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WG2 Conveners: ATLAS : Sarah Heim (DESY)
CMS  : Giacomo Ortona (INFN Torino)
Theory : Daniele Barducci (University and INFN Pisa)
. Pier Paolo Giardino (UAM and IFT)

Recent and upcoming changes:
Pier Paolo Giardino took over from Ken Mimasu
Hongtao Yang will take over from Sarah Heim in Jan. 2025

WG2 subgroup: ATLAS : Jelena Jovicevic (University of Belgrade)
Fiducial, differential CMS  : Matteo Bonanomi  (UHH)
and template XS Theory : Frank Tackmann(DESY)

Recent and upcoming changes:
Jelena Jovicevic took over from Hongtao Yang

A big thank you to Ken and Sarah for all your work!

Welcome Jelena and welcome back Hongtao!
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WG2 Activities in 2024

Simplified Template Cross Sections (STXS)

- STXS 1.2 binning note almost finalized -> final polishing
and start approval procedure

- STXS 1.2 uncertainty note started

- definition of STXS 1.3 done-> needs to be documented

CPV

- STXS for CPV
- Note on common parameterization (in slow preparation)
- (Soon!) Open call for BSM-CPV benchmarks

EFT
- EFT STXS toolbox (Joint activity with LHCEFTWG)




Status of Simplified Template Cross Sections (STXS)

Cross-sections are measured in mutually exclusive phase
space regions specific to different Higgs production modes

(Matteo Bonanomi’s talk; also see Jelena Jovicevic’s talk)

The primary goal of STXS framework is to minimise the measurement dependence on theory
predictions without losing sensitivity

Coverage of the entire phase space and specific regions designed to detect BSM effects,
expected in the tails of the pT distribution, at higher pT, where less stat is available

Stage 1.2 - BSM'Iike

»
SM-like ,

Stage 1.2 SM_like = VBF+ V(= qq)H




STXS Stage 1.3

Stage 1.2 (for LHC RUN-II) documentation is nearly finalized (binning and
uncertainty notes expected soon)

Stage 1.3 (for LHC RUN-III)
Increase granularity
Backward compatibility

1.3 uncertainty based on 1.2

Drastic changes will not come before Stage 2 (HL-LHC),

but extended number of bins quite a bit
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STXS Stage 1.3

Inclusion of some CP-sensitive observables (more on that later)

To STXS 1.3: ggH

Stage 1.2
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CP violation in the Higgs sector

The possible presence of CP violation in the scalar sector is an attractive
prospective: extra source of CP violation is needed for EWBG-like
scenarios.

- New CP source could be connected to “light” particles (Ken
Mimasu'’s talk)

- Otherwise it could be parametrized with operators.

- “Competing” approaches depending on the specific EFT (Akanksha
Bhardwaj’s talk)

- SMEFT: linear dependence: main change in the htt coupling.

- HEFT: non linear dependence: htt and hhtt are modified
independently

- Search of multi-scalar interactions necessary to disentangle the
result.



CPV sensitive observables

ttH: CP odd couplings between top and
Higgs can be obtained from tth process.
(Alberto Carnelli 's talk)
- Improvement through introduction
of second observable
- Approach rivals multivariate
analysis

ggF+VBF to H to WW*(Cameron Clarry’s
talk)
- Study of impact of C_HW~ and
C_HG~
- Proposal of observable Agjjin this
channel.
- Sensitivity also to CP-even
operators C_HW and C_HG

See also (Henning Bahl’s talk)

pr.u(GeV]: 0

60

120

200

300

450

Figure 12: Proposal for an extension of the current STXS binning for the t£H production
mode. Each bin in pr,g is further split in bins of either bi®, Anlt, or |cos 6.
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CPV: Parametrization and benchmarks

One of the main goal of WG2 is

the completion of 1-2 notes
containing

1) a dictionary between

different CPV parametrizations.

2) a booklet of justified
benchmark scenarios:

Bottom-up: subset of
parameters motivated by
symmetries and UV patterns

Top-down: identifications of
specific UV models and

correlation to low energy CPV

observables.

(Henning Bahl's talk)

Contents
1 Introduction

2 Parametrisations and dictionaries for CPV in Higgs interactions
2.1 General anomalous couplings
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2.3 SMEFT
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4 Benchmarks: Bottom-up approach
4.1 CPV invariants in SMEFT
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44 ...

5 Benchmarks: Top-down approach
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Joint WG2-LHCEFTWG activity

(Ken Mimasu talk on Wedn.) For a justification of SMEFT see (Ken’s talk on Thurs.)
Creation of

- a common data format to publish

SMEFT parametrisations (Warsaw basis)
: : o Public EFT parametrisation note
- atool for its generation

- benchmarks o Simple thing to do, and having it out ASAP would be ideal
o Next step: discuss draft proposal with interested parties

S n fitting collaborations, experiments
cope: _ _ _ _ n Flavour high energy,low-enerqy experts
- Avoid duplications of efforts, particularly

n Letusknowif you are interested in participating in the discussion
for challenging computations
- Easier comparisons and validation of o STAS paramefrisaton

results o Timeling for validation & publication is longer (its complicated!)
. Easier communication between theory o Some unplanned delays but we are making progress on production modé

. o Decay already done
and experiment.

o Decided to split the activity into two notes due to different timescales

2 Notes expected before June 2025 "



Overlap with WG3 activity

CP violation in the Higgs sector could be related to an extended
scalar sector. Lots of interesting interesting avenues:

- Establishment of benchmark models and identification of
interesting parameter space regions for CPV studies

- Complementary between proper BSM signatures and Higgs
properties

- Joint call for CPV benchmarks?

Not strictly connected but possibly related

- Higgs days into exotic and LL particles (Dominique Trischuk’s
talk)

Nothing concrete yet.
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BSM H to Zy

The decay of the H to Zy had an interesting year. (Jeffrey Davis)
- 3.40 evidence of H—Zy: ATLAS + CMS combination.

- Tiny tension with SM y = 2.2+ 0.7; Statistically dominated
- SM theory uncertainties well under control (Buccioni’s talk), not
surprises there

Generic new physics that affects H to Zy probably affect H to vyy.
(Guedes)
- Physics that induces dimension -8 operators offers interesting
new prospective
- Relevant operators enter through RGE mixing. Effects can be
important.
- Hto yy and H to gg are “protected”.
- New physics could show up in Zy and not in yy.
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Plans for 2025

Early 2025:
- STXS: finalize 1.2 notes; publish 1.3 binning on webpage

June 2025

- Full Statistical Models (Nicholas Wardle’s talk): guideline on how to use and
present. It could be a standard for future analysis

- CPV: (Henning Bahl's talk)Dictionary between parametrizations; Benchmark call.

- EFT: EFT STXS toolbox

- K framework: recommendation/caveats (Andrei Gritsan’s talk). Extended
discussion NOT planned.

Beyond June 2025
- STXS: continuing work on 1.3; if time: start with STXS 2.0 for HL-LHC.
- EFT: Going beyond Leading Order: summary of QCD corrections, wishlist of EW

corrections. Inclusion of dimension 8.
- Renew joint activity with other groups (WG3, LHCEFTWG)
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Thank you for all the work!



