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New Physics Searches
2012: The discovery of the Higgs!

Is new Physics inevitable?
But at which scale/energy?
EWK vacuum stability
Dark Matter?
Baryon Asymmetry?
Neutrino masses

….

So far searches at the 
LHC have not revealed 
(yet) an unambiguous 
signal of new 
particles. 
Could of course still
happen  (750 GeV?)

N. Arkani-HamedLimits, limits… up to several TeV

exotica SUSY



New Physics Searches

New physics searches either via
Energy frontier

Heavy particle
High energy events

Intensity frontier 
Light particle 
Very rare events

Are we looking at the right place? Leave no stone unturned!!

The SHiP Experiment



The SHiP Experiment

SHiP is a proposal for a new facitlity
at the CERN SPS accelerator:
- Hidden Sector search detector
- Facility for ντ physics

235 experimentalist from 45 institutes 
and 15 countries + CERN

Technical proposal submitted in April 
2015 (arXiv:1504.04956)

Physics proposal signed by 85 
theorists (arXiv:1504.0855)

SPSC gave a positive recommendation 
in January 2016



Physics Goals

New physics prospects in the hidden sector
Explore Hidden Portals and extensions of the Standard Model incorporating
long lived and very weakly interacting particles

Vector portals: motivated by ‘mirror world’, constituting dark matter, g-2 anom.
Scalar portals: right handed neutrinos,dark matter, inflation,“dark naturalness”
Neutrino portals: neutrino oscillations, dark matter, baryon asymmetry…
Axion portals: extended Higgs, SUSY breaking, dark matter, inflation…
SUSY portals…   



Physics Goals

-The lightest singlet N1 (mass ≈ KeV): good dark matter candidate. 
-N2, N3 (mass in 100 MeV - GeV region): 

- Mechanism to give masses to neutrinos 
- Explain baryon asymmetry 

Neutrino portal: νMSM (Neutrino Minimal Standard Model) 
Minimal extension of the SM fermion sector by three Right Handed
(Majorana) Heavy Neutral Leptons (HNL): N1, N2, N3. 

D.Gorbunov, M.Shaposhnikov JHEP 0710 (2007) 015 



Hidden Sector Phenomenology

Cosmologically interesting and experimental accessible HS masses O(Mev-GeV)
Hidden particle production through hadron decays (π,K,D,B),couplings to photons

Hidden particle decays 

Full reconstruction and particle ID aim at maximizing the model independence

Production and decay rates are very suppressed relative to the Standard Model
Production branching ratios O(10-10)
Long lived objects
Travel unperturbed through ordinary matter    

 The challenge is background suppression

SHiP: Fixed target beam dump experiment followed by a large decay volume

Side benefit: room for a neutrino experiment

SHiP: Fixed target beam dump experiment followed by a large decay volume

ντ



The SHiP Facility

General purpose fixed target facility at CERN
400 GeV proton spills (4 x 1013 protons on target) from a dedicated 
beam line at the SPS accelerator 

Location: Prevessin North Area site
Sharing the TT20 transfer line and slow 

extraction mode with existing facilities
Minimal modification to the SPS complex
New experimental area required 



The SHiP Detector Layout (TP)

Several technological challenges! 



The SHiP Detector Layout (TP)



Experimental Technique

Hidden particles produced in 
decays of charmed and 
beauty hadrons: 

Maximize neutrinos from charmed hadrons 
Minimize neutrinos from pions and kaons

Hybrid target: blocks of titanium
-zirconium doped molybdenum 
(TZM) followed by blocks of pure 
tungsten Hadron Stopper: 5m of Fe 

Hidden particles can decay in SM particles: 

50 m long decay volume O(5)m diameter,
equipped with detectors at the far end



Background Rejection

Muon Flux
48 m long active muon shield
Veto system around the decay vessel

Combinatorial
proton spills prepared with slow beam 

extractions (~1s)
Uniform extractions

ν interactions inside the vessel 
Low pressure decay vessel

ν interactions in the vessel proximity
Light taggers located upstream

and at the beginning of the HS
fiducial volume

After selections: O(0.1) ≤ bkg /5 years  
decay
vessel



Sensitivities to Different Channels 
Light scalar particle reachHeavy neutral lepton reach

Vector portal/dark photons Axion portal

Preliminary 
results



Neutrino Detector & Program

Note: anti-ντ has never been 

observed

SHiP neutrino program
~8k expected ντ and ~4k 
anti-ντ interactions in the 

target

• First observation of anti-ντ
• Sufficient statistics to 

perform ντ and anti-ντ cross 

section measurement.
• First measurement of 

structure function F4 and 
F5 entering in DIS 
neutrino-nucleon cross 
section

Follows the OPERA concept



The Neutrino Target

Emulsion technology
Lead plates interleaved with 
emulsion films: tracking devices 
with micrometer resolution



Time Scale for SHiP

Form SHiP Collaboration                     December 2014
Technical Proposal submission             April 2015
Technical Design Report submission     2018
Building and Installation                     2018-2023
Commissioning 2013 onwards
Data taking and analysis                     2026 onwards 



News From CERN Management in April

• Draft mandate released for a “physics Beyond Collider study 

group”

– Accelerator driven physics: eg rare processes, very 

weakly interacting particles, electric dipole moments etc.

– Input for the European Strategy for particle physics

• Recommendation for a comprehensive design study of the 

SHiP detector & optimization, in collaboration with physics 

beyond collider study group”, on the time scale of 3 years. 

• A decision on approval will be taken following the conclusion 

of that update

• Means there is a lot of work ahead!

I.e all hands on deck required!! 

• To join: check ship.web.cern.ch/ship/

22/4/2016



 Proposed a high intensity fixed target experiment for the  exploration 

of the Hidden Sector in largely unexplored domain 

 Also unique opportunity for ντ physics, Dark Matter search, … 

 Much increased interested for Hidden Sector after LHC Run 1 

 A very significant physics reach beyond past/current experiments in the 

cosmologically interesting region 

 Statistical sensitivity 𝒪(10000x) previous experiments on hidden 

particles and 𝒪(200x) for ντ physics

 Facility and physics case based on the current injector complex and 

SPS 

– 2x1020 protons at 400 GeV in 5 nominal years by “inheriting” CNGS 

share of the SPS beam time from 2026 onwards 

• SHiP complements the searches for New Physics at the LHC!!

• Technical Proposal and Physics Proposal submitted in April 2015

• Next Phase: Produce comprehensive design in 2016 – 2018

Will be input to update of European HEP strategy 2019 

Summary: SHiP


