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Many overviews of the subject  

• arXiv:1504.04855, A facility to Search for Hidden Particles at the CERN 
SPS: the SHiP physics case, S. Alekhin et al


• arXiv:1806.07396, Long-Lived Particles at the Energy Frontier: The 
MATHUSLA Physics Case, D. Curtin et al


• arXiv:1811.12522, FASER's Physics Reach for Long-Lived Particles, A. 
Ariga et al


• arXiv:1901.09966, Physics Beyond Colliders at CERN: Beyond the 
Standard Model Working Group Report, J. Beacham et al.


• arXiv:1910.11775, Physics Briefing Book, European Strategy for Particle 
Physics Preparatory Group


• …
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Outline

• Introduction: current situation in High Energy Physics


• Problems of the Standard Model 


• Portals to new physics


• 𝛎MSM as the minimal model of new physics


• Intensity frontier experiments


• Conclusions
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 - SM describes strong, weak and 
electromagnetic interactions of all known 
elementary particles 


- it is consistent with almost all 
experiments in particle physics


- it is a self-consistent theory that allows 
to describe physics at very small and 
very large energies, possibly running all 
the way up to the Planck scale 1019 GeV 
(15 orders of magnitude larger than the 
LHC energy!). 


Current situation in High Energy Physics

However, this is not a final story!
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The Standard Model (SM) of particle physics was invented in 
1967 and completed with the discovery of the Higgs boson at 
the LHC 45 years later, in 2012.



Problems of the Standard Model   
• In the SM neutrinos are exactly massless 

and lepton numbers are conserved. 
Experimentally neutrinos have tiny, but 
non-zero masses.


• Our Universe contains an unidentified 
substance: Dark Matter (DM), which the 
SM cannot explain.


• Our Universe does not contain antimatter 
in amounts comparable with the matter. 
Why this asymmetry between particles 
and antiparticles?


• Our Universe is flat, homogeneous and 
isotropic at very large scales, but contains 
structures - galaxies, clusters,  at smaller 
scales. Why so?

5 Matter distribution

present absent

massless 𝛎 states 



6

• Marginal evidence (less than 2σ) for the SM vacuum metastability 
given uncertainties in relation between Monte-Carlo top mass and 
the top quark Yukawa coupling 
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These problems stimulated a lot of experimental and theoretical 
research in high energy physics, cosmology, and astrophysics all 
over the world.


• Many theories were put forward: supersymmetry, extra space 
dimensions, complicated structure of the Higgs boson, …


• Search for new particles at LHC and elsewhere (none found so far)


• Non-accelerator searches of DM particles (none found so far)


• Experiments in neutrino physics in Japan, USA, China, Korea,…


• Analysis of structure formation in cosmology, both theory and 
experiment
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Efforts to find new physics



Theory guidance which has led to the 
discovery of the Higgs boson is over

Can we get the energy scale of new physics from experiment 
or theory? Not really! 


• Neutrino masses and oscillations:  
the masses of right-handed see-saw neutrinos can vary from 1 eV to 1015 GeV 


• Dark matter, absent in the SM:  
the masses of DM particles can be as small as 10−22 eV (super-light scalar  fields) 
or as large as 1020 GeV (wimpzillas, Q-balls) 


• Baryogenesis, absent in the SM:  the masses of new particles, responsible for 
baryogenesis (e.g. right-handed neutrinos), can be as small as 10 MeV or as large 
as 1015 GeV 


• Higgs mass hierarchy: BSM models related to SUSY, composite Higgs, large extra 
dimensions require the presence of new physics right above the Fermi scale, 
whereas the BSM models based on scale invariance (quantum or classical) may 
require the absence of new physics between the Fermi and Planck scales 
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New physics, schematically



Experiment: different frontiers  
of high energy physics

• Precision frontier. The indirect search for New Physics: 
measurements of possible deviations from the SM at any energy scale 
in high-precision experiments (e.g. LHCb, NA62, …)


• Energy frontier. The direct search for New Physics:  observation of 
new phenomena at high energies, such as the production of new 
types of massive particles (e.g. ATLAS, CMS, …).


• Intensity frontier. The direct search for New Physics: looking for feebly 
interacting, relatively light particles using high intensity beams (e.g. 
SHiP, …)


Of course, this division is not strict and there are many overlaps: 
sensitivity domains of ATLAS/CMS and of Intensity Frontier experiments 
are complementary and cover different parts of the parameter space.



