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SHiP in a nutshell 
 http://ship.web.cern.ch/ship/ 

• general-purpose fixed target facility at the SPS proton (400 GeV) beam dump 
• to search for hidden particles as predicted by models of Hidden Sectors addressing 

– dark matter,  
– neutrino oscillations,  
– origin of the full baryon asymmetry in the Universe.  

• By looking for very weakly interacting long lived particles,  
– Heavy Neutral Leptons - right-handed partners of the active neutrinos;  
– light supersymmetric particles - sgoldstinos, etc;  
– Axion like particles (scalar portal to the hidden sector),  
– Dark photons (vector portal) 

• Also, tau neutrinos. 
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Timeline 
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Outline 

1. The SHiP experiment brief summary 
2. Physics 
3. Events since DM@LPNHE(I) 
4. Subsystems  
5. Pro and Cons for the LPNHE and next steps 
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2. Physics 

• Emerging theories of Hidden Sectors into which 
there are portals from the SM. 

• Neutrino portal: νMSM is the baseline physics 
case for SHiP: very strong case for DM + BAU 

• Vector portal: dark photon physics case 
• Higgs and axion portals: ALP physics case 
• SUSY 
 
• Also Tau neutrino  
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• Questions asked at and after DM@LPNHE (I) 
• Sensitivity to more general HNLs 
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M>Fermi scale, 
not required! 
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N1→ νγ, seen ?  



Mitesh Patel N2 N3 
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Experimental Design 
• p+W  D or Ds +X 
• D(s)  N µ (+h)  [also e] 
• N  µπ, µρ, νeµ, … 

 
• Target 
• Dump 
• Muon shield 
• [decay vol. + detector]*2 

• 2 ×10 20 pot. 400 GeV. Slow. 
• BF ≈ 10 −8 – 10 −12 

• BF ≈ 0.1 – 50 % 
 

• 50 cm (W) – 750 kW 
• 3 m heavy stuff (W + ?? + concrete) 
• 52 or 54 m (U or W or ??) 
• 10 m each 

 
• signal: θN≈50 mrad, θl,p≈100 mrad  

• short decay distance,  
• wide detector 

• dominant background from ν in the last λ of shield 
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Mitesh Patel Expected Physics reach 
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HNL reach 
• In νMSM there is a region in parameter space consistent 

with the constraints from  
– Cosmology BAU (BBN) 
– Dark matter 
– ν oscillations 

• N1 with keV mass are favored in (thanks JML, FV) 
– H. J. de Vega, N. G. Sanchez, 'Model independent analysis of 

dark matter points to a particle mass at the keV scale', 
arXiv:0901.0922, Mon. Not. R. Astron. Soc. 404, 885 (2010).  

• Synergy with Belle 2, FCCee,  
– all needed to cover parameter space 

• If above constraints are relaxed  a wider region in U2 vs M 
can be reached. Extreme example: ‘just so’ HNLs.  
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http://www.lpthe.jussieu.fr/~devega/mnras.pdf�
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N. Serra at FCCee workshop 29/10/2014 
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N. Serra at FCCee workshop 29/10/2014 



‘just so’ HNL 
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‘just so’ HNL, Belle 
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Mitesh Patel Expected Physics reach 
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3. Since last meeting 

• 2nd SHiP workshop 
• Collaboration forming 
• TP being written  

– Working groups 

• Biweekly meeting, … 
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2nd SHiP workshop and Collaboration 
Meeting CERN 24-26/9 

• 66 participants  
– IT (19), CH (18)/CERN(10), RUS(11), F(5), D(4), UK(4), NL(1), S(1), TR(1), 

USA(1) 
• 71 contributions 
• 3 days  1) Working groups 2) Plenaries 3) Soft tutorials 
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Collaboration forming 
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What I’ve been up to 

• Meeting with 
– In SHiP 

• Spokesperson 
• Former colleagues involved 
• M. Titov and other interested French people 
• During TLEP workshop 

– In LPNHE  
•  Physicists  
•  Engineers 

• Attending the biweekly collab wide meetings 
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Technical Proposal mid-2015 
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A. G. 



Biweekly meetings (1) 
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Biweekly meetings (2) 

03/11/2014 J. Chauveau   Dark Matter @ LPNHE (II) 24 

23 October 2014 



4. Subsystems 

• Main thrust 
– Define the experiment geometry 
–  muon filter options 
–  1 or 2 decay volume + spectrometer 

• Design a zero background setup 
• Subsystems 

– Brief descriptions  
– Possible opportunities 
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• Veto(s), Tagger, Timing ctr 
• Tracking 
• EM calorimeter 
• Muon filter/detector 
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Muon Veto 
• Purpose: Tag wide angle muons + neutrons from hall/filter shine 
• Specs: wide area, timing 
• Options (Cherenkov), Liquid scintillator with wide area photodetectors 
• Opportunities  

–  photodetectors 
–  easy to contact  
 one main actor 

03/11/2014 27 J. Chauveau   Dark Matter @ LPNHE (II) 



Upstream veto 
• Scintillators upstream the evacuated decay volume 
• Also in the last i.l. of the muon filter 
• Not  much studied, so there are opportunities  
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Timing counter 
• If E/HCAL, muon detetectors not fast enough, a TC can be 

added  
• Multiple RPC multigap, or stacked 
• Cherenkov + MCP (LAL SuperB) 

• Not  much studied, so there are opportunities  
 



Tracking 
• Adapt from NA62 (straw chambers) 
•  Main actors CERN, EPFL, Dubna 
• Specs 

–  5 m diameter 
– 18k straws /spectro * 2 spectrometers 

• Opportunities 
– Electronics 
– No contact yet 
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Shashlik EM calorimeter 

Specs 
• σE < 10%/sqrt E 
• σt = O(1 ns) 
• π0 id 
• dyn. range 25 MeV – 50 GeV 

SAMchip 

Opportunities:  
Electronics, DAQ 
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Muon filter/detector -- PID 

• Specs: 
  10(or less?) -20 (50?) GeV/c, modest granularity, size 
• Options 

– Layout w or w/o HCAL, 1 or 2 filters, #stations  
–  Scintill + WLS + SiPM (base) 
– extra timing plane ?  

