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Energy Frontier vs. Intensity Frontier 



Energy Frontier 

에너지 ↔ 질량 

High Energy ↔ Heavy Mass 

입자를 만들 수 있어야 입자를 볼 수 있다. 

 

22422 cpcmE 



Intensity Frontier 

사건 수 = 발생할 확률 X 시행 횟수 
 

사건이 일어나야 사건을 볼 수 있다. 
 
 



Energy Frontier Physics 

• 우주선 Cosmic Ray 

 

• 가속기  Accelerator 

 

• 충돌기 Collider 

역사적으로 



우주선 



Cyclotron  

Synchrotron  





ISR@CERN 
최초의 양성자-양성자 충돌장치 

Collider 



SLAC의 전자-양전자 충돌장치 



테바트론 
@페르미 국립 가속기 연구소, 1999- 

1.96 TeV (proton-antiproton) 
톱쿼크 발견 



LEP@CERN, 1989 – 2000 
91 – 208 GeV (e-e+) 
표준모형의 정밀 확인, 중성미자 종류 





Intensity Frontier Physics 

• 양성자 붕괴 

 

• B-factory 

 

• 암흑물질 검출 

 

• 중성미자 물리학 

 



양성자 붕괴 

 
양성자 → 렙톤 

 
 

표준모형 No 
 

대통일 이론 Yes 



대통일 이론의 자연스런 귀결 

 
모든 힘이 통일되면 

그 힘을 통해서  
쿼크와 렙톤이 상호

작용할 수 있다. 
 

e.g. 
p → π0e+ → γ γ e+  



IMB vs. Kamiokande 

IMB 

Kamiokande 



 
 

e. g. 

p → π0 e+ → γ γ e+ 

p → K0 μ+ → π+ π− μ+ → μ+ ν μ− ν μ+ 

p → K+ ν → μ+ ν ν 

 
  







중성미자 물리학 



중성미자는 본질적으로 Intensity Frontier Physics다. 

라이네스와 코원이  
중성미자를 처음 발견한  

사바나 강 실험 



• 태양 중성미자      ∼6500만/초/cm2 

 

• 발전소 중성미자      ∼1020/초  

 

• 가속기 중성미자  

         proton-nucleon → π → μ + ν 



Super-Kamiokande 



Kamiokande의 후속 실험 

물 5만 톤. 
 

11,200개  
광자 증배관 



Kamiokande - Kamiokande II - Super-Kamiokande 

일본 물리학의 영광 



Opera 
57장의 핵건판/블록,  3300개 블록/벽,  31*2중 벽 

v μ 

X 
B B 

Muon Spectrometer 



B factory 

Belle at KEK 
(Japan) 

 
SLD at SLAC 

(USA) 





암흑물질 검출 

천체물리학에서 중력 이상 현상 + 우주론에서 새로운 물질 필요 





Intensity frontier 실험에서는  
사건 하나 하나가 소중하다. 

B-factory는 예외 



SHiP – Search for Hidden Particles 



SHiP 은  

LHC와 상호보완적으로  

GeV 정도의 질량을 갖고,  

아주 약하게 상호작용하면서  

수명이 긴 입자를 발견하기 위한 

고정 표적 충돌 실험이다. 



이용하는 가속기 : SPS  
 Super Proton Synchrotron (1976~ ) 

The second-largest 
machine in CERN’s 
accelerator complex. 

Nearly 7 kilometres in 
circumference, operat
ed at up to 450 GeV. 







∼150m 



• 왜 이렇게 실험장치가 긴가? 

      → 수명이 긴 입자를 찾기 위해서 

 

• 왜 입자의 수명이 긴가? 

      → 입자의 상호작용이 작아서 

 

• 왜 상호작용이 작은 입자를 보려고 하는가? 

      → 암흑물질과 관련이 있는 입자이므로 



SM 

HS 

Dark Photon 

Dark Matter 

HNL & Dark Matter 

 Many hidden sector models often include low mass particles  

 below the GeV scale (dark matter candidates).  

Dark Matter 

Hidden 
Sector 

Hidden 
Sector 

Hidden 
Sector 

Hidden 
Sector 

Extensions of SM 



Hidden Sector Models 

• Vector Portal 

 

• Scalar Portal 

 

• Neutrino Portal 

 

• Others 



An Example : Neutrino Portal 



Neutrino = neutral lepton  
            = electrically and strongly neutral fermion  

Neutrino portal = gauge singlet fermion coupled 

                     = Sterile Neutrino coupled  



: The economical extension of the SM 

= SM + sterile neutrinos 



Why sterile neutrinos in this model?  

