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The Discovery of the Higgs boson
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• The SM is a successful model of the particle physics

• The Higgs boson play the unique role in the SM of giving mass to 

other particles via EW SSB

• Was discovered by ATLAS and CMS in 2012 in bosonic channels



CP property of the Higgs boson
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• Determining the CP structure is important in the High Energy Physics

• Key component for Sakharov condition to explain matter-antimatter 

asymmtry

✓ Baryon number violation

✓ C and CP violation

✓ Interactions out of thermal equilibrium


• Need to find new source of CPV beside the CP phase in CKM which 
is not enough for matter-antimatter asymmetry

The Higgs boson could be a good portal
• In the SM, the Higgs boson is CP-even

• No strong constraint to exclude CP-odd contribution


✓ Those new CP-odd component could be new scalars or new interactions



Recent ATLAS and CMS results
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ATLAS CMS
H→ZZ*→ℓℓℓℓ Eur. Phys. J. C 80 (2020) 957 [139 fb-1, measured 

cross-section reinterpretation]
Phys. Rev. D 104 (2021) 052004 [137 fb-1,  anomalous 

coupling using MELA discriminator]

arXiv:2202.06923 [Offshell measurement]

H→WW*→ℓvℓv Eur. Phys. J. C 82 (2022) 622 [36.1 fb-1] arXiv:2208.02686 [138 fb-1, muti-lepton]

H→ττ arXiv:2212.05833 [139 fb-1, Hff coupling]

Phys. Lett. B 805 (2020) 135426 [36.1 fb-1, VBF]

arXiv:2205.05120 [138 fb-1，MELA 
discriminator]


JHEP 06 (2022) 012 [138 fb-1, Hff coupling]

H→γγ arXiv:2208.02338 [139 fb-1, VBF]

Phys. Rev. Lett. 125 (2020) 061802 [139 fb-1, ttH]


JHEP 08 (2022) 027 [139 fb-1, measured cross section 
reinterpretation]

Phys. Rev. Lett. 125 (2020) 061801 [137 
fb-1,ttH ]

H→bb
 ATLAS-CONF-2022-016 [139 fb-1， ttH/tH]

https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
http://dx.doi.org/10.1103/PhysRevD.104.052004
https://arxiv.org/abs/2202.06923
https://link.springer.com/article/10.1140/epjc/s10052-022-10366-1
http://arxiv.org/abs/2208.02686
https://arxiv.org/abs/2212.05833
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub
http://arxiv.org/abs/2205.05120
http://dx.doi.org/10.1007/JHEP06(2022)012
https://arxiv.org/abs/2208.02338
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802
https://link.springer.com/article/10.1007/JHEP08(2022)027
http://dx.doi.org/10.1103/PhysRevLett.125.061801
https://cds.cern.ch/record/2805772
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Strong connection between experimentalists and theorists for Higgs boson CP studies
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Constrain CP-odd with differential measurements
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• Differential/STXS cross-section measurements could be 
interpreted in terms of CP-odd contributions


• SMEFT approach used for both H→𝛾𝛾 and H→ZZ results

Simplified Template Cross Section scheme



Constrain CP-odd with differential measurements
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HVV CP structure with VBF  H→𝛾𝛾/𝜏𝜏
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• Explore HVV CP property

• Interpreted results with two EFT bases 


✓ HISZ basis  and SMEFT Warsaw basis

• Implement the Optimal Observable method


• Better than 𝛥ϕjj


• Independent on Higgs Boson decay

arXiv:2208.02338
Phys. Lett. B 805 (2020) 135426

https://arxiv.org/abs/2208.02338
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub


HVV CP structure with VBF  H→𝛾𝛾/𝜏𝜏
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✓ Compared to H→ZZ and H→γγ from 
cross section interpretation, this analysis 
has about 2～5 time better limits

arXiv:2208.02338
Phys. Lett. B 805 (2020) 135426

https://arxiv.org/abs/2208.02338
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub


