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LHC forward experiments



• The LHC experiments (CMS, ATLAS, LHCb) focused high PT and low cross section events (~ fb to pb)
 No new physics yet.

• Most of highest energy particles are in the forward region and low PT (~ 100 mb).
 No detectors in the forward direction (beam pipe).

• The SND@LHC experiment is newly proposed to study the forward produced particles 
in the unexplored regions of energy (100 GeV – TeV) and pseudo-rapidity.

LHC forward particles production 



Neutrinos at the LHC

• LHC  is a unique facility which
can create huge numbers of 
high-energy neutrinos. 

• Neutrino energy range
350 GeV < Eν < 10 TeV
is unexplored.

• SND@LHC and FASER can
provide the first detection
and cross section of the 
Collider neutrinos. 



SND@LHC 
detector

LHC Ring
Approved in Mar. 2021
Installed in Mar. 2022



SND@LHC 
detector 

• Even small neutrino detector will be effective since neutrino 
cross section increases with its energy
2 ton @ 1 TeV ~ 200 ton @ 10 GeV



ECC Target (various elements) & Detector (3D precision tracker)

5 ECC brick walls & 5 SciFi walls

(Emulsion Cloud Chamber) 



Delivered  217 fb-1

Recorded  209 fb-1   (96.3%)

Integrated luminosity: LHC beam exposure (2022-2026) 

Operation in Run 3 to collect ~300 fb-1

ECC target #16 (July 2025)



5 ECC targets will be exchanged. 

2025

ECC target assembly  Installation 
Beam exposure  Extraction  ECC disassembling
 Labeling  Emulsion film development 
 Drying  Surface cleaning  Packing  

Emulsion works at CERN  

Chemical development  

Develop  Stop  Fix  Wash 

Dry  Glycerine

ECC target install 



Emulsion development facility at CERN 

Assembled ECC targets 

Developed emulsion films 

Em Run #, Wall #, 
Brick #, Plate # 



1,200 emulsion plates 
each run (16 runs so far)
 Need labelling 

to the plates 



Laser cutting

Labeling machine 

fabricated by our group 



Conceptual change of Emulsion scanning

3D image detector 

Observation of event
& tracks by microscope

Full automatic record
of all grains (raw data) 

Precision tracker

Micro-track

Base-track

Volume-track

Event

Off-line analysis: 
reconstruction of 
tracks and events





Off-line analysis
Reconstructions of Tracks and Neutrino vertices using the Base-tracks



All 3 flavors of neutrino scatterings and FIP scatterings
can be observed in the ECC.



Emulsion scanning at CERN 

Emulsion scanning room
at CERN 



Muon tracks 
in 1 mm2  area

105 tracks/cm2

in 10 fb-1 exposure



Excellent tracking resolution achieved

Vertex reconstruction

Electromagnetic shower search based on  
high density spots (base-tracks, segments)

νe   CC candidate event



First direct observation of Collider Neutrinos !  
• νµ candidates (1µ): 32 events
• νe or NC candidates (0µ): 9 events





SND@HL-LHC
Proposed for the High-Luminosity LHC era (Run 4)

Approved by CERN RB 
on 11 June 2025. 



• SND@HL-LHC expects a high event rate of all 3 neutrino flavors
– LFU (Lepton Flavour Universality) test

• High-energy       from charm decays enable studies of 
forward charm production in pp collisions 
– probing the gluon PDF at Bjorken below 10−5.  

• High-statistics cross-section measurements. 

x

νe

Physics goal



SND@HL-LHC    6.9 < η < 7.7
SND@LHC          7.2. < η < 8.4
FASER                  η > 8.8

SND@HL-LHC 



SND@HL-LHC Detector Silicon instead of Emulsion



Charm-tagged neutrinos
• Neutrinos originate in charm production at ATLAS 

~500 events (around 10%) expected 

480 m

• A charm-tagged neutrino sample would allow
for clean flavour ratio measurements



SHiP 
Search for Hidden Particles 



Explore the unexplored parameter space 

• New physics is either too heavy or interacts very feebly, 
i.e. much weaker than neutrino.

