplified with one CP-violating parameter:
d̃ = −m2

W
Λ2 fW̃ W = −m2

W
Λ2 tan2(θW )fB̃B

Measure CP-sensitive Optimal Observable OO = Re(M∗
SMMCP-odd)
|MSM|2
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VBF H → ττ results
Phys.Lett.B 805 (2020) 135426

• Least model-dependent: mean values of
observed OO distributions in high-BDT
SRs
• For d̃ limits: Fit OO in high-BDT SRs
• µ unconstrained in fit ⇒ no rate info used

Channel 〈Optimal Observable〉

τlepτlep SF −0.54± 0.72
τlepτlep DF 0.71± 0.81
τlepτhad 0.74± 0.78
τhadτhad −1.13± 0.65

Combined −0.19± 0.37
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ttH → γγ analysis
arXiv:2004.04545

• Search for CP-odd contribution to top
Yukawa coupling
• In Higgs Characterization model:
L = −mt

ν

(
ψ̄tκt

[
cos(α) + i sin(α)γ5]ψt

)
H

• CP-odd term ∝ sin(α) has dimension 4
⇒ not suppressed by 1/Λ2 as before Odd-like Categories Intermediate Categories Even-like Categories
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• Two BDTs for event classification: signal vs bkg & CP-odd vs CP-even
• Extract signal yields in each category from a fit to mγγ
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ttH → γγ results
arXiv:2004.04545

• Fit model allows for variation of coupling strength parameter κt and
CP-mixing angle α (SM: κt = 1, α=0)

Simultaneous fit for κt sin(α) and κt cos(α):
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Fit to α with free κt excluded |α| > 43° at 95% CL ⇒ no sign of CP violation
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Conclusion
ATL-PHYS-PUB-2019-008

• Searched for CP-odd contribution to effective HVV , ggH and ttH vertices
• No hint of CP violation yet, but analyses still statistics-limited
• new (multivariate) analysis techniques being explored

HL-LHC could even bring sensitivity to Hττ vertex:
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⇒ Now is not the time to lose hope!
Thank you for your attention!
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Additional Material



Samples H → γγ
ATLAS-CONF-2019-029

Serhat Ördek 1 / 5



Signal H → ZZ ∗ → 4`
arXiv:2004.03447
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Samples VBF H → ττ
Phys.Lett.B 805 (2020) 135426
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Samples ttH → γγ
arXiv:2004.04545
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STXS binning ggF
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