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What is SHiP ? 

J. Chauveau GDR InF 

• Direct Search for Hidden Particles  
     at the CERN SPS 
• A General Purpose Experiment  
     to exploit at the CERN SPS 
     a new Beam Dump Facility 
• A Collaboration of 

16 countries, CERN & JINR 
49 institutes, 5 associate institutes 

• Aim : data taking in Run-4 of the LHC  
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Technical Proposal  ArXiv 1505.04956 + CERN-SPSC-2015-040 
Physics Proposal      S. Alekhin_2016_Rep._Prog._Phys._79_124201 

http://ship.web.cern.ch/ship/


Motivation 

• Physics beyond the standard model 
• The best prospects for MeV-GeV mass are at 

the SPS 
– Luminosity 
– Protons available 

• Past experience 
• Well suited to HEP labs (e.g. in France) 
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No guidance about NP scales 
A blooming experimental program at all masses 

2/2/2018 4 



Outline 

• Physics case, in search for a hidden sector 
• Experimental methods 
• SHiP history and prospects 
• A new beam dump facility at the SPS 
• The decay detector, dSHiP 
• The interaction detector iSHip (νSHiP) 
• Possible further use of the facility τSHiP,… 
• Outlook 
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• A New Physics beyond the Standard Model must be there,  
– At what scale ?  

• To discover it, look for the messengers (portals) of new 
interactions between the SM fields and the hidden fields. 

• Possible portals: 
– Neutrino, Vector, Scalar, Axial. 

• If the messengers are light,  
     a direct detection is possible 

 Via decay or scattering. 

• Very feeble interactions 
 A source with high intensity 
 They easily traverse matter 
 They are long-lived 
 Very rare events 

Hidden Sector  

MS HS 
messenger 

Portal 

BeamDump 

« 0-background » 
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Hidden Sector Portals 

• Neutrino (HNL), νMSM 
• Vector (U boson, dark photon) 
• Scalar (extended Higgs sector) 
• Axion-like particles ALP 
• Others (SUSY,…) 
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Decay and interaction experiments 
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P+A  D or B X,  D or B N l (X) 

N  2/3-body 

Requirements (Decay) 

2.1020 POT, 5 years 

• Heavy flavor 
 N with high PT 

• Decay vessel close 
to target 

• Muon shield as 
short as possible 
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– Dump 
– Vacuum 
– Timing, PID 

  >1018D, >1016 τ, >1020 γ 
     for 2×1020 pot (in 5 years) 

cτ=O(km) 



Requirements (Interaction) 

• Observe τ decays (1mm 
path) with high resolution 
Emulsions 

• Electronic detection of 
tau decay prongs 

    (timestamp, tracking to  
     muon spectrometer)   
Target Tracker 

• Dipole magnet 
  measure charges 

• Muon spectrometer 
 

The ντ detector in the Technical Proposal 
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Towards the CDS, SHiP reoptimization 

• Calendar 
• The Beam Dump Facility  
• The active muon shield 
• The dSHiP 
• The ν/iSHiP 
• Preparatory experiments 
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Cost (TP) and schedule (today) 
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Beam Dump Facility 

J. Chauveau GDR InF 2/2/2018 15 



Beam Dump Facility 
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Huge effort by 
CERN/SHiP  

Within the PBC workshop 
Funded in the 2018 MTP 



Beam extraction, Target, Absorber 
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TZM 4λ W 6 λ 

4 × 1013 protons,  1s spill, 7s cycle 
10 interaction lengths target 
4.5 m iron absorber, magnetized 

Power 355 kW(av), 2.5 MW (pk) 
 Dilute beam 
Pulsed beam option? 



Muon Filter 
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• 4 × 1013 𝑝. 𝑜. 𝑡 during a one second spill, 
  ~1011 muons/s mainly from meson    

decays. Too high a background!  
• Must reduce the muon flux by at least 104 

while keeping the detector as close to the 
target as possible.  

• Cannot be done realistically with passive 
shielding. 

Devise an active filter using a series of magnets to deflect the 
muons out of the acceptance of the spectrometer. 

Proof of principle L~30 m 
A. Akmete et al 2017 JINST 12 P05011. 

• Currently optimized using machine learning methods. 
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  >1018D, >1016 τ, >1020 γ 
     for 2×1020 pot (in 5 years) 

  Search for Hidden Sector particles  
(decays in the decay volume) dSHiP  

  Search for DM (scattering on atoms),  
ντ  physics (specific event topology)  iSHiP 

  >1018D, >1016 τ, >1020 γ 
     for 2×1020 pot (in 5 years) 

PID 

« Zero-background experiment » 

– Dump 
– Muon Shield 

– Surrounding Veto detectors 
– Vacuum 
– Timing, PID 5 m 

10 m 

cτ=O(km) 

Reoptimization of the SHiP experiment 



dSHiP 

• Evolution of the detector design 
 closer to the target 
 pyramidal 

• Use a neutrino portal model, the νMSM, to 
support the description of the design. 

