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Brief history of the two experiments

• SHiP
• Proposal submitted on April 2015 at new beam line for the experiment (ECN4). ESPP 2020 

outcome was unfavorable for SHiP@ENC4.

• Looked for other existing location can host SHiP. CNGS, WANF and ECN3?

• New proposal submitted at existing hall (ECN3). 

• SND@LHC
• SND(Scattering and Neutrino Detector)@LHC was approved on March 2021.

• Data taking started in April 2022.

• Both beam provides all three(six) neutrino flavors.
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SND@LHC SHiP@ENC3 (Existing North Area Hall)



Physics Motivation
• 1990, Klaus Winter pointed out possibility of tau neutrino detection at LHC 

neutrino 
• The first tau neutrino detection done by Fermilab E872 DONUT with 800 GeV proton 

beam dump in 2000. (Phys.Lett.B 504 (2001) 218-224)

• Still number of observed tau neutrino interactions are limited (DONUT and OPERA)
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CERN is unique in providing high energy 
neutrinos in an unexplored energy region 
from LHC.

Two neutrino experiments, SND@LHC and 
FASERn, in operation at ATLAS interaction 
point. Good for forward heavy flavor 
production study.

LHC neutrino contains all three kinds of high 
energy neutrino useful to study lepton flavor 
universality. 



Motivation
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• Unique in measuring pp→𝛎X, 
equivalent with 1017 eV(108 GeV) 
cosmic ray interaction which 
produce ultra high energy neutrinos.

• LHC neutrino allows us to reach 
forward region charm production 
where even LHCb (2<h<5) can not 
reach.

• Neutrino is good probe for heavy 
flavors. LHCf can study forward 
neutral particles but those are 
mostly coming from light particles. 



Location
• About 480m away from the ATLAS IP

• TI18 tunnel : former service tunnel 
connected SPS to LEP. Not used anymore.

• Symmetric to TI12 tunnel where FASER is 
located.

• Charged secondary particles deflected by 
LHC bending magnets

• Shielded by 100 m of rock

• Located slightly off axis
• Angular acceptance: 7.2<𝜂< 8.4

• FASER is placed on axis covering 𝜂>8.8

• Aiming to collect 290 fb-1 (150 in proposal)
• More luminosity become available in RUN3
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Installation, commissioning and run status

September 2021

December 2021

‣ Installation in TI18 started on November 1st 2021
‣ Electronic detector installation completed on December 3rd 2021
‣ Installation of the neutron shield completed on March 15th 2022

March 2022



第21回高エネルギーQCD・核子構造勉強会 7

SND@LHC detector
• Veto System

• Tag penetrating muons (Scintillating bars)

• Vertex Detector and EM Cal
• Five target walls followed by SciFi tracker
• Tungsten ECC(Emulsion Cloud Chamber)

• 59 1mm thick tungsten plate + 60 emulsion films

• 830 kg target

• Neutrino interaction vertex detector

• Flavor identification for ne and nt

• Scintillating fibers for timing and EM 
calorimetry

• 17 X0 each 5 target walls 

• Had Cal and Muon System
• 8 iron walls (8l) interleaved with plastic 

scintillator planes for fast time resolution 
and hadronic energy measurement



8EVENT RECONSTRUCTION
‣SECOND PHASE: nuclear emulsions 
‣Event reconstruction in the emulsion target 
- Identify e.m. showers
- Neutrino vertex reconstruction and 2ry search
- Match with candidates from electronic detectors 
(time stamp) 
- Complement target tracker for e.m. energy 
measurement

‣FIRST PHASE: electronic detectors 
‣Event reconstruction based  on Veto, Target Tracker 
and Muon system
- Identify neutrino candidates  
- Identify muons in the final state 
- Reconstruction of electromagnetic showers (SciFi)
- Measure neutrino energy (SciFi+Muon)

Flavor identification by ECC
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Layout

Collision axis
mm

Off axis location

Electromagnetic calorimeter
~40 X0

Hadronic calorimeter
~10 λ

‣Angular acceptance: 7.2< 𝜂 < 8.4

‣Target material: Tungsten
‣Target mass: 830 kg
‣Surface: 390x390 mm2



• Number of bricks : 20
• walls: 5
• Bricks per wall : 4

• Brick surface: 192x192 
mm2

• Brick thickness: 78 mm
• 60 films + 59 W plate

• Passive material : 
Tungsten
• Total mass : 830 kg
• Total emulsion surface : 

44 m2
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ECC target

Before and after development

~60-70 mm Emulsion layer

~60-70 mm Emulsion layer

~200 mm Plastic (polystyrene)

film cross section

Fine 3D tracking detector composed of 0.2 mm 

diameter AgBr crystal in gelatin.



11

Nuclear emulsion

AgBr crystal : size 0.2 – 0.3 micro meter in diameter.

Charged particle produce latent image, developing 
process make Ag grain visible. 

