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• Introduction: why high intensity frontier?


• General concept of the experiment


• Physics case with a few examples (HNLs, Dark Photon, ALPs, Dark 
Scalar)


• Challenging and how to solve them:

• High intensity and low background: Target and muon shield

• Control the low background: Vetos and vacuum vessel

• Many different final states: Hidden Sector Spectrometer
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Introduction

- The technical proposal (250 physicists, 46 institutes, 16 countries) submitted to CERN in 
Apr 2015 (arXiv:1504.04956) 

- Physics Paper (85 physicists, 65 institutes) accepted for publication in Review on 
Progress in Physics (arxiv:1504.04855)

https://arxiv.org/abs/1504.04956
https://arxiv.org/abs/1504.04855


SHiP Collaboration
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Physics Case
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- Naturalness does not seem to be a guiding principle of Nature 

- There are some anomalies in flavour physics which (if true) seem again to point 

out that our theory prejudice was wrong

- We should therefore not forget that we have a 2D problem (Mass VS Coupling)



Physics Case
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Proton beam dump 
experiments

- Naturalness does not seem to be a guiding principle of Nature 

- There are some anomalies in flavour physics which (if true) seem again to point 

out that our theory prejudice was wrong

- We should therefore not forget that we have a 2D problem (Mass VS Coupling)



Physics Case
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   Full reconstruction and PID are essential to minimize model dependence

Experimental challenge is background suppression 

Models Final	states

HNL,	SUSY	neutralino	
Vector,	scalar,	axion	portals,	SUSY	
sgoldstino	
HNL,	SUSY	neutralino,	axino	
Axion	portal,	SUSY	sgoldstino	
SUSY	sgoldstino

l+π−, l+K-, l+ρ− ρ+àπ+π0

l+l−
l+l-ν
γγ
π0π0

✓HS production and decay rates are strongly suppressed relative to SM

      - Production branching ratios O(10-10)

      - Long-lived objects

      - Interact very weakly with matter

Hidden Sector 
Naturally accommodates Dark 
Matter  (may have rich structure)

Visible Sector     
   Mediators	or	portals	to	the	HS:	

vector,	scalar,	axial,	neutrino

L	= LSM + Lmediator +LHS



Experimental concept
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- Intensity high bin into a heavy target

- We want particles either coming from heavy meson decays or from pN 

interaction

- We want to suppress pion and kaon decays which is source of bkg


- Minimize the flux of SM particles in the detector


- Define a (large) fiducial volume where the background level is approximately zero



Sterile Neutrinos
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• The production of sterile neutrinos happens via mixing of sterile 
neutrinos with active neutrinos, i.e. it is suppressed by a factor U2


• If the mass is small enough they can be produced in semileptonic meson 
decays (pions, kaons, D-mesons, B-mesons)


• The decay of sterile neutrinos also happens via mixing with active 
neutrinos, decay channels  N ! h`, N ! ``(0)⌫, N ! h0⌫



Dark Photon
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• Dark Matter might interact via unknown forces 

• Consider an additional U(1)’ symmetry wrt which SM particles are 

neutral

• If we have some high mass fermions charged under U(1) and U(1)’ we 

have an effective coupling



Dark Photon
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Dark Scalars
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At SHiP (according with estimates) we produce around xxx B-mesons, so 
we can exploit the Higgs portal (search for light Dark Scalars mixing with 
the Higgs)

Theory references: 



Axion Like Particles
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Physics Case
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- The SHiP physics case is described in details 
in the Physics Proposal (Rep. Prog. Phys. 79 
(2016) 124201)


- Many other models, each with large 
parameter space


- We want to be as inclusive as possible



Beam Line
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- New beam line in the north area at SPS

- Proton beam SPS@400GeV

- Possible to deliver 5x1020 PoT in ~5 years

- Operation in parallel with LHC and other beam lines at SPS



BDF Facility
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Overview of SHiP
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Overview of SHiP
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Target



Target
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-  Target dimensions  
-  Layers of Titanium/Zirconium/Molibdenum for 4λint in the core of the beam 
- Followed by Layers of pure W 
- Each layer is cooled by water  
- Alternative cooling with He under study

355 kW average,  
2.56 MW during 1s spill



Overview of SHiP
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Hadron absorber



Overview of SHiP
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Sweeping magnet



Muon Shield
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- Distribute the bkg over a long spill: 4x1013 PoT/1.3 
seconds


- Sweeping magnet 

- Decay volume to be far away from the walls 



SPSC$open$session,$23rd$June,$2015$
28$

Magnetic sweeper field 

!  Muon flux limit driven by emulsion based neutrino detector and HS background 
!  Active muon shield based entirely on magnet sweeper 
    with a total field integral By = 86.4 Tm 
    Realistic design of sweeper magnets in progress 
     Challenges: flux leakage, constant 
     field profile, modeling magnet shape 
!  < 7k muons / spill (Eµ > 3 GeV), well 
     below the emulsion saturation limit 
!  Negligible flux in terms of detector occupancy 

SHiP muon shield 

Dose rate in the SHiP hall 

Muon Shield
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2800 tonnes

- Flux below emulsion saturation limit

- Small induced bkg in the HS spectrometer



Muon Shield
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The active muon shield in the SHiP experiment 
JINST 12 P05011 2017

Running the simulation with material


- ~3x109 muons/spill  with magnets off

- With the magnet on 3x105 muons/spill

- ~6.5x104 muons/spill with p>3GeV

Opimization of the muon shield includes 
muon rate, weight (1.850 Tons) and length 
(34 meters)