Phenomenological prediction 

Heavy Neutral Leptons (HNL) 

• Smallness of neutrino masses by see-saw 

• Dark matter candidate 

• New CP phases → Baryogenesis 

SHiP 



The Lagrangian  

Independent parameters 

3 Dirac masses,  
3 Majorana masses, 
6 mixing angles, 
6 CP phases 



If N1 mass < electron mass 

→ N1 decays into only active neutrinos  

Long lived N1 → warm dark matter candidate 

Dark Matter Candidate 



• HNL mass > 109 GeV 
   

     GUT, LR model motivated 

     Baryogenesis OK, no Dark Matter 

     no Experimental signature, hierarchy problem 

 

• HNL mass ∼ TeV 
 

     No underlying model motivated 

     Baryogenesis OK, no Dark Matter 

     Experimental signature at the LHC, no hierarchy problem 

 



• HNL mass ∼ GeV 
   

     No underlying model motivated 

     Baryogenesis OK, Dark Matter OK 

     Experimental signature at the SHiP, no hierarchy problem 

 

 

• HNL mass ∼ eV 
 

     No underlying model motivated 

     no Baryogenesis, no Dark Matter 

     Experimental signature at many neutrino experiments  

     no hierarchy problem 

 

SHiP 







Hidden particle detector 

Tau Neutrino  
detector 





Hybrid target: 
Blocks of Titanium Zirconium 
doped Molybdenum (TZM) 
followed by blocks of pure Tungsten 

Hadron Stopper: 5m of Fe 

High A/Z target 
to maximize D, B production   
and to stop p, K before decay  

TZM 

Tungsten 

30x30 cm2 



Active shield (~50m) 
(using magnet) 

Hadron stopper  
   eliminate 2ry mesons 
  

Muon Shield   
   deflect muons  
      from 2ry meson decay 

Hadron stopper  

like DONuT exp 



Straw 
trackers  

Spectrometer  
magnet 

Vacuum Vessel  

10m 

Vacuum Vessel 
(HS decay volume) 

10‐6 mbar vacuum needed suppress 
the neutrino interactions background. 

Upstream Veto tagger    

located just after ντ detector  
to tag neutral K produced by ν and μ int  
and μ entering the vessel from the front 







Pb 

emulsion layers 

 

 

1 mm 

interface films  

(CS) 

Electronic 

Trackers 

  (TT) 

 m beam 

ντ  detection by identification of Tau lepton  

 ECC (Emulsion Cloud Chamber) target 

 c ~ 87mm  



Nuclear emulsion 

    Spatial resolution   sub micron 

     PID  electron, proton, pion …   

     Momemtum measurement – using MCS 

Tau Neutrino detector  

ECC (Emulsion Cloud Chamber)  

TT & Muon Spectrometer 

Application to various fields    

ECC 
(Emulsion film + Pb) 

 Neutrino exp, DM search, S=-2 nuclei,  

 Gamma ray telescope, Muon radiography … 











And others… 



• Scalar portal models 

• Vector portal models 

 

• R-parity violating SUSY 

• Bulk singlet neutrinos in the extra dimension 
models 

• Unparticles 

 

• And more… 







SHiP in the world 

52 institutes from 17 countries 



Andrey Golutvin 
Spokesman 



Korea SHiP Group 

@제주대학교 2018. 8. 21 



History of Korean Group 

• 2015 결성  

• 2015 경상대학교 정식멤버로 참가 

• 2016 새물리 암흑물질 특집호 총설논문 

• 2017 고려대학교 정식멤버로 참가 

• 2017 PS beam test 참가 (윤천실, 이강영) 

• 2018 예비실험에 RPC 제작 지원 

• 2018 예비실험 참가 (윤천실)  

• KPS meeting에서 총 14회 발표 

• ICHEP 2018 포스터 발표 

• SHiP collaboration meeting 참가 

• 총 13회 local meeting 개최 

 

 

 





감사합니다. 



Backup Slides 



SHiP experiment is  

a fixed target experiment 
complementary to the LHC 
to search for new particles of 
order GeV, very weakly 
interacting and long-lived.  



  ECC （Emulsion Cloud Chamber）  

100mm 

8.3kg 

~10X0 

Emulsoin film (before development) 

Lead plate  

  Sandwich structure 

  57 nuclear emulsion films  

  56 lead plates (1mm thick) 

CS (Changeable sheet)  



(Golutvin’s) 



Active ν Phenomenology 



Mixings and Oscillations 











See-saw 



See-saw masses 

with 

M ∼ 1 GeV,   mν ∼ 0.05 eV 

→   mD ∼ 10 keV,   Y ∼ 10-7 

mixings 







• Sterile neutrino = Heavy Neutral Lepton 

                       = gauge singlet fermion 

 

• Direct search – mass & Yukawa 

 

• Indirect search – lepton flavour violation 

 

• If it carries lepton number, only Dirac 
mass term exists  



LRSM 



See-saw is naturally realized in the LRSM. 

(Heavy) HNL phenomenology expected 
at the LHC, e.g. 



LRSM with GeV HNL? 

SHiP can probe it! 























Hidden particle detector 

Tau Neutrino  
detector 







K. Choi (CNU) 



Long term schedule 

2016-2019: CDR (Comprehensive Design Report) phase 

Approval is made after CDR 

From 2021: Civil engineering for 5 years after Approval 

In parallel, Detector construction for 3 years,  

                  Detector installation and commissioning for 2 years 

From 2026 : Beam exposure (data taking) after LS3 for LHC for 5 years  



Alternatively, 



Λ∼1015 GeV 

# of HNL ≥ 2 







2016 한국물리학회 가을 학술논문발표회 






