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Outline

Subgroup mission 3

- To be a common ground for discussion between
experimentalists and theorists

- To clarify theoretical aspects important for
experimental studies

- To provide benchmark scenarios to be used by
experimental collaboration

- To discuss possible future developments on probing
the MSSM Higgs sector at the LHC
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Task list

- Scenarios/ROOT files

-+ A/H Higgs transverse momentum distribution

- Working group notes

Task Status Timescale 1

In progress Continuous
In progress Continuous
In progress  Continuous
In progress Continuous

Higgs [ C Planned On hold

Provide description and common tool for BSM Higgs p? calculation @ NLO+PS precision for gluon fusion Planned on hold

A/H decay to SUSY states and corresponding ROOT files Planned 2024

Include 13.6 TeV cross sections in the ROOT files In progress 2024

Switch to PDF4LHC21 for the cross sections in the ROOT files In progress 2024

Update of the ROOT files to the latest HDECAY version July 2022
Update of the ROOT files to the latest HDECAY version December 2021
Update of the ROOT files with new quantities (e.g. trilinear self-coupling of the SM-like Higgs) December 2021
Update of the hMSSM ROOT file to the same cross-section setup of the other scenarios December 2021
Release of the ROOT files on Zenodo December 2021
Public note describing the ROOT files setup December 2021
Update of the ROOT files of EFT scenarios with the inclusion of the SM predictions July 2021
Release ROOT files for mh125 variants with negative p December 2020
Update of the ROOT files (SM BRs, HDECAY update, FeynHiggs proper version) December 2020
Provide updated ROOT files for end Runll analyses End 2018
Provide benchmark scenario for low tan A3 using EFT approach £nd 2018
Provide new MSSM benchmark scenarios Sept 2018
Update SM parameters for MSSM calculations to be consistent with YR recommendations for SM calculations Sept 2018
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Public note on the ROOT files

LHCHWG-2021-001

Benchmark Scenarios for MSSM
Higgs-Boson Searches at the LHC

Emanuele Bagnaschi®, Sven Heinemeyer”, Stefan Liebler”, Pietro Slavich?, Michael Spira®

“Dipartimento di Matematica e Fisica, Universita di Roma Tre,
Via della Vasca Navale 84, 1-00146 Rome, Italy
PInstituto de Fisica Tedrica, (UAM/CSIC), ad Auténoma de Madrid,
Cantoblanco, E-28049 Madrid, Spain
“Institute for Theoretical Physics (ITP), Karlsruhe Institute of Technology,

D-76131 Karlsruhe, Germany (Former academic affiliation)

“Sorbonne Université, CNRS, Laboratoire de Physique Théorique et Hautes Energies, LPTHE,
F-75005 Paris, France
¢ Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland

ROOT file note 3

The public note on the ROOT files was accepted in its final version in January
2022 -- https://cds.cern.ch/record/2791954/

Release of the ROOT files on Zenodo has started (title of the record
“LHCHWG MSSM ROOT files")

Versioning of the Zenodo record is used -- please cite the exact version that
you use in your study

L - Last update in September 2023 — fixed 14 TeV cross sections for the hMSSM

J
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Structure of the ROOT files
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Theory setup

—CED )
Branching ratios are obtained by combining state-of-the-art predictions from
FeynHiggs and HDECAY, aside from the EFT and CPV scenarios, for which
only FeynHiggs is used, and the hMSSM for which only HDECAY is used

Gluon fusion production cross-sections are computed using the code SusHi

Bottom-associated production cross-sections are computed by rescaling the
matched predictions provided by the bbH working group

Cross sections for the other production processes (VBF, WH, ZH and ttH) are
computed by rescaling the grids provided the LHCHWG

Charged Higgs cross sections are interpolated from LHCHWG grids as well
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L = e T T = Ty ww) + Ty z@z( + Tomrbs + Tonset + a0 e
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Cross sections at 13.6 TeV/PDF4LHC21 -- open issues

For gluon fusion no problem, since we use the code SusHi that we run
autonomously

New cross sections are/should be run with PDF4LHC21 -- consistency would
require to rerun also the cross sections at 8 and 13 TeV with the same PDFs

e N ( )
For bb¢ we rescale the cross - For tt¢ we rescale the cross sections
sections provided by bbH subgroup provided by ttH subgroup, as they
by the author of [1508.03288, 1605.01733]. are included in FeynHiggs

- We are currently in contact with - In contact with M. Zaro (ttH
F. Tackmann (DESY) and M. Bonvini convener)
(INFN Rome 1) to provide grids at ~ ttH 2

13.6 TeV

\ W - For v¢ we rescale the cross sections
“

provided by VH subgroup, as they

- Joined forces with the Extended are included in FeynHiggs
Higgs Sector subgroup — See my - In contact with G. Ferrera (VH
talk on Wednesday convener)

< Charged Higgs \ J
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A/H to SUSY states

states.

Some of the scenarios are characterized by large branching ratios to SUSY

A separate set of ROOT files is planned to be released with the different
channels saved separately (in the current ROOT files all the BRs to SUSY are
summed in a single histogram).

Discussions in progress to see whether there is interest from the experimental
community in probing these decay channels. Feedback welcome.

New ROOT files
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New developments on the theory side: neutral Higgs
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Extension of A, resummation to A, terms and electroweak gauge couplings;
calculation also extended for strange Yukawa couplings
See the talk of M. Spira in th

G3 BSM Higgs parallel on

lednesday

Status and plans of the MSSM subgroup Emanuele Bagnaschi (LNF)

8/M



New developments on the theory side: charged Higgs
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- Extension of A¢ resummation
- See the talk of M. Spira in the \

5 parallel on Wednesday
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New developments on the theory side: ggA
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Bagnaschi, Fritz, Liebler, Mihlleitner, Nguyen, S.

gg — A complete SUSY-QCD calculation

See the talk of M. Spira in the WG3 BSM Higgs parallel on Wednesday
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Summary and outlook

- Ongoing work on the scenarios
- ROOT files upgrade to support LHC 13.6 TeV analyses

- Possible interactions with other working groups

Task Status Timescale 1
In progress Continuous
In progress Continuous
In progress  Continuous
In progress  Continuous

[ cnc Planned On hold
Provide description and common tool for BSM Higgs p® calculation @ NLO+PS precision for gluon fusion Planned on hold
A/H decay to SUSY states and corresponding ROOT files Planned 2024
Include 13.6 TeV cross sections in the ROOT files In progress 2024
Switch to PDF4LHC21 for the cross sections in the ROOT files In progress 2024
Update of the ROOT files to the latest HDECAY version July 2022
Update of the ROOT files to the latest HDECAY version December 2021
Update of the ROOT files with new quantities (e.g. trilinear self-coupling of the SM-like Higgs) December 2021
Update of the hMSSM ROOT file to the same cross-section setup of the other scenarios December 2021
Release of the ROOT files on Zenodo December 2021
Public note describing the ROOT files setup December 2021
Update of the ROOT files of EFT scenarios with the inclusion of the SM predictions July 2021
Release ROOT files for mh125 variants with negative p December 2020
Update of the ROOT files (SM BRs, HDECAY update, FeynHiggs proper version) December 2020
Provide updated ROOT files for end Runll analyses End 2018
Provide benchmark scenario for low tan 8 using EFT approach £nd 2018
Provide new MSSM benchmark scenarios Sept 2018
Update SM parameters for MSSM calculations to be consistent with YR recommendations for SM calculations Sept 2018
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