Theory: New physics below the 
Fermi scale

Naturalness as a guiding principle?


• Naturalness is a rather technical criterion: 


• Physics at the electroweak scale or right above it should be organised in such 
a way that quadratic divergencies in the Higgs boson mass are eliminated, to 
remove sensitivity of mH to physics at very high energy scale Λ (e.g. GUT). 


• If this does not happen, the theory is called unnatural and fine-tuned 
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right above EW scale 



The original source of the naturalness requirement: 
hierarchy problem in Grand Unified theories 
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Extra GUT particles beyond the SM – leptoquarks 
(vector and scalar) must be very heavy,  GeV 


• this is required by the gauge coupling unification 


• this is needed for stability of matter, proton lifetime             
  years


Hierarchy: 


MX > 1015

τp > 1034
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( MX

MW )
2

≃ 1028

Hierarchy in GUTs



Two faces of hierarchy  
• Ad hoc tuning between the parameters (masses and couplings of 

different multiplets) at the tree level with an accuracy of 26 orders of 
magnitude 


• Stability of the Higgs mass against radiative corrections Gildener, ’76 


Tuning is needed up to 14th order of perturbation theory! 
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Proposed solutions  

• Stability of EW scale – requirement of “naturalness”: 
absence of quadratic divergencies in the Higgs mass 


• Low energy SUSY: compensation of bosonic loops by 
fermionic loops 


• Composite Higgs boson - new strong interactions Large 
extra dimensions 


All require new physics right above the Fermi scale, which 
was expected to show up at the LHC 
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Change of paradigm ?  

The source of the hierarchy problem - heavy 
particles (with substantial coupling to the Higgs 
boson). No heavy particles - no large perturbative 
contributions - no fine tuning? 


UV physics (gravity?) should be organised in such a 
way that the Fermi scale is much smaller than the 
Planck scale. (MP is not a mass of any particle, it 
gives the strength of interaction!) 
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Very small numbers in quantum 
physics: quantum tunnelling

•1928, Gamow’s theory of alpha decay, 
uranium-238 -> thorium-234 +alpha, 

 


•1951, Townes, Ammonia Maser,
 


• Our proposal:   because of 
semiclassical suppression related to 
gravitational instanton,    
with S = 72


MS, Shkerin, Zell, arXiv:1803.08907 + 
arXiv:1804.06376 +arXiv:2001.09088


Γ = Eboundinge−S < < < Ebounding

ω = Eboundinge−S < < < Ebounding

mH ≪ MP

m2
H = M2

Pe−S
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Theoretical challenge in this 
picture

If there are no new heavy relatively strongly  interacting 
particles such as leptoquarks, superheavy see-saw 
neutrinos, SUSY partners,…  what explains:


• origin of neutrino masses?


• dark matter?


• baryon asymmetry of the Universe?


• flatness of the Universe and the structures in it?


New particles which are relatively light but feebly interacting!
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New light long-lived particles



Systematic approach to Hidden 
Sector Particles 

If new hidden particles are light, they must be singlets with respect to 
the gauge group of the SM. So, they may couple to different singlet 
composite operators (portals) of the SM 


• - neutrino portal, dimension 5/2: new leptons, HNLs


•  - vector portal, dimension 2: dark photon


•  - scalar portal, dimension 2: new scalars


• - axion portal, dimension 4, new pseudo-scalars …


 
B - hypercharge field, H - Higgs field, L- leptonic doublet , G-gluon

HTL

Bμν

H†H

GμνG̃μν
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Neutrino portal, motivations

Minkowski, Yanagida, Gell-Mann, Ramond, Slansky, 
Glashow, Mohapatra, G. Senjanovic + too many names 
to write, the whole domain of neutrino physics 

See-saw Lagrangian for right-handed neutrinos 
(Majorana neutrinos, Heavy Neutral Leptons - HNs)



ℒ = ℒSM + i N̄Iγμ∂μNI − FαIL̄αΦ̃NI −
MIJ

2
N̄c

I NJ + h . c .
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Neutrino masses and Yukawa couplings  
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Y2 = Trace[F†F]
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Solving all BSM problems at 
once: MSM ν

Role of the Higgs boson: break the symmetry and inflate the 
Universe - Higgs inflation

Role of N1 with mass in keV region: dark matter.

