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Introduction
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Standard Model

Beyond Standard Model

Theory

Observation

Accelerator

direct searches

Accelerator

precision tests  

Telescopes 

Low-energy 

neutrino!
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¾ With a mass of the Higgs boson of 125 ī 126 GeV, the Standard Model may be a self-

consistent weakly coupled effective field theory up to very high scales (possibly up to the 

Planck scale) without adding new particles

Č No need for new particles up to Planck scale!?

Č While we had unitaritybounds for the Higgs, no such indication on the next scaleé.
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Experimental evidence for New Physics

1. Neutrino oscillations: tiny masses and flavour mixing

Ą Requires new degrees of freedom in comparison to SM

2. Baryon asymmetry of the Universe

Ą Measurements from BBN and CMB – ͯ
ṃ

ͯ φȢσ πȢσ ρπ

Ą Current measured CP violation in quark sector Č –ͯ ρπ !!

3. Dark Matter from indirect gravitational observations

Ą Non-baryonic, neutral and stable or long-lived

4. Dark Energy/cosmological constant and inflation

Theoretical ñevidenceò for New Physics

1. Hierarchy problem and stability of Higgs mass

2. SM flavour structure

3. Strong CP problem

4. Unification of coupling constants

5. Gravity

6. é



Seminar at EPFL, Lausanne, Switzerland, November 30, 2015 R. Jacobsson (CERN)

What about solutions to (some/all) these questions below Fermi scale Ὁ Ὃ
ϳ

?

¾ Must have very weak couplings Č ñLightHidden Sectorò

¾ ñIntensity Frontierò much less attention recently:

Å PS 191: early 1980s

Å CHARM: 1980s

Å NuTeV: 1990s

Å DONUT: late 1990s - early 2000
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Known physics

Unknown physics

Energy Frontier
SUSY, extra dim.

Composite Higgs

Č LHC, FHC

Intensity Frontier
Hidden Sector

Č Fixed target facility
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Theorist (W. Kilian):

ñA serious experimental program must not be narrowed down by prejudice and

unconvincing arguments of theorists. It may be guided by theoretical ideas, butéò

Thus

¾ Two possibilities for Beyond Standard Model with light particles

1. Wider theory exist at new high energy scale (SUSY, extra dim., etc) with degrees of 

freedom that stay relevant at low energies. Particles may be intrinsically light or be light 

by dynamic effects

2. SM + Hidden Sector with light messengers is all there is up to Planck scale ïno new 

visible scale

3. or  bothé

¾ Powerful constraints imposed by cosmological and astrophysical observations

Å Relic dark matter density

Å Big Bang Nucleosynthesis

Å CMB

Å Structure formation

Å Supernovae and white dwarf cooling

Å Baryon asymmetry

Åé
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¾ New hidden particles are singlet under the SM gauge group

¾ Composite operators (hoping there is not just gravityé)

Č Makes up ñportalsò between SM and Hidden Sector

Å No knowledge of hidden scale but hidden particles participating in portals may be light

Č Dynamics of Hidden Sector may drive dynamics and anomalies of Visible Sector!

Č Dark Matter candidates comes for ñfreeò ïstable or unstable 
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¾ Standard Model renormalizable portals with light singlets:

Å D = 2: Vector portal 

Å D = 2: Scalar portal

Å D = 5/2: Fermion (neutrino) portal

¾ Non-renormalizable portals D 4: 

Å Pseudoscalar axion-like portal

Å Chern-Simons portal (vector portal)

Å é.

¾ SUSY portals with light hidden particles

Č Some of SUSY low-energy parameter space open to complementary searches

Č A very large variety of models based on these or mixtures thereof

¾ Two search methods:

1. ñIndirect detectionò through portals in (missing mass)

2. ñDirect detectionò through both portals in and out
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SM SMHS
Production Detection
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Phenomenology of some 

groups of physics models 

for SHiP
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¾ Massive dark (hidden, secluded, para-) photon

Å Motivated in part by idea of ñmirror worldò restoring symmetry between left and right and constituting 

dark matter, positron excess, g-2 anomaly, é

Å SM portal through kinetic mixing with massive dark/secluded/paraphoton V 

fl ‐Ὂ ὠ , also mixing with Z

¾ Predominant dark photon production at SPS

Å Proton bremsstrahlung from quasi-elastic ὴὴO ὴὴὠ

Å Meson decays (“ȟ–ȟȟ–ȟȣ

Å Direct QCD production ήήO ὠȟήὫO ὠή

Å Lifetime limit from BBN: † πȢρί

¾ Dark photon decays

Å Visible ὩὩȟ‘‘ȟήή““ȟȣ ȟé

Å Invisible ……֞,  ά ά , where …hidden sector particle
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¾ Singlet dark scalar S

Č Motivated by possibility of inflaton in accordance with Planck and BICEP measurements, giving mass 

to Higgs boson and right-handed neutrinos, dark phase transitions BAU, Dark Matter, dark 

Naturalnessé,etc

Č SM portal through mass mixing with the SM Higgs:

fl ὫὛ ‗Ὓ ὌὌ

¾ Production

Å Direct ὴ ὸὥὶὫὩὸᴼὢ Ὓ

Å Meson decays e.g. ὄᴼὑὛȟὑᴼ“Ὓ

Å Production in D decays suppressed, i.e. ά ὠᶻὠ ά ὠᶻὠ

Č Lifetime †θ ÓÉÎ”

¾ Decay modes:
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¾ Extension of SM with one massive right handed Majorana/Dirac neutrino per family

Å Motivated by neutrino oscillation, baryon asymmetry and Dark Matter

¾ ὣЉὌὔὒЉ lepton flavour violating term results in mixing between ὔ and SM active neutrinos 

Č Oscillations in the mass-basis and CP violation

Č Type I See-Saw with Majoranaά >> ά (= ὣЉὺ) 

¾ Four ñpopularòN mass ranges:
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