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In-spite of the fact that after the discovery of the Higgs boson at the

LHC the Standard Model is complete and can be a consistent effective

quantum field theory up the the Planck energies ∼ 1019 GeV it suffers

from a number of experimental and theoretical problems.

Experiment:

Neutrino masses and oscillations, absent in the SM

Dark matter, absent in the SM

Baryogenesis, absent in the SM

Different anomalies: muon magnetic moment, LSND,...

Theory:

Most importantly : hierarchy problem - “Why the Fermi scale is so much smaller

than the Planck scale?"

Probably, related problem: “Why the cosmological constant is so tiny?”

Strong CP, flavour, ...
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Can we get with certainty the energy scale of new physics from

experiment or theory?

Not really!

Neutrino masses and oscillations:

the masses of right-handed see-saw neutrinos can vary from 1 eV to 1015

GeV

Dark matter, absent in the SM:

the masses of DM particles can be as small as 10−22 eV (super-light scalar

fields) or as large as 1020 GeV (wimpzillas, Q-balls)

Baryogenesis, absent in the SM:

the masses of new particles, responsible for baryogenesis (e.g. right-handed

neutrinos), can be as small as 10 MeV or as large as 1015 GeV

Higgs mass hierarchy

BSM models related to SUSY, composite Higgs, large extra dimensions

require the presence of new physics right above the Fermi scale , whereas

the BSM models based on scale invariance (quantum or classical) may

require the absence of new physics between the Fermi and Planck scales
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Where is new physics?
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Systematic approach to Hidden

Sector Particles

If new hidden particles are light, they must be singlets with respect to

the gauge group of the SM. So, they may couple to different singlet

composite operators (portals) of the SM

dim 2: Hypercharge U(1) field, Bµν : vector portal. New

particle - dark photon; renormalisable coupling - kinetic

mixing

εBµνF
′µν

dim 2: Higgs field, H†H: Higgs portal. New particle - “dark”

scalar; renormalisable couplings

(α1S + αS2)H†H
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dim 21
2

: Higgs-lepton, HTL: neutrino portal. New particles -

Heavy Neutral Leptons, HNL; renormalizable couplings

Y HT N̄L

dim 4: New particles - ALPs (axion like particles), pseudo-scalars:

axion portal. Non-renormalizable couplings,

a

fA

GµνG̃
µν ,

a

fA

∂µJ
µ, etc

Jµ - some SM current

...
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New vector particles: motivations

Structure of the SM gauge group SU(3)×SU(2)×U(1) may

descend from a larger (e.g. GUT) group, and low energy theory

symmetric under SU(3)×SU(2)×[U(1)]n is possible. Examples:

gauging of the B − L “accidental” global symmetry of the SM;

messenger between left and right mirror particles (spontaneous

parity breaking)

Possible solution of muon g − 2 discrepancy

γ

A′

e

ε ε

µ
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Mediator of interaction with Dark matter

Light dark matter with M as small as few MeV: increase of

annihilation cross-section of

DM particles. Used for DM explanations of the positron excess;

γ ′ γε

χ

χ∗

e−

e+

χ̄

χ V

V

e+, µ+, ...

· · ·

e−, µ−, ...

· · ·

Self-interacting dark matter: core-cusp problem in dwarf

galaxies, too-big-to-fail problem (excess of massive sub-halos

in N-body simulations of Milky Way type galaxies)
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Vector portal: phenomenology

Production

Meson decays, such as η, ρ, π, ... → γA′; Bremsstrahlung

processes pp → ppA′; Direct QCD production

q q̄ → A′, q g → A′ q

Decays

A′
→ l+l−, A′

→ hadrons, A′
→ χχ̄

Example of constraints

– p. 8



New scalars: motivations

LHC: fundamental scalar boson exists in nature. There are many quarks, leptons,

vector bosons. Why the Higgs boson should be unique? In fact, all BSM models

contain extra scalars.

