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Unsolved problems mean that new particles probably exist

We did not detect them because

they are heavy

OR

they are light but
very weakly interacting
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Intensity frontier searches for feebly interacting particles

Intensity frontier has been paid
much less attention in the recent
years:
– PS 191: neutrino oscillation,

early 1980s
– CHARM: semi-leptonic

neutral current processes and
muon polarization produced in
neutrino and antineutrino
interactions, 1980s

– NuTeV: search neutral heavy
lepton, 1990s

– DONUT: tau neutrino
interactions, late 1990s – early
2000
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Can there be new particles lighter than MW ?
Three possibilities exist

1 Standard Model plus some light particles is valid up to very high energies.
No new physics between Fermi and Planck scale

2 There is a wider theory with a new, experimentally reachable energy scale
(SUSY scale, large extra dimensions) but there are light particles in the
spectrum
Examples: pseudo-Goldstone bosons of high energy symmetries. Axion with big mass,

gravitino, sgoldstino, . . .

3 There is a theory with very high (E � 1 TeV) energy scale (GUT scale, small
extra dimensions, new strong dynamics, etc) but there are light particles in
the spectrum
Examples: Chern-Simons portal, axion with small mass, . . .
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Why some of the new particles can be light?

Example: axion

Heavy fermions Ψ interact with a heavy scalar Φ = |Φ|e iθ

The theory possesses U(1) symmetry spontaneously broken at high energies
E ∼ gφγγ � TeV

Spontaneously broken symmetry leaves behind a Goldstone boson φ

if the symmetry was not exact these (pseudo)-Goldstone bosons will be
massive. But generically light

Heavy fermions in the loops induce
interactions between light particles:

Laxion =
φ

gφγγ
F F̃

�

a(p)
ψ

ψ

ψ Aλ(k2)

Aµ(k1)
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Renormalization Theory Analysis

Dimension of the field function

Action is dimensionless: [S ] =
∫

[d4x ][L] = [m]0. So [L] = [m]4.

L =
1

2
∂µϕ∂µϕ−

m2

2
ϕ2, so [ϕ] = [m]1,

L = −1

4
FµνFµν +

m2

2
AµAµ, so [Aµ] = [m]1,

L = ψ̄(iγµ∂µ −m)ψ, so [ψ] = [m]3/2

Dimension of the coupling constant

[L] = [g ] + Nboz +
3

2
Nfer + δ = 4

[g ] = 4− Nboz −
3

2
Nfer − δ
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Renormalization Theory Analysis

Theory is renormalizible only if [g ] ≥ 0 !!!

Lint = gϕ3, [g ] = 1, good theory,

Lint = gϕ4, [g ] = 0, good theory,

Lint = g ψ̄γµψAµ, [g ] = 0, good theory,

Lint = g ψ̄ψϕ, [g ] = 0, good theory,

Lint = gFµνFµν , [g ] = 0, good theory,

Lint = g ψ̄ψ ψ̄ψ, [g ] = −2, NOT good theory,

Lint = g ψ̄ψ ∂µAµ, [g ] = −1, NOT good theory,

Lint = g ψ̄∂µϕγ
µψ, [g ] = −1, NOT good theory.
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Portal operators — the gate to new physics

A part of BSM phenomena can be resolved by introducing relatively light new
particles only (νMSM).

Alternatively, some of the new particles, responsible for the resolution of the BSM
puzzles, can be heavy or do not interact directly with the SM sector! These
”hidden sectors” may nevertheless be accessible to the intensity frontier
experiments via few sufficiently light particles, which are coupled to the Standard
Model sectors either via renormalizable interactions with small dimensionless
coupling constants (”portals”) or by higher-dimensional operators suppressed by
the dimensionfull couplings Λ−n, corresponding to a new energy scale of the
hidden sector.

Alekhin, S. et al. (2016). A facility to Search for Hidden Particles at the CERN SPS: the

SHiP physics case. Rept. Prog. Phys., 79(12):124201, 1504.04855.
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Portal operators — the gate to new physics

Light messengers couple Standard Model to “hidden sectors” via portals

Scalar portal (new particles are neutral singlet scalars, Si that couple the
Higgs field: (λiS

2
i + giSi )(H†H))

Vector portal (new particles are Abelian fields, A′
µ with the field strength F ′

µν , that

couple to the hypercharge field Fµν
Y via F ′

µνF
µν
Y )

Neutrino portal (the singlet operators (L̄ · H̃) couple to new neutral singlet fermions NI

FαI (L̄α · Φ̃)NI )

Chern-Simons∗∗∗ portal: 6-dimensional operator (coupling of SM vectors to
new vector X through the interaction of form εµνσρXµVν∂σV

′
ρ)

CY

Λ2
Y

· Xµ(DνH)†HBλρ · εµνλρ +
CSU(2)

Λ2
SU(2)

· Xµ(DνH)†FλρH · εµνλρ + h.c .

Axion-like∗∗∗ portal: 5-dimensional operator (couplings of pseudo
Nambu-Goldstone bosons a, associated with the breaking of approximate
global symmetries: aFµν F̃

µν , ∂µaψ̄γ
µγ5ψ)
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What is SHiP?
http://ship.web.cern.ch/ship

SHiP is not a usual ship:

The SHiP (Search for Hidden Particles) Experiment is a new
general-purpose beam dump facility at the SPS to search for very
weakly interacting long lived particles including Heavy Neutral
Leptons, vector, scalar, axion portals to the Hidden Sector, and
light supersymmetric particles. Moreover, the facility is ideally
suited to study the interactions of tau neutrinos.
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Where will the experiment SHiP take place?

