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“Cross-sections & branching ratios”
but also more generally signal and also background 
modelling

Work organized in six subgroups 
● per main production mode: ggF, VBF, VH, t(t)H 

[bbH is mostly discussed in WG3 in the context of BSM Higgs]
● off-shell
● BR
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“Cross-sections & branching ratios”
but also more generally signal and also background 
modelling

Work organized in six subgroups 

Open call - please send us your nominations!
Marco Vitti just accepted our invitation!

Joined since last workshop

Thanks a lot to all subgroup conveners and others active in WG1!

*Started discussion on involving LHCb 
(see also Davide’s talk)

https://indico.cern.ch/event/1389221/contributions/6243858/attachments/2979632/5246140/lhcb_higgsWG_zuliani.pdf
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“Cross-sections & branching ratios”
but also more generally signal and also background 
modelling

Work organized in six subgroups 
● per main production mode: ggF, VBF, VH, t(t)H 

[bbH is mostly discussed in WG3 in the context of BSM Higgs]
● off-shell
● BR

Contact details and more information on WG1 twiki, 
plus WG1 mattermost subchannel
Meetings, incl. workshops: WG1 indico

Special focus: LHC H WG Report 5 

Active 2024

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG1
https://mattermost.web.cern.ch/lhc-higgs-wg/channels/wg1-higgs-xsbr
https://indico.cern.ch/category/5847/


H. Arnold                                WG1: summary & plans                              21st LHC H WG WS                               Dec 6, 2024

Report 5 contributions 

High-priority topics targeting arXiv+SciPost submission in June 2025

● WG1: updated cross-section predictions for all Higgs boson production modes
○ Summary and reference document for state-of-the art predictions (incl. relevant citations!)
○ Replacing ad-interim note and simple extrapolations for 13.6 TeV based on YR4 predictions for 13 

and 14 TeV
● ggF: impact of N3LO PDFs on the cross-section
● VBF: 

○ differential and parton shower studies of VBF signal / harmonising fiducial definitions
○ ggF contribution in VBF phase-space

● VH: 
○ differential NLO predictions for ggZH; inclusion of differential k-factor in Powheg

● ttH: NNLO cross-section update and comparisons among resummation schemes at NNLL
● Off-shell: parton shower and jet merging benchmarking studies
● BR: include Dalitz decay in HDECAY

Lower-priority/longer-term items in planning for later submission (see also previous discussion)
5

https://arxiv.org/pdf/2402.09955
https://indico.cern.ch/event/1460528/
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Report 5 topics & beyond - a rich program 
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ggF (1)
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● Run 2: measurements 
systematics-dominated, ~same precision 
as theory

● First XS measurements at 13.6 TeV 
available both from ATLAS and CMS (still 
stat. limited) and compared to 
ad-interim prescriptions 

ggF subgroup report (Robin & Alessandra)

Include comparison in R5?

Quark mass effects in top-loop and top-bottom interference known to NNLO; 
now also in MSbar scheme
Only for mH=125.09 → extrapolated to other masses (+ conservative unc.)

https://indico.cern.ch/event/1389221/contributions/6185912/attachments/2979973/5249263/241204-ggFWG1Update-3.pdf
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ggF (2) - XS update

From experiments 
● Uncertainties very asymmetric → 

can be symmetrized for/by 
experiments?

● Predictions for finite quark mass 
effects differential in pTH? Useful 
for kt/kb/kc interpretations of 
differential XS measurements 

8

● Exact dependence on massive t and b/t interference 
only available for mH=125.09 GeV 

○ → extrapolate to other masses
○ Conservative uncertainties assigned on the 

extrapolation, and on the scheme (MSbar vs 
OS)

See also Joey’s talk for a more 
general aN3LO PDF discussion
→ WG1 follow-up (?)

https://indico.cern.ch/event/1389221/contributions/6201565/attachments/2981757/5250220/huston_hxswg_meet_dec24_final.pdf
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ggF (3)
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Subgroup-wide effort: collected 
experimental input ⇒ plan 
theory-focused meeting in 2025

     Similar for other production 
modes

   + FO 
predicti
ons per 
STXS 
bin (as 
for 
VBF)?
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VBF (1)

Experimental side:
● Comprehensive set of measurements in various final states

○ New: most precise measurement in H→ 𝛕𝛕 (ATLAS)
● Bottlenecks:

10

VBF subgroup report (Jiayi)

https://indico.cern.ch/event/1389221/contributions/6185913/attachments/2979719/5247090/VBF%20for%20general%20assembly%202024.pdf
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VBF (2)
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Preliminary recipe in 
Jiayi’s lightning talk

Other VBF R5 topics on longer 
timescale?

https://indico.cern.ch/event/1389221/timetable/#77-wg1-parton-shower-aspects-o
https://indico.cern.ch/event/1460528/contributions/6149346/attachments/2937377/5161486/VBF%20-%20YR5%20kick-off%20Round%202%20-2.pdf
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VBF (3) - XS
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VH
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● Experimental progress 
○ Increasing sensitivity and STXS granularity through H→bb

■ Boosted regime also targeted with hadronic V decay
○ Other decay modes are becoming sensitive as well (γγ, 𝛕𝛕, WW) → new challenges for subgroup?