Hierarchy problem (mirror world with twin Higgs, neutral naturalness)

Inflation is most probably driven by a scalar field

Candidate for dark matter

Electroweak baryogenesis (new scalar can make the EW phase transition of the

first order, resulting in thermal non-equilibrium)

pseudo-Nambu-Goldstone bosons (PNGB) of a spontaneously broken symmetry

neutrino masses

flavour problem

SUSY and extended SUSY, R-parity violation

Hidden Valley scenario: low mass hidden sector coupled to the SM through

mediators of different nature

– p. 9



Scalar portal: phenomenology

Typical Lagrangian:

(α1S + αS2)H†H + LSM + Lhidden

Production

Direct production p + target → S + ...

Production via intermediate (hadronic) state

p + target → mesons + ..., and then hadron → S + ....

– p. 10



Decays

Subsequent decay of S to SM particles
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gg

ss

cc

Through mixing with Higgs Example of constraints,

g∗ = α1V/m2
h
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New neutral leptons: motivations

Origin of active neutrino masses via see-saw

Left-right symmetry

Dark matter candidate

Baryon asymmetry of the Universe

Natural completion of the Standard Model in neutrino sector
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Neutrino portal: phenomenology

Production via intermediate (hadronic) state

p + target → mesons + ..., and then hadron → N + ....

Subsequent decay of N to SM particles

– p. 13



Neutrino portal: cosmological and

experimental constraints

0.2 0.5 1.0 2.0 5.0 10.0
10!12
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M !GeV"

U
2

BAU

BAU

Seesaw

BBN

PS191

NuTeV

CHARM

Constraints on mixing angle U2 coming from the baryon asymmetry of

the Universe, from the see-saw formula, from the big bang

nucleosynthesis and experimental searches.

Left panel - normal hierarchy, 2HNL+1 DM HNL; right panel - 3 HNL .
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Axion-like particles and PNGB:

motivations

Well known example: axion to solve strong CP-problem (different mass

region, cannot be searched at SHiP)

String theory compactifications: axiverse with ALPs with masses taking values

distributed across every scale of energy

Pseudoscalars in extended Higgs sectors (e.g. NMSSM)

Large extra dimensions with relatively small fundamental Planck scale

PNGBs of spontaneously broken global flavour symmetries : familons

Dark matter - mediation of interactions between SM and DM particles

Typical interaction:

a

fA

GµνG̃
µν ,

∂µa

fA

ψ̄γµγ5ψ, etc

– p. 15



Axion portal: phenomenology

Production

Drell-Yan production of photon qq̄ → γ∗, followed by Primakoff production of

ALPs γ∗ → aγ

meson decays, e.g. B → Ka

Decays

a → γγ, a → l+l−, etc

Example of constraints














 



 

 













        

























 










 






Coupling to 2 photons, gAγ ∝ 1/fA

Coupling to all fermions
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Light SUSY particles: motivations

SUSY: general framework for addressing hierarchy problem and Grand

Unification. The prejudice that SUSY particles are heavy comes from

the minimal models such as MSSM or CMSSM

Unstable neutralino in models with R-parity breaking (then DM

candidates - axino or axion)

Scalar and pseudoscalar sgoldstinos coming from SUSY breaking

(e.g. no-scale SUGRA)

Pseudo Dirac gauginos χ1,χ2: dark matter candidate χ1

SUSY partners of axion: axino and saxion

SUSY partners of dark photons: hidden photinos γ̃, γ̃′, ... (string

theory compactifications)

– p. 17



Light SUSY particles: phenomenology

Neutralino: similarity with HNL

Sgoldstino: similarity with ALPs

Pseudo Dirac gauginos: pp → χ2 + χ1,2, χ2 → χ1 + l+l−

Photinos: B → Kγ̃γ̃, γ̃ → γ̃′ + l+l−

Saxions: similarity with ALPs

Axinos: similarity with neutralino

– p. 18



Examples of constraints

SUSY breaking scale

as a function of

sgoldstino mass

RPV neutralinos

λ- amplitude of RPV

Pseudo-Dirac fermion

1/Λ2 - interaction

with SM fields

– p. 19



Summary

Two distinct possibilities exist:

There is BSM physics with a new energy scale (SUSY , GUT,

extra dimensions, new strong dynamics, etc) but there are also

light particles in the spectrum

Examples: dark photon, light scalars, pseudo-Goldstone bosons

of high energy symmetries, RPV neutralino, sgoldstino, . . .

