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The SND@LHC experiment at CERN

Letter of intent presented on August 27th 2020


Technical Proposal presented in January 2021 


Experiment approved in March 2021 

Collaboration:  180 members

24 Institutes in 14 countries  and CERN

1. Neutrino experiment
2. Search for Feebly Interacting Particles



3Kang Young Lee 33 

Korean Group 

Seungmoon Yoo

Seungmoon Yoo



Location: TI18, transfer tunnel connecting SPS to LEP

- 480 m away from the ATLAS IP in the TI18 tunnel

- Charged particles are deflected by the LHC magnets 

- Shielding from the IP provided by 100 m rock  



[From Giovanni's slide]



Experiment Concept
Hybrid detector optimized for the identification of all three neutrino flavors 

Veto Plane: 
 tag penetrating muons

Neutrino Target & Vertex Detector: 
 Emulsion cloud chambers, 830kg tungsten plates
 interleaved with nuclear emulsion and electronic    
 trackers

SciFi Planes as EM Calorimeter:
 Scintillating fibres for timing information 
 and EM energy measurement

Hadronic Calorimeter:
 Iron walls interleaved with plastic scintillator planes

Muon Identification System:
 3 most downstream plastic scintillator stations based on
 fine-grained bars, meant for the muon identification and tracking

⌫
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[SND@LHC, 2210.02784]



SND@LHC Detector

- off-axis wrt ATLAS IP1, pseudo-rapidity

- e and tau neutrinos mostly come from charm decays for this pseudo-rapidity,

7.2 < ⌘ < 8.4
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- hybrid detector with nuclear emulsion and electronic detectors

- muon neutrinos mainly from decay of pion and Kaon

- around 2,000 neutrino events fro RUN3

[SND@LHC, PRL 2023]



Emulsion Target and ECC block

Target assembled according to the Emulsion Cloud Chamber (ECC) technique:
Tungsten layers (1mm-thick) alternated to nuclear emulsion films 

Sub-micrometric position resolution 

60 emulsion films 

59 tungsten layers



Neutrino Flavor Identification



Muon Neutrino 
at SND@LHC
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Muon Neutrino at LHC

Direct observation of muon neutrino CCDIS interactions solely using electronic 
detector with SND@LHC at LHC in 2022. 

Data collected with proton-proton collision at 

total 8.3x10^9 events

pseudo rapidity region 

After selection cuts, 8 muon neutrino events 
with an estimated bkg 0.086 events.

(cf) FASER also detected muon neutrino on 
axis at eta > 8.5 using 2022 data.

with integrated luminosity of 
[SND@LHC, PRL 2023]

Updated muon neutrino results (2022-2023) 
32 events observed [From Giovanni's slide]



Muon Flux 
at SND@LHC



Physics Goals of SND@LHC

1. Precise test of Standard Model with neutrinos

2. Searching for New Physics with Feebly Interacting 
Particles



~ 350GeV 10TeV ~ PeV

Neutrino Interaction Measurement

ICeCube

- Neutrino interaction is unexplored 
   energy between 350GeV-10TeV

- During RUN3, 2000 neutrino signal can be 
used to study the interaction of neutrinos.

[Bustamante, Connolly]

- LHC produces energetic neutrino from 
pp collisions around  100GeV - a few TeV



Neutrino Detection 

- Neutrino detector covers pseudo rapidity 7.2 < ⌘ < 8.4
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- The spectra and yield for three different flavors are observed

- Neutrinos from leptonic decay of W, Z boson, b and c decays, and subsequent 
decays of pions and Kaons. 

[SND@LHC, Techinical Proposal]



Neutrino Physics

1. Measurement of the                  cross-section

2. Charmed hadron production in pp collisions

3. Lepton flavor universality in neutrino interactions

4. Measurement of the NC/CC ratio

pp ! ⌫eX
<latexit sha1_base64="XTdhdFQ/GX7gY5SxByqvPQ4cecs=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCrosunFZwT6gMwyZNNOGZpKQZJQyFPwVNy4Ucet3uPNvTNtZaOuBC4dz7uXee2LJqDae9+2UVlbX1jfKm5Wt7Z3dPXf/oK1FpjBpYcGE6sZIE0Y5aRlqGOlKRVAaM9KJRzdTv/NAlKaC35uxJGGKBpwmFCNjpcg9kjJQdDA0SCnxCAOeRQR2I7fq1bwZ4DLxC1IFBZqR+xX0Bc5Swg1mSOue70kT5kgZihmZVIJME4nwCA1Iz1KOUqLDfHb+BJ5apQ8ToWxxA2fq74kcpVqP09h2psgM9aI3Ff/zeplJrsKccpkZwvF8UZIxaAScZgH7VBFs2NgShBW1t0I8RAphYxOr2BD8xZeXSbte889r9buLauO6iKMMjsEJOAM+uAQNcAuaoAUwyMEzeAVvzpPz4rw7H/PWklPMHII/cD5/ADSnlaE=</latexit>



