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Why SHiP?

Scientific Motivation

explore the domain of very weakly interacting particles

Experimental realization

new beam-dump facility at the SPS

50 m long 10 m wide vacuum decay volume instrumented with
magnetic spectrometer

Perfect environment for τ -neutrino production

neutrino detector in front of hidden particle detector

measurement of ντ and ν̄τ cross-sections and more

positive review from SPSC
→ recommendation to prepare a Comprehensive Design Report
→ will provide input into the next update of the European Strategy for

Particle Physics in 2018/2019
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Status of the Project

Technical Proposal

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-SPSC-2015-016
SPSC-P-350
8 April 2015

Technical Proposal

A Facility to Search for Hidden
Particles (SHiP) at the CERN SPS

The SHiP Collaboration1

Abstract

A new general purpose fixed target facility is proposed at the CERN SPS accelerator which is aimed

at exploring the domain of hidden particles and make measurements with tau neutrinos. Hidden

particles are predicted by a large number of models beyond the Standard Model. The high intensity

of the SPS 400 GeV beam allows probing a wide variety of models containing light long-lived exotic

particles with masses below O(10) GeV/c2, including very weakly interacting low-energy SUSY states.

The experimental programme of the proposed facility is capable of being extended in the future, e.g.

to include direct searches for Dark Matter and Lepton Flavour Violation.

1Authors are listed on the following pages.
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project started 2014 with CERN
taskforce

Technical Proposal and Physics
Proposal published last spring

Comprehensive Design Report in 2018

construction and installation 2021-2026

data taking and analysis starting 2026

∼ 250 physicists from 47 institutions / 15 countries
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The SHiP Experiment
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Fixed Target Facility @ SPS (North Area)

400 GeV protons

Target: 58 cm Mo (4λ),
58 cm W (6λ)

4 · 1013 pot/spill

1 s spill every 7 s

2 · 1020 pot in 5 years
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Magnetic Sweeper

Deal with 1010 muons/spill

active muon shield and passive
absorber

less than 100k µ/spill remaining

28 CHAPTER 3. THE SHIP FACILITY AT THE SPS

Figure 3.10: The x, z configuration of a possible active muon filter showing the trajectory of
three 350 GeV muons with a range of initial angles. The blue and dark green show the regions
of field and return field respectively. While the muons with initial directions 0 and 10 mrad are
swept out, the muon with -10 mrad will traverse the detector.

current densities. In addition, the forces between the coils are manageable. For example, for963

the second of the magnets detailed below the force between the top and bottom coils is 0.7964

tonnes over the 6 m length.965

3.4.2.2.1 Magnet 1966

Magnet 1 is a dipole magnet with a 1.8 T field over an aperture of 1.4 m height, the configuration967

of the yoke and coils is shown in Figure 3.14. Each of the coils shown at the top and bottom968

has ∼20,000 Ampere-turns. The field strength given by the finite element simulation is shown969

in Figs 3.15, 3.16 and 3.17.970

3.4.2.2.2 Magnet 4971

Magnet 4 has a similar coil to magnet 1 but a more complex iron yoke, which is designed to972

maximise the flux linking the coils while bringing the inner and return fields as close as possible973

in the centre region. The magnet has an aperture of X.X m height and the configuration of the974

yoke and coils is shown in Figure 3.18. As for magnet 1, each of the coils shown at the top and975
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Neutrino Production

ν-production @ p-target

5.7 · 1015 ντ and ν̄τ

5.7 · 1018 νµ and ν̄µ

3.7 · 1017 νe and ν̄e

Interactions @ ν-target
< E > (GeV) Number of ν

νµ 30 2.3 · 106

νe 46 3.4 · 105

ντ 58 7.1 · 103

ν̄µ 27 9.5 · 105

ν̄e 46 1.4 · 105

ν̄τ 58 3.6 · 103

14 CHAPTER 2. EXPERIMENTAL REQUIREMENTS
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Figure 2.6: Energy spectra of the different neutrino flavours produced in the beam dump (left)
and interacting in the neutrino detector (right). Units are arbitrary.