Accelerator complex is located between France and Switzerland. LHC uses the 27
km circumference circular tunnel. The tunnel is located 100 metres underground.
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Where will the experiment SHiP take place?
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Where will the experiment SHiP take place?
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Where will the experiment SHiP take place?

The SHiP experiment is designed to be installed next to the SPS North Area.

Volodymyr Gorkavenko October 9, 2018 Search for hidden particles at SHiP 14 / 27



What is main idea of SHiP functioning?
http://ship.web.cern.ch/ship

Take the highest Energy/Intensity proton beam of the world

. . . dump it into a target . . .

. . . followed by the closest, longest and widest possible and
technically feasible decay tunnel!

Aim: background free detector

Any event would mean new particles
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How does the SHiP work?
http://ship.web.cern.ch/ship

General configuration
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How does the SHiP work?
http://ship.web.cern.ch/ship

First aim is to stop (or exclude) all SM particles!
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How does the SHiP work?
http://ship.web.cern.ch/ship

Second aim is to detect New Physics!
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What is SHiP characteristics?
http://ship.web.cern.ch/ship

A dedicated beam line extracted from the SPS will convey a 400
GeV/c proton beam at the SHiP facility. The beam will be
stopped in a Molybdenum and Tungsten target, at a
center-ofmass energy ECM = 27 GeV. Approximately 2 · 1020

proton-target collisions are foreseen in 5 years of operation.

Can probe: neutrino, vector, scalar portals; axions; light
SUSY particles!

Summary of different channels

Generic decay modes Final states Models tested

meson and lepton πl, Kl, ρl, l = (e, µ, ν) ν portal, HNL, SUSY neutralino

two leptons e+e−, µ+µ− V, S and A portals, SUSY s-goldstino

two mesons π+π−, K+K− V, S and A portals, SUSY s-goldstino

3 body l+l−ν HNL, SUSY neutralino

CERN, September 25, 2014 – p. 31
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Another SHiP physical application: ντ physics

From 2 · 1020 protons on target is expected to produce a total 5.7 · 1015 ντ
and ν̄τ .

Nνe = 5.7 · 1018 and Nνµ = 3.7 · 1017

Great opportunity to study neutrino physics!

Expected ∼ 104 ντ to be events detected

First direct observation of ν̄τ̄ντ̄ντ !
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SHiP collaboration

SHiP collaboration has been officially created on December 15, 2014

More than 200 people (53 institutions from 17 countries)

There is Ukrainian group also (Quantum Field Teory and Nuclear Physics
Departments, Faculty of Physics, Taras Shevchenko National University of
Kyiv)

There already were 15 collaboration meetings.

Technical proposal & physics case papers were submitted to the SPS
committee at the beginning of April 2015

Interested groups and interested people are welcome to join!

SHiP Physics case mailing list: ship-theory@cern.ch
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SHiP Collaboration member institutes

1 University of Sofia, Bulgaria

2 UTFSM (Universidad Tcnica Federico Santa Maria), Valparaiso, Chile

3 NBI (Niels Bohr Institute), Copenhagen University, Denmark

4 LAL, Univ. Paris-Sud, CNRS/IN2P3, France

5 LPNHE Univ. Paris 6 et 7, France

6 Humboldt University of Berlin, Germany

7 University of Bonn, Germany

8 University of Hamburg, Germany

9 Forschungszentrum Jlich, Germany

10 University of Mainz, Germany

11 University and INFN of Bari, Italy

12 University and INFN of Bologna, Italy

...

52 Taras Shevchenko National University of Kyiv, Ukraine

53 Florida University, United States of America
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Technical proposal [1504.04956]
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Concurrents of the SHiP experiment: MATHUSLA

MATHUSLA – MAssive Timing Hodoscope for Ultra Stable neutraL pArticles

MATHUSLA experiment [1705.06327]

CMS (or ATLAS) experiment is a source of weakly interacting particles

Decay area with total volume V ∼ 20 m · 100 m · 100 m ' 2 · 105 m3

The rock as passive wall

Multi-layer tracker at the roof

Volodymyr Gorkavenko October 9, 2018 Search for hidden particles at SHiP 25 / 27

https://arxiv.org/pdf/1705.06327.pdf


Number of B mesons in MATHUSLA

Number of B mesons directed to Mathusla is

dNCMS
B

dη
'

dσmeasured
pp→B+X

dη
·

3000 fb−1︷︸︸︷
Lh

'2︷ ︸︸ ︷
1

Brb→B+X
,

(1)
where Brb→B+X ≈ 0.44 [pdg]

The estimation gives NMATHUSLA
B ≈ 6 · 1012

Even at high luminosity LHC the number of B mesons traveling to
MATUSLA’s direction is slightly smaller than the number of B mesons
produced at SHiP (NSHiP

B ≈ 6 · 1013)
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Concurrents of the SHiP experiment: FASER

FASER – ForwArd Search ExpeRiment at the LHC [1708.09389]

Schematic drawings of the LHC ring and the current very forward infrastructure
downstream from the ATLAS and CMS interaction points, along with the
representative far and near on-axis detector locations for FASER.
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