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Outline 

• Hidden sector portals 
• SHiP: a proton beam dump experiment 
• Experimental reach 
• Optimization and current efforts 
• SHiP in the GDR 
• 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 
messager 

Portail 

BeamDump 

« 0-background » 
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SHiP a proton beam dump experiment 
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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 ans 

• 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) 
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Decay 



Detector reoptimization 

• Muon shield 
The active muon shield in the SHiP experiment 
arXiv:1703.03612v2 [physics.ins-det] 2017_JINST_12_P05011 

• Pyramidal shape 
• PID, timing 
• Technology choices for the subdetectors 
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~30m ~45m 

Decay 

https://arxiv.org/abs/1703.03612v2


PID, timing 
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In the TP:  
Shashlik ECAL (+HCAL) 

• Square cells (38.2 mm)2. 
• 22.5 X0 
• 6.5%

𝐸
+ 1% 

But, what about:  

Conceptual studies in progress, like: 

Decay 



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) 



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:1702.02688v2 [hep-ex] 

Scattering 

https://arxiv.org/abs/1702.02688v2


Physics proposal plots 
Dark photon A’→χχ Scalar inflaton 

HNL 

L/R 

ALP 

SUSY 

ντ DIS 
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Physics proposal plots 
Dark photon A’→χχ Scalar inflaton 

HNL 

L/R 

ALP 

SUSY 

ντ DIS 
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Reach very small 
couplings in MeV-GeV 

mass range 



SHiP path at CERN 
Not yet approved, but a leading project for the future of CERN fixed 

target program 
• 2013-2015  

– EOI, formation of the Collaboration, T&P proposals 
• 2016 SPSC/RB/ decisions by CERN management 

  SHiP in the 2017_2021 MTP,  
  PBC study group (the 3rd of F. Gianotti’s 3 pillars) 

 ~5 MCHF funding for Beam Dump Facility feasibility study 
 CDS (Comprehensive Design Study) report end 2018 
 Approval path in time with ESPP : TDRs, Module-0’s 

  ~ 5 years construction,  
 installation during LS3,  
 data while LHC Run4 (2027)  

SHiP a recognized project in the greybook since 2016 
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BDF 
NEW 
FACIL
ITIES 

https://greybook.cern.ch/greybook/experiment/detail?id=SHiP
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Busy times 
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Module-0’s in test beams 



Perspectives 
• SHiP is a proton beam dump facility 
• to take data 5 years starting in 2027, assuming approval  ≤ 

2020 
• to reach the best sensivity for many hidden sector particles 

(MeV-GeV) 
• with an  apparatus currently  being reoptimized to search for 

unknown neutral particle 
– decays,  scattering,  

     also ντ physics. 
• The SHiP beamline is to be seen as a facility: 

–  τ → 3 µ ?.. 
 Time to join (creative period). 
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Extra 
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Performances physiques 
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G. Lanfranchi at SLAC April workshop 
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G. Lanfranchi at SLAC April workshop 



Experimental landscape 

G. Lanfranchi CERN PBC 1-2 March 2017 30/05/2017 Blois J. Chauveau  SHiP 23 
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