
CP proper(es of Higgs boson
Fangyi Guo, IHEP

Higgs Poten*al 2024
2024.12.20, USTC, Hefei



Introduc)on
• CP viola3on: one of key condi3ons in baryon asymmetry. 

• Exis%ng CPV in SM: CKM, PMNS matrices, but NOT sufficient. 
• Where is the other CP-viola0on source?  

• CP proper3es in SM Higgs couplings: CP-even
• Any evidence of CPV might be a road to NEW PHYSICS! 
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Theore)cal framework for CPV
• Hff Yukawa couplings: Effec3ve Lagrangian for CPV 

• ℒ!"" =	−
#!

$
%𝛹"𝜅" cos 𝛼 + 𝑖 sin 𝛼 𝛾% 𝛹" 𝐻, with 𝛼 for CP mixing. (ATLAS)

• Or: 𝒜 𝐻𝑓𝑓 = −
#!

$
%𝛹" 𝑘" + 𝑖 5𝑘"𝛾% 𝛹", with 𝑓&'

("" =
)*!

"

*!
"+ )*!

" 𝑠𝑖𝑔𝑛
)*!
*!

 (CMS)

• HVV gauge couplings: in 2 different interpreta3ons
• Dimension-6 SMEFT in Warsaw basis (ATLAS)

 ℒ!"" = ℒ#$ + ∑%
&#
'$
𝒪%, 3 independent couplings 𝑐( )* , 𝑐( +, , 𝑐( )*, for 3 CP-odd H-V operators. 

• Anomalous couplings (CMS)

CPV effec:ve cross sec:on 𝑓-. =
-% $/%

0& -&
$/&

𝑠𝑖𝑔𝑛 -%
-'
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CP sensi)ve observables
• Tradi3onal kinema3c CP-sensi3ve variable: 𝚫𝚽𝐣𝐣

𝐬𝐢𝐠𝐧𝐞𝐝

• Angular informa%on in produc%on process.

• Machine learning / matrix element based observable: 
• Op%mal observable 𝒪𝒪 = ,-!(ℳ#$

∗ ℳ&'()**)
ℳ#$ "

• Matrix element based discriminants (MELA)

• Pure shape analyses are always preferred. 
Phys.Rev.D 74 (2006) 095001 Phys. Rev. Lett. 125 (2020) 061801JHEP 05 (2024) 105

2024/12/20 Higgs Potential 2024 | fangyi.guo@cern.ch 4

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.095001
http://dx.doi.org/10.1103/PhysRevLett.125.061801
https://link.springer.com/article/10.1007/JHEP05(2024)105


Hff coupling CP proper)es
• H-t Yukawa coupling in NH/tH produc3on: 

• Direct H-t coupling. FruiTul studies in 𝐻 → 𝛾𝛾/𝑏𝑏/𝑊𝑊/𝜏𝜏
channels by ATLAS and CMS. 

• No deriva%ons from SM. Constraints are limited by 
sta%s%cs. 

Phys. Rev. Lett. 125 (2020) 061802 Phys. Lett. B 849 (2024) 138469
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802
https://www.sciencedirect.com/science/article/pii/S0370269324000285/pdf
https://arxiv.org/abs/2407.10896


Hff coupling CP proper)es
• H-t Yukawa coupling in ggF produc3on 

• ggF is dominated by top loop, 𝑓&'(11 can be parameterized from 𝑓23
(44. 

• Indirect measurement but benefit from large ggF cross sec%on (𝐻 → 𝛾𝛾/𝜏𝜏/𝑍𝑍). 
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Phys. Rev. D 108 (2023) 032013PRD 104 (2021) 052004
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http://dx.doi.org/10.1103/PhysRevD.108.032013
http://dx.doi.org/10.1103/PhysRevD.104.052004


Hff coupling CP proper)es
• H-𝝉 Yukawa coupling in 𝑯 → 𝝉𝝉

• CP property can be extrapolated from 𝜏 decay plane 𝜙&'∗ .
• Similar precision by ATLAS and CMS collabora%on.  
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HVV coupling CP proper)es
• Gauge coupling in VBF, VH and 𝑯 → 𝑽𝑽 in ATLAS

• Can be probed from both produc%on (VBF 𝐻 → 𝛾𝛾/𝜏𝜏) and decay (𝐻 → 𝑊𝑊/𝑍𝑍) modes. 

• For VBF: a simplified assump%on with A𝑑: 𝑐( 67 = 𝑐( )8 =
9"

$"
A𝑑, 𝑐( 678 = 0. 

• Feasible for 2D and 3D constrain in 𝐻 → 𝑊𝑊/𝑍𝑍 process.

Phys. Rev. Lett. 131 (2023) 061802

JHEP 05 (2024) 105

JHEP 05 (2024) 105
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061802
https://link.springer.com/article/10.1007/JHEP05(2024)105
https://link.springer.com/article/10.1007/JHEP05(2024)105


HVV coupling CP proper)es
• Gauge coupling in VBF, VH and 𝑯 → 𝑽𝑽 in CMS

• Anomalous coupling 𝑓23 for CP, 
• Par%al results are extrapolated to SMEFT coefficients. GOOD for ATLAS+CMS combina%on.  

EPJC 84 (2024) 779

𝐻 → 𝑊𝑊𝐻 → 𝑍𝑍 → 4𝑙 𝐻 → 𝜏𝜏 + 𝐻 → 𝑍𝑍

Phys. Rev. D 108 (2023) 032013Phys. Rev. D 104 (2021) 052004
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http://dx.doi.org/10.1140/epjc/s10052-024-12925-0
http://dx.doi.org/10.1103/PhysRevD.108.032013
http://dx.doi.org/10.1103/PhysRevD.104.052004


Higgs CP in future experiments
• Higgs CP would also be an interes3ng topic for future Higgs factory. 

• Extrapola%ons and expecta%ons for HL-LHC, FCC-ee, ILC, CEPC are always ongoing…
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Arxiv 2404.12809

Eur.Phys.J.C 82 (2022) 11, 981

Arxiv 2205.07715

PhysRevD.110.032011

https://arxiv.org/pdf/2404.12809
https://link.springer.com/article/10.1140/epjc/s10052-022-10926-5
https://arxiv.org/pdf/2205.07715v3
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.032011


Summary
• We are looking for new CP-viola3on sources beyond SM

• Higgs physics is a precious portal to study CP structures in Yukawa and gauge couplings. 

• FruiRul measurements has been performed for both ATLAS and CMS
• From both produc%on mode and decay mode, covers many possibili%es. 

• Opportuni:es in some un-covered channels, e.g. VH for HVV. 
• Observed results are compa%ble with SM: NO CP-viola%on observed ☹
• Precision is mainly limited by LHC sta%s%cs

Improvement can be expected for Run 3, channel combina0on, HL-LHC! 

• Future Higgs factory will bring giant improvement
• Hope we can see it soon! 
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Thanks for your attention!


