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• Proposal for a new beam dump 
facility at the CERN SPS 

• Hidden sector detector 

• Tau neutrino detector 

• 235 authors from 45 institutes and 
15 countries + CERN 

• Technical Proposal is submitted in April 
2015 (arxiv.org/abs/1504.04956) 

• Physics Proposal signed by 85 theorists 
(arxiv.org/abs/1504.0855) 

• SPSC positive recommendation in 
January 2016 

The SHiP experiment 



• Look for Beyond Standard Model in : 

• High Energy Frontier : LHC 

• Intensity Frontier : SHiP 

• Look for long lived neutral (hidden) particle 
from beam dump 

• nt beam source 

• Ds t nt  

Primary motivation 



 Explore hidden portals of the SM using > 2×1020 p.o.t. 
( >1017 D, >1015 t ) 

 Heavy neutral lepton in various states 

 Dark photon 

 SUSY neutralino …. 

 See more detail on http://ship.web.cern.ch/ 

 Neutrino interactions (expect ~3500 nt interactions 
identified in 9.6 tons emulsion target)  

 nt and anti- nt physics, cross-section 

 Physics in nt  scattering, structure function, magnetic 
moment. 

 Charm physics in neutrino and anti-neutrino interactions 

 

SHiP (Search for Hidden Particles) 
Physics objectives 



Physics programs 



• We started look for tau neutrino since 1994 in CERN 
WA95 CHORUS (SBL nmnt oscillation). 

• Fermilab E872 DONUT (1997) 
• First observation : Phys. Lett. B504 (2001) 218-224 

• Cross-section : Phys. Rev. D78 (2008) 052002 

• 9(7.5) tau neutrino candidate events 

• const (nt)=(0.390.130.13)10-38 cm2 GeV-1  

• CERN CNGS1 OPERA (2008-2012) LBL nmnt  
• 5 tau neutrino, 5.1 : Phys. Rev. Lett. 115 (2015) 121802 

• Only 14 tau neutrino events ever observed. 

Tau neutrino (Main in this talk) 



North area 

Experiment site 
North Area 



Proton beam 

Momentum : 400GeV/c 

Beam intensity : 4-5 x 1013 /cycle 

Cycle length : 7.2 s 

Spill duration : 1 s (slow spill) 

Average power : 400kW (during spill ~3MW) 

Expected spot size (H/V) : 6mm/6mm 

4x1019 pot / year → 2x1020 pot for 5 years 

Very same with CNGS performance 

Plan was 2.25x1020 but 1.8x1020 was delivered. 

Beam parameters for SHiP 



 Segmented Mo and W 
target actively cooled with 
water. 

 Beam on target 

 Sweep is necessary like LHC 

Beam dump target 

 In case of no sweep, the target would 
not melt but will fail by pressure. 

 1.2 DPA (displacement per atom) with 
2x1020 pot 



Reconstruction of the HNL decays in the final states: m-p+, m-r+ &  e- p+  

SHiP (Search for Hidden Particles) 
Beam dump experiment like DONUT 

Initial detector concept  

120m 
400GeV/c proton 



Charm production by 400GeV, detector acceptance at 
60m and tau neutrino cross-section 

 DONUT/SHiP → 1/(0.36 x 0.2 x 0.52)  ~ 27 

Proton on target for SHiP and DONUT 

 SHiP/DONUT → 2x1020 / 3.6x1017 ~ 560 

Target mass 
 SHiP/DONUT → 9600kg/260kg ~ 37 

Overall advantage against DONUT → 560*37/27 ~ 770 

 

Assuming OPERA like brick (8.3kg) → 1155 bricks 
 1155/150 000  =  0.8% of OPERA experiment 

Comparison with DONUT 



SHiP neutrino detector 

10 m 



• Emulsion Cloud Chamber (ECC) 
technology used in OPERA and DONUT 

• Lead plates (high density material for the 
interaction) interleaved with emulsion 
films (tracking devices with µm resolution) 

 

The neutrino target 



Detector design with CES 

Target region: 11 mini-walls 
One wall contains 15x7 
bricks 
Mass ~ 8.3kg x 15x7 x 11  ~ 
9.6 ton 
 
Charge determination not 
only for muonic channel. 
 
MC simulation of CES 
provide 53% charge 
determination for hadrons 
 



Three emulsion films interleaved with 
1.5cm air gap in magnetic field (~1T), 
3cm thick compact spectrometer. 

