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See talk by 
Christophe and Alessandro

https://indico.cern.ch/event/1169286/contributions/5146165/attachments/2556353/4405552/Grojean.pdf
https://indico.cern.ch/event/1169286/contributions/5146155/attachments/2555000/4402598/Calandri_LHCHiggs_28112022.pdf
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Changes since last meeting 

WG2 conveners
(Exp) N. Berger, S. Heim (ATLAS) & M. Donega, G. Ortona (CMS)
(Th)   D. Barducci & K. Mimasu

G. Panico -> D. Barducci    - Thanks Giuliano!

WG2 subgroup
Fiducial, differential and template XS subgroup
H. Yang (ATLAS), M. Bonanomi (CMS) & F. Tackmann (Th)
Changes since last meeting 
A. de Wit -> M. Bonanomi    - Thanks Adinda, welcome Matteo!

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG2
WG2 twiki

WG2 meetings
https://indico.cern.ch/category/5848/

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG2
https://indico.cern.ch/category/5848/


CERN30th November 2022 WG2 Summary & Plans 4

WG2 2022 activities

•       in single Higgs - STXS 1.2<latexit sha1_base64="muVmK2Qp0KWwjWVAddxCdnvmhdg=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLoxmUF+4DOWO5kMm1oJhOSjFKG/ocbF4q49V/c+Tem7Sy09UDgcM493JsTSs60cd1vp7Syura+Ud6sbG3v7O5V9w/aOs0UoS2S8lR1Q9CUM0FbhhlOu1JRSEJOO+HoZup3HqnSLBX3ZixpkMBAsJgRMFZ68EcgJfR9bhMR9Ks1t+7OgJeJV5AaKtDsV7/8KCVZQoUhHLTuea40QQ7KMMLppOJnmkogIxjQnqUCEqqDfHb1BJ9YJcJxquwTBs/U34kcEq3HSWgnEzBDvehNxf+8XmbiqyBnQmaGCjJfFGccmxRPK8ARU5QYPrYEiGL2VkyGoIAYW1TFluAtfnmZtM/q3kXdvTuvNa6LOsroCB2jU+ShS9RAt6iJWogghZ7RK3pznpwX5935mI+WnCJziP7A+fwBlFySkA==</latexit>�

- Finalisation and publication of the public note

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

https://indico.cern.ch/event/1203719/

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

• CPV in Higgs interactions
https://indico.cern.ch/event/1163954/- Round table discussion

- Activities split in subgroups - “divide and conquer”
- Common pars and CPV benchmarks
- Higgs and EDM interplay
- Combined ttH and CP properties

LHCHWG-2022-02

• Simplified template cross-sections

- Joint activity with WG3 - extended Higgs sectors

- STXS in SMEFT, for CPV & towards STXS 1.3

https://indico.cern.ch/event/1203658/
https://indico.cern.ch/event/1203719/
https://indico.cern.ch/event/1207508/
https://indico.cern.ch/event/1163954/
https://cds.cern.ch/record/2803606/files/LHCHWG-2022-002_2.pdf
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      in single Higgs STXS 1.2 - complementarity with HH<latexit sha1_base64="muVmK2Qp0KWwjWVAddxCdnvmhdg=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLoxmUF+4DOWO5kMm1oJhOSjFKG/ocbF4q49V/c+Tem7Sy09UDgcM493JsTSs60cd1vp7Syura+Ud6sbG3v7O5V9w/aOs0UoS2S8lR1Q9CUM0FbhhlOu1JRSEJOO+HoZup3HqnSLBX3ZixpkMBAsJgRMFZ68EcgJfR9bhMR9Ks1t+7OgJeJV5AaKtDsV7/8KCVZQoUhHLTuea40QQ7KMMLppOJnmkogIxjQnqUCEqqDfHb1BJ9YJcJxquwTBs/U34kcEq3HSWgnEzBDvehNxf+8XmbiqyBnQmaGCjJfFGccmxRPK8ARU5QYPrYEiGL2VkyGoIAYW1TFluAtfnmZtM/q3kXdvTuvNa6LOsroCB2jU+ShS9RAt6iJWogghZ7RK3pznpwX5935mI+WnCJziP7A+fwBlFySkA==</latexit>�

<latexit sha1_base64="8EOmWpHwA6QEjIDbFgkVNWFEswk=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSqKiboSiGzdCRfuAJobJZNIOnUzCzEQoIX/gxl9x40IRt27d+TdO24DaemDgcM493LnHTxiVyrK+jJnZufmFxdJSeXlldW3d3NhsyjgVmDRwzGLR9pEkjHLSUFQx0k4EQZHPSMvvXwz91j0Rksb8Vg0S4kaoy2lIMVJa8sy9M+iEAuHMYToUIO8w/6F3mSMieHOV555ZsarWCHCa2AWpgAJ1z/x0ghinEeEKMyRlx7YS5WZIKIoZyctOKkmCcB91SUdTjiIi3Wx0Tw53tRLAMBb6cQVH6u9EhiIpB5GvJyOkenLSG4r/eZ1UhaduRnmSKsLxeFGYMqhiOCwHBlQQrNhAE4QF1X+FuId0PUpXWNYl2JMnT5PmQdU+rlrXR5XaeVFHCWyDHbAPbHACauAS1EEDYPAAnsALeDUejWfjzXgfj84YRWYL/IHx8Q2SYJxg</latexit>

=
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<latexit sha1_base64="muVmK2Qp0KWwjWVAddxCdnvmhdg=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLoxmUF+4DOWO5kMm1oJhOSjFKG/ocbF4q49V/c+Tem7Sy09UDgcM493JsTSs60cd1vp7Syura+Ud6sbG3v7O5V9w/aOs0UoS2S8lR1Q9CUM0FbhhlOu1JRSEJOO+HoZup3HqnSLBX3ZixpkMBAsJgRMFZ68EcgJfR9bhMR9Ks1t+7OgJeJV5AaKtDsV7/8KCVZQoUhHLTuea40QQ7KMMLppOJnmkogIxjQnqUCEqqDfHb1BJ9YJcJxquwTBs/U34kcEq3HSWgnEzBDvehNxf+8XmbiqyBnQmaGCjJfFGccmxRPK8ARU5QYPrYEiGL2VkyGoIAYW1TFluAtfnmZtM/q3kXdvTuvNa6LOsroCB2jU+ShS9RAt6iJWogghZ7RK3pznpwX5935mI+WnCJziP7A+fwBlFySkA==</latexit>�

<latexit sha1_base64="FJ11bv6ZnKZcLEgVk7L7yj9zhWY=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgKiRW1GXRjcsK9gFNCJPJpB06mcSZiVBCVm78FTcuFHHrN7jzb5y2WWjrgYHDOfdw554gZVQq2/42KkvLK6tr1fXaxubW9o65u9eRSSYwaeOEJaIXIEkY5aStqGKklwqC4oCRbjC6nvjdByIkTfidGqfEi9GA04hipLTkm4eupDG5h24kEM5dppMh8htFbltOo/DNum3ZU8BF4pSkDkq0fPPLDROcxYQrzJCUfcdOlZcjoShmpKi5mSQpwiM0IH1NOYqJ9PLpGQU81koIo0ToxxWcqr8TOYqlHMeBnoyRGsp5byL+5/UzFV16OeVppgjHs0VRxqBK4KQTGFJBsGJjTRAWVP8V4iHShSjdXE2X4MyfvEg6p5Zzbtm3Z/XmVVlHFRyAI3ACHHABmuAGtEAbYPAInsEreDOejBfj3fiYjVaMMrMP/sD4/AFcMJhm</latexit>

' �3

0.13

Note out on March 11th
LHCHWG-2022-02

<latexit sha1_base64="muVmK2Qp0KWwjWVAddxCdnvmhdg=">AAAB9XicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLoxmUF+4DOWO5kMm1oJhOSjFKG/ocbF4q49V/c+Tem7Sy09UDgcM493JsTSs60cd1vp7Syura+Ud6sbG3v7O5V9w/aOs0UoS2S8lR1Q9CUM0FbhhlOu1JRSEJOO+HoZup3HqnSLBX3ZixpkMBAsJgRMFZ68EcgJfR9bhMR9Ks1t+7OgJeJV5AaKtDsV7/8KCVZQoUhHLTuea40QQ7KMMLppOJnmkogIxjQnqUCEqqDfHb1BJ9YJcJxquwTBs/U34kcEq3HSWgnEzBDvehNxf+8XmbiqyBnQmaGCjJfFGccmxRPK8ARU5QYPrYEiGL2VkyGoIAYW1TFluAtfnmZtM/q3kXdvTuvNa6LOsroCB2jU+ShS9RAt6iJWogghZ7RK3pznpwX5935mI+WnCJziP7A+fwBlFySkA==</latexit>�      in single H

Parametrization of single H xs in STXS 1.2 bins

https://cds.cern.ch/record/2803606/files/LHCHWG-2022-002_2.pdf
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Simplified template cross-sections and…

• STXS natural framework for SMEFT interpretations

Talk by Ana & Matthew review of exp. interpretation
Moving towards global fits, multi-direction constraints

