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The standard Model and beyond
● All SM particles have been discovered so far (apart from 
anti-ντ)

●  Despite some anomalies, no compelling 

evidence of new physics found so far

● The Higgs mass points to a (meta-) 

stable universe

● The SM could be valid to the Plank scale

 Naturalness only a problem if we assume new particles 
between the EW and Plank scales



  

Fine-tuning and naturaleness: the 
Higgs mass problem

● The Higgs mass is the sum of

two terms: one bare, one from

radiative corrections.
● If there is a new scale between

the EW and Plank, these corrections can be

 very large and negative. To obtain the small 

mass of 125 GeV, the unknown bare mass must be very close to the 
corrections, and this looks very unnatural

● One of the reasons SuperSymmetry is (was?) popular is that the Higgs 
corrections are canceled by SUSY fermions and bosons in the loops



  

What we know we do not know
 Apart from naturalness, we do not understand:

●  Baryon Asymmetry of the Universe
– Why we have much more matter than antimatter
– Need CP violation, but the one found in quarks is not 

sufficient, need mechanism for leptogenesys

●  Dark Matter (indications are for cold, non-baryonic)
– Many astrophysical indicators point to missing invisible 

mass in galaxies. Cannot be too light, otherwise structure 
formation would be different 



  

What we know we do not know (2)

● The pattern of masses and mixings

● Inflation
– What happened just after the big bang?

●  Limits to masses of new particles being pushed in the TeV scale 
by the LHC.

→ “protection” against a small Higgs mass getting weaker



  

Mass limits for SUSY particles



  

Limits on “exotic” particles
← mass limits

Limits on lifetimes of long-lived particles 
(in ATLAS, limited by detector size)



  

The “hidden sector” approach to new physics
●  Maybe new particles have not been found yet not because 

they are heavy, but because their coupling is very small, or null
●  If an additional term to the Lagrangian is not interacting with 

SM, there could be invisible particles contributing to dark 
matter, and no naturalness issues

●  However, an interference term between the Lagrangians 
would allow a very small coupling:



  

How to detect a hidden particle?
Indications for a Hidden Sector may come from “ordinary” 
particles (SM, SUSY, axions etc.) acting as mediators with 
the HS Lagrangian

●  The experimental signature is either missing energy or the 
appearance of SM particles very far away from its 
production, indicating an “oscillation” into the HS (and back)



  

Examples of Portals



  

Sterile neutrinos



  

The see-saw mechanism: a possible 
explanation of small neutrino masses



  

The νMSSM

Particle content of SM made symmetric by adding 3 HNL: N1, N2 , N3

With M(N ) ~ few KeV, it is a good DM candidate (or DM can be generated 
outside ofthis model through decay of inflaton)

With M(N , N ) ~ GeV, could explain Barion Asymmetry of Universe (via 
leptogenesis),and generate neutrino masses through see-saw.

T.Asaka, M.Shaposhnikov PL B620 (2005) 17
M.Shaposhnikov, Nucl. Phys. B763  (2007) 49



  

Mass ranges for sterile neutrinos



  

HNL production mechanism
Interaction with Higgs vev leads to a
mixing with active neutrinos
Several past searches; PS191 used
neutrinos from K decays, while other
experiments not sensitive to mixings of
cosmological interest.

Latest result: LHCb with B decays
obtained U2≈10-4, arXiv:1401.5361
Further exploration needed of the
region with higher masses and smaller
mixings



  

HNL decays
● Interaction with Higgs vev would make it
● oscillate back into a virtual neutrino, that
● produces a muon and a W (→ hadrons, eg 

pions)
● Exact branching fractions depend n flavor 

mixing
● Due to small couplings, ms lifetimes, decay 

paths O(km)



  

Constraints on N1 mass



  

Constraints on N2, N3 masses



  

High-mass searches in ATLAS: JHEP 10 (2019) 265



  



  



  



  

Sensitivity prospects in the 
cosmologically-interesting region



  

Other searches with ATLAS/CMS



  

Long-lived particles not only from hidden sector

● Many BSM theories predict existence of feebly interacting (so, long-lived) 
particles, often with similar signatures

● Examples: 
– SuperSymmetry (RP-Violating, SMB, Gauge-mediated, split)
– Generic dark-matter models
– Quirks
– Stable Sexaquarks
– Etc...



  

Experimental signatures

● The LHC detectors were not 
built for this!

● These very unusual signatures 
present challenges in:
–  triggering 
– tracking 
– calorimeter calibration
– data-driven background 

determination 
– Etc….



  

Limits on various models



  

Proposals for new experiments at LHC
Slides from 
A.DeRoeck



  

MATHUSLA



  

FASER

● Approved to take data in Run3, to look for dark photons, 
dark Higgs, HNL, etc.

● Small detector in the tunnel, with tracker in a magnetic 
field and calorimeter.



  

 A different approach: the beam dump

● If the new particles are light and weakly interacting, then the LHC may not be the best place 
to look for them

● Instead, send protons from CERN's SPS to an absorber: 500 kW is 4x1E13 protons/7 s -
>2E20 in 5y

● HS particles produced by mesons (mainly charm) decays; need to absorb all SM decay 
products to minimise BG → heavy material thick target, with wide beam to dilute energy 
deposition (different from neutrino facility)

●  Muons cannot be absorbed by target: muon shield, possibly magnetised
●  Long decay tunnel away from external walls to minimise rescattering of muons and neutrons 

close to detector
●  Vacuum in decay tunnel to reduce neutrino interactions
●  Far-away detector with good PID and resolutions



  



  

Physics reach 



  

Monopoles
In classical magnetism, no single magnetic charges

Dirac found that magnetic monopoles with q = n 68.5 e 
explain quantisation of electric charge

Maxwell equations 
become symmetric!



  

MoEDAL



  

Monopoles already in beam pipe?

Need to destroy beam pipe→ wait for end of LHC run



  

Conclusions
● The search for “traditional” new physics (SUSY, W’, Z’, 

sequential or excited fermions etc.) did not lead to 
discoveries so far

● Need to look everywhere, any many theories predict 
existence of long-lived particles

● Experimentally challenging, they open a new dimension in 
particle physics

● Several new experiments proposed to look for them
● It is a relatively new field, so new ideas emerge constantly
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