Role of N2, N3 with mass in 100 MeV – GeV region: “give” masses 
to neutrinos and produce baryon asymmetry of the Universe 
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Asaka, MS



Higgs Inflation

Current paradigm for the very early Universe is 
inflation.  This is a rapid expansion of the Universe 
that makes it flat, homogeneous and isotropic at large 
scales.  The quantum fluctuations of density get 
amplified and seed the structure formation (cluster of 
galaxies, galaxies, etc). 


Many approaches to inflation postulate the existence 
of new hypothetical particle - inflation.


Higgs inflation: the Higgs boson has all the necessary 
properties to inflate the Universe. The Higgs boson 
oscillations in the early Universe led to the Big Bang. 


No new particle is needed!
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Higgs Inflation
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Predictions of Higgs inflation agree very well to observations extracted from analysis of 
cosmic microwave background radiation:   


ns = 0.97 -   spectrum of scalar perturbations 


 r = 0.0033 - relative amplitude of tensor fluctuations 

Challenges: 


How exactly the universe was 

heated up after inflation?


Model dependence of the results: Palatini,

Einstein-Cartan, etc 


Ultraviolet properties of the theory

…




HNL properties

• From neutrino physics


• From cosmology: dark matter and baryon asymmetry of the 
Universe


• Applications to experiments: HNL searches, lepton flavour 
number violation, neutrino less double beta decays,…


Casas, Ibarra, Karsten, Smirnov, Bulbul, Dodelson, Widrow, 
Fuller, Shi, Dolgov, Abazajian, Kusenko, Bulbul, Boyarsky, 
Ruchayskiy, Yanagida, Fukugita, Akhmedov, Rubakov, Asaka, 
Ishida, Tanaka, Eijima, Yoshida, Hernández, López-Pavón, 
Ghiglieri, Laine, Bulbul, Drewes, Abada, Domcke, Garbrecht,  
Bodeker,  Klaric, Hambye, Teresi,…
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Dark Matter in the MSM: N1ν
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Dark matter sterile neutrino N1: long lived light particle (mass 
in the keV region) with the life-time greater than the age of 
the Universe. It can decay as  N1     𝛄𝛎, what allows for 
experimental detection by  X-ray telescopes in space.              
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Available parameter space, 

current situation 

Possible detection (?), controversial

Bulbul et al; Boyarsky et al

Future experimental searches: 

Hitomi-like satellite  (2021?),

Large ESA X-ray mission 

Athena + (2028?)


Theoretical challenges:

How DM sterile neutrinos are 

produced in the early Universe?

What is their spectrum?

Warm or cold Dark Matter?



Baryon asymmetry of the 
universe

Sakharov conditions


• CP-violation - OK due to new complex phases in 
Yukawa couplings 


• Lepton number violation - OK due to HNL 
couplings and due to Majorana masses 


• Deviations from thermal equilibrium: OK as HNL 
are out of thermal equilibrium for T > O(100) GeV 
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Baryogenesis via leptogenesis

We (Blondel, Graverini, Serra, MS’ 2014) thought that we get two domains of 
allowed HNL masses:


•  GeV, “freeze-out” leptogenesis in non-equilibrium HNL decays 
(a’la Kuzmin; Fukugita, Yanagida, …) producing lepton asymmetry which is 
converted in baryon asymmetry in sphaleron processes that decouple at 

. If  then N’s are in thermal equilibrium at 
: Sakharov non-equilibrium condition is not satisfied.


•  GeV,  “freeze-in”  leptogenesis in non-equilibrium HNL 
oscillations (a’la Akhmedov, Rubakov, Smirnov - original idea; Asaka, MS - 
kinetic theory …). If  GeV then HNLs can equilibrate via 
fast   decays: Sakharov non-equilibrium condition is not satisfied.

MN > 130

Tsph = 130 GeV MN < Tsph
T = Tsph

MN < MW ∼ 80

MN > MW ∼ 80
N → Wl
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Freeze-in and freeze out

Lepton number generation

 in freeze-in

Lepton number generation

 in freeze-out



Uniting Leptogeneses

Juraj Klaric, MS, Inar Timiryasov 2020, https://
arxiv.org/abs/2008.13771


Both mechanisms (freeze-in and freeze-out) are 
described by the same kinetic equations and allow 
for systematic study without any simplifying 
assumptions. Main result: the freeze-in and freeze-
out domains are actually connected, there is just 
one combined window for new physics.
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https://arxiv.org/abs/2008.13771
https://arxiv.org/abs/2008.13771