• Emphasize features needed by the ALP 
channel (calorimetry). 

• Show physics reach of the unevolved detector, 
while working on an update this summer. 
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Golutvin seminar 2014 J. Chauveau GDR InF 

N1→ νγ, seen ?  
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HNL in dSHiP 
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Production 
(semi)leptonic heavy flavor decay 

Weak decay 

or 𝑈2𝜇 



HNL in dSHiP 
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• Upstream, Surrounding background taggers 
• Liquid or plastic scintillator 

• Vacuum vessel, p= 1 mbar 
• Spectrometer 

• Straw tube tracker (100 µm) 
• Timing detector (100 ps) 
• PID (Calorimeter, MuonDetector) 
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Spectrometer 

under revision 
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G. Lanfranchi at the LPNHE workshop October 11, 2017 
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Background MC production of full SHiP exposure (5 yrs) in 2018 
10 times more eventually   



Sensitivity to HNL 
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Normal hierarchy 

𝑈𝑒2: 𝑈𝜇2: 𝑈τ2 
52:1:1 1:16:3.8 

0.061:1:4.3 
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Sensitivity to HNL 
Normal hierarchy 



Axion-like Particles (ALPs) 
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• Pseudoscalars from a spontaneously broken U(1) symmetry 
 scale fa  
• Generalisation of the original axion. 
• Couple to  
 gauge bosons (photons, gluons,…) and  
 fermions. 

• Production at hadron Fixed Target experiments 
• Primakoff effect (γγ fusion), 
• B and K decays. 

SHiP can look for  
• ALP  ll (same technique as for previous cases) 
 ALP → γγ, (f.s. unique to the ALP),  
 an experimental challenge! 



PID, timing 

SplitCAL (Cagliari, Mainz et al) 
Baseline: Pb (Fe) + scintillator 
sampling with 3 precision layers 

Alternate SplitCAL setup  
Alternative setup: Preshower + 
tracking+ ECAL including (or not) 
timing.  
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Evolve from the TP with a shashlik ECAL (+ HCAL) to a 
SplitCAL capable to track photons with mrad angular resolution. 

TD 

… 

ECAL PS 
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Sensitivity to ALPs 
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ALP → γγ ALP → µ+µ− 

SHiP 



Scalar 
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contours of constant DM 
nucleon cross section, assuming 
that S is the mediator between 
DM and nucleons 

Caveat about BR(S→π+π−)  



Dark Photon 
• Gauge boson of new U(1)’ the A’,  
     with MeV-GeV mass, P. Fayet PLB 95, 285(1980),… 

• Kinetic mixing with γ, A’ couples to electric 
charge with strength εe, 

• Production by brems, meson decay, direct QCD 
• A’ couples to dark sector particles. Depending 
     on its mass, 

– Visible decays 
– Invisible decays A’→ χχ 

• χ interact with electron or nuclei 
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dSHiP 

iSHiP 
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U boson/Dark Photon visible decays 
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ν/iSHiP 
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As in the Technical Proposal 



Accelerator-based direct (L)DM search 
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• χ could be lighter than HS mediator (e.g. V) 
 V→ χχ allowed 
• With 1020 photons in SHiP: 
 A LDM beam downstream the dump 
• Scattering experiment χe→ χe on the 
     atoms of the SHiP detector (emulsions)  
• Feasibility studies in progress (ν background) 
• LDM search beyond relic density  

Pioneered in: de Niverville et al., Phys. Rev. D 95, 035006 (2017)  
MiniBoonE: arXiv:1702.02688v1 [hep-ex] 

Scattering 

https://arxiv.org/abs/1702.02688v1


ν/iSHiP reoptimized for LDM scattering 
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Possible improvements:  
• Analog readout of TT to provide calorimetric information 
• Optimize the distance between consecutive TT planes (currently ~10X0) 
• Use a combination of TT and ECC to measure electromagnetic and 

hadronic showers in the event 
• Timing in the TT to 0.5 ns to fight ν-background (if pulsed beam option) 

New layout under study 



LDM scattering 
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• Assuming  a thermal origin of the DM (e.g. freeze-out), <σv>annihilation 
and σLDM-scatt are governed by the same couplings conveniently 
compacted into the dimensionless parameter y. 

Accelerator produced LDM rather than from the galactic halo wind.  
• Lepto-philic/phobic A’, the latter only can be produced in SHiP. 
• Work in progress 



Comparison with other experiments 

• HNL, scalar, ALP, dark photon decays 
  SHiP leading in the MeV-GeV (<mB) range 

• Competing with NA62, SeaQuest 
Above: FCC_ee, and ATLAS/CMS HL-LHC 

•  LDM 
– Scattering  

• Best in 20-200 MeV 
• Competing with COHERENT, BDX, SBne in the US 

– Missing mass/momentum/energy  
not at SHiP 

• Belle-II, LDMX 
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τSHiP 
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Summary and perspectives 
• SHiP a general purpose detector at the new beam dump facility at 

the SPS in >2026. 
• A rich physics case, constantly growing. 