MIP

~35 grains / 100 micro meter
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High energy interaction in emulsion
Sulfur 200 GeV/nucleon600 GeV p-

100 mm



Tau neutrino and Emulsion (自己紹介)
• Tau neutrino source

• B(Ds→mn) is first measured by 
emulsion experiment in CERN WA75 
(Prog. Theo. Phys. 89:131-138,1993) and 
Fermilab E653 (Phys.Lett.B 382 (1996) 
299-304)

• Tau neutrino detection
• First observation of tau neutrino 

interactions by Fermilab E872 DONUT. 
(Phys. Lett. B504:218-224,2001) 
citation 1,468 (@’23 Apr.)

• First tau neutrino appearance in 
oscillation by OPERA. 
(Phys.Lett.B691:138-145, 2010)

• Finally 10 tau neutrinos in OPERA
• (Phys. Rev. Lett. 115(2015) 12, 121802)

• (Phys. Rev. Lett. 120(2018) 21, 211801)
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History of scanning system

• Fermilab E653 and CERN 
WA75 analysis has been 
done with these systems 
with human aid.

• Up to 1994, we used these 
systems for emulsion 
analysis.
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semi-automatic scanning in late 1980’s.

第21回高エネルギーQCD・核子構造勉強会



Track Selector (TS) 1994

• 30 years ago, for CHORUS.
• We made big decision to change future (current) emulsion 

scanning.
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Evolution of the scanning system

16

1985 1994 1996

1998 2006

Now GPU based

CHORUS, DONUT, OPERA and future…
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Dramatic speedup and practical use by Nakano

Development of Nuclear Emulsion Read-out System 

ντ discovery

DONUT

1983       1994          1998           2006ｰ 201４～ 2023 

Speed in 

cm2/h
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1
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4700
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10000

TS(TTL) NTS(CPLD) UTS(FPGA) SUTS(FPGA) HTS(GPU)

νμ→ντ discovery

OPERA 2015

Mid 1970

Idea by Niwa

1000m2/Year

HTSⅡ

3m2

Big Void Discovery 

ScanPyramid

17Prototype by 

Torii and Aoki
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Fully Automated Nuclear Emulsion Read-out System
ＨＴＳⅠ

• 写真＋ビデオ

Read-out power :   ～4500cm2/h   ～1000㎡/year
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Introduce Emulsion Gel Production System (2010-)

19

In cooperation with retired researchers of the Fuji Film Co.

Since 2019, upgrade the system for mass production
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Gel and Film Production 
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We produced more than 300 batches since 
May 2021. These films are used for 
GRAINE, NINJA, DsTau, FASERn and 
SND@LHC.
More than 1,000m2/year.

For SND@LHC 93％ of films are produced 
at Nagoya and 7% are at Slavich Russia.第21回高エネルギーQCD・核子構造勉強会
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Run Status
EMULSION RUN 4 EMULSION RUN 5

‣2023
‣Four target replacements expected in 2023

‣Expected luminosity was 80 fb-1

‣On 17th July, LHC machine trouble happened
‣As a result, 2023 pp run was terminated
‣Total recorded luminosity: 31.8 fb-1

‣2022
‣Three target replacements in 2022
‣Detector operation uptime: ~95%
‣Total recorded luminosity: 36.8 fb-1
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First Physics result

Observed 8 nm CC candidates with a statistical 
significance of 6.8s in full 2022 run (36.8 fb-1).
4.2 expected with (8.63.8)x10-2 BG

PRL 131, 031802 (2023)

𝑠 = 13.6 𝑇𝑒𝑉

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031802
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Using European Scanning System



2
6NEUTRINO EXPECTATIONS

‣Integrated luminosity: 290 fb-1

‣Upward/downward crossing angle: 0.43/0.57

‣Neutrino production in LHC pp collisions 
performed with DPMJET3 embedded in 
FLUKA
‣Particle propagation towards the detector 
through FLUKA model of LHC accelerator



• Lepton Flavor Universality (LFU) test
• LHC neutrino beam contain all three neutrino flavors and SND@LHC has flavor 

identification capability
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Neutrino physics program in RUN3

‣Sensitive to ν-nucleon 
interaction cross-section ratio of 
two neutrino species 

contamination 
from 𝜋/k 

‣The measurement of the νe/νμ ratio can 
be used as a test of the LFU for E>600 
GeV

30% Stat. , 20% Sys. uncertainty 10% Stat. , 10% Sys. uncertainty



• pp→neX cross section and forward charmed hadron production
• Neutrino beam simulation predicts that 90% ne+anti ne come from charmed hadron 

decays 
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Neutrino physics program in RUN3

‣Reconstructed spectrum of νe+anti-ve flux in 
SND@LHC acceptance

‣Correlation between pseudo-rapidity of the electron 
(anti-)neutrino and the parent charmed hadron
‣Use neutrino as a probe for forward charm production

Neutrinos in SND@LHC acceptance

5% Stat. , 15% Sys. uncertainty
5% Stat. , 35% Sys. uncertainty

LHCb acceptance
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Future neutrino physics program



30ADVANCED SND@LHC
‣Upgrade of the detector in view of an extended run during Run 4:         