Standard Model plus some light particles is valid up to very high

energies. No new physics between Fermi and Planck scale

Example: heavy neutral leptons

SHiP at CERN offers a possibility to discover these new particles

– p. 20



Tau neutrino physics and precision

measurements

τ -neutrino charged current cross section (∼ few × 103 events)

(present situation: 9 events in DONUT and 5 events in OPERA).

Discovery of ν̄τ

Determination of ντ , ν̄τ DIS structure functions F4 and F5.

Update of DIS of muon (∼ 2 Mio events) and electron neutrinos

(∼ 1 Mio events)

αs measurement via Gross-Llewellin Smith sum rule

EW parameters sin2 θW

Charmed pentaquark searches

Tau neutrino magnetic moment (cross section of elastic scattering

on electron)

Lepton flavour violation, τ → 3µ (current limit 2 × 10−8,

improvement to $ 10−10)
– p. 21
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Common experimental features of Hidden Sector (HS) 
!  Production through hadron decays (!, K, D, B, proton bremsstrahlung, !) 
 
!  Decays: 

!  Full reconstruction and PID are essential to minimize model dependence 

!  Production and decay rates are strongly suppressed relative to SM 
      - Production branching ratios O(10-10) 
      - Long-lived objects 
      - Travel unperturbed through ordinary matter 
 
!  Challenge is background suppression ! requires O(0.01) carefully estimated 

!  Physics with "# produced in Ds decays share many of these features 



,-$

General experimental requirements 

!  Search for HS particles in Heavy Flavour decays 
 
!  HS produced in charm and beauty decays have 
     significant PT 

!  Detector must be placed close to the target to maximize geometrical acceptance  
 
!  Effective (and “short”) muon shield is essential to reduce muon-induced backgrounds 

,-$!"!#$%&'($)'))*%(+$,-./$01('+$,234$

Opening angle of the 
 decay products in N"µ!  
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The SHiP experiment 
( as implemented in Geant4 ) 



The Fixed-target facility at the SPS (Prevessin North Area site) 
Proposed implementation is based on minimal modification to the SPS complex 

The SHiP facility is located 
on the North Area, and  
shares the TT20 transfer 
line and slow extraction 
mode with the fixed target  
programmes    

!"!#$%&'($)'))*%(+$,-./$01('+$,234$ ,4$
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Initial reduction of beam induced backgrounds 
 
-  Heavy target to minimize neutrinos from  !/K ! µ" decays 
-  Hadron absorber 
-  Effective muon shield (without shield: muon rate ~1010 per spill of 5"1013 pot) 
-  Slow (and uniform)  beam extraction ~1s to reduce occupancy in the detector 

 SHiP beam-line 
(incompatible with conventional neutrino facility) 

Multidimensional optimization: beam energy, 
beam intensity, background conditions and detector acceptance 
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Design consideration 
!  High temperature 
!  Compressive stresses 
!  Erosion/corrosion 
!  Material properties as a function of irradiation 
!  Remote handling  

SHiP target 
Main requirements: 
-  Maximize Heavy Flavour production !  use material with high A  
-  Minimize production of neutrinos from ! decays ! shortest possible $int  
 
Peak power per spill ~2.56 MW 

SHiP Target Assembly 

Longitudinally segmented hybrid 
target: Mo(58cm)/W(58cm)  