• “Freeze-in” leptogenesis: 
take zero initial conditions 
for HNL densities and 
neglect deviations from 
thermal equilibrium 
induced by the HNL mass


• “Freeze-out” 
leptogenesis: take 
equilibrium initial 
conditions for HNL 
densities
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Uniting Leptogeneses



Uniting Leptogeneses

• “Freeze-in” leptogenesis: 
take zero initial conditions 
for HNL densities and 
neglect deviations from 
thermal equilibrium 
induced by the HNL mass


• “Freeze-out” 
leptogenesis: take 
equilibrium initial 
conditions for HNL 
densities
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Uniting Leptogeneses

• “Freeze-in” leptogenesis: 
take zero initial conditions 
for HNL densities and 
neglect deviations from 
thermal equilibrium 
induced by the HNL mass


• “Freeze-out” 
leptogenesis: take 
equilibrium initial 
conditions for HNL 
densities
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Uniting Leptogeneses

• “Freeze-in” leptogenesis: 
take zero initial conditions 
for HNL densities and 
neglect deviations from 
thermal equilibrium 
induced by the HNL mass


• “Freeze-out” 
leptogenesis: take 
equilibrium initial 
conditions for HNL 
densities
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Uniting Leptogeneses

• “Freeze-in” leptogenesis: 
take zero initial conditions 
for HNL densities and 
neglect deviations from 
thermal equilibrium 
induced by the HNL mass


• “Freeze-out” 
leptogenesis: take 
equilibrium initial 
conditions for HNL 
densities
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Matter-antimatter asymmetry and neutrino masses 
in the MSM: N2,3ν

Strength  
in comparison 

with weak 
interaction 
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HL-LHC - High Luminosity Large Hadron Collider

BAU - Baryon asymmetry of the Universe

NH - normal neutrino hierarchy

Neutrino masses and asymmetry are explained at once

The mechanisms of neutrino mass and matter-antimatter 
asymmetry generation can be verified experimentally!


Neutrino masses are too small

No matter-antimatter asymmetry

Experimental sensitivities

figure from Klaric, Timiryasov, MS



Vector portal, motivations 
Mirror matter: P, C and PC are not conserved - to restore the 
symmetry between left and right mirror particles should be 
introduced. 


Okun, Voloshin, Ellis, Schwarz, Tyupkin, Kolb, Seckel, Turner, 
Georgi, Ginsparg, Glashow, Foot, Volkas, Blinnikov, Khlopov, 
Gninenko, Ignatiev, Berezhiani,... 


Possible model: 


[SU(3) × SU(2) × U(1)]our × [SU(3)′ × SU(2)′ × U(1)′]mirror with discrete 
Z2 symmetry incorporating parity and our ↔ mirror transition 
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Communication with mirror 
world

The mixing between our photon and the mirror photon 
, leading also to the mixing with Z 


Consequences: 


• Dark matter made of mirror particles?


• Existence of particles with fractional charges 


• Exotic processes in particle physics, e.g. mixing of 
orthopositronium with mirror orthopositronium 
(Glashow) 

ϵBμνF′ μν

∼ ϵ
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Mirror dark matter
Simplest Higgs sector: parity may be exact (the spectra of our and 
mirror particles are the same) or spontaneously broken (the spectra of 
our and mirror particles are different). If parity is exact, both photons are 
massless. Constraint on  < 3 × 10−8 from BBN (Carlson, Glashow)


Main problem:  Why cosmology of the mirror sector is so much different 
from the visible sector? 


More complicated models (Higgs sector, etc).  Mirror photon can be 
massive.


Okun, 2007: “We compare mirror symmetry with supersymmetry. The 
former cannot compete with the latter in the depth of its concepts and 
mathematics. But it can compete in the breadth and diversity of its 
phenomenological predictions. Without a doubt, mirror matter is much 
richer than the dark matter of supersymmetry.” 

ϵ : ϵ
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General approach

Dark hidden sector may have complicated structure, not associated with 
ideas of mirror symmetry. A possible bridge between hidden and and our 
world is the vector portal. 


∼ 10−2 − 10−12 can be generated through quantum loops of particles that 
carry both U(1) charges or by non-perturbative effects. The mass of 
paraphoton (U-boson, secluded photon, dark photon, dark gauge 
boson, ...) can be in GeV region (arguments coming from DM - change of 
DM annihilation cross-section, etc). Portal to light dark matter. 


