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Beyond the Standard Model

Still missing:

Dark matter Baryon asymmetry

Neutrino masses
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Frontiers in particle physics

New particles may be light
but feebly coupled -
feebly interacting
particles (FIPs)

• Scalar portal

• Fermion portal
(HNLs)

• Vector portal (Dark
photon)

• Axion portal (ALPs)

Rich phenomenology!
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Intensity frontier at LHC/FCC

• Feebly interacting particles — large intensity of
the experiments

• LHC during high luminosity phase and FCC will
collect large integrated luminosity – can probe
intensity frontier below ∼ 100 GeV

• However, FIPs lifetime ∼ 1/mn
FIP (n = 1− 5,

depending on portal), so light ∼ 1 GeV FIPs may
have macroscopic decay length and escape the
detectors

• LHC/FCC are not suitable for probing NP at
GeV scale
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How to search for HNLs?• Different search methods probe different regions in parameter space.• The two most relevant parameters are the HNL mass 𝑀𝑁 and its lifetime 𝜏𝑁 .
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Dedicated intensity frontier experiment: Beam dump facility

1 Beam dump facility (BDF) experiments may search for all
new particles regardless of their nature

2 BDF experiments may measure the properties of new
particles - mass, spin, their being portal particles or
particles from more complicated models

3 → potentially we can not only find FIPs, but also probe
their connection to BSM problems!
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The SHiP experiment at CERN

Ep 400GeV
Np 6 · 1020
ND 3 · 1018
NB 2.1 · 1014
Nτ 3 · 1016

Nγ,E>100MeV O(1021)

2112.01487
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SHiP geometry

Ref. setup

DP, mV = 100 MeV
DP, mV = 300 MeV
DP, mV = 1 GeV
ALP, ma = 300 MeV
ALP, ma = 1 GeV
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Ref. setup

Scalar/ALPf , mS = 4.7 GeV
Scalar/ALPf , mS = 0.5 GeV
HNL, mN = 1.5 GeV
HNL, mN = 0.5 GeV
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– From the point of view of maximization of the signal yield, the SHiP setup is close to
optimal:

• On-axis placement
• Projective decay volume, neither too long nor too short
• Not too far placed

2304.02511
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https://arxiv.org/abs/2304.02511


SHiP collaboration
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Current status and timeline
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Relations to CERN

• The SHiP experiment was approved by CERN in spring 2024

• CERN allocated the first 60 million euro for the development of BDF

• Will be constructed in CERN North area and use SPS as source of protons

• Already working neutrino experiment SND at CERN supported by the SHiP
collaboration tests emulsion technologies for the neutrino detector SND@SHiP
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General comments to PP strategy document

• The era of guaranteed discoveries in particle physics is over – we need to
search everywhere within our technological reach

• The beam dump experiments like SHiP form not a narrow research direction but a
whole frontier. It is relatively simple (comparing to LHC/FCC), but it covers
important parameter space that would not be probed by any other experiment

• The fact that SHiP was approved by CERN shows understanding of these points by a
larger community
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Example statement for the PP strategy document

The recently approved intensity frontier experiment SHiP at CERN has unique
capabilities to probe a wide range of models of feebly interacting particles in

phenomenologically interesting parameter space which is complementary to collider
physics reach and has not been explored before.
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Back-up
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Sensitivities
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