products in πµ decays of HNLs from charmed hadrons. In order to provide the ultimate573

discrimination against background, the tracking system of the spectrometer must provide good574

tracking and mass resolution by optimizing the material and the magnetic field so that multiple575

scattering dominates the momentum resolution and the V 0 opening angle resolution. Idem for576

precise determination of the position of the decay vertex and the impact parameter at the577

target for hypothetical V 0 particles, as well as for obtaining constraints on missing momentum578

from hypothetical neutrinos for decay modes with neutrinos.579

The particle identification system requires an electromagnetic calorimeter for e/γ identifi-580

cation with sufficient granularity and energy resolution in order to reconstruct π0 and η, and581

hadron calorimeter in combination with a muon detector for π/µ separation. A particular582

challenge of the signal identification and efficient background suppression is that the particle583

identification system for the π/µ separation must provide a very high identification efficiency584

and, at the same time, a low mis-identification of both pions and muons.585

2.3 Tau neutrino detector586

The main purpose of the tau neutrino detector is to study the properties and the cross-section587

of ντ , and to perform the first observation of the ν̄τ .588

Five years of nominal operation with 2·1020 protons on target is expected to produce a total589

of 5.7 · 1015 ντ and ν̄τ . The number of muon and electron neutrinos expected is 5.7 · 1018 and590

3.7 · 1017, respectively. The energy spectra for the three neutrino flavours are reported in the591

left plot of Figure 2.6.592

The expected number of interacting neutrinos with 2·1020 protons on target for a ∼ 9 ton593

detector located immediately downstream of the muon shield with a cross-section of about594

1.5 m2, is reported in Table 2.3 together with their average energies. The energy spectra are595

shown in the right plot of Figure 2.6. This facility provides the unique feature of producing596

all three neutrino flavours and the detector design is aimed at being able to identify them all.597
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Tau-Neutrino Physics

Direct measurements of tau neutrino CC-interaction fairly recent

DONUT: 9± 1.5 events

no distinction between ντ and ν̄τ

OPERA: 5 events

only ντ

SM Physics opportunity for SHiP

O(10000) ντ/ν̄τ interactions

study the properties and cross-section

first observation of ν̄τ

extraction of F4 and F6 structure functions
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ντ Detector

Neutrino Target

magnetized, modular target based on
Emulsion Cloud Chamber technique

9.6 tons emulsion target

planes of real-time detectors for timing
and event identification

Magnetic Spectrometer

identification of muons

discrimination of background from
charm events

mainly reuse of OPERA spectrometer
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Neutrino Target

ECC Brick

57 emulsion films (AgBr) with
sub-micron resolution

interleaved with 56 lead plates

128× 102× 79 mm3, 8.3 kg

Compact Emulsion Spectrometer

behind each brick

light material to minimize
multiple scattering

11 walls of 15× 7 bricks → 1155 bricks
bricks will be exchanged every 6 months (10 replacements total)
8700 m2 total area of emulsion film
∼ 300 ν-interactions/brick – ∼ 103 particles/mm2

→ automated scanning of all emulsions
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Muon Magnetic Spectrometer

Goliath

sp
ec
tr
o
m
et
er

m
a
g
n
et

sp
ectro

m
eter

m
a
gn

et

Scintillator plane

Drift-tube planes

m
0 1 2 3 4 5 6 7 8 9

(partial) re-use of the OPERA spectrometer

drift-tubes for precision tracking

new: 3D reconstruction of muons

deal with occupanccy
conncet muon tracks to target
use of Goliath as part of the spectrometer
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Drift-tube Setup

4032mm

79
26

m
m

aluminum tubes of 3.8 cm diameter
45 µm gold-plated tungsten sense wire

modules of 4× 12 staggered drift-tubes

ten planes containing 8 modules each
→ 3840 drift-tubes

total width: 4 m @ center, 4.5 m @ ends

Modifications needed

stereo planes at angles of ±3.6◦

test of faster and more linear drift gas
by adding N2

new read-out electronics

read-out of all signals w/o a trigger
faster read-out times

⇒ R&D ongoing in Hamburg
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Impressions of the Drift-Tubes

dismantling of OPERA has begun

drift-tubes are stored in containers

Waiting for SHiP!
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Conclusions

SHiP experiment now proposed at CERN / SPS

BSM-physics

can test a variety of models

τ -neutrino physics (sturdy SM physics)

improvement of sensitivity by O(200)

Technical Proposal submitted last spring

Positive feedback from SPSC

Next step: CDR

Begin of data taking end of 2026
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