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Introduction
Physics Beyond the Standard Model (BSM) of particle physics is unavoidable.

We need fundamental level description for phenomena like:

● Dark matter and its abundance in the Universe
● Matter-antimatter asymmetry and the source of the required CP violation
● Neutrino masses
● Flavour structure of the Standard Model
● Description of gravity on the particle/quantum level
● Explanation of observed anomalies in precision measurements 

○ Muon g-2
○ Measurements of (semi)leptonic B decays
○ W-boson mass

Recent Snowmass EF BSM report: arXiv:2209.13128

https://arxiv.org/abs/2209.13128


Laura Reina
From Snowmass to the ECFA Higgs Factory Study



Introduction

Negative results of direct BSM searches at the LHC suggest that we need to change the 
perspective. BSM scales does not need to be large.

● new particle interactions can be very week, the signal could be below our 
experimental sensitivity,

● long-lived or feebly-interacting particles can give exotic signatures, beyond 
traditional BSM searches

⇒ We need to be sure that our searches are not biased by particular model assumptions

⇒ We should try to be as model-independent as possible.



Introduction

Two approaches to BSM searches possible:

● Exploring well established theoretical models, looking at model predictions 
for various benchmark scenarios. Different signatures possible.

● Looking rather at particular signatures

Significant overlap possible between WG1-SRCH and WG1-HTE, WG1-GLOB. 
Also for BSM scenarios with directly accessible new states, significant deviations 
in precision measurements, Higgs couplings in particular, usually expected. 



Introduction

Types of contributions submitted to the WG1-SRCH session

● Suggesting theory/model, which should be considered at future e+e-

● Studies based on  particular theoretical scenarios 

● Studies looking at particular experimental signatures

● Physics beyond colliders - beam dump experiments

Total of 15 talks: 10 presentations in two WG1-SRCH parallel sessions,

                            5 presentations in the joint WH1-HTE+SRCH session



VBF→H(650)→WW is inconsistent with MSSM

various indications from LHC can be 
described in  the Georgi Machacek model

Francois Richard
  Searches for light scalars at LHC
     and interpretation of the findings



Highlights

Possible scenario:

Next-Two Higgs Doublet Model 
(N2HDM)

Opening also many other 
observation possibilities at e+e- 
Higgs Factory



Highlights

Many regions in the SUSY 
parameter space remain 
and will remain unexplored 
by LHC…



Highlights

Two Higgs Doublet Model with a Complex Scalar Singlet



Highlights

Double Dark Portal model
simultaneous vector and scalar portals

Rich e+e- collider phenomenology with 
new light hidden particles…



Highlights

Light Z’ still not 
excluded, if new gauge 
coupling small

⇒ look for exotic Z 
decays at Tera-Z

 



Francisco Arco Garcia, Triple Higgs couplings of the 2HDM at the ILC and CLIC



Chris Verhaaren, Higgs Naturalness at a HTE factory
Supersymmetric partners do not need to carry SM charges



Juliette Alimena, Long-Lived Particles at the FCC-ee

long-lived HNLs when coupling and mass are small



Highlights

Heavy Neutral Leptons

Above MZ prompt decays
seem to be more promissing



Juliette Alimena, Long-Lived Particles at the FCC-ee



Juliette Alimena, Long-Lived Particles at the FCC-ee
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Highlights

LUXE concept
at ILC beam dump



Impressions from the session

While LHC limits are often in the TeV range, many “holes” in the parameter space 
remain unexplored for different scenarios, including SUSY. 

Many interesting, motivated scenarios with low scale BSM possible, 
both standard and exotic signatures can be looked for.

Dedicated studies show high sensitivity of future e+e- machines to different 
theoretical scenarios and signatures, often going orders of magnitude below 
current and expected limits from LHC.



Goals and plans

Our initial goal was to get the overview of the activities and construct a map of 
activities, linking different theoretical models/approaches with experimental 
methods/signatures.

We do think we are about to complete this task.

More input is clearly very welcome, but we believe that we all relevant studies 
are already on our list…



Goals and plans

The next step is to propose benchmarks for the future studies and comparisons.

Two types of test scenarios possible:

● Theory motivated benchmarks
allow for referring to indirect searches and precision measurements

● Signature oriented benchmarks
more directly related to detector and reconstruction challenges/requirements

We do have some initial ideas, but some more discussions are still needed… 



Goals and plans

We need to make sure that all relevant signatures are addressed properly:

● do detector designs take into account possible non-standard signatures?
● are reconstruction and analysis tools flexible enough to identify also 

“unexpected” signals?
● what additional/new detector features could be used to enhance search 

sensitivity 
eg. higher timing resolution, better dE/dx ?

We should be open for non-standard search approaches to maximize physics 
output and search coverage → new ideas are always welcome

Additional experiments (beyond collider mode): 
             physics reach gain has to be well understood 



Goals and plans

There are still a lot of challenges working for us in the next months.

Everyone is invited and very welcome to make a contribution.

Indico: https://indico.cern.ch/category/14866/

e-group: ecfa-whf-wg1-srch@cern.ch 

https://indico.cern.ch/category/14866/
mailto:ecfa-whf-wg1-srch@cern.ch


Many thanks to all speakers for their contributions 
                             and many interesting discussions

Thank you!



Backup slides

More on highlights



Highlights (1)

Theory aspects / model presentations



Francois Richard
Searches for light scalars at LHC and interpretation of the findings



Francois Richard, Searches for light scalars at LHC and interpretation of the findings
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Francisco Arco Garcia, Triple Higgs couplings of the 2HDM at the ILC and CLIC





Chris Verhaaren, Higgs Naturalness at a HTE factory



Highlights (2)

Studies based on particular theoretical scenarios



Juliette Alimena, Long-Lived Particles at the FCC-ee



Juliette Alimena, Long-Lived Particles at the FCC-ee



Highlights

Heavy Neutral Leptons

Above MZ prompt decays
seem to be more promissing



Highlights



Juliette Alimena, Long-Lived Particles at the FCC-ee



Juliette Alimena, Long-Lived Particles at the FCC-ee
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Highlights (3)

Signature motivated studies
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Highlights (4)

Physics beyond collider mode



Highlights



Highlights

LUXE concept
at ILC beam dump