Higgs-gluon coupling：H→WW*→eνμν
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CP-even component CP-even component

• EFT from the Higgs Characterization model 

• Explore CP structure in Higgs-gluon interaction with events produced in ggH+2jets

𝛥ϕjj is used as the CP 
sensitive discriminant

• Selected 2 opposite sign, different flavor leptons selected with ≧ 2jets

• Additional kinematic selection 

• BDT training to further separate signal with Top, WW and Z→𝜏𝜏 events

• Low BDT regions for background modeling

Eur. Phys. J. C 82 (2022) 622

https://link.springer.com/article/10.1140/epjc/s10052-022-10366-1


Higgs-gluon coupling：H→WW*→eνμν
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• Results obtained with a fit to 𝛥ϕjj distribition in total 
12 event regions (3 BDT ×4 |𝛥ϕjj | bins)


• Low BDT regions used for bkg constraints

• Shape+norm fit to provide best fit on tan(𝛼)


• tan(𝛼) = 0.0 ± 0.4(stats.) ± 0.3(syst.)

Eur. Phys. J. C 82 (2022) 622

https://link.springer.com/article/10.1140/epjc/s10052-022-10366-1


H→ZZ→𝓁𝓁𝓁𝓁
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Multiple production modes involved

Explore generic HVV and Hff couplings 

Explore CP-odd component

Enhance Higgs signal purity and build CP 
sensitive observable with MELA technique by 
exploring the angular distributions etc, improve 
separation with BDT.

Phys. Rev. D 104 (2021) 052004

Similar strategy is also 
performed in H→𝜏𝜏 channel 
arXiv:2205.05120

http://dx.doi.org/10.1103/PhysRevD.104.052004
http://arxiv.org/abs/2205.05120


H→ZZ→𝓁𝓁𝓁𝓁
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Constraints on Hff/Hgg coupling in SMEFT Higgs basis 

Phys. Rev. D 104 (2021) 052004

http://dx.doi.org/10.1103/PhysRevD.104.052004


H→ZZ→𝓁𝓁𝓁𝓁
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Phys. Rev. D 104 (2021) 052004

Constraints on HVV coupling in SMEFT Higgs basis 

http://dx.doi.org/10.1103/PhysRevD.104.052004


H→𝜏𝜏 coupling structure
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CP-mixing

The CP-mixing is parametrized to be sensitive to the angular of two tau planes 
from the Higgs Boson in the Higgs Boson center-of-mass frame

Depending on tau decays: several method developed to reconstructive 𝜙CP 

Impact parameter method

Neutral pion method
（+IP method）

JHEP 06 (2022) 012 arXiv:2212.05833

Impact parameter

http://dx.doi.org/10.1007/JHEP06(2022)012
https://arxiv.org/abs/2212.05833


H→𝜏𝜏 coupling structure

14

Current data prefer CP-even case

𝛼H𝜏𝜏 = -1±19 deg. (±21 deg.)

Pure CP-odd excluded @ 3𝜎

ϕ𝜏 = 9±16 deg. (±28 deg.)

Pure CP-odd excluded @ 3.4𝜎

Similar strategy analysis done by ATLAS

arXiv:2212.05833JHEP 06 (2022) 012

https://arxiv.org/abs/2212.05833
http://dx.doi.org/10.1007/JHEP06(2022)012


CP structure in Higgs-Top interaction
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CP-even CP-odd

Phys. Rev. Lett. 125 (2020) 061802

ATLAS H→𝛾𝛾

Mixing angle |𝛼|<43° @95% CL

Pure CP-odd excluded @3.9𝜎

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802


CP structure in Higgs-Top interaction
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ATLAS H→bb