•AdvanceSND-Near: 4<𝜂<5

Overlap with LHCb pseudo-rapidity coverage

Reduction of systematic uncertainties

Provide normalization for neutrino physics studies

Neutrino cross-section measurements

•AdvancedSND-Far: 7.2< 𝜂 <8.4

Overlap Acceptance similar to SND@LHC

Charm production measurements

Lepton flavour universality

‣ Two off-axis forward detectors:



31ADVANCED SND@LHC: DETECTOR LAYOUT

1) Target region:

•Vertex identification and electromagnetic calorimeter

•Thin sensitive layers interleaved with Tungsten plates      

•Replace emulsions with electronic trackers to cope with high intensity muon rates       

2) Muon ID system and hadronic calorimeter

•10 interaction lengths 

3) Magnet with two high-resolution tracking stations  

•measure charge of the muon (νμ/anti-νμ, ντ/anti-ντ in the τ⟶μ channel)

•1 T field over 2 m length 
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ADVANCED SND@LHC: DETECTOR LAYOUT
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SHiP (Search for Hidden Particle)
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Neutrino portal
• nMSM (n Minimal Standard Model)

• 3 additional Heavy Neutral Leptons

• N1 : Dark Matter Candidate

• N2,3 : give mass to neutrino via see-saw mechanism, 
produce baryon asymmetry
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T.Asaka, M.Shaposhnikov PL B620 (2005) 17 , M.Shaposhnikov Nucl. Phys. B763 (2007) 49



Beam Dump Facility (BDF)
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Already huge amount of engineering 
work has done  by CERN engineers for 
experimental site, beam dump target, 
radiation protection and installations…..

Baseline characteristics

Proton momentum 400 GeV/c

Beam intensity 4.0·1013 p+/cycle

Cycle length 7.2 s
Spill duration 

(slow extraction)
1.0 s

Average beam power 

deposited on target
320 kW

Average beam power on 

target during spill
2.3 MJ

2x1020 PoT in 5 years
CNGS:1.8x1020 PoT in 5years



SHiP experiment @ CERN
• Objective

• Look for new physics in intensity frontier
• Rich both tau and anti tau neutrino 

interactions 
• ~10,000 tau and anti-tau neutrino 

interactions

• Proposal submitted on April 2015
• 250 members, 57 institution from 18 

countries

• Document submitted to ESPP on Dec. 
2018
• Together with CERN Beam Dump 

Facility (BDF)

• ESPP outcome on June 2020
• Physics cases are well accepted
• But, BDF construction is postponed
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170 physicist , 45 groups, 14 countries



第21回高エネルギーQCD・核子構造勉強会 38

Current SHiP@ECN3 configuration



BDF/SHiP@ECN3

• Shorter detector hall
• Shorten muon shield by 

using super conducting 
sweeper magnet.

• SND(Scattering and 
Neutrino Detector) placed 
at 27m from beam dump.
• Distance from dump: 

Factor 1.37 closer to beam 
dump results about factor 
1.9 stronger beam
intensity

• Cross-section :  ¼ in size
80cmx80cm → 40cm x 
40cm

• Length : Factor 1.5 longer
• Mass: 8tons → 3tons
• Tau neutrino yield: 3.2x104

→ 2.9x104 for 2x1020 pot. 
• 440m2 → 160m2 emulsion 

surface
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Neutrino interactions in the target

For 6 x 1020 pot

Expected nt including eff. (~35%)

Statistical error < 2% for tau
Neutrino flux prediction can be down to ~3% by NA65 (DsTau experiment)



第21回高エネルギーQCD・核子構造勉強会 41

F4/F5 structure functions by nt

Assuming 10 equally populated bins (with 5% uncertainty) for nt + anti- nt
A global 20% effect on the cross-section w/wo F4 and F5 
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Strange quark content 

Charm production via anti-neutrinos dominated by s-
bar quarks because of |Vcd/Vcs|

2 ~ 1/20.



Competitors @ECN3
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150th SPSC meeting open session on 5th September

HIKE/SHADOWS (+NaNu) vs. BDF/SHiP

HIKE : Kaon program
SHADOWS : Hidden particle

BDF : Irradiation Facility (400 MGy / year)
SHiP : Hidden particle and Neutrino physics 



SHADOWS+NaNu vs. SHiP
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For 6x1020 POT



Roadmap
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• SND@LHC
• Accumulated 68.6 fb-1 (2022: 36.8 + 2023: 31.8 fb-1)
• Due to LHC machine trouble, only two emulsion targets for 2023. 

• LHC is already back in normal operation but no pp run in 2023.

• The first physics result, LHC neutrino observation, published on PRL.
• Both FASERn and SND@LHC result was published and selected for editor’s choice 

on PRL

• Stay tune for RUN3 result toward RUN4
• ~2,000 high energy neutrino events in RUN3 with 290 fb-1

• ~25,000 events in RUN4 with 3000 fb-1 by AdvSND@LHC

• SHiP (BDF/SHiP@ECN3)
• New proposal at North Area ECN3 was submitted and under reviewing 

process at SPSC.
• HIKE/SHADOWS (+NaNu) is the competitor. HIKE and SHADOWS run 

simultaneously.
• Our fate will be decided by early 2024.
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Summary
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