– Best sensitivity to decays of Hidden Sector particles compared to 
experiments anticipated by then. 

– Key player for the detection of the interactions of « Light Dark 
Matter ».  

– Guaranteed physics : ντ physics  
• A reoptimization of the layout is underway for the CDS, input to the 

European Strategy. SHiP sensitivities will be revised by then. 
• A major project in the review conducted within the PBC workshop. 
• Detector elements are still to be defined conceptually. 
• Technological choices for the TDR. 
• There is room for other experiments in the facility.  
• A good time to join (phenomenology, simulation, R&D). 
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Extra 
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J. Chauveau GDR InF 
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ντ 
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TP 

The ντ Detector  (Scattering) 
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• Only 9 ντ events recorded to date 
• ντ yet to be discovered 
• ντ / ντ cross sections to be measured 
• Charm physics with τ’s 
• Proton structure functions 
• Large νe flux to measure charm production 
And also, 
  Probe LFUV comparing νµand ντ CC events ? to be further studied. 
       H. Liu, A. Rashed, A. Datta 1505.04594, Phys. Rev. D 92, 073016 (2015) 



Preparatory experiments 

• 2018 EoI-016 to SPSC. Measurement of the muon flux 
– replica of SHiP target, 1011 p.o.t 
 
 
 
 
 

• 2018-21 EoI-017 to SPSC Measure charm 𝑑
2𝜎

𝑑𝑑𝑑𝑑
 to validate 

cascade enhancement by factor 2-3.  
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5 × 107 𝑝. 𝑜. 𝑡. 𝑜𝑜 1000 𝑐𝑐𝑐𝑜𝑐 𝑝𝑐𝑝𝑜𝑝 
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Scalar 

ALP → γγ ALP → µ+µ− 

SHiP 

HNL 

A’ visible modes 

Comparison with other experiments 



France in SHiP 

• LPNHE 
• LAL 
 common electronics definition 

• IRFU not before 2021 µM in the TT of iSHiP 
• Schedule parallel to HL-LHC projects 
 about time to seize the opportunity 

• The GDR InF 
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• SHiP experiment: http://ship.web.cern.ch/ship/ 
• Journee ShiP/Physique du Secteur Cache LPNHE October 11, 2017 
• Electronics workshop October 25, 2017  
• Colloquium on Physics Landscape in 10 years November 9, 2017 
• Physics beyond Colliders workshop:  http://pbc.web.cern.ch/ 

http://ship.web.cern.ch/ship/
https://indico.cern.ch/event/644961/
https://indico.cern.ch/event/674182/
https://indico.cern.ch/event/663423/sessions/249982/#20171109
http://pbc.web.cern.ch/


Evidence for BSM physics 

With the Higgs boson, the Standard Model (SM) is a 
complete framework, succesfully predictive, 
consistent up to the Planck scale.  
However fundamental questions are not addressed: 
• Neutrino masses and oscillations 
• Baryon asymmetry in the Universe 
• Dark matter 
• Why no strong CP violation? 
• Dark energy 
• Inflation 
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No guidance about NP scales 
A blooming experimental program at all masses 
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No guidance about NP scales 
A blooming experimental program at all masses 
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History 
• Path towards approval 

– 2013/10 EOI 
– 2014/12 Collaboration formed 
– 2015/04 Technical and Physics proposals 
– 2016/01&03 SPSC and RB recommendations 

• CDS (Conceptual Design Study) 
• PBC (Physics Beyond Colliders workshop)  

– European Strategy  
• <=5 yr Construction 
• 2026 commissionning 
• 2027 data taking for 5 yrs 
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Cost (TP) and schedule (today) 
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Alternate SplitCal Design 
with DT, EB… 

J. Chauveau GDR InF 

Measure 2 points (S1, S2) across a base L with σ∼L/1000.  
• S1 the location of the 1st pair 
• S2 the position of the shower maximum or… 
• The hard part is to measure S1 

 Use tracking (TPC, µM, straws?..) 

S1 S2 

satellites S1 

• Reconstruct 3D track 
candidates 

• Clean them/remove 
satellites using  

• energy of clusters,  
• angles 

• Vertex to get S1. 

Need simulation 
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Decay 



Signal yield 
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χ= total HNL production rate per proton interaction in Mo target 

TP estimates. Expect >1.5 enhancement  
because of the reinteractions. 

Probability for an HNL with given mass and couplings to decay 
within SHiP fiducial volume 

Acceptance  
for all final states 

Typically   𝑃𝑣𝑣𝑣 × 𝐴𝑣𝑡𝑣 × 𝜀𝑠𝑒𝑠𝑒𝑠𝑣𝑠𝑡𝑠~10−6 𝑈2

10−8
 𝑜𝑜  ~ 100 × 𝑈2 



Sensitivity to HNL 
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Normal hierarchy 

𝑈𝑒2: 𝑈𝜇2: 𝑈τ2 
52:1:1 
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Sensitivity to HNL 
Normal hierarchy 
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