ATLAS-CONF-2022-016

Two CP  sensitive variables defined with top quark kinematic information in 1𝓁+jets and 2𝓁 channel

 are top momenta,  
<latexit sha1_base64="jC25tbqdm/eUWqjlK3v+upMwtPc=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBhZSk+FoW3bisYB/QhjKZTtqhk5kwc6OUEDf+ihsXirj1L9z5N07bLLT1wIXDOfdy7z1BzJkG1/22FhaXlldWC2vF9Y3NrW17Z7ehZaIIrRPJpWoFWFPOBK0DA05bsaI4CjhtBsPrsd+8p0ozKe5gFFM/wn3BQkYwGKlr73eksRXrDwArJR/SOOum3kkl69olt+xO4MwTLycllKPWtb86PUmSiAogHGvd9twY/BQrYITTrNhJNI0xGeI+bRsqcES1n04+yJwjo/ScUCpTApyJ+nsixZHWoygwnRGGgZ71xuJ/XjuB8NJPmYgToIJMF4UJd0A64zicHlOUAB8Zgoli5laHDLDCBExoRROCN/vyPGlUyt55+ez2tFS9yuMooAN0iI6Rhy5QFd2gGqojgh7RM3pFb9aT9WK9Wx/T1gUrn9lDf2B9/gAhUZdU</latexit>�!p 1,2  is the unit vector for z-axis

<latexit sha1_base64="3+s41HUG5F2ZGmI+o9DzXTGjUXI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ildm9EMVPTfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/Nzp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YY3viZUEmKXLHFojCVBGMy+50MhOYM5cQSyrSwtxI2opoytAmVbAje8surpHVR9a6qtYfLSv02j6MIJ3AK5+DBNdThHhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCkSo/J</latexit>

n̂

https://cds.cern.ch/record/2805772


CP structure in Higgs-Top interaction

17

CP-even CP-odd

CMS combined

arXiv:2208.02686

Pure CP-odd excluded @3.7𝜎

H→𝛾𝛾 only exclude @3.2𝜎

Phys. Rev. Lett. 125 (2020) 061801

MELA-based CP sensitive 
observable to extract CP-odd 
information

H→𝛾𝛾

Complicated final state, 
ML-based observable 
for CP measurement

http://arxiv.org/abs/2208.02686
http://dx.doi.org/10.1103/PhysRevLett.125.061801


Higgs CP measurement in CEPC
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Effective Lagrangian in Higgs basis

CP-sensitive variables defined from angular distributions as discriminators

Eur. Phys. J. C 82, 981 (2022)

Theoretical framework follows 

Ref. JHEP11(2014)028 and JHEP03(2016)050

https://link.springer.com/article/10.1140/epjc/s10052-022-10926-5
https://link.springer.com/article/10.1007/JHEP11(2014)028
https://link.springer.com/article/10.1007/JHEP03(2016)050


Higgs CP measurement in CEPC
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Eur. Phys. J. C 82, 981 (2022)

https://link.springer.com/article/10.1140/epjc/s10052-022-10926-5


Higgs CP measurement in CEPC
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Eur. Phys. J. C 82, 981 (2022)

HL-LHC CLIC CEPC

https://link.springer.com/article/10.1140/epjc/s10052-022-10926-5


Summary
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• Studies of the Higgs boson CP property is crucial for particle physics recent days

• Extensive analyses done by the ATLAS and CMS experiments to build a complete view 

of the Higgs CP properties and search for potential anomalies would resulting the “odd” 
CP phenomena


• Recent results show that data agrees with the SM predictions → still limited by the low 
statistics

✓Huge improvement expected from HL-LHC upgrade 

✓Strong constraints from Future Higgs factory


• Purely CP-odd coupling has been excluded → still room for  CP-mixing 

Collaboration between experimentalist and 
theorist would be very much appreciated 



感谢聆听 
Thanks for listening
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Backup
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Higgs CP in H→𝜏𝜏
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Higgs CP in H→𝜏𝜏
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Higgs CP in H→𝜏𝜏
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Higgs CP in H→𝜏𝜏: φCP distribution
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Higgs CP in H→𝜏𝜏: φCP reconstruction
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CP parametrization for HVV and Hgg couplings
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ttH CP couplings
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ttH CP couplings
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CEPC Higgs CP
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Fit on ϕ


