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SHADOWS 

• The European Particle Physics Strategy's update highlights 
the importance of studying the Physics of Feebly-
Interacting Particles in the next decade.

• SHADOWS is a newly proposed beam dump experiment to 
search for FIPs in the range from MeV to few GeV, 
emerging from charm and beauty decays

• Collaboration steadily growing (82 collaborators, 16 
institutions) 

• Technical proposal submitted to SPS Committee. 

•  If project approval by end of 2023, SHADOWS can start 
data taking in 2030 

Technical Proposal, 18 August 2023
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SHADOWS

• The SHADOWS experiment is designed to be located in TCC8/ECN3 at CERN North 
Area

• 400 GeV primary beam line, where K12 beam for NA62 is produced

• SHADOWS will be located OFF-AXIS next to NA62/HIKE (High 
Intensity Kaon Experiment)

• Can operate concurrently with HIKE when 
the beam line runs in dump mode  

• Proposed beam intensity
 upgrade (x7) to 2x1013 pot  
(1.2x1019 pot in a year). 

K12 beam

Conceptual layout:

• Spectrometer of ~ 2.5 x 2.5 m2

 transverse area

• ~20 m long decay volume

• ~1 m off-axis from beam line

• starting ~10 m downstream of the K12-dump
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WHY OFF-AXIS?

• Beam background (μ, ν) is  

concentrated in the forward region 

• Inside SHADOWS acceptance, muons 

have low-p (up to 30 GeV) and can 

be mostly swept away. 

HNL → µπ illumination @ first SHADOWS tracker station 

▪ at SPS  √ s ∼ 28 GeV heavy 

hadrons produced with small 

boost

▪  FIPs emerging from charm and 

beauty decays are produced at 

large polar angle
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MAGNETIZED IRON BLOCK SYSTEM

K12 beam

Magnetized Iron Block (MIB) system necessary

to sweep the beam-induced muon flux out of 

the SHADOWS acceptance.

• 3 stages of active and passive mitigation

• Stage current = 100 A 

μ illumination in front of the first tracking station 

Without MIB with MIB

μ+μ- rates in SHADOWS acceptance: 

▪ Without MIB:  147 MHz

▪ With MIB: 2.1 MHz

 → MIB reduction factor ~ 70
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DETECTOR CONCEPT and REQUIREMENTS

vacuum decay volume
beam

Lateral Veto

Physics requirements: 

▪ reconstruct and identify most of the visible 

final states of FIPs decays.

▪ reject background coming mostly from 

combinatorial muons that can mimick FIP 

decays vertexes 

▪ timing resolution  σ t ~ 100 ps

▪ Veto efficiency > 99.0 %

▪ Vertex resolution : ~ 1 cm inside decay 

vessel

Dipole
magnet

Detector elements:

▪ 19 m long in-vacuum decay vessel

▪ Upstream and lateral vetoes

▪ Tracking system with dipole magnet 

▪ Timing layer

▪ Electromagnetic calorimeter

▪ Muon filter and 4 muon stations 
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UPSTREAM and LATERAL VETO
Lateral veto

Goal: 
veto muons that enter the decay vessel escaping

the MIB system

Technology:
Double layer of micromegas detectors

▪ efficiency > 99.8%

▪ space resolution: o(1) mm

▪ time resolution: o(10) ns

▪ rate capability: up to 10 MHz /cm2

First small prototype funded by INFN in 2023

A large size prototype will be prepared in 2024

talk by M.T. Camerlingo: High Granularity Resistive 

Micromegas for Tracking Detectors in Future Experiments
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https://indi.to/yqVcq
https://indi.to/yqVcq


TRACKING STATIONS

Goal: 
Reconstruct signals and reject background 

with at least 2 tracks

Requirements:
▪ Vertex resolution o(1) cm over 20 m

▪ IP resolution o(1) cm from 35 m distance

▪ Mass resolution: 1-2% mass

Baseline technology: 
▪ Straw Tubes in vacuum (NA62-like)

▪ Four stations, 2 views each, 4 layers

per view

▪ Scintillating fibres technology under

consideration

Lateral veto
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DIPOLE MAGNET

Requirements:

▪ field integral ~1 Tm

▪ low power consumption

▪ 2.7 x 2.7 m aperture

Baseline technology:
▪ warm magnet :

▪ dissipated power: 287 kW

▪ copper-based coil, iron-based yoke

▪ superconducting magnet under study

Lateral veto
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TRACKING PERFORMANCE 

σ(M)/M = 1% σ(IP) = 3 mm

Mass resolution Vertex resolution Impact parameter resolution

σx(vertex) = 0.5-4.5 mm

σy(vertex) = 0.2-1.0 mm
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Reconstruction performance evaluated with Monte Carlo simulations of ALP particles with 

E = 600 MeV decaying into two muons 



TIMING LAYER
Lateral veto

Goals: 
reject muon combinatorial background  requiring

fast time coincidence

Requirements: 
Time resolution of o(100) ps

Baseline technology:

plastic scintillating bars with direct SiPM readout

▪ about 1 cm thickness, 6 cm width, 1.26 m length

▪ covering half of the 2.5 x 2.5 m2 acceptance. 