1. Measurement                cross-section 

- Electron (anti)-neutrinos are dominantly 
(90%) produced from charmed
-hadron decays for 7.2 < ⌘ < 8.4
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- SND@LHC is capable of measuring charmed-hadron production indirectly through 
the observation of electron neutrinos and anti-neutrinos

- 10% of Electron and anti-neutrinos are 
from Kaon decays, and 3% from beauty-
hadron decay

- Data can measure the                  cross section with an accuracy 15%pp ! ⌫eX
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pp ! ⌫eX
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2. Charmed hadron production in pp collisions

Correlation between pseudo-rapidity of the electron 
(anti-) neutrino and the parent charmed hadron

The dominant partonic process for associated charm 
production at the LHC is gluon-gluon scattering

Extraction of gluon PDF in very small x-region relevant ﻿for Future Circular Colliders

Ratio between the cross-section measurements at different energies and pseudo-rapidities

η_ref=4.5

d�/d⌘
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at 13 TeV



3. Lepton flavor universality (LFU) test

- The identification of 3 neutrino flavor offers a unique possibility to test LFU
in neutrino interactions

- tau nu produced essentially only in D_s decays

- nu_e produced in the decays of all charmed 
hadrons(                  )D0, D,Ds,⇤c
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- the ratio depends only on charm 
hadronisation fractions

- sensitive to nu-Nucleon cross-section ratio

f̃ci
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charmed hadron fraction

branching ratio of each 
charm species



3. Lepton flavor universality (LFU) test

- muon neutrino spectrum at low energy 
is dominated by pion/Kaon decays

- nu_e/nu_mu as a LFU test in nu 
interaction for E>600 GeV



4. NC/CC ratio as a consistency check

- Lepton identification allows to distinguish between CC and NC interactions

- The ratio of NC/CC

can be written for DIS as

for tungsten target� = 0.04
<latexit sha1_base64="e+/vnhl2wdf+57JcyC8phTACmp8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZla0I1QdOOygn1AO5ZMJtOGZpIhyShl6H+4caGIW//FnX9j2s5CWw+EHM45l9ycIOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8tUEdokkkvVCbCmnAnaNMxw2kkUxXHAaTsY3Uz99iNVmklxb8YJ9WM8ECxiBBsrPfS4jYYYXSG34tb6pbK9ZkDLxMtJGXI0+qWvXihJGlNhCMdadz03MX6GlWGE00mxl2qaYDLCA9q1VOCYaj+bbT1Bp1YJUSSVPcKgmfp7IsOx1uM4sMkYm6Fe9Kbif143NdGlnzGRpIYKMn8oSjkyEk0rQCFTlBg+tgQTxeyuiAyxwsTYooq2BG/xy8ukVa1455XqXa1cv87rKMAxnMAZeHABdbiFBjSBgIJneIU358l5cd6dj3l0xclnjuAPnM8fOy6RBg==</latexit>

✓W
<latexit sha1_base64="4/tBnTmgd6S3oIVC/ZccTuhmDbg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/3S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAg4Rle4c15dF6cd+dj0Vpw8plj+APn8wcIXI/2</latexit>

Weinberg mixing angle

- P measurement can be used  as an internal 
consistency check

Rept.Prog.Phys. 79 (2016) 12, 124201



Feebly Interacting Particle (FIP) Physics

stable FIP: scattering with electron or nucleon

unstable FIP: decay inside detector



Scattering and Decay of FIP

Detection with scattering:
elastic/inelastic scattering off nucleons 

Case for leptophobic model

Decays in a pair of charged tracks or 
monophotons 

Sensitivity of SND@LHC to (top left) dark scalars 

SND@LHC experiment can explore a large variety of Beyond Standard Model (BSM) scenarios 
describing Hidden Sector



Conclusion

SND@LHC is a recently approved experiment at CERN aiming at:

- measuring neutrinos produced from LHC in an unexplored 
pseudo-rapidity region

- searching for feebly interacting particles

SND@LHC is currently taking data
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Thank You!