Pressurized water cooling of 15-20 bar 
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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 
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"# detector follows the concept of OPERA 

Emulsion Cloud Chamber 
Is a key element of "# detection 



HS detector concept 
(based on existing technologies) 

!  Reconstruction of  HS decays in all possible final states  
       Long decay volume protected by various Veto Taggers, Magnetic Spectrometer 
       followed by the Timing Detector, and Calorimeters and Muon systems. 
       All heavy infrastructure is at distance to reduce neutrino / muon interactions in 
       proximity of the detector 

Challenges: 
 - Large vacuum vessel 
 - 5 m long straw tubes 
 - Timing detector with ~50 ps resolution 

!"!#$%&'($)'))*%(+$,-./$01('+$,234$ -2$
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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$
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MC simulation: FairShip 
(based on FairRoot) 

!  Physics signals and backgrounds simulated using PYTHIA 6/8 and GENIE 

!  GEANT4  to follow particles through the detector 

!  Simulation of the Muon shield 
    performance validated with data 
    from the CHARM beam-dump 
    experiment ! very good agreement 

Compare data with simulation 
at 5 distances from the CHARM target 
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Backgrounds (1) 
Main sources of background 
 
!  Neutrino DIS interactions with material in the vicinity of the 
     HS decay volume (interactions of 
     " with air in the decay volume are 
     negligible  at 10-3 mbar)  

Combination of veto and selection cuts reduces the "-induced background to zero 

5.2. SENSITIVITY TO HIDDEN SECTOR PARTICLES 153

with the number of particles in the event. The rejection of the selection requirements instead

is higher for a lower particle multiplicity. Hence, it complements the veto requirement. The

combination of the selection and the veto requirements allows reducing the neutrino induced

background to zero. The overall set of requirements is redundant and can be used for various

cross checks.
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Figure 5.5: Rejection efficiency of the selection requirements and the efficiency of the veto

requirements as a function of the charged and neutral multiplicities of the neutrino interactions.

5.2.1.2 Background from muon inelastic scattering

Essentially all muons will eventually reach the cavern wall. Due to the design of the active

shielding, which matches the momentum of a muon with the necessary
�
Bdl to miss the decay

volume and the SHiP spectrometer, most of the muons hit the cavern wall with a shallow

angle downstream of the decay volume (Figure 5.6). V
0
particles (KL, KS, Λ) produced in

muon inelastic scattering with nucleons of the concrete walls preferentially travel even further

downstream or stop in the concrete, see Figure 5.7. Simulating such events by placing the

muon interaction events simulated with Pythia 6 [179] at the place where the muons hit the

concrete walls shows no induced background activity in the SHiP spectrometer. Folding the

flux of muons with the cross section for inelastic collisions (Figure 5.8) as function of the muon

momentum, the simulated data set corresponds to about 2.5 · 1017 protons on target. Although

this is still a factor 1000 below the total statistics of the experiment, there are no signs that

this is causing a serious background. The study will be continued when more details about the

material distribution in the experimental hall is known.

A second source for such background events are muons which are not sufficiently deflected

and which hit material close to the entry of the decay volume. This background is similar to the

one caused by neutrino inelastic interactions. The requirement for the design of the muon shield

is to reduce the muon rate to a level that this background becomes similar to the irreducible

background from neutrino interactions. Making the simple model, that only interactions in

the last interaction lengths close to the decay volume produce V
0
particles which eventually

decay inside, a rate of 5 · 103 muons with E = 100GeV per spill would produce about as

many muon interactions as neutrino interactions. Assuming a veto efficiency of 90%, a rate of

∼ 50 · 103 muons per spill can be safely tolerated.

