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WG3 Overview
5 Subgroups:

● MSSM
● NMSSM
● bbH
● Exotic decays
● Extended scalar

5 plenary and 10 parallel session talks

2 lightning talks
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Incoming TH-WG3 convenor: Rui Santos

Outgoing  convenor: Brian Shuve

https://indico.cern.ch/event/1389221/timetable/#b-587105-plenary-wg3
https://indico.cern.ch/event/1389221/timetable/#b-568455-wg3-parallel-session
https://indico.cern.ch/event/1389221/timetable/#b-568458-lightning-session-for


MSSM Plans
● Scenarios/ cross section ROOT file

○ Evaluated at 8, 13, 14 TeV           13.6 TeV in 
progress; Consistent mass range.

○ Switch to PDF4LHC21 if possible
○ Charged Higgs: joint effort with Extended Scalar
○ In progress, timescale 2025

● A/H to SUSY cross section ROOT file
○ Different decay channels saved separately. 

Feedback welcome!
○ Planned, timescale 2025

● A/H Higgs transverse momentum 
calculation @NLO+PS for gluon fusion
○ public note and a common tool 
○ In progress, timescale 2025 Details in E. Bagnaschi’s (LNF) slides
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https://indico.cern.ch/event/1389221/contributions/6202726/


MSSM Theory Developments
● SUSY-QCD corrections large at large tanβ
● Neutral Higgs: resummation of effective 

b-couplings extended to electroweak gauge 
couplings and Ab-terms

● Charged Higgs: resummation of effective 
t-couplings

● ggF production: now complete SUSY-QCD 
calculation

● Application to decay widths of neutral scalars to bb, 
charged Higgs to tb and cs, and gluon fusion cross 
sections

M. Spira’s talk
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https://indico.cern.ch/event/1389221/contributions/6228188


bbH 

● Differences between 4FS and 5FS observed ~ 
order of magnitude discrepancy in cross sections

● Current reference prediction: 4FS+5SF 
NLO+NNLLpart+ybyt matching => updated cross 
sections available at 13, 13.6 and 14 TeV

● New development: NNLO+PS 4FS and 5FS 
generators 
○ 4FS & 5FS predictions agree within the scale variations
○ 5FS application: Higgs production via light-quark 

interaction

C. Biello’s (MPI Munich) talk
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt13TeV#bbH_Process
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt14TeV#bbH_Process
https://indico.cern.ch/event/1389221/contributions/6202727


NMSSM
● Various experimental results with interest for NMSSM
● Benchmark points and planes published on arxiv - (to be) used 

by ATLAS and CMS analyses
○ Clearer versioning for benchmarks

● Ongoing development of a tool chain for intelligent scans in 
complex parameter scans (F. Eagle’s talk)
○ Finer grids for cross sections
○ Cross sections for more Y final states

● New code on SUSY decays in NMSSMCALC (2-body, 3-body, 
loop-induced, QCD corrections) (F. Eagle’s talk)

● New Higgs mass prediction in CP-violating high-mass NMSSM
● New pheno-results explaining some excesses
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M. M. Mühlleitner’s (KIT) talk C. Borschensky Higgs mass talk

M. Gabelmann’s NMSSMCALC talk

https://indico.cern.ch/event/1389221/timetable/#58-wg3-intelligent-scans-in-th
https://indico.cern.ch/event/1389221/timetable/#58-wg3-intelligent-scans-in-th
https://indico.cern.ch/event/1389221/contributions/6202728
https://indico.cern.ch/event/1389221/timetable/#45-higgs-mass-predictions-in-t
https://indico.cern.ch/event/1389221/contributions/6228156


Exotic decays
● Several new results this year from ATLAS and CMS 
● Many non-standard signatures to explore 

○ Higgs to Dark Showers (E. Sitti’s talk)
○ LLPs w/ far-away subdetectors (N. Grieser’s talk)

● Natural interfaces with DM and LLP working groups to be 
explored!
○ Benchmarks for LLP signatures useful?

● Discussed unexplored Higgs decay to light scalars 
signatures (A. Biekötter’s talk)

● New theory input on rare 2-, 3-, and 4-body Higgs decays 
(see talk by D. d'Enterria and V. D. Le)
○ To be interfaced in Report 5 in SciPost 
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Phys. Rev. Lett. 132 (2024) 021803

Evidence for H->Zγ

https://indico.cern.ch/event/1389221/timetable/#51-rare-and-exotic-higgs-decay
https://indico.cern.ch/event/1389221/timetable/#52-rare-and-exotic-higgs-decay
https://indico.cern.ch/event/1389221/contributions/6228175/attachments/2981056/5248845/HiggsWG_Sitti.pdf
https://indico.cern.ch/event/1389221/contributions/6231901/attachments/2979021/5244965/Higgs_LLP.pdf
https://indico.cern.ch/event/1389221/contributions/6202733
https://indico.cern.ch/event/1389221/contributions/6230026/attachments/2981467/5249676/dde_rare_exclusive_Higgs_decays_dec24.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803


Extended Scalar Sectors
● Lots of new results from the experimental groups with 

a variety of signatures, many more results incoming!
● Regular subgroup activities have facilitated lots of 

cross-talk between Th/Exp on LHC searches, 
connections to DM, details of interference effects, etc.

● Updates for recommended cross sections:
○ Neutral SM-like scalar cross-sections updated for 13.6 TeV
○ Charged scalars: work in progress, joint with MSSM – manpower 

needed! (see slides by Emanuele)
● New tool to model interference effects using matrix 

element reweighting (see slides by W. Winterbottom) in 
resonant HH

(D. Winterbottom’s Talk)

(PRD 110 (2024) 052013)

K. Jaffel’s talk
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https://indico.cern.ch/event/1389221/contributions/6231799/attachments/2979928/5248811/HXSHWG-charged-2024-BAGNASCHI-v3.pdf
https://indico.cern.ch/event/1475594/contributions/6215183/attachments/2965603/5217460/HH_inteference_WG3meeting.pdf
https://arxiv.org/abs/2407.01335
https://indico.cern.ch/event/1389221/contributions/6202743


Outlook
● Ongoing work on updating charged and neutral Higgs cross sections, 

files to be provided for experimental analyses
● New tools being developed for scans, spectra, particle decays in NMSSM
● Recent developments in novel exotic Higgs decay modes (Higgs -> 6 

fermions from ALPs, dark showers) points towards continued need for 
characterizing exotic Higgs decay signatures

● bbH: consistently combining 4FS and 5FS; lighter-flavor results in 4FS
● Successful extended scalar subgroup mini-workshops

○ Forum for presenting results, generating discussions
○ Could be a model for invigorating activity in other subgroups?

● Various contributions planned for Report 5 - contact WG3 convenors if 
you plan to contribute 
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