• The SHiP is a new experiment at the intensity frontier aimed at exploring 
the hidden sector (low mass, very small coupling). 





Tau neutrinos & Anti Tau neutrinos 

Hidden particles (FIPs)

Search for a broad range of FIPs:
• HNLs (Heavy Neutral Leptons)
• Dark photons
• Dark Scalar Higgs-like particles
• ALPs (Axion-like particles) 
• Unprecedented measurements 

of Tau neutrinos



What is SND? 
Scattering and Neutrino 
Detector

Initial design  



• Currently hosting NA62 (~150m)
• Existing infrastructure

NA62 in ECN3

SHiP at ECN3 was approved 
by CERN RB on 6 Mar 2024. 



Initial plan

ECN3: New location
of SHiP



Our competitors : HIKE & SHADOWS

NA62 Successor



The SHiP detector  (New design)



- Less emulsion, including Si & Scintillators

magnetized  

magnetic field
ντ & anti-ντ  separation

New design of SHiP SND 



Muon shield
(Special magnet)   

SND inside Muon shield



6 x 10 20 PoT
in 15 years

Sensitivities to various FIPs (Feebly Interacting Particles)



LDM (Light dark matter) 

electron-recoil

Brian Batell et al. 
arXiv:2101.10338v2
Detecting Dark Matter with Far-Forward 
Emulsion and Liquid Argon Detectors 
at the LHC 



Single electron produced by
LDM particle scattering

ECC as LDM detector

In the background suppression against
𝜈𝜈e interactions, the most powerful handle
is the isolation criterion: No extra-activity

𝜈𝜈e DIS event



SHiP schedule

• ~3 years for detector TDR from 2024

• Construction / installation of detectors LS3 

• Start data taking (during Run 4) 2032 (~2 years before LS4)  

 15 years of Physics exploration
(6 x 1020 pot)



Ground-breaking for HI-ECN3 (BDF/SHiP)  13th May 2025



~250 members
35 institutes and 5 associated institutes
18 countries and CERN

~150 members
24 Institutes in 14 Countries and CERN 

SND@LHC Collaboration SHiP Collaboration



SHiP
Collaboration

SND@LHC
Collaboration





Theoretical works  



S. M. Yoo

K-Y. Choi



Y. G. Kim

K. Y. Lee



•  SND@LHC measures neutrinos in the forward region of pp collisions

- Forward charm production, lepton flavour universality, neutrino interactions, …

•  The experiment has recorded 209 fb-1 of data so far.

Observation of collider muon neutrinos (2023)

Observation of neutrinos without final state muons (2024) 

•  SHiP SND design is being optimized - less emulsion target, add Si detector

•  Ground-breaking was started at ECN3 from  May 2025. 

Summary

SND@HL-LHC was Approved by CERN RB 
on 11 June 2025. 

•  SND@HL-LHC detector will be instrumented with silicon strip modules and a magnetized 

calorimeter to run in the HL-LHC era.  



We wish young people could participate
these future CERN neutrino experiments.

We welcome anybody who is interested in 
SND@LHC, SND@HL-LHC and SHiP.



Thank you! 


	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27
	슬라이드 번호 28
	슬라이드 번호 29
	슬라이드 번호 30
	슬라이드 번호 31
	슬라이드 번호 32
	슬라이드 번호 33
	슬라이드 번호 34
	슬라이드 번호 35
	슬라이드 번호 36
	슬라이드 번호 37
	슬라이드 번호 38
	슬라이드 번호 39
	슬라이드 번호 40
	슬라이드 번호 41
	슬라이드 번호 42
	SHiP schedule
	슬라이드 번호 44
	슬라이드 번호 45
	슬라이드 번호 46
	슬라이드 번호 47
	슬라이드 번호 48
	슬라이드 번호 49
	슬라이드 번호 50
	슬라이드 번호 51
	슬라이드 번호 52
	슬라이드 번호 53