Holdom, Galison, Manohar, Arkani-Hamed, Weiner, Schuster, Essig, 
Pospelov, Toro, Batell, Ritz, Andreas, Goodsell, Abel, Khoze, Ringwald, 
Fayet, Cheung, Ruderman, Wang, Yavin, Morrissey, Poland, Zurek, Reece, 
Wang, ... 


ϵ
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Mediator of interaction with DM
• Light dark matter with M as small as few MeV: increase of 

annihilation cross-section of DM particles. 


• Self-interacting dark matter: core-cusp problem in dwarf galaxies, 
too-big-to-fail problem (excess of massive sub-halos in N-body 
simulations of Milky Way type galaxies) 
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Phenomenology of the vector 
portal 

Production: through a virtual photon: electron or proton fixed-target 
experiments, e+e− and hadron colliders, . Decay due to the mixing 
with photon to the pair of charged particles: , etc, or to 
invisible particles from the dark sector. 


Constraints are coming from:


• SLAC and Fermilab beam dump experiments E137, E141, E774 


• electron and muon anomalous magnetic moments


• KLOE, BaBar


• PS191, NOMAD, CHARM (CERN)


• ... 

σ ∝ ϵ2

e+e−, μ+μ−, π+π−
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Signatures

•  effect. Missing energy in radiative meson decays, if  
decays outside the detector. For example:

                                     
Missing energy in other channels, e.g. .


•  effect for short lived , Search for decay of .  For 
example - Hyper CP-anomaly: 

 MeV 


•  effect for long lived , extra  comes from the 
probability of decay in the detector.

ϵ2 A′ 

Υ(1S) → γA′ , Υ(3S) → γA′ 

K+ → π+ + nothing

ϵ2 A′ A′ 

Σ+ → pA′ , A′ → μ+μ− . MA ≃ 214

ϵ4 A′ ϵ2
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Examples of existing constraints
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Higgs portal, motivations
• LHC: fundamental scalar boson exists in nature. There are many quarks, leptons, vector bosons. Why 

the Higgs boson should be unique? 


• Hierarchy problem: SUSY and extended SUSY, mirror world with twin Higgs, neutral naturalness 


• Composite Higgs boson: extra scalar states 


• Large extra dimensions: KK scalar modes 


• Pseudo-Nambu-Goldstone bosons (PNGB) of a spontaneously broken symmetry 


• Flavour problem: familons 


• Hidden Valley scenario: low mass hidden sector coupled to the SM through mediators of different 
nature 


• Inflation is most probably driven by a scalar field 


• Candidate for dark matter 


• Messenger between the visible and dark matter sectors 


• Electroweak baryogenesis (new scalar can make the EW phase transition of the first order, resulting in 
thermal non-equilibrium) 


Patt, Wilczek, Schabinger, Wells, No, Ramsey-Musolf, Walker, Khoze, Ro, Choi, Englert, Zerwas, 
Lebedev, Mambrini, Lee, Jaeckel, Everett, Djouadi, Falkowski, Schwetz, Zupan, Tytgat, Pospelov, Batell, 
Ritz, Bezrukov, Gorbunov, Gunion, Haber, Kane, Dawson,... 
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Sample renormalisable 
Lagrangian

Batell, Pospelov, Ritz:


                         


If , we may have Z2 symmetry, leading to stability of  (then  can be 
a DM candidate). For  we can integrate out the Higgs field and 
get the effective action


              ,    where 


describes Higgs interaction with fermions of the SM.


For   the new scalar   may be long-lived.

L = (μχ + λχ2)H†H + LSM + Lhidden

μ = 0 χ χ
mχ ≪ MH

Leff = 𝒪SM
μχ + λχ2

M2
H

𝒪SM = mf f̄f + . . .

μ ≪ v χ



Phenomenology of the  
Higgs portal 

• Direct production 


• Production via intermediate (hadronic) state 
, and then hadron .


• Subsequent decay of  to SM particles

p + target → Y + χ

p + target → mesons + . . . → χ + . . .

χ
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arXiv:1403.4638, Bezrukov, Gorbunov 




Axion portal, motivations

Axions to solve strong CP-problem; string theory, extra 
dimensions: axion-like particles - ALPs (or pseudo-Nambu-
Goldstone bosons), dark matter, SUSY, …


Weinberg, Wilczek, Witten, Conlon, Arvanitaki, Dimopoulos, 
Dubovsky, Kaloper, March-Russell, Cicoli, Goodsell, Ringwald, 
Lazarides, Shafi, Choi, Essig, Harnik, Kaplan, Toro, 
Gorbunov,... 


