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CP violation in Higgs coupling

 CP violation is vital to matter anti-matter asymmetry
 Many fronts

* Neutrino, hadron decays, EDM
 CPV in the Higgs sector

 Theory: electroweak baryogensis



Higgs CP property

 CP is one of the first measured properties of the Higgs

* Higgs: the only scalar in the SM => CP even and conserving

 Pure CP odd state with HVV coupling was excluded with Run1 data
 What about CPV?
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Where to look in Higgs sector

CPV: Non-zero CP-even and CP-odd eigenstate

Vector bosons

1 1 .
A(HVV) —ayvmvevl 6\/2 | va*(l)f*(Q),lw Higer order, suppressed xsec

v 10% mixture, CP-odd xsec fraction 10-5
Seems like mission impossible, but
CP-even CP-odd More pronounced in high energy
 VVBF, VH, off-shell, high pT..
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H first observation in HVV channels

General HVV decay, angles sensitive to CP

If V doesn’t further decay, no sensitive info (spin0)

H— Z/— 4l a natural choice
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Measuring CP in HVV decay

* In principle, 5 angles + 3 invariant masses could be analytically written for O+ and O-

* |n reality, a 8-dimensional fit requires efficiency, resolution convolution, CPU-consuming
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Events / bin

CP sensitive observables

CMS

CP-even vs CP-odd
CMS, PRD 104 (2021) 052004
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https://link.springer.com/article/10.1007/JHEP05(2024)105
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From HVV decay to production

CP-odd xsec increase with energy scale
VH, VBF: higher energy scale
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https://arxiv.org/abs/1310.8361

From HVV decay to production

Measured quantity, fa3: CP-odd xsec fraction
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HVV production

 Can be measured in all different decay final states and combined
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http://cds.cern.ch/record/2937543

Off-shell HVV

o Similarly, off-shell H production, higher energy

PLB 775 (2017) 1 CMS Nat. Phys. 18 (2022) 1329
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Hff CP violation

Measure
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 Need polarization information if u does not decay
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arxiv: 2205.07715
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7p01(€) = Gunpal (1 + PFP; + PEP;

 Possible to measure at the LHC: tt, TT

* Not possible: bb, pp



Htt measurement with ttH and tH

ttH: fourth production xsec of the Higgs at the LHC




Htt measurement with ttH and tH
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Htt measurement with ttH and tH

CMS, JHEP 02 (2025) 097
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Htt measurement with ggH
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Htt measurement with ggH
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Adding ggH constraints
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Htt measurement with ggH

Exploring Higgs differential pT distribution

CMS, arXiv:2504.13081
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Combining Agjj and H pT
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CMS 137 fb' (13 TeV)
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Projected precision

arXiv: 2205.07715
Snowmass 2022 report
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Projected precision
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Projected precision

H—oZZ
VH
VBF

In a projection 10 years ago, the precision to be expected at 300 fb-1 has been reached at 138 fb-1

arXiv:1310.8361

Snowmass 2013 report
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https://arxiv.org/abs/1310.8361

Summary

* Arich program at the CMS probing CPV in the Higgs sector

e With various new developments, HVV has been close to 10% mixture
precision

 For Hff, with more data and new improvements, 10% mixture should be
reachable with Run3 data
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AC and WC conversion
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