Overview of SHiP

25Nico Serra - ACFI Workshop - UMass Amherst  20 July 2017

Emulsion Spectrometer Detector
- This experiment also maximises the flux of vτ wrt to the other neutrino flavours


- Only 9 fully reconstructed vτ  at present 
- anti-vτ never observed directly 

- If Light-DM particles (M~GeV) are produced in the target, via the decay of a hidden sector 
mediator, we can look for the direct interaction of the LDM particles with the ESD
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Emulsion Spectrometer

- High spacial resolution to observe the τ decay (~1mm flight length) 

- Electronic detector for tracking to give the time stamp of the event

- Magnetized target to measure the τ products

- Muon magnetic spectrometer for muon identification



Emulsion Spectrometer
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Physics with ESD
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Physics with ESD
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In addition


- Study of ve x-section at high energy 

- Study of LFU with neutrinos



Physics with ESD
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Overview of SHiP
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Vacuum Vessel



Vacuum Vessel
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- The fiducial volume cannot be filled with air at atmospheric pressure, we would expect 
about 100K neutrino interaction in the experiment


- Of this about 300 would be survive a loose offline selection


- Plan to have a vacuum vessel with 10-3 Atm


- Piramidal frustrum shape to  maximise the acceptance



Backgrounds
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Surrounding Bkg Tagger
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SPSC$open$session,$23rd$June,$2015$ 31$

Decay volume and spectrometer magnet 
LS cell with WOMs 

!  Estimated need for vacuum: 
     ~ 10-3 mbar 

!  Vacuum vessel 
!!!!!!!!! - 10 m x 5 m x 60 m 
       - Walls thickness: 8 mm (Al) / 30 mm (SS) 
       - Walls separation: 300 mm; 
       - Liquid scintillator (LS) volume (~360 m3) 
         readout by WLS optical modules (WOM) 
         and PMTs 
       - Vessel weight ~ 480 t                                                            !!!!

! Magnet designed with an 
   emphasis on low power   
                                                                                                                                                                       
- Power consumption < 1 MW                                                                                  
- Field integral: 0.65Tm over 5m                                                                                           
- Weight ~800 t                                           
- Aperture ~50 m2!

Alternative solution with plastic scintillators under study



Overview of SHiP
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Hidden Sector Spectrometer



HS Spectrometer
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Straw Tracker
Magnet



Tracking System
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Main difference with Na62:

5m length, vacuum 10-2mbar, 




HS Spectrometer
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Timing Detector



Physics Case
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NA61/SHINE ToF

- 100ps resolution in NA61/
Shine ToF

-  Size of scintillator counter 

120x10x2.5 cm3

-  Total active area 1.2x7.2 m2

Challenges:

- Large area 

- Required time resolution <100ps

- Plastic scintillating bars read-out by SiPM



HS Spectrometer
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Calorimeter System



Calorimeter
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HS Spectrometer
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Muon System



Muon System
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Background
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Using the expected rate of muons (with sweeping magnets) the main background 
consists of neutrino inelastic:


- Reduced rate of inelastic muons, efficiently killed by vets

- Cosmic muons killed by veto (+ bad pointing)

- Combinatorial muons killed by timing

- Generating about 5 years of SHiP data taking estimate compatible with 0 bkg events

- Preparing a large simulation corresponding to 10x 5 years of SHiP



Background
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Very simple selection reduces the bkg to 
only a few in 5 years:


- Fiducial volume

- DOCA

- IP wrt target

- Vetos


Realistic to reach 0.1 expected bkg 
events for all channels we have been 
studying




Sensitivities
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- SHiP can improve by up to 4 orders of magnitudes limits on sterile neutrinos 
below the B-meson mass



Sensitivities
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+

- SHiP can improve by up to 4 orders of magnitudes limits on sterile neutrinos 
below the B-meson mass


- E.g. U2=10-8 and M=1GeV (~50 times lower than the present limit) SHiP will see 
more than 1000 fully reconstructed events, i.e. SHiP would discover sterile 
neutrinos in less than a week of running!


- The result can be reinterpreted for instance in the context of the Left-right 
symmetric model



Sensitivities
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- Large improvement in sensitivity for Dark Photon and Dark Scalar

- Cascade production of DP (and LDM) not taken into account at the moment

- Many other model under study



Physics signals
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Measuring muon flux
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- SHiP uses sweeping magnets to reduce the muon flux

- It is important to know the muon spectrum 



Charm xsection
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Conclusions
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- Given Naturalness is challenged by LHC searches, we should remember that 
the search for physics beyond the SM is 2D (energy, coupling)


- There are several models that predicts new particles at the GeV scale, coupling 
weakly with SM, e.g. sterile neutrinos at the GeV scale is a viable option


- The newly proposed SHiP experiment at SPS of CERN consists of:

- Intense beam 400GeV@SPS with 2x1020 PoT in 5 years

- Heavy target to maximise the signal (from direct production and heavy 

mesons) and minimise the bkg (muon and neutrino iduced)

- Muon sweepers, Vacuum Vessel and series of vetos

- Emulsion Spectrometer and HS spectrometer


- Realistic to reduce the bkg to a negligible level (<<1) in 5 years within the 
fiducial volume —> Improve present constrains for several models by orders of 
magnitudes (or hopefully discover long living very weakly interaction non-SM 
particles)



Thanks for the attention