Origin of neutrino interactions 
   - Walls of the decay volume (>80%) 
   - Tau neutrino detector 
   - HS tracking system 

Neutrino tomography 

Veto efficiency increases 
with event multiplicity  
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Backgrounds (2) 
!  Muon combinatorial background  

     Simulation predicts O(1012) muon pairs in the decay 
     volume in 5 years of data taking 
 
     Suppressed by: 
       - Basic kinematic and topological cuts   ~104 
       - Timing veto detectors  ~107  
       - Upstream veto and surrounding veto taggers ~104 
 

!  Muon DIS interactions 
      - V0s produced in the walls of the cavern 
     - DIS close to the entry of the decay volume  
        ! smaller than neutrino induced background 
       
!  Cosmics 
 
!  Background summary: no evidence for any irreducible background   

Studies with larger simulated samples of backgrounds are ongoing 

154 CHAPTER 5. PHYSICS PERFORMANCE
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Figure 5.6: Distribution of the muon interaction point in the concrete walls of the experimental

hall as function of ∆z, distance to the start of the decay volume and transverse distance to the

beam axis.
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Figure 5.7: Distribution of the V
0
end vertex as function of ∆z (left), distance to the start of

the decay volume (middle), and transverse distance to the beam axis (right).

From the full simulation of the residual muon background, we observe a rate of about 7000 of

fully reconstructed muons per spill inside the SHiP spectrometer with energies up to 200 GeV.

For each of these muons, we generate 10000 muon interaction events with Pythia6, which we

distribute along the muon flight path proportional to the material density seen by the muon.

The products of these interactions are then further processed with the FairShip simulation

respectively Geant4, followed by a track and vertex reconstruction. The distribution of the

muon interaction as function of the distance to the entrance of the decay volume and the

transerve distance to a virtual beam line is shown in Figure 5.9. Most of the interactions occur
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Signal yield 

The same procedure applied to all physics signals, outlined here for HNLs: 

!  N(p.o.t.) = 2"1020 
 
!    

-   %(pp ! cc) = 1.7"10-3,  %(pp ! bb) = 1.6"10-7 are production fractions for 
    400 GeV proton colliding on a Mo target 
-  U2 = U2

e+U2
µ+U2

# (ratio between different  LF is model dependent)  

!  Pvtx - probability that HNL (of a given mass and couplings) decays in the 
              SHiP fiducial volume 
 
!  Atot (HNL!visible) – detector acceptance for all HNL final states,  
    HNL ! 3", !0", !+l-, &0", &+l-, l+l-"'
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Reconstruction and selection efficiencies 

Example is shown for 
HNL ! µ! , M(HNL) = 1 GeV 

6"7"482(# 944":*.(4"# ;<41"(4=#>?@#

Event not vetoed 4.87!10-6 ?47@$

"2 / n.d.f. < 5 for both tracks# 4.87!10-6 322$

n.d.f. > 25 for both tracks 4.37!10-6 @A7?$

B'.C'D$*($E/1=*9>$F%>1G'$ 4.34!10-6 AA7-$

H.9=I)$*($E/1=*9>$F%>1G'$ 4.34!10-6 322$

J('.KL$*($J#MN$O$342$P'B$ 4.34!10-6 322$

3$G1%($*($3)C$G1%($)C9<%($ 4.30!10-6 AA73$

3$G1%($*($,(/$G1%($)C9<%($ 4.22!10-6 A@7,$

QR#M$S$-2$=G$ 4.22!10-6 322$

T"$S$,74$G$ 4.22!10-6 322$

For M(HNL) = 1 GeV with U2 =  10-8  
and BR (HNL ! µ!) =20%, 
 expect ~330 signal events 

Typical Pvtx  " A " Selection ~ 10-6  



!"!#$%&'($)'))*%(+$,-./$01('+$,234$ -?$

Sensitivity to HNLs for representative scenarios 
(moving down to ultimate see-saw limit)  