● Predictions for inclusive XS at 13.6 TeV available 
(same tools as for YR4 + PDF4LHC21)

● Main focus: differential gg→ZH at NLO 
○ lightning talk by M. Vitti 
○ Provide 1D and 2D k-factors 
○ longer-term: implementation in Powheg

● VH NNLO+PS generation available via MiNNLOPS 
and Geneva → codes becomes public soon (?)

● Longer-term plans incl. common choices and harmonized uncertainty prescription for modelling the 
main V+jets background processes (also discussed in WG1 parallel talks)

●

VH subgroup report (Matthew)

https://indico.cern.ch/event/1389221/contributions/6247507/
https://indico.cern.ch/event/1469564/contributions/6188528/attachments/2954140/5193794/VH%20plans%20YR5.pdf
https://indico.cern.ch/event/1389221/contributions/6185914/attachments/2979689/5246278/HWG%20talk.pdf
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ttH/tH (1)

Recent CMS and ATLAS results; differential in pTH 
[ATLAS re-analysis → ⨉3 (2) higher ttH acceptance (sensitivity)]

● leading uncertainties related to signal and tt+bb 
modelling

● harmonised tt+bb simulation (NLO 4FS Powheg+Pythia8) 

but not (yet) uncertainty prescription

tt+>=1b unfolded measurement ⇒ No prediction describes 
the data everywhere

New predictions:
● tt+≤2jets@NLO 5FS w/ g→bb enhancement
● “Fusing” tt+bb@NLO 4FS and tt+jets@NLO 5FS in a 

variable number flavour scheme
⇒ Comparisons to measurement

14

ttH report (Judith)

ttH also measured in other H decay modes (stat. dominated), 
most recently in H→𝛕𝛕 by ATLAS and (differentially) in H→multi-lepton by CMS [ttW dominant bkg.]

https://indico.cern.ch/event/1389221/contributions/6192571/attachments/2981106/5248925/ttHtH_statusreport_LHCHWG2024_final.pdf
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ttH/tH (2)
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average

Other (longer-term) items in addition to harmonising predictions for ttH/tH CP measurements?

https://indico.cern.ch/event/1460528/contributions/6149347/attachments/2938350/5161690/MWorek-WG1.pdf
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Offshell (1)

Across production modes, different kinematic regime
→ unitarization behaviour, indirect constraints on Higgs width,...
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● Hot off the press: HIGP-2024-14; SOFT-2023-01
● Complete NLO QCD corrections to loop-induced 

gg → ZZ production including full top-quark 
mass effects ⇒ approx. work well

● Expansion in pTZ covering missing mass region 
(2mZ-750 GeV)

● Studying operators absent in SMEFT

offshell report (Raoul)

Offshell R5 input:
● polarized vector bosons in 

offshell regime
● EFT [a la arXiv:2006.10086]

How to include 
additional 
radiation in 
theory 
predictions?

operators absent from SMEFT

“Formal” follow-up?

Hot off the press: HIGP-2024-14; SOFT-2023-01

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SOFT-2023-01/
https://indico.cern.ch/event/1389221/contributions/6192573/attachments/2981027/5249173/roentsch_HXSWG_20241205.pdf
https://indico.cern.ch/event/1460528/contributions/6149348/attachments/2938486/5161836/roentsch_WG1_20241001.pdf
https://arxiv.org/abs/2006.10086
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SOFT-2023-01/
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Offshell (2)

Across production modes, different kinematic regime
→ unitarization behaviour, indirect constraints on Higgs width,...
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● Hot off the press: HIGP-2024-14; SOFT-2023-01
● Complete NLO QCD corrections to loop-induced 

gg → ZZ production including full top-quark 
mass effects ⇒ approx. work well

● Expansion in pTZ covering missing mass region 
(2mZ-750 GeV)

● Studying operators absent in SMEFT

offshell report (Raoul)

Other offshell R5 topics on longer timescale

How to include 
additional 
radiation in 
theory 
predictions?

operators absent from SMEFT

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SOFT-2023-01/
https://indico.cern.ch/event/1389221/contributions/6192573/attachments/2981027/5249173/roentsch_HXSWG_20241205.pdf
https://indico.cern.ch/event/1460528/contributions/6149348/attachments/2938486/5161836/roentsch_WG1_20241001.pdf
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BR
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BR report (Michael)
For future collider 
studies

https://indico.cern.ch/event/1389221/contributions/6192574/attachments/2980948/5248589/spira_br.pdf
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Conclusion

● Very active year 2024!

● Great progress on most high-priority items for LHC H WG report 5; largely on track for the first 
deadline in June 2025

● State-of-the-art cross-section predictions at 13.6 TeV ~available and will be made public ASAP
○ Biggest open question: aN3LO PDFs

● Involvement of new person power very welcome in all subgroups; needed to address the many 
important open items in a timely manner!

Many thanks to all the current and former WG1 subgroup conveners and everyone involved 
for the fantastic work

Enjoy a well-deserved end-of-year break and let’s get R5 on the way in the new year!
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