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      Search for Hidden Particles  
 

Поиск частиц, из которых может состоять Темная материя 
         

52 института из 17 стран 
 

SHiP Technical Proposal 2015 
SHiP Physics Paper 2015 

 
“Sensitivity of the SHiP experiment to Heavy Neutral  Leptons”  

SHiP Coll., subm. JHEP Nov. 2018 
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Section 1: Introduction
1.1 Physics Landscape in 2015

- Discovery of Higgs makes Standard Model complete in terms of its constituents
- Experimental evidences of BSM makes us certain that the SM is not complete

1.2 Physics Landscape in 2018
The Landscape of 2015 has not changed after completion of the LHC Run 2 
and other world-wide experiments !
- Intriguing LHCb hints of LFV, if confirmed, will not determine the scale of NP
Possible explanations may involve particles with O(keV), O(100 MeV) or well
beyond the reach of LHC 

- Significant advances in neutrino physics but no new knowledge on the scale of NP that drives neutrino
oscillations

- SHiP received significant amount of attention in the last 3 years

1.3 Overview of the SHiP developments and advances since the TP

SHiP citations

Physics	Paper

Technical	Proposallight dark matter and other super-weakly interacting light particles has also been included in the scientific139

goals of many presently running experiments [?, ?, ?, 36, 37, 37, 45–59].140

1.3 Overview of the SHiP developments and advances since the TP141

Despite an active experimental program of searches for HS particles, SHiP remains a unique dedic-142

ated experiment capable of reconstructing the decay vertex of HS particle, measuring its invariant143

mass and providing particle identification of the decay products in zero background environment.144

Moreover SHiP is also optimized to search for LDM scattering and for tau neutrino physics.145

Since the TP the SHiP design went through a significant re-optimization phase. Figure 2 shows the146

layout of the re-optimized SHiP detector. While the overall set-up of the detector remains unchanged, the147

geometry and the detector composition has been significantly modified, and technological studies have148

brought more maturity to the design. SHiP consists of the proton target, followed by a hadron stopper

Figure 2: Overview of the SHiP experiment as implemented in FairShip.

149

and an active muon shield, which sweeps out of acceptance the muons produced in the beam dump. Since150

the TP, the target has been extended from ten to twelve interaction lengths in order to reduce the hadronic151

shower leakage. Studies were made of reducing the weight of the muon shield to reduce its cost, and to152

minimize the distance between the target and the SHiP spectrometers to improve the acceptance of the153

spectrometers. The decision was therefore taken to start the first section of the muon shield within the154

hadron stopper by integrating a coil which magnetizes the iron shielding blocks.155

The SHiP detector itself incorporates two complementary apparatuses, the Scattering and Neutrino156

Detector (SND) and the Hidden Sector (HS) spectrometer. The SND will search for LDM scattering and157

perform neutrino physics. It is made of an emulsion spectrometer located inside a single long magnet158

with a field above 1.2 T at all points, and a muon identification system. The emulsion spectrometer is a159

hybrid detector consisting of alternating layers of an absorber, nuclear emulsion films and fast electronic160

trackers. The absorber mass totals O(10) tonnes.161

The HS spectrometer aims at measuring the visible decays of HS particles by reconstructing their162

decay vertices in a 50 m long decay volume. In order to eliminate the background from neutrinos163

interacting in the decay volume, it is maintained at a pressure of O(10�3) bar. To maximize the sensitivity164

to HS particles the muon shield was shortened in combination with changing the shape of the decay165

volume from an elliptic cylinder to a pyramidal frustum. The decay volume is followed by a large166

spectrometer with a rectangular acceptance of 5 m in width and 10 m in height.167

The main element of the HS spectrometer is the straw tracker designed to accurately reconstruct168

6

SHiP remains a unique dedicated experiment
capable of reconstructing the decays vertex of
hidden particle, measuring its invariant mass
and providing PID of the decay products in zero
background environment 
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HNLs
Production Decay

• Production and decays are both suppressed by U2 , so the sensitivity is 
proportional to U4


• If the mass is small enough they can be produced in semileptonic meson decays 
(pions, kaons, D-mesons, B-mesons), at higher masses they will be produced by W 
and Z

35Nico Serra - Physics Landscape in 10 years  9th Nov 2017
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Signal Signature

B, K, D, photons

SHiP target,  
W-Mo 

HNL
Beam: 
400 GeV/c protons 
4x1013 pot/spill 
2x1020 pot/5 years

At SPS energies:
σ (pp → ssbar X) /sigma (pp→ X) ~ 0.15 
 σ (pp→ c cbar X ) /sigma (pp→ X)  ~ 2 10-3 

 σ (pp → b bbarX) /sigma (pp→ X)  ~ 1.6 10-7 

29Nico Serra - Physics Landscape in 10 years  9th Nov 2017
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HS Spectrometer
Tracking  
system

magnet
Timing  
detector

Em & Hadron 
calorimeters

Muon 
system

1) Fully reconstructed signal:  at least two charged particles (+ π0 , γ ) e.g. N—>μ+π- 
or N—>ρ+μ-


2) Partially reconstructed signal (neutirnos in the final state) e.g. N—>μ+vv


4) Fully neutral channels  e.g. A—> γ γ

23Nico Serra - Physics Landscape in 10 years  9th Nov 2017
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HNLs
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Dark Photon

31Nico Serra - Physics Landscape in 10 years  9th Nov 2017
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Dark Scalar

90% UL exclusion

SHiP

Contours of constant DM 
nucleon cross section, where  
we assumed that S  acts as  
the mediator between DM  
and nucleons: 

⟶ current limits from LUX  
experiment  assuming  
m! ~ 5-10 GeV and k = 0.1 

90% UL exclusion

The SHiP Physics case, 
Rept.Prog.Phys. 79 (2016) no.12, 124201

h
S

e+e-, π+π-, K+K-, µ+µ-, …   
detected in the downstream spectrometer

 b,d  s,u

 g*

32Nico Serra - Physics Landscape in 10 years  9th Nov 2017
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Physics signals

28Nico Serra - Physics Landscape in 10 years  9th Nov 2017
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Straw Tracker R&D 
 

ПИЯФ 
       В.Т. Ким 
       Е.В. Кузнецова       
       О.Л. Федин 
       В.П. Малеев 
       В.Л. Головцов 
       Л.В. Уваров 
       Н. Грузинский 
       В.И. Яцюра 
       Г.Е. Гаврилов  
       С.А. Насыбулин 
 
       А.Я. Бердников                        СПбПУ 
       Я.А. Бердников 
       А.В. Зеленов 
       В.М. Соловьев        
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Заключение 

    SHiP  Straw Tracker: 
-  production technology
-  event reconstruction
-  physics performance
-  digital read-out: conception
-  test beam stand and data analysis

SST Meeting, PNPI NRC – SPbPU, May 23-25, 2018  
     
 Status:  R&D  Midterm Preparation 

     2019-2020       European Strategy 
               2020      can be approved    
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