Future: common SMEFT parametrization for exp and th. Public note (?)
- Efficiency: avoid double work
- Balance between common param and cross-validation 

w/ LHC EFT WG 
 this friday

• STXS 1.2 uncertainties
- ATLAS+CMS+TH effort for common scheme - Public doc in 2023

• Towards STXS 1.3 Talk by Benedict

- Additional bins, where, for what (CPV, decays…) and how?
- Improvement on the theory side needed (predictions, MC…)

- different       , 13 TeV vs 13.6 TeV, how to compare/combine?
<latexit sha1_base64="KRrkE6h1pnzn7LjmZ4OcDJ5JRPM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0s0l3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGdzO/9cS1EbF6xEnC/YgOlAgFo2ilVteMNRLTK1fcqjsHWSVeTiqQo94rf3X7MUsjrpBJakzHcxP0M6pRMMmnpW5qeELZiA54x1JFI278bH7ulJxZpU/CWNtSSObq74mMRsZMosB2RhSHZtmbif95nRTDGz8TKkmRK7ZYFKaSYExmv5O+0JyhnFhCmRb2VsKGVFOGNqGSDcFbfnmVNC+q3lXVfbis1G7zOIpwAqdwDh5cQw3uoQ4NYDCCZ3iFNydxXpx352PRWnDymWP4A+fzBzitj34=</latexit>p
s

Talk by  
Matteo

6

https://indico.cern.ch/event/1169286/contributions/5146158/attachments/2555115/4402822/LHC%20HWG%20STXS%20SMEFT%20Parameterisations%20and%20Interpretations.pdf
https://indico.cern.ch/event/1201401/
https://indico.cern.ch/event/1201401/
https://indico.cern.ch/event/1169286/contributions/5146120/attachments/2555028/4402658/talk.pdf
https://indico.cern.ch/event/1169286/contributions/5146124/attachments/2555143/4402870/LHCHWG_STXS1.3.pdf
https://indico.cern.ch/event/1169286/contributions/5146124/attachments/2555143/4402870/LHCHWG_STXS1.3.pdf
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• Large th interest, connection to EW baryogenesis

From 2021 general meeting
• Identify existing/new channels/observables sensitive to CPV

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

• Harmonize approaches across exps in view of future combinations

• Recommendation for common pars to maximize CPV NP LHC reach

Dec 2021

Jan 2022

Deliverable: LHCWG recommendation note
Journal 
Scipost 
CERN monograph 
Twiki

CPV in Higgs interaction

• Quantify LHC complementarity with other probes (EDMs…)

See talk by Ken

• Two kick-off meetings (so much interest!!!) to collect ideas and people
Talk by Elina

https://indico.cern.ch/event/1169286/contributions/5146133/attachments/2555236/4403046/CPV_Summary.pdf
https://indico.cern.ch/event/1169286/contributions/5146164/attachments/2556347/4405842/HWG2_CERN_CPviolation.pdf
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• Open google doc: link [comments & input welcome]
• Les Houches style sign up system [share & register]
• Minutes & relevant information are stored

Merged 

• Contact people appointed for each sub activity

https://docs.google.com/document/d/1qX5Ypq0Frw47HzltEqtxEt8PG9NM3Z5vkl8BGT2OZtk/edit
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Common pars & CPV violating benchmarks
Activity with the most definite plans & goals
• Many LHC analyses testing Higgs CP properties since 2012
• Next step: going global & enabling UV model interpretation
• Can WG2 help providing some guidelines? 

- Avoid standardisation, create dictionary
<latexit sha1_base64="x8fKG1f6vs23NBdGefqjC6q4l9s=">AAACEXicdVDJSgNBEO1xN26jHr00BiEHCTPiktxELx4jmAUyYejp1JgmPQvdNUIY8gte/BUvHhTx6s2bf2MnJuD6oODxXhVV9YJUCo2O827NzM7NLywuLRdWVtfWN+zNrYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgG/fOR37wBpUUSX+EghU7ErmMRCs7QSL5d8lDILtC+H+7T0M89FdHz2nCfetgDZFOhMfTtolN2qwfVyhH9TdyyM0aRTFDz7Tevm/Asghi5ZFq3XSfFTs4UCi5hWPAyDSnjfXYNbUNjFoHu5OOPhnTPKF0aJspUjHSsfp3IWaT1IApMZ8Swp396I/Evr51hWOnkIk4zhJh/LgozSTGho3hoVyjgKAeGMK6EuZXyHlOMowmxYEKYfkr/J42Dsntcdi4Pi6dnkziWyA7ZJSXikhNySi5IjdQJJ7fknjySJ+vOerCerZfP1hlrMrNNvsF6/QBFNZy0</latexit>

k̃f , fCP, ✓CPV SMEFT/HEFT

- Menu’ of “motivated” models for global interpreations
Bottom-up: subset of parameters motivated by symmetries &  
UV patterns (Flavor symmetries, MFV, Froggart-Nielses…)
Top-down:  consider explicit model & identify correlations between 
low energy CPV couplings

