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SND@LHC 



New experiment to study high energy neutrinos and 

feebly interacting particles produced at the LHC  



SND@LHC  

9th LHC experiment  



Forward Experiment of LHC 

LHCf 
TOTEM 

FASER SND@LHC 



SND@LHC 

FASER  

7.2 < h  < 8.6   

h  > 9  



Physics Goals 

• High energy neutrinos 𝒑𝒑 → 𝝂𝑿 at the LHC studied for the first time 

 

• Expected neutrino energy 350 GeV – TeV 

 

• Measuring all of three flavour neutrinos 

 

• Pseudorapidity region 𝟕. 𝟐 <  η < 8.6   (Note that FASERν  η > 9) 

 

• First phase : operation in Run3 to collect 150fb-1     

 



• The first study of the high 

energy neutrinos  in 350 

GeV-10 TeV range. 

 

•  LHC is the unique place 

to study the high energy. 

 

First direct observation of LHC neutrinos!  



Energy and Pseudorapidity distribution of LHC neutrinos 

                                                                  arXiv: 2108.05370 [hep-ph] 





Location 

• About 480m away from the ATLAS IP 
 

• TI18 tunnel : former service tunnel 
connecting SPS to LHC 
 

• Charged particles are deflected by the 
ATLAS magnet and shielded by 100 m rock 



SND@LHC detector 

Hybrid detector optimized for the identification of 3 neutrino flavours.  

Muon veto plane 

Emulsion Cloud Chambers (ECC) : Emulsion + Tungsten 

Scintillating fibers for timing information and energy measurement 

Muon system 

Iron walls 

interleaved 

with plastic 

scintillator 



The Detector Layout 

• Angular acceptance 7.2 <  η < 8.6 
 

• Target : Tungsten 830 kg 
 

• Surface : 390x390 mm2     



ECC target (& detector) 

• Number of ECC Brick walls: 5   
• 1 Brick wall  4 ECC Bricks 
• 1 ECC Brick  Sandwich structure of Emulsion films   
                      & Tungsten plates 
                      60 Emulsion films (0.3 mm-thick each)  
                      59 Tungsten plates (1 mm-thick each)         

• Total 120 Bricks : 4 Bricks x 5 walls x 6 times 

• Number of films: 7200   
• Total surface: 274 m2   
• Total mass: 830 kg 

5 ECC brick walls 
with 5 SciFi 

ECC Brick   

4 ECC Bricks in a Brick wall   

150 fb-1 in 3 years  ECC Brick will be replaced  
                            about 6 times (every 25 fb-1) 

ECC Brick   

Brick wall  



Signals reconstructed in the ECC Brick 

Neutrino scattering 

LDM & FIP 
scattering 



We can expect about 2,000 high energy neutrino interactions in the ECC target. 

n production with DPMJET3, propagation with FLUKA, interaction with GENIE: 

 

 

 150 fb-1 in LHC run 3 

n’s interacting in SND@LHC ECC target Number of n’s in SND@LHC acceptance  

330 

114 

6 

Neutrino expectation  



Neutrino and anti-neutrino  flux as a 

function of neutrino energy and pseudo-

rapidity.  

 

Muon-electron-tau neutrinos from top to 

bottom. 



• Measurement of the cross section (pp → 𝜈 X) in 7.2 < η < 8.6 range  
 

• 𝜈 as a probe of heavy flavour production  
 
• Lepton flavor universality test in neutrino interactions: 𝜈τ /𝜈e and 𝜈µ /𝜈e  

 
• Measurement of the NC/CC ratio  

 
• Direct search for feebly interacting particles through their scattering 

 
 

Physics Cases 



• Measurement of the 𝑝𝑝 → 𝜈𝑋 cross section. (~5% ~15%) 

 

• Heavy flavour production from ν in pp collision      (~5% ~35%) 

 

• Lepton flavour universality in neutrino interaction 

 

 

                                                                    (~30% ~20%) 

 

 

                                                                    (~10% ~10%) 

 

 

• Measurement of the CC/NC ratio.   (~5% ~10%) 

Expectations 



SND@LHC   TI18 tunnel (480 m left from ATLAS IP)  

FASER  TI12 tunnel (480 m right from ATLAS IP)  

2021. 11  

Installation Status 



2021. 12  



2021. 12  

Muon ID system 

SciFi 
readout 

electronics 

ECC Brick  

Front view 

ECC Brick installation  

Trolley carrying ECC Brick  



SND-LHC is currently a collaboration with 180 members from 

24 institutes in 13 countries and CERN.. 