• Main actors Frascati, Bologna, Ferrara (already many) 
• Opportunities  

– SiPM in LHCb SciFi ? 
– Electronics (FE, or BE)  
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Add a ντ detector 
Golutvin seminar 
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5. Pros and Cons for LPNHE and next steps 

+ νMSM attractive 
+ Early in the project 
+ CERN 
+ Run in 2023 
+ Serious proponents 
+ LHCb commonalities 
+ A few in IRFU/IN2P3 
+ Technical opportunities 

– Tracking  
– Electronics + DAQ 
– UT, Timing D. 

 
 

− Physics breadth 
− Not (yet) leaders 
− TP to be written mid 2015 

±  No technological challenge 
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Next steps (1) 
• SHiP a medium term experiment (~ 15 yrs) just starting 
• A superb physics case  

– Not only DM 
– But also BAU, ν masses 

• Several other physics cases  
• Timing well matched between now and next Big project 

– Synergies exist among physics studies 
–  Complementary physics reaches with LHC, Big projects 

• Well matched to IN2P3/IRFU lab expertise 
• Several lab projects bound to free active conceptors soon 
• Can benefit of new infrastructure (hall de montage) 
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I am willing to participate in the TP 



Next steps (2) 

• Share my conviction with younger people that 
SHiP has a (the) leading physics case for dark 
matter. And then,  

• Define an optimum preparatory effort at LPNHE. 
• Devise a sensible path for approval <=2017 

written up in the December roadmap.   
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I am willing to participate in the TP 



Extra 
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Neutrinos : the New Physics there is… and a lot of it!  
 forgive the confusion between fields and particle notations 

      SM Dirac mass term 
only  ≡ «Yukawa» 

 Majorana 
 mass term only 

Dirac AND Majorana  
mass terms 

 
νL              νR 
I= ½             ½ 

 
νL   νR     νR νL 
 ½    0         ½    0 
 
 

 
νL          ‘νR ‘ 
 ½               ½     
 

NR      NL 
 0        0 
νL         νR  
 ½           ½    

  X  3 Families X  3 Families X  3 Families X  3 Families 

6 massless states 3 masses  
12 states 
3 active neutrinos 
3 active antinu’s 
6 sterile neutrinos…  
3 mixing angles  
1 CP violating phase  
0vββ = 0 
 

3 masses  
6 active states   
No steriles 
3 mixing angles  
3 CP violating phases 
0vββ ≠ 0 
 

6 masses  (Majorana) 
12 states 
6 active states  
6 sterile neutrinos… 
More mixing angles  
and CPV  phases 
0vββ ≠ 0 (different than pure 
Majorana case if mN<100 MeV) 
 Leptogenesis and Dark 
matter 

Mass hierarchies are all unknown except   m1 < m2   
    Preferred scenario has both Dirac and Majorana terms … 
…  many physics possibilities and experimental challenges 

wrong 
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N1 



1st workshop in Zurich  
10-12 June 2014 
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Working groups 
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Experimental setup 
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×2 



Assumptions for now ... (as of EOI) 
Item NA62 SHiP 

Diameter 2.5 m 5 m 

Design rate max 500kHz/straw 2kHz/straw (ø1cm)* 

Vacuum requirement  p < 1e-5 mbar 1e-2 mbar 

Views X, X+45°, X-45°, Y X, X+few°, X-few°, X 

spatial resolution  
per coord   

per space point 

 
≤ 130um 
≤ 80um 

similar or better 

average track efficiency near 100% similar or better :-) 

* assumed ~1e6 muons in whole aceptance per 1s spill and 
pitch=diameter=1cm 

How do these impact the design ? 
What needs to be modified from NA62 to SHiP ? 

 

MFL 2nd SHiP workshop 
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Work packages  (includes writing up for TP) 
• Requirements from (bkg) simulation 

• req'ed straw resolution, material budget 
• spectrometer layout  (integral B*dl, distances) 
• expected maximum straw rate per cm2 (profiles per chamber) 
• req'ed stereo angle 

• Detector description in simulation 
• baseline design + other ? 

• Define/develop electronics/readout system 
• is double-sided readout needed ?  do we need the ADC ? (vs only TDC) 

• Study of critical params with GARFIELD 
• straw/wire diameter, wire deflection, gas pressure & mixture, HV, ... 
• other (non-NA62) design (must be motivated by phys simulation) 

• Produce 5m straw prototypes, baseline geometry as NA62 
• Make relevant prototype straw tests at CERN 

• optical measurements of wire location 
• resolution from test beam ? probably after TP, late 2015 ? (depends also on electronics)      

• Preliminary mechanical design of a chamber 
• 5m diameter vacuum chamber holding the 4544 straws+wires 
• FEA, deformations, etc. 

 
 

Dubna / S. Movchan et al. 

CERN-EPFL / I. Bereziuk 

CERN-EPFL-Dubna (?) 

??? 

CERN / E. van Herwijnen 

CERN / H. Dijkstra, T. Ruf 

??? 

MFL 2nd SHiP workshop 
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Muon detector 
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