U2
e: U2

µ: U2
#~52:1:1 

Inverted hierarchy 
U2

e: U2
µ: U2

#~1:16:3.8 
Normal hierarchy 

U2
e: U2

µ: U2
#~0.061:1:4.3 

Normal hierarchy 

U2
e: U2

µ: U2
#~48:1:1 

Inverted hierarchy 
U2

e: U2
µ: U2

#~1:11:11 
Normal hierarchy 

Scenarios for which 
baryogenesis was 
numerically proven  
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Sensitivity to dark photons 
!  Production: 
 - mainly decays of !0 ! (’(, ) ! (’(, * ! (’!0 and )’ ! (’( '
 - a la proton bremsstrahlung  (above +QCD one should consider parton bremsstrahlung, 
   currently is approximated by the form factor) 
 
!  Decay  
  into a pair of SM particles by mixing again 
 with the SM photon 

SHiP sensitivity (only p-bremsstarhlung) 

With new QCD calculations  
(still in progress) actual sensitivity  

extends to higher masses O(10 GeV)  
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Sensitivity to hidden scalars 
(mixing with the SM Higgs with sin2,) 

!  Production: 
 - mostly penguin-type decays of B and K decays 
   (D decays are strongly suppressed by CKM) '
 
!  Decay  
  into e+e-, µ+µ-, !+!+,KK, )), ##, DD, !  SHiP sensitivity 

SHiP probes unique range of 
couplings and masses, thus 

  complementing existing limits 
from CHARM and B-factories   
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Neutrino detection 

!  Unique capability of detecting all three neutrino flavours  
 
   - "# / "#  ! " interaction and # decay vertices in emulsion target 
   - "e        ! electrons producing em shower in emulsion target 
   - "µ             ! muons identified by TT, DTT and the muon  
                     spectrometer of the tau neutrino detector 
 
!  Separation between tau and anti tau-neutrinos by the charge measurement 
 
   - charge of hadrons is measured by CES 
   - charge of muons is measured by CES and magnetic spectrometer  

Different topologies of muons 

DTT 

$ " hX# $ " 3hX# $ " µX#
#%..'=C$
=89.K'$$

70% 49% 94% 

U.%(K$
=89.K'$

0.5% 1.0% 1.5% 

%tot  (%) #

$ " µX# 62$

$ " hX# 6,$

$ " 3hX# 6-$

$ " eX# 46$
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Signal and background yields 
!  Copious production in Ds ! #"#: 

& spectra in the detector #

!  Main backgrounds in two vertex signal topology are hadron re-interactions 
    and decays of charmed particles  
 
!  Expected number of signal 
    and background events for 
    different detection channels 
    (lepton number can not be 
      determined in # ! eX) 

&$ and &$ cross sections  #&$ produced in Ds is softer  #
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Structure functions F4 and F5  
F4 and F5 , neglected in muon neutrino interactions, give significant contribution 
to the tau neutrino cross-section:   

SHiP will provide 3- evidence for non-zero F5 (F4 is ~1% of F5) for neutrino 
energies below 20 GeV 

$$$$ $$$$
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Neutrino induced charm production 

&-induced#

&-induced#In emulsion charm decays can be reconstructed 
in many channels without kinematical constraints 

Charmed hadron production in anti-neutrino interaction selects Cabibbo favoured 
anti-strange quark in the nucleon ! useful for constraining s+=s(x)+s(x) and 
s-=s(x)-s(x)  
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Project organization: cost and resources 
SHiP Collaboration at the time of TP:   

 -   243 members from 45 institutes in 14 countries 
-  Admission of several additional institutes pending 

Current commitments for preparation of TP and TDR 
A2&:2("(*# A2/(*01"B# C(B8*/*"B#
V'9G>*('$9(/$C9.K'C$ #JWX$ #JWX$

