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SHiP experiment is  

a fixed target experiment at the CERN SPS  

complementary to the LHC 

to search for hidden particles  

of order GeV,  

electrically neutral,  

very weakly interacting  

and long-lived.  



SPS Beam Dump Facility 
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Complementary to the LHC 

Intensity Frontier vs. Energy Frontier 



 SHiP experiment 

• Fixed target facility at the CERN SPS with 400 GeV proton beam 

• Zero background beam dump experiment 

• Large geometric acceptance : long volume close to dump 

• 2ⅹ1020 p.o.t in 5 years 



 Target and Shield 

• TZM target 

• Tungsten blocks as hadron 

stopper  

• Active muon shield with 1.7 T 

magnetic field 

• Muon flux reduced by 10-6 



 Vacuum vessel 

• Hidden particles decay inside 

the vessel 

• Pressure 1mb inside 

• Liquid scintillator walls 



 Spectrometer 

• Particle identification 

• Reconstruction of the decay 

vertices 

• Straw tracker 

• Timing detector 

• ECAL with tracking capability 

• Muon detector 



 Background study 

 muon combinatorial 

 muon induced 

 neutrino induced 



Hidden sectors under study 

• Neutrino Portal 

 

• Vector Portal 

 

• Scalar Portal 

 

• Axion Like Particles 

 

• LDM, RPV SUSY, and many others…  



Heavy Neutral Leptons (HNL)   



 HNL productions and decays  





 HNL sensitivity plot 



Dark Photon 



 Dark Photon production and decays 



 Dark Photon sensitivity plot 



 Dark Scalar 

  productions   

decays 



 Dark Scalar sensitivity plot 



Axion Like Particles (ALP) 

ALP→fermions 



Conclusions and Perspectives 

• Intensive frontier physics is required complimentary to the 

high energy frontier physics.   

• Direct search for very weakly interacting long-lived particles 

with 50m decay volume and magnetic spectrometer. 

• Aims for zero background experiment. 

• Comprehensive Design Report (CDR) by the end of 2019 

• Technical Design Report (TDR) expected by the end of 2022 

• Construction, detector production and installation ∼ 6 years 

• Data-taking expected from 2027.  



Backup 



The standard model is closed with the discovery of the 

Higgs boson. 

 

All experimental results on the ground are explained 

except for the neutrino oscillation. 

 

Still plenty of astrophysical phenomena could not be 

explained by known physics. 

 

Still the SM is theoretically unsatisfying due to many 

unexplained parameters, gauge hierarchy, flavour 

structure etc.. 

Introduction 



The Dark Matter is a particle physics solution to various 

anomalous gravitational effects in the space, the rotation 

curve of the galaxy, gravitational lensing, bullet cluster 

etc.. 

 

Cosmology also suggests the existence of non-baryonic 

Dark Matter from the CMB analysis. 

 

The Hidden sectors are predicted by a variety of models 

of the SM extension. 



Complementary to the LHC 



Intensity Frontier / Lifetime Frontier 



Heavy Neutral Leptons at the SHiP 

= SM + sterile neutrinos 

Neutrino = neutral lepton  
Sterile neutrino = Heavy Neutral Lepton 



HNL couple to the gauge invariant combination 

HNL Lagrangian 

After the mixing, HNL couple to the SM 

with 







Branching ratios 



SHiP sensitivity  
for benchmark HNL models 



Benchmark models 

… explain neutrino oscillation data while at 
the same time maximizing the mixing to 
one particular flavour. 





Nico Serra, SHiP collaboration meeting (2019) 







SPS Super Proton Synchrotron (1976~ ) 

The second-largest machine in CERN’s accelerator 
complex. 

𝑆 = 400 GeV, 

∼ 7 km circumference,  

N(p.o.t.) = 2 × 1020   
           (for 5 years)  



Direct detection of the light DM  



Decays into the DM 

DM elastic scattering with e-/nuclei 



                                    



Why not at the ECAL?  



ECAL of the SHiP 





Pulse Shape Discrimination (PSD) 

• Particle identification for neutral particles 

 

• Discriminate signals by investigation of the 
photon pulse shape. 

 

• Used to search for the WIMP etc.. 

 

• To be studied at JNU 





e.g. neutron vs. gamma ray 

predictions real signals  