 Non-renormalisable Lagrangian,


                            
a
F

GμνG̃μν,
∂μa
F

ψ̄γμγ5ψ
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Phenomenology of the axion 
portal

Similar to the Higgs portal, from arXiv:1008.0636, Essig et al :
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K+ → anything + e+e−

K+ → π+ + invisible
B+ → K+l+l−(l = e, μ)
B+ → K+ + invisible

the combined exclusion region from

meson decays


CHARM

supernova SN 1987a


muon anomalous magnetic moment



Common features of hidden 
particles

• Can be produced in decays of different mesons 
(π, K, charm, beauty) , Z and W


• Can decay to SM particles ( , etc)


• Can be long lived 

l+l−, γγ, lπ
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Requirements to experiment  
Search for decays of ordinary particles to hidden sector particles: missing energy 
signal


• Produce as many mesons as you can 


• Study their decays for a missing energy signal


Search for decays of hidden sector particles:  fixed target and collider experiments 


• Have as many pot as you can, with the energy enough to produce charmed (or 
beauty) mesons, or W and Z


• Put the detector as close to the target as possible, in order to catch all hidden 
particles from meson decays (to evade 1/R2 dilution of the flux) 


• Have the detector as large as possible to increase the probability of hidden 
particle decay inside the detector 


• Have the detector as empty as possible to decrease neutrino and other 
backgrounds 
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Most recent dedicated experiment for HNL search : 1986, Vannucci et al 


No new particles were found with mass below K-meson, 

the best constraints were derived 




Intensity frontier of  
high energy physics 

Experimental challenges of the hidden particle searches 


Hidden particle production and decays are highly suppressed => 
dedicated experiments are needed. 


• New generic purpose experiments to search for all sorts of relatively 
light dark sector particles (dark photons, hidden scalars, etc). 


• Existing experiments are in the quest for hidden sector particles.
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Searches for dark sectors
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SHi

High energy proton beam – 400 GeV

4⇥1019 PoT (protons on target per year).
2⇥1020 PoT over 5 years

Beam intensity: 4⇥1013 protons/sec

Produces a lot of c-quarks: Xcc̄ ⇠ 10�3

ND�mesons = 2⇥ Xcc̄ ⇥ NPoTProposal*for*a*new*facility*at*the*SPS*

3"

*
• 400"GeV"protons"from*the*SPS*
*
• 4x1019"protons*on*target*per*year*

• Weeks*of*test"beam"planned"on*
SPS*and*PS*this*year*to*test*
various*detector*technologies*

*
• Beam"intensity"of*4x1013*protons*on*
target*per*cycle*of*7.2s*with*slow"
beam"extracAon"(1s)"
! reduce"detector"occupancy,*hence*

reduce*combinatorial**
!*reduce*the*heat"load"of"the"target""

North"
area"

Spill&=&amount*of*proton*beam*sent*to*
the*target*at*once*(4x1013*p*during*1s)&

�
/

SHiP experiment   
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NA62
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FASER
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CODEX-b
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MATHUSLA
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Heavier N2,3 can be searched at Future Circular Collider  in 
e+e- mode (FCC-ee), with energy tuned to Z-boson 
resonance: e+e− → Z → νN, N → lπ
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FCC-ee



Typical sensitivity region

• Lower boundary – too few 
decays in the decay 
volume 


• Upper boundary – decay 
too fast, do not reach the 
decay vessel (displaced 
vertex cannot be identified)


• Maximal mass – 
intersection of the above or 
kinematics 
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Projection of bounds on HNLs

68



Projection of bounds on HNLs
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Projection of bounds on HNLs
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Projection of bounds on scalars
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Projection of bounds on alps
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Projection of bounds on vectors
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Conclusions
• The absence of heavy particles with masses above the Fermi 

scale may be a key for understanding of the hierarchy problem 


•  Light feebly interacting particles (heavy neutral leptons in 
particular) can be a key to (almost all) Standard Model 
problems: 


• neutrino masses and oscillations 


• dark matter


• baryon asymmetry of the universe 


We  are at an exciting point in history:  the planned future 
experiments such as  SHiP and FCC-ee in the Z-resonance 
mode have chances to uncover soon (?) the origin of neutrino 
masses and  baryon asymmetry of the Universe.
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