▪ Proved to reach < 100 ps time resolution.
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ECAL

angular resolution

Requirements:
▪ Moderate energy resolution: 

10-15% / 𝐸(𝐺𝑒𝑉)

▪ Particle ID via E/p measurement

▪ Pointing capability for fully neutral 

final state (eg: ALP → gg)

▪ Time resolution : o(1) ns.

Baseline technology: StripCAL
▪ 2.5 m long, 1cm wide, 1 cm thick

strips in x,y directions with WLS 

fibres + SiPMs read-out 

▪ alternating with iron layers, 9 mm 

thick.

▪ 20 X0 total depth to avoid shower

leakage

Energy resolution
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MUON SYSTEM

Goal: 
▪ identify muons and reduce muon 

combinatorial background via timing 

measurement.

Technology: 
▪ 3 stations of scintillating tiles with direct 

SiPM readout interleaved by iron filters. 

▪ 15 x 15 cm tiles

▪ Measured 250 ps resolution per station.

Two full-size modules already built in 2023.

Lateral veto
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NaNu DETECTOR
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Side view

Front view

NaNu (North Area Neutrino Detector) placed 50 m from 

the beam dump, immediately  downstream of SHADOWS 

detector.

• Two main detector components of 45 x 45 x 100 cm3

• Emulsion detector:

• Emulsion films of silver bromide crystals, 70 μm 

layers

• Interleaved with 1 mm tungsten plates, 560 total

• 50 to 100 nm spatial resolution

• Micro-Megas based tracking detector to complement 

emulsions with timing information

• Active detector: tungsten plates interleaved with 

plastic scintillators with SiPM read-out

• Dipole magnet with 1.4 T field (already existing)



OUTLOOK

▪ SHADOWS is a proposed proton beam dump experiment for FIPs physics that 
can be built in ECN3 and take data concurrently to HIKE 

▪ SHADOWS and HIKE running simultaneously to cover complementary ranges in 
the FIP parameter space, above and below the kaon mass, will play a major 
role for FIP physics in the incoming years

▪ In addition to the FIP programme, a neutrino programme can be pursued with 
NaNu.

▪ SHADOWS Technical proposal submitted in August 2023

▪ Expected decision of SPS Committee for approval: December 2023 
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BACKUP SLIDES
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COMBINATORIAL MUON BACKGROUND
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Random combination of opposite charge muons entering the decay vessel can mimick a decay vertex 
in the fiducial volume.

With MIB muon flux reduction system, we have ~ 10 Mevents/spill  

Background can be further mitigated using event properties:

1. Timing : ± 3 σt (σ t ~ 100 ps) → rate of accidentals ~ 3000/spill 

2. Veto efficiency 99.8 %: probability of not vetoing each of the two  P(Veto) = 4x10-6

3. Vertex reconstruction in fiducial volume requirements: P(Vertex) = 5 x 10-4

4. Pointing to proton dump : P(IP < 6cm) = 1 x 10-4

N(μ+μ-) flux = Timing events x P(Veto) x P (Vertex) x P (Pointing direction)    events/Spill  

Expected background events on experiment lifetime =  0.7 Events

+ Other backgrounds: muon inelastic interactions (0.9 events in SHADOWS lifetime),
           neutrino interactions (0.01 events). 



SENSITIVITY to standard PBC benchmarks 
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▪ Improvement of 2 (Light scalar mixing) or 3 (ALP) order of magnitudes over existing 

experimental bounds. 

▪ Synergy with HIKE experiment



SENSITIVITY to standard PBC benchmarks 
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Worldwide landscape from FIPs2022 Proceedings, arXiv:2305.01715, accepted by EPJC

Heavy Neutral Leptons (single lepton dominance)



SENSITIVITY to standard PBC benchmarks 
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Worldwide landscape from FIPs2022 Proceedings, arXiv:2305.01715, accepted by EPJC
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SHADOWS PROTOTYPES AT WORK
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Measurements perfomed in June 2023 with 

NA62 operating in beam-dump mode at 

nominal beam intensity, for validation of the 

simulated off-axis muon flux

Results from simulation : 

260 ± 20 counts/cm2/1012

pot

Results from data: 

250-300 counts/cm2/1012

pot
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