H. Shibuya et al, NIM A592 (2008) 56 

  

Compact Emulsion Spectrometer 



• three emulsion films interleaved 
with two, 15-mm thick, Rohacell 
layers 

• 90% efficiency for hadronic τ 
daughters reaching the end of ECC 
brick in a 1 T field 

• sagitta method used to 
discriminate between positive and 
negative charge 

Performance 

• electric charge can be determined 
with better than 3 σ level up to 10 
GeV/c 

• Momentum estimated from the 
sagitta Δp/p < 20% up to 12 GeV/c 

Separation ντ /anti-ντ 



Evolution of the Scanning Speed 
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Computers 
with GPU board 

Optics 
Sensor & 
Camera 

High-speed 
precision stage 

X Y 

Z 

HTS 



Resolution : ~420nm 
N.A. : 0.65 
Light source : G-line (436nm) 
Magnification : ×12.2 
F.O.V : 5.1 (H)×5.1 (V)mm 
 
#of image plane 6 
 (by Beam splitter) 
 
Weight : 90kg 
Total length : 844mm 



Divide FOV into 72 parts. 

Need the sensor of 2M pixel and 340fps. 

Specially ordered Mosaic Imager  

5mm 

5mm 

×6 

F.O.V. of HTS 

~0.2mm 

S-UTS 



Detection of ντ
CC

 in DONUT  
All tracks in the Scanning 
region（4179 tracks） 

Reject passing 
through tracks 

(420 tracks 
remained） 

Reject Low 
momentum tracks 

(114 tracks 
remained） 

Vertex detection : 

Neutrino interaction and decay 

of short lived particles 

Interaction 

Point  

Decay 

Point of 

t 

 

neutrino  

 t 



• nm : muon reconstruction in the magnetic spectrometer 

• ne : EM shower detection in ECC 

• nt : tau decay topological detection and kinematics 

• Also charge determination by CES 

Neutrino Flavor Identification 



• Rich tau neutrino content 

• 0.45% relative to muon neutrino 

• 3.0% relative to electron neutrino 

Neutrino interaction 
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Φ <E> (GeV) 

νμ 1.7x106 29 

νe 2.5x105 46 

ντ 7.6x103 59 

Anti-νμ 6.7x105 28 

Anti-νe 9.0x104 46 

Anti-ντ 3.9x103 58 

Rates for five years of nominal 
operation with 2 x 1020 protons on target 



Signal and background 

SIGNAL 

EXPECTATION 
R=S/B RATIO 

BACKGROUND 

Main background source: charm production in νµ
CC (anti-νµ

CC) 

and νe
CC (anti-νe

CC) interactions, when the primary lepton is not 

identified 



• Structure function only accessible by tau neutrino 

 

 

 

 

• Dependent on the lepton mass  

Physics with tau neutrino DIS 

F4 = F5 = 0 

SM 



 Unique opportunity to study tau neutrino physics 

 We have only 9 (DONUT)+5 (OPERA) tau neutrino CC  interactions. 
Study with 3500 tau neutrino interaction can be done in SHiP.   

 Unique chance to study tau and anti tau neutrino cross-section and  
anti neutrino charm production. 

 More than one order of magnitude. 

 Technical Proposal is submitted (April 2015) 

 Physics run from 2026 . 

 Detector design is also under way, CDR in 2018. 

 SPSC gave positive statement. Proceed to Comprehensive 
Design Report (CDR) in 2016-2018. 

 “Physics Beyond Colliders” kickoff workshop just took place 
at CERN on 6-7 September. 

Summary and prospect 



SHiP is in CERN Courier : March 2016 



Backup 



Planning schedule of the SHiP 

Form SHiP collaboration   → 2014  Done 
Technical Proposal   → April 2015  Done  
Comprehensive Design Report → 2016 – 2018 
Production Readiness Review → End of 2019 
Construction / production  → 2021- 
Data taking  of 2x1020pot  → 2026- 



Estimated cost 



Physics Reports 433 (2006) 127  JHEP 1309 (2013) 058  

PDG 2014 

Impact on nt YIELD 

31 



Charm production vs energy  

NA27 with 400 GeV 

protons 

Cacciari, Greco, Nason    JHEP 9805 (1998) 007 

Cacciari, Frixione, Nason JHEP 0103 (2001) 006  

arXiv: 1504.04855 SHiP Physics Proposal 32 



A massive neutrino may interact e.m.  

 magnetic moment proportional to its mass 

Assuming 5% systematics 

from DIS measurements 

SHiP can explore a region down to 

TAU NEUTRINO MAGNETIC MOMENT 

NC     

CC 

QE 

QE     
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Current 
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SIGNAL SELECTION 

Ee > 1 GeV 

33 

No interference as it involves a 
spin flip of the neutrino 



CHARM PHYSICS @SHIP 
• Fraction of neutrino-induced charm events 

• Convolution of CHORUS data with SHiP spectrum 

Expected charm exceeds the statistics 

available in previous experiments by 

more than one order of magnitude 

No charm candidate from νe  and ντ
 

interactions ever reported! 

In NuTeV   ~5100 νµ   

                 ~ 1460 anti-νµ 

In CHORUS  ~2000 νµ  

                      32 anti-νµ 
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