T(Y.9)C.1=C1.'$ #JWX$ #JWX$

P1%($)8*'>/$ Z:$ WMN+$TG&'.*9>$#%>>'K'+$U9.[*=I$

;!$F9=11G$F'))'>$$ W1))*9$ XW#$:T$

!C.9[$C.9=I'.$ W1))*9+$#JWX$ 0TXW+$PJ"8T+$"X"T+$#JWX$

;!$)&'=C.%G'C'.$G9K('C$ $$ $$

J#MN$ \.9(='+$TC9>L+$W1))*9$ THJ"+$R.)9L+$T;J"+$TX\X]V%>%K(9$

;#MN$ TC9>L+$W1))*9+$!['/'($ THJ"+$T;J"+$TX\X]V%>%K(9+$!C%=I8%>G$

P1%($$$ TC9>L+$W1))*9$ TX\X]V%>%K(9+$TX\X]#9K>*9.*+$TX\X]N9^7$X9_7$\.9)=9<+$

$$ $$ TX\X]\'..9.9+$TXW$WM!+$PJ"8*$

!1..%1/*(K$^9=IK.%1(/$C9KK'.$ `'.G9(L+$W1))*9$ V'.>*(+$N"X;J+$PJ"8T$

H*G*(K$/'C'=C%.$9(/$1&)C.'9G$F'C%$ \.9(='+$TC9>L+$W1))*9+$![*C_'.>9(/$ a1.*=8+$`'('F9+$TX\X]#9K>*9.*+$R.)9L+$N"X;J$

H91$('1C.*(%$'G1>)*%($C9.K'C$ TC9>L+$09&9(+$W1))*9+$H1.I'L$ TX\X]X9&>')+$TX\X]V9.*+$TX\X]N9^7$X9_7$`.9($!9))%+$

X9K%L9+$X*8%(+$M*=8*+$:%^'+$P%)=%[$!Z+$

$$ $$ N'^'/'F+$H%8%+$P*//>'$J9)C$H'=8(*=9>$Z(*F'.)*CL+$M(I9.9$

H91$('1C.*(%$C.9=I'.$b`JPc$ TC9>L+$W1))*9$$ XW#$:T+$TX\X]N9^7$X9_7$\.9)=9<$

H91$('1C.*(%$/'C'=C%.$G9K('C$ TC9>L$ TX\X]N9^7$X9_7$\.9)=9<+$TX\X]V9.*+$TX\X]X9&>')+$

$$ $$ TX\X]W%G9$

H91$('1C.*(%$C.9=I*(K$bW"#c$ TC9>L$ TX\X]N9^7$X9_7$\.9)=9<+$TX\X]V9.*+$

$$ $$ TX\X]N9^7$X9_7$`.9($!9))%+$TX\X]X9&>')+$TX\X]W%G9$

H91$('1C.*(%$C.9=I'.$b/.*d$C1^')c$ `'.G9(L$$ ;9G^1.K$

R(>*('$=%G&1<(K$ Q'(G9.I+$W1))*9+$!['/'(+$Z:+$#JWX$ X*'>)$V%8.+$Z&&)9>9+$Z#N+$e!QM+$N";XJ+$#JWX$

Rf*('$=%G&1<(K$ W1))*9+$#JWX$ e!QM+$#JWX$

P#$)*G1>9<%($ V1>K9.*9+$#8*>'+$`'.G9(L+$TC9>L+$W1))*9+$ !%E9+$TX\X]#9K>*9.*+$TX\X]N9^7$X9_7$\.9)=9<+$

![*C_'.>9(/+$H1.I'L+$Z:+$ZI.9*('+$ TX\X]X9&%>*+$a1.*=8+$`'('F9$9(/$J"\N$N91)9(('+$

Z!M+$#JWX$ B9>&9.9*)%+$V'.>*(+$"X"T+$XW#$:T+$!TX"$P!Z+$PJ"8T+$

P*//>'$J9)C$H'=8(*=9>$Z(*F'.)*CL+$M(I9.9+$V.*)C%>+$e!QM+$

$$ $$ TG&'.*9>$#%>>'K'+$\>%.*/9+$:L*F+$#JWX$
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Project schedule 
Accelerator schedule 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 