• Goal: provide a note as a reference document inspired by the BSM 
benchmark LHCWG note

https://arxiv.org/pdf/2009.01249.pdf
https://arxiv.org/pdf/2009.01249.pdf
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• Goal: provide a note as a reference document inspired by the BSM 
benchmark LHCWG note
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Activity with the most definite plans & goals
• Many LHC analyses testing Higgs CP properties since 2012
• Next step: going global & enabling UV model interpretation
• Can WG2 help providing some guidelines? 

- Avoid standardization, create dictionary
<latexit sha1_base64="x8fKG1f6vs23NBdGefqjC6q4l9s=">AAACEXicdVDJSgNBEO1xN26jHr00BiEHCTPiktxELx4jmAUyYejp1JgmPQvdNUIY8gte/BUvHhTx6s2bf2MnJuD6oODxXhVV9YJUCo2O827NzM7NLywuLRdWVtfWN+zNrYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgG/fOR37wBpUUSX+EghU7ErmMRCs7QSL5d8lDILtC+H+7T0M89FdHz2nCfetgDZFOhMfTtolN2qwfVyhH9TdyyM0aRTFDz7Tevm/Asghi5ZFq3XSfFTs4UCi5hWPAyDSnjfXYNbUNjFoHu5OOPhnTPKF0aJspUjHSsfp3IWaT1IApMZ8Swp396I/Evr51hWOnkIk4zhJh/LgozSTGho3hoVyjgKAeGMK6EuZXyHlOMowmxYEKYfkr/J42Dsntcdi4Pi6dnkziWyA7ZJSXikhNySi5IjdQJJ7fknjySJ+vOerCerZfP1hlrMrNNvsF6/QBFNZy0</latexit>

k̃f , fCP, ✓CPV SMEFT/HEFT

- Menu’ of “motivated” models for global interpreations
Bottom-up: subset of parameters motivated by symmetries &  
UV patterns (Flavor symmetries, MFV, Froggart-Nielses…)
Top-down:  consider explicit model & identify correlations between 
low energy CPV couplings 2023 goal

Common pars & CPV violating benchmarks

https://arxiv.org/pdf/2009.01249.pdf
https://arxiv.org/pdf/2009.01249.pdf
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CPV in ttH 

• Probably the most active topic in the LHC CPV pheno community

Talk by Dorival

• Large interest, many people signed the gdoc

What can WG2 do? Concrete plans

• Improved MVA for CPV signal discrimination
- Parametrized models depending on CP-angle, not only pure odd

• “Global” CPV fit exercise

- CP-odd observable as input
- Fully hadronic ttH, impact of tH…

- Combined analysis with H signal strengths
- Other CPV modifications, e.g. dipole, CPV ggH couplings…

https://indico.cern.ch/event/1169286/contributions/5146166/attachments/2556392/4405572/Dorival_LHCHWG_2022.pdf
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Joint WG2 + WG3 activitySee also talk by Tania

• Higgs CPV (can be) related to extended Higgs sector -> WG3!

• Establish benchmark models and identify interesting parameter space 
regions for CPV studies

12

https://indico.cern.ch/event/1169286/contributions/5126694/attachments/2554617/4401851/robens_wg2022.pdf
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Joint WG2 + WG3 activity

• Higgs CPV (can be) related to extended Higgs sector -> WG3!

EDM Complementarity

• Would LHC exps like to quantify the impact of data on global picture  
including EDM & other low energy probe?

• Sometimes LHC is more sensitive than EDMs, e.g. 
• Had an internal meeting with ATLAS & CMS conveners 

• Conclusion: definitively interesting, but maybe a bit too early… on hold

13

See also talk by Tania

• Establish benchmark models and identify interesting parameter space 
regions for CPV studies

https://indico.cern.ch/event/1169286/contributions/5126694/attachments/2554617/4401851/robens_wg2022.pdf
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… and 2023?

• Common pars & benchmarks for CPV
- Note in preparation, contributors welcome
- Call for contribution can be envisaged

• ttH CPV pheno
- Established two concrete directions
- Discussions and person power welcome!

• WG2 + WG3 joint activity
- Resume discussion in early 2023, to sharpen the goal

• EDMs and low energy probes complementarity
- On hold for now…

- Work on similar lines for CPV in gauge boson interactions ?
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Thanks you all for your work in 2022

More to be done in 2023!!!

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

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

