
Summary talk (BSM)

Topics discussed:

✓ Searching extend Higgs sectors at future lepton colliders.

✓ Searching dark matters at future lepton colliders (FLCs). 

✓ Searching Supersymmetry at FLCs.
✓ Searching long-lived particles at FLCs.Already previewed!

✓ Searching the origin of neutrino masses at FLCs.

✓ Developments on BSM signal detections at FLCs.

Conveners: M. Berggren (DESY), S. Matsumoto (IPMU),

W. Porod (Wurzburg U.), S. P. Griso (LBNL).

Relevant sessions: BSM sessions (H-1, H-2, H-3 sessions)

Higgs & BSM session (F&H-1, F&H-2 〃 )

BSM & FT session (H&O 〃 )
These sessions discussed new particle productions at lepton colliders! 



Searching extend Higgs sectors at FLCs

Various extend Higgs sectors (2HDM, 2HDMa,
IDM, N2HDM, GM, …) were discussed based on

✓ Baryon Asymmetry of Universe via EWBG.

✓ TeV scale BSM (SUSY, GHU, CompH, etc.).

✓ Dark matter problem (Higgs portal, etc.).

✓ Ex. anomalies (98GeV Higgs, LHC ones, …).



Searching extend Higgs sectors at FLCs

Talk by K. Hidaka @ the F&H-1 session.

Scanning MSSM with QFV by imposing various
constraints (Various LHC limits, B/K data, EWPM, 
Vacuum stability, …) shows that the deviations
on decay widths from SM predictions could be

Moreover, 

Talk by M. Iglicki @ the H-3 session.

Higgs portal:  SM - Singlet Scalar Mediator - DM
↑

(pNGDM, FDM, VDM)

Mono-Z search works for all
the cases even at 250GeV ILC.

Cases of different spins can
be disentangled
in some regions.

pNGDM

BG: e–e+
→ ZZ → Znn



Searching dark matters at FLCs. 

In addition to DM scenarios in the framework of extended H sectors [Talks 
by K. Enomoto, T. Robens, J. Klamka, M. IglicKi, Avnish], there are also many 
presentations of the so-called leptophilic DM coupling mainly to SM leptons.

✓ The leptophilic DM is not sensitive to direct detection /LHC experiments.

✓ Very light DM mass region of O(1)GeV is surviving [Talk by Y. Omura].

✓ The DM can be tested at FLCs via mono-X searches [Talk by A. Jueid].

✓ The DM can be embedded in extended H sectors [Talk by N. Ghosh].



Searching dark matters at FLCs. 

Talk by T. Katayose @ the H-1 session.

Scanning of a leptophilic model by imposing 
constraints (various LHC limits, EWPM, relic 
abundance, etc.) shows that a low DM mass
region (below 100GeV) is still surviving.

✓ Mono-g search works even at 250GeV ILC.

✓ It can accommodate with “gm–2 anomaly”.

✓ Leptophilic DM can be realized in MSSM,
via Bino-slepton coannihilation scenario.

Talk by S. Kundu@ the H-2 session.

When the mediator particle is heavy enough 
and center of mass energy at FLCs is also 
large enough, we can develop the ILC study 
of the leptophilic DM using the EFT method.

Multi-TeV scale can be explored at 1TeV ILC!



Searching Supersymmetry at FLCs.

There are also several presentations about the search for Supersymmetry! 

Some of them are discussed based on

✓ Experimental indications (n mass [Talk by H. Waltari], gm–2. )

✓ Theoretical motivation (m-problem [Talk by Y. Hicyilmaz.] )

✓ Experimental viewpoints (stau NLSP, QFV. )



Searching Supersymmetry at FLCs.

Talk by I. Saha @ the H-2 session.

Scanning of MSSM by imposing constraints, 
various properly recast LHC limits, EWPM, 
relic abundance (upper limit), direct dark 
matter detection, as well as gm–2 indication,
give us the finite mass region of sparticles.

✓ Upper limit is from the gm–2 indication.

✓ Lower limit is from proper LHC limits.

Implication to FLCs (ILC) is now under study!

Talk by M. T. Nunez Pardo de Vera @ H-3 session.

Stau NLP scenario is well-motivated but known to 
be one of the most difficult ones in the MSSM. 

It is presented here that ILC will discover/exclude 
status for any stau-LSP mass difference as well 
as any stau mixing nearly up to kinematic limit.

Moreover,

Stau parameters measurement were also discussed.



Searching the origin of neutrino masses at FLCs.

The origin of the neutrino masses may not be at very high energy scale. If its 
origin is at around the TeV scale, FLCs could have an opportunity to reveal it!

Such a possibility was theoretically discussed in the framework of

✓ Type I, II, III seesaw scenarios by A. Das in the H-1 session.

✓ Radiative seesaw scenario by K. Enomoto in the H-1 session.

✓ U(1) extension of the standard model by A. Das in the H-2 session.

✓ Scotogenic model by Avnish in the H-3 session.

Moreover, a full simulation on such study has also 
began. [Talk by J. Nakajima in the session H-1.]

The same sign lepton signal:



Developments on BSM signal detections at FLCs.

Talk by S. Jahedi at the H-2 session.

Optimal observable technique is applied to heavy fermion prod.
via Z-boson exchange in the s-channel at FLCs, and discuss
how accurately the Z-F-F vertex structure can be determined.

Talk by Julia Lynne Gonski at the H-3 session.

Machine learning methods based on semisupervised and weakly 
supervised learning can achieve model-independent sensitivity 
to the production of new particles in radiative return events. 

Semisupervised Weakly supervisedQualitive discussion using
the concrete example:



Concluding remarks

Very interestingly, almost all the topics presented in the sessions are 
motivations by experimental BSM signals/anomalies/indications that
can not described within the framework of the standard model, (i. e.  
dark matter, neutrino masses, gm–2 , B anomalies, 98GeV higgs, etc.).

Moreover, the possibility of new options, such as beam damp facilities, 
dedicated LLP detectors, new intense photon source, gg collision, etc. 
makes the scope/range of BSM discussions significantly enlarged!

✓ Searching extend Higgs sectors at future lepton colliders.

✓ Searching dark matters at future lepton colliders (FLCs). 

✓ Searching Supersymmetry at FLCs.

✓ Searching long-lived particles at FLCs.

✓ Searching the origin of neutrino masses at FLCs.

✓ Developments on BSM signal detections at FLCs.

We had many presentations on (on-shell) new particle productions at
future lepton colliders. Concrete topics discussed at ILCX2021 are