  LHC   Run 2 LS2   Run 3 LS3   Run 4 

  SPS                                                         

      

Detector R&D, design and TDR Production Inst. Installation   

  Milestones TP TDR CwB   CwB Data taking 

Facility Integration CwB   

  Civil engineering Pre-construction  Junction - Beamline - Target - Detector hall   

  Infrastructure   Inst. Installation     

  Beamline R&D, design and TDR Production Inst. Installation Installation   

  Target complex R&D, design and TDR Production Installation   

  Target           R&D, design and TDR + prototyping Production Installation $$ $$ $$ $$                             

10 years from TP to data taking 
!  Schedule optimized for almost no interference with operation of North Area 

" Preparation of facility in four clear and separate work packages (junction cavern, 
beam line, target complex, and detector hall) 
" Maximum use of LS2 for junction cavern and first short section of SHiP beam line 

!  All TDRs by end of 2018 
!  Commissioning run at the end of 2023 for beam line, target, muon shield and background 
!  Four years for detector construction, plus two years for installation 
!  Updated schedule with new accelerator schedule (Run 2 up to end 2018, 2 years LS2) 

relaxes current schedule  
# Data taking 2026 

#%GG*))*%(*(K$
$[*C8$^'9G$
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Project organization: Cost and resources 

!  CERN manpower for preparation of entire facility and installation: 103 FTEs 
- Fellows (6.3 MCHF) included in cost  

!  CERN resource requirements for TDR phase (3years) excluding integration   
      and CE : ~3.2 MCHF and 12.5 FTEs 

!  CE preparatory cost (integration, design, EIA, permit, tendering, 2.5 years) 
       ! 2.5 MCHF  and 12.5 FTEs  
 

Detector breakdown 

Overall cost of SHiP facility 
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Hidden Sector experimental constraints in future  

   HNL     

Dark photon     

!  MHNL< Mb 
LHCb, BelleII 
SHiP will have much better sensitivity 
 
!  Mb<MHNL<MZ  FCC in ee mode 

!  MHNL>MZ   Prerogative of ATLAS/CMS 
     @ HL LHC  

!  SHiP will have unique sensitivity for “heavy” 
     dark photons 
!  HPS is expected to cover new range of 
     .2 in a couple of years 
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SHiP at CERN @ 400 GeV vs XXX at Fermilab @ 120 GeV  

###########
6D1E#

FFF##
G,#&#72()#.(H#.*#IJ#&#

K02&#*+"#*.0)"*###
Npot  / year delivered at ~1s extraction 4!1019 ~5.3!1020 

'cc (Ebeam), au # 1 1/7 
$

Detector acceptance (E), au $3$ 276$

H.9g'=C%.L$%Y$G$*($\'b37@Hc$

  Assume: 
  - Hypothetical detector XXX has similar size to the SHiP detector 
  - Slow beam extraction (*) 
  - The target with the same material (*) 
  - Full background suppression 
  - Dedicated to XXX operation (in conflict with neutrino programme)   
(*) – technical feasibility to be demonstrated for XXX 

!  Similar performance for HS produced in charm decays 
    Sensitivity for HS produced in B decay is severely compromised, -bb (120/400) = 625   
!  Really poor prospects for tau neutrino physics at 120 GeV beam energy 
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Summary 

!  SHiP is proposed to search for New Physics in the largely unexplored 
     domain of new, very weakly interacting particles with masses O(10) GeV 
 
!  Also unique opportunity for "# physics 

!  Sensitivity improves previous experiments by O(10000) for Hidden 
       Sector and by O(200) for "# physics 
 
!  The technical feasibility of the SHiP facility has been demonstrated 
     by the CERN Task Force. Great thanks ! 
 
!  The impact of the discovery of a new light hidden particle is hard to 
      overestimate ! 
 
!  SHiP will greatly complement searches for New Physics 
     at energy frontier at CERN 


