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WORKING GROUP 1

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG1

▸ WG1: Provide recommendations, theoretical predictions, guidance, 
point for discussions … for SM Higgs Boson observables at the LHC.

Sub-Groups:

Points-of-Contact:

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG1


LHC RUN 3

▸ This is the beginning of the golden age of precision Higgs 
Boson physics!
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▸ Run 3 with 13.6 TeV and planed 300  

▸ Opportunity to study properties of the Higgs Boson at percent level. 

▸ Huge challenge for the experimental and theoretical community and 
progress spearheaded by many activities within our working group!
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THE CROSS SECTION AT 13.6 TEV
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▸ Yellow Report 4:  Produced in 2016 in a huge community effort.  

▸ Benchmark for production cross sections, decay rates, properties 
and much more. 

▸ Simple Extrapolation to 13.6 TeV:

ggF:

https://arxiv.org/pdf/1610.07922


THE CROSS SECTION AT 13.6 TEV

▸ Yellow Report 4:  Produced in 2016 in a huge community effort.  

▸ A LOT has happened since 2016 - we would like an “update” for 
inclusive production cross sections.

❖ New Parton Distribution Functions: MSHT20, CT18, NNPDF3.1-4.0, PDF4LHC21. 

❖ PDFs at approximate N3LO. 

❖ Tremendous progress for individual production mechanisms:

ggF

✤ Top at NNLO 

✤ Mixed QCD-EWK 

✤ Exact N3LO in HTL 

✤ N3LO-PDF uncertainty

VBF

✤ N3LO QCD

ttH

✤ NNLO QCD 

✤ NNLL soft 
resummed 

✤ NLO EWK 

✤ tH - EWK

VH

✤ NLO gg->ZH 

✤ N3LO(*) QCD

I’m sure there’s more …

▸ More discussion on how to combine cross sections based on “old” 
and updated predictions.

https://arxiv.org/pdf/1610.07922


PROPOSED UPDATES:

t, X?

b̄
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✤ 13.6 TeV 
✤ PDF4LHC21 
✤ Extend pT range to 1.25 TeV 
✤ QCD / Electroweak corrections for ggF 
✤ Mass scheme uncertainty for NLO QCD 

ggF 
✤ Parton Showers: HJ and HJJ 
✤ Non-factorizable corrections in VBF 
✤ NNLO QCD for ttH? 
✤ … 

Extension of the current public note:

All production mechanisms contribute - all 
sub-groups of WG1 should be involved 
(currently leadership in ggF sub-group).

Predictions and measurements for a Higgs 
boson at large transverse momentum are 
difficult but very interesting. Due to the 
particular complexity and not publicly accessible 
inputs providing explicit information in a 
combined effort from the theory community is 
useful.

BOOSTED HIGGS UPDATE

https://arxiv.org/pdf/2005.07762.pdf

https://arxiv.org/pdf/2005.07762.pdf


HIGHLIGHTS - VBF

https://indico.cern.ch/event/1186109/

▸ Talk by Stephane 

▸ Workshop - “Past, Present and Future of VBF”

https://indico.cern.ch/event/1186109/
https://indico.cern.ch/event/1169286/contributions/5126673/attachments/2555330/4404452/cooperstein_LHCVBFHSummary_29112022.pdf


HIGHLIGHTS - VBF

▸ Talk by Stephane 

▸ The Precision VBF Era is here!

✤ ~10 % measurements in VBF - Theoretical Systematics become critical 

✤ Parton Showers for VBF - a long-standing discussion on how to set 
uncertainties! New showers, clear guidelines of how to set 
uncertainties,  how to combine with NNLO/N3LO QCD and NLO EW … 

✤ ggF - backgrounds: VBF like region is notoriously hard to describe - 
use best possible theory for VBF. 

✤ Benchmarking differential cross sections in addition to inclusive cross 
sections!

https://indico.cern.ch/event/1169286/contributions/5126673/attachments/2555330/4404452/cooperstein_LHCVBFHSummary_29112022.pdf


HIGHLIGHTS - TTH

▸ Talk by Marco

✤ Systematic uncertainties dominate - need to understand signal and 
background theoretical modeling better! 

