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• Identify existing/new channels/observables sensitive to CPV


• Study how best to implement in global analyses, e.g. STXS


• Harmonise approach across experiments in view of future 
combinations


• Recommendations for common parametrisation & measurements 
to maximise CPV new physics reach at the LHC


• Quantify LHC complementarity with other data  
(EDM, CP asymmetries in meson decays)

From 18th general meeting
Mission statement
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Kick-off part 1
https://indico.cern.ch/event/1105813/, recording available

December 2021

https://indico.cern.ch/event/1105813/
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Kick-off part 2
https://indico.cern.ch/event/1116986/, recording available

Round table May 2022, no recording

January 2022

https://indico.cern.ch/event/1116986/
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• “Les Houches” style sign up system


• Please share with anyone you think may be interested!


• Includes minutes of round table discussion


• Established “mailing lists” & identified contact people

Sub-activities
Open google doc: link annotations/comments welcome!

https://docs.google.com/document/d/1qX5Ypq0Frw47HzltEqtxEt8PG9NM3Z5vkl8BGT2OZtk/edit?usp=sharing
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• Can we help by providing some general guidelines…


- Reviews/dictionaries for parametrisation:


- ‘UV’ benchmarks: bottom-up & top-down

Benchmarks & common param.

￼  , ￼  , ￼ , 
SMEFT/HEFT,…
κ̃f fCP θCPV

• Tests of Higgs CP properties have been going on since 2012


- Many individual analyses at the LHC

• Next step: going global & enabling UV model interpretations


- Experimental combinations


- Global interpretations…

➡ Fits to many CPV parameters

➡ Combining with CPC new physics parameters
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• Produce a WG2 note as a reference document around these 
questions. Inspired by…

Aim
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• Summary of Snowmass activities


• Merged benchmarks & common parametrisations activities


- Useful “first step” to establish conventions & guide other 
activities


• Set up draft note on overleaf, plan to release in the first half of 
2023


- Seek publication as a review in journal…

Dedicated meeting

• Contact people:
Andrei Gritsan, Haichen Wang, Luca Merlo, Elina Fuchs & Heidi Rzehak

September 2022

https://indico.cern.ch/event/1203658/, recording available

https://indico.cern.ch/event/1203658/
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Draft note

• Review of common 
parametrisation & dictionaries, 
MC tools & exp. status


• Benchmarks:  
Bottom-up & top-down


• Some invited contributions


• Some additional th. studies 
planned for top down part


• Additional contributors welcome!
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ttH phenomenology

• Probably the most active area for in LHC pheno community 
concerning Higgs CPV


• Have there been new & interesting observables/channels proposed 
that have not been considered by the experiments?


• Room for a th/exp projection exercise to find the next generation of 
realistic tth probes?


• Much interest & signups on the gdoc

• Contact people:
Henning Bahl, Dorival Gonçalves & Haichen Wang

See talk by Dorival on Tuesday (link)

https://indico.cern.ch/event/1169286/contributions/5146166/
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Dedicated meeting
https://indico.cern.ch/event/1207508/, no recording

October 2022

https://indico.cern.ch/event/1207508/


• Many pheno papers out there with different techniques


- CP-sensitive vs. CP-violating observables


- Can we help to bring exp. & th. together to produce more 
realistic sensitivity projections?


- Proper reco-level analysis w/ bkg, combinatorics etc.


• Heavy use of MVA both in reco and signal extraction


- Current analyses use NN/BDT trained with pure CP-odd signal 
model


• What is the impact of these measurements in global context?


- Allowing for CP-conserving new physics in ttH


- Other measurements e.g. ggF, ￼ , EDMs…h → γγ

Discussion points
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pheno review by Henning (link)

review of ttH reco by Haichen (link)

https://indico.cern.ch/event/1207508/contributions/5078590/attachments/2527254/4347261/2022_10_12_WG2_meeting.pdf
https://indico.cern.ch/event/1207508/contributions/5078597/attachments/2527308/4347380/WG2%20ttH%20reconstructions.pdf


1. Improved MVAs for CPV signal discrimination 

- Parametrised models depending on CP-angle


- Using CP-odd observables as input


- Impact of tH?


- Explore use of fully hadronic ttH?


2. “Global” CPV fit exercise 

- Combined analysis with Higgs signal strengths


- Experimentally, ggF rate is profiled 


- Theoretically, likely to be correlated with ttH modification


- Other CPV modifications e.g. dipoles, CPV ggH coupling

Concrete studies
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{C̃tϕ, C̃tG, C̃ϕG} + {Ctϕ, CtG, CϕG}
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Interplay with EDMs
• Contact person: Wouter Dekens
Kick off meeting talk by Wouter (link)

Would LHC experiments like to quantify 
impact of data on the global picture 

including EDMs & other low energy data?

- Sometimes LHC is more sensitive than EDMs, e.g., ￼ 


- Ingredients are there for theoretical EDM parametrisation


- Requires contact with other experiments to interpret 
Likelihoods


• Had an internal meeting with ATLAS/CMS Higgs convenors


- Conclusion: some interest but maybe its a bit early


- Resume discussion after parametrisation & benchmark note

h → μμ

https://indico.cern.ch/event/1105813/contributions/4652235/attachments/2366240/4040544/wdekens_WG2_Higgs_CPV.pdf


• CPV in Higgs interactions often means extended scalar sector


• Many interesting signatures of spontaneous/explicit CPV in 
extended Higgs sectors

Joint WG2/WG3 activity
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Discovery of BSM Higgs in multiple decay channels ￼  CPV⇒

￼ -style CP properties study for BSM scalars ￼  CPVh125 ⇒

• Undoubtedly complementarity with ￼  CP properties


• Establish some benchmark models & identify regions of 
parameter space where one or the other can provide 
complementary sensitivity

h125
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Dedicated meeting
https://indico.cern.ch/event/1173518/, recording available

• Plan a round table discussion in 2023

June 2022

https://indico.cern.ch/event/1173518/


• Common parametrisation & benchmarks


- Note in preparation, contributors welcome


- Will define framework for future CPV activities


• ttH pheno


- Established 2 directions for concrete studies


- Any interested parties welcome to join effort


• WG2/WG3 joint activity


- Round table meeting planned for early 2023


• EDMs


- On the backburner for now

CPV in Higgs is a core WG2 activity for 2023
Summary & next steps
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• Outputs: LHCWG recommendation note(s), journal publication(s)

Sign up & stay tuned!

WG2 CPV gdoc (link) is public & freely editable
Hope that this initiative will lead to a concrete joint activity

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG

lhc-higgs-properties-convener@cern.ch
lhc-higgs-properties@cern.ch

lhc-higgs-neutral-extended-scalars@cern.ch
lhc-higgs-neutral-extended-scalars-convener@cern.ch

lhc-higgs-bsm@cern.ch
lhc-higgs-bsm-convener@cern.ch

https://e-groups.cern.ch/e-groupsSign up here 
by searching:

WG3 extended 
Higgs:

WG3 general:

WG2 general:

https://docs.google.com/document/d/1qX5Ypq0Frw47HzltEqtxEt8PG9NM3Z5vkl8BGT2OZtk/edit?usp=sharing
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG
mailto:lhc-higgs-properties-convener@cern.ch
mailto:lhc-higgs-properties@cern.ch
mailto:lhc-higgs-neutral-extended-scalars@cern.ch
mailto:lhc-higgs-neutral-extended-scalars-convener@cern.ch
mailto:lhc-higgs-bsm@cern.ch
mailto:lhc-higgs-bsm-convener@cern.ch
https://e-groups.cern.ch/e-groups