 

Korean group have joined the collaboration with 8 members from 

4 institutes below: 

 
 



MoU 2021. 9 

 

Gyeongsang National University  

    S. H. Kim, K. Y. Lee, B. D. Park, J. Y. Sohn,  

    C. S. Yoon 

 

Korea University  

    K. S. Lee 

 

Gwangju National University of Education  

    Y. G. Kim 

 

Sungkyunkwan University  

    K.-Y. Choi  

K-SND group  

Our Contributions  

• Emulsion data analysis 

• Emulsion facility construction 

• Chemicals for development & Gel production 

• FIP search etc. 





Schedule 

2022 April  : LHC turned on. 



JSNS2 

J-PARC Sterile Neutrino Search  
at J-PARC Spallation Neutron Source 



JSNS2 Experiment 
 sensitive to the higher region of 𝜟𝒎𝟏𝟒

𝟐 favored by the global fits 

 
 3 GeV pulsed proton beam from RCS, and a spallation neutron target  
   at J-PARC MLF 

 
 Neutrinos come predominantly from 𝝁+ decay : 

 
 
 
 

 
 Oscillations (𝝂𝝁 →  𝝂𝒆) are detected via inverse beta decay (IBD).  



Physics Goals 

 Search for  𝝂𝝁 →  𝝂𝒆 oscillation as a direct and an ultimate test for LSND 

 Measurement of Neutrino-Induced Nuclear Reaction Cross Sections 
⇒ Cross section measurements with neutrinos having a few 10 MeV from  

muon decay at rest and monochromatic 236MeV from kaon decay at rest 
⇒ important for  

• Super Nova explosion 
- core-cooling by neutrino emission 
- neutrino heating on shock wave 
- nucleosynthesis 

• Nuclear reaction cross section 

40,000 𝜇𝑠 
(25 Hz)  

• 𝜈 from 𝜇 decay 
• a timing gate from 1𝜇𝑠 

to 10𝜇𝑠 
• to reduce the cosmic ray 

background by factor of 
9/40,000 

𝜈 from 𝜋 and 𝐾 
decay : 
monochromatic 

First 30 min data (46,5
24 stills) 



Detection Principle 

 Target : 17 tons of Gd loaded Liquid Scintillator (GdLS) 

 192 PMTs (TDR) 

 Detection method : inverse beta decay 

 

 

 Identify neutrino signal with detecting positron and 

gammas from neutron capture on Gd 

 can reduce accidental background  

⇒ 8 MeV gammas from Gd, capture time ~30μs 

 Selection criteria for IBD 







Collaboration 

Korea (9)

Chonnam National University

Dongshin University

GIST

Kyung Hee University

Seoyoung University

SungKyunKwan University

Seoul national University of 

Science and Technology…US (4)

University of Alabama

BNL

University of Florida

University of M ichigan

Japan (6)

JAEA

KEK

Kitasato University

Kyoto University

Osaka University

Tohoku University

UK 

University of Sussex



Status 

• Detector construction : 2017-2020 
• First long-term physics run (Jan-Jun 2021) 
• Beam power : 0.6 MW (Jan. 15-Apr. 5), 0.7 MW (Apr. 5-Jun. 22) 
• Total accumulated POT 𝟏. 𝟒𝟓 × 𝟏𝟎𝟐𝟐 (~13% of TDR) 

 

Korean Group Activities 
• Korean Collaborators have published six out of seven papers during 2019

-2021 (as a Corresponding author). 
• Korean Co-spokesperson : Prof. Soo-Bomg Kim 
• Leading role in Physics/DAQ/BKG studies 
• Serving as major committee members 

 

Present and Future 
• The contribution of the Korean group in JSNS2 has been significant, and 

we expect that the activities will continue in the future. 
 

 



COHERENT 
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Detector design is 

constrained from the 

tunnel and the uphill 

floor. 