✤ Recent workshop on ttbb 

✤ Upcoming workshop:  
ttW and how to compute it! Dec 9 2022: 

https://indico.cern.ch/event/1165637/

https://indico.cern.ch/event/1219500/

✤ Fantastic new results: 

Chiara's Talk

ttH at NNLO*Top Quark Fragmentation to Higgs

Colomba's Talk

Public note  
in preparation!

https://indico.cern.ch/event/1169286/contributions/5126690/attachments/2556449/4405388/LHCHWG-nov22.pdf
https://indico.cern.ch/event/1165637/
https://indico.cern.ch/event/1219500/
https://indico.cern.ch/event/1169286/contributions/5149440/attachments/2554325/4401283/Savoini_ttH_talk.pdf
https://indico.cern.ch/event/1169286/contributions/5149438/attachments/2554962/4402540/Brancaccio_tHFragmentation.pdf


HIGHLIGHTS - OFF-SHELL

▸ Talk by Raoul

✤ Jet Merging for Off-Shell Higgs - Recent Meeting in October: 

✤ Public note on EFT Interpretation of Off-Shell measurements: 
Impact on BSM interpretation! 
 
Further goal: Asses systematically which EFT operators are 
most sensitive to off-shell type measurements!

[hep-ex/2202.06923][ATLAS-CONF-2022-068]

https://indico.cern.ch/event/1210357/

https://arxiv.org/pdf/2203.02418.pdf

https://indico.cern.ch/event/1169286/contributions/5126689/attachments/2556465/4405703/roentsch_HXSWG_20221129.pdf
https://indico.cern.ch/event/1210357/
https://arxiv.org/pdf/2203.02418.pdf


HIGHLIGHTS - VH

▸ Talk by Hannah

✤ 3 great talks on VH on Monday: 

✤ Uncertainties / modelling of  
V+flavored jets 

✤ Signal uncertainties for gg->ZH:  
Very hard to compute NLO corrections - recent results 
available! Up to 50% of DY type production. 3 theory 
predictions -> find recommendations for experiment. 

✤ NNLOPS for VH->Vbb available - follow up in experiment. 

✤ Documentation of latest results? 

https://indico.cern.ch/event/1169286/contributions/5126688/attachments/2556520/4405533/Arnold_UpdateLHCHiggsWG1VH_221129.pdf
https://indico.cern.ch/event/1169286/timetable/?view=standard


HIGHLIGHTS - GGF

▸ Talk by Stephen
✤ Significant updates for ggF cross section on the horizon. 

✤ Updates for boosted Higgs / Higgs pT distribution. 

✤ Choice of top quark mass scheme plays a substantial role:  
MSbar vs On-Shell - Is one preferred? Is this a genuine uncertainty? 
See talks:  

✤ STXS uncertainty scheme in progress. 

✤ Parton Shower Uncertainties are becoming dominant systematics - help wanted. 

✤ Fantastic new results: 
Vittorio's Talkt+b at NLO for Higgs pT:

Full top quark mass dependence at NNLO

Marco's Talk

Vittorio's Talk Javier's Talk

https://indico.cern.ch/event/1169286/contributions/5126691/attachments/2556292/4405339/sjones_hxswg_ggf.pdf
https://indico.cern.ch/event/1169286/contributions/5149526/attachments/2555116/4402875/LHCHWG%20CERN.pdf
https://indico.cern.ch/event/1169286/contributions/5149527/attachments/2555199/4402974/talk.pdf
https://indico.cern.ch/event/1169286/contributions/5149526/attachments/2555116/4402875/LHCHWG%20CERN.pdf
https://indico.cern.ch/event/1169286/contributions/5149676/attachments/2555938/4404248/top_uncertainties_mazzitelli.pdf


SUMMARY
✤ The Precision Higgs Era is here:  

We are confronted with an incredible wealth of data and the opportunity to measure Higgs Boson 
properties in great detail. This ensues a gigantic challenge for the experimental and theoretical community. 
Only strong collaborative ties throughout the community can make our phenomenological goals a reality. 

✤ Rapid progress with many interesting and exciting results presented at 
this workshop! 

✤ A lot of activity within WG1: 
 
 

✤ Specific goals:  

See Julie Malclès’s talk

✤ Further studies and Produce document with updated production cross sections at 13.6 TeV. 

✤ Study parton showers and their uncertainties - on-going in sub-groups but a problem on a 
larger scale?

✤ All WG1 would like to serve as a communication point among experiment 
and theory - we would like to encourage everyone to participate!

https://indico.cern.ch/event/1018653/contributions/4626560/attachments/2358542/4025939/LHCHXS_WG1_WorkshopSummary21.pdf

