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SND@LHC

SND@LHC

!2

Stand-alone experiment,  
located 480 m downstream of IP1 (ATLAS) 
in TI18 (closed LEP injection tunnel)  
to measure neutrinos  
in the pseudorapidity range 7.2 < η < 8.4

Approved by the CERN Research Board 
on 17 March 2021 

https://snd-lhc.web.cern.ch/ 
to take data in 2022-2025

(sketch, not to scale)

https://snd-lhc.web.cern.ch/
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Neutrinos at the LHC

!3

N. Beni et al., “Physics Potential of an Experiment using LHC Neutrinos”, 
J. Phys. G: Nucl. Part. Phys. 46 (2019) 115008,  
doi:10.1088/1361-6471/ab3f7c [arXiv:1903.06564] 

• Large 𝜈 flux in forward direction 

• High 𝜈 energies: large 𝜈N cross 
sections 

• 7.2 < η < 8.4: 𝜈 (all three flavors) from 
heavy quarks ( 𝜈e , 𝜈τ >90% charm*)
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* N. Beni et al., “Further studies on the Physics Potential 
of an Experiment using LHC Neutrinos”,  
J. Phys. G: Nucl. Part. Phys. 47 (2020) 125004,  
doi:10.1088/1361-6471/aba7ad
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Physics program

!4

• σpp → 𝜈 X in 7.2 < η < 8.4 range 

• 𝜈e as a probe of charm quark 
production 

• Lepton universality test: 𝜈τ/𝜈e and 
𝜈µ/𝜈e 

• Benchmark measurement of NC/CC 
to verify detector understanding 

• Search for feebly interacting 
particles

PRL 122 (2019)041101
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FRONT 
VIEW

detector design and protyping

�5

Off axis location 
Angular acceptance:  
7.2 < η < 8.4 
Target material: Tungsten 
Target mass: 830 kg 
Surface: 390 x 390 mm2

EM calorimeter 
~ 40 X0 

Hadronic calo 
~ 10 λ

Hybrid detector 
optimised for 
the identification 
of all three 
neutrino flavors  
 

SND@LHC Technical Proposal 
https://cds.cern.ch/record/2750060/files/

LHCC-P-016.pdf

x2 VETO  
scint. planes

x5 ECC emulsion/
tungsten walls 

x5 SciFi modules

x5 SciFi electronics
x5  Upstream 

scintillator planes  

x8 iron blocks

x3  Downstream   
2 scintillator planes  

March-May 2021
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detector and site infrastructure   

!6

June-November 2021

SND@LHC Collaboration:  
~180 members from 23 Institutes of 13 countries and CERN
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SND@LHC Status Report, LHCC Focus session, 16 November 2021

� A first look at hadronic showers

15

PRELIMINARY
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The lower signal in US4 comes from a poor connection to the TOFPET in this run

detector commissioning

SND@LHC is a non-homogeneous 
sampling calorimeter

!7

hadronic energy

SND@LHC Status Report, LHCC Focus session, 16 November 2021

� A first look at hadronic showers

15

PRELIMINARY

180 GeV pions 300 GeV pions

US1
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US5
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US4
US5

The lower signal in US4 comes from a poor connection to the TOFPET in this run

• Upstream Stations, located behind the target 
region, used to identify muons and, together with 
SciFi, to act as HCAL

• 5 planes of 10 1x6x80 cm3 stacked scintillating 
bars r/o by 8 SiPMs at both bar ends 

• Tested with π beam of  100, 140, 180, 
240, 300 GeV at CERN H8 (Sept-Oct 2021)



D
IS

20
22

-S
an

tia
go

 d
e 

C
om

po
st

el
a-

M
ay

 3
detector commissioning

!8

muons and timing

SND@LHC Status Report, LHCC Focus session, 16 November 2021

� Attenuation in DS system with 1x1cm2 bars much less than initially thought

13

PRELIMINARY

[ns]

Gives already time resolution US1: ~0.7 ns 

US1 difference mean time for left and right sideShorter vertical bars with reflector on 
bottom end shows least attenuation

DS TOP

DS LEFT

DS RIGHT

DS σt =170 ps

• Downstream muon Stations: 3 double planes 
(horizontal and vertical) of 1x1x 80(60) cm3 
scintillating bars r/o by single SiPMs per bar end 
for horz. and only from top for vert. Additional 4th 
vert. layer to increase redundancy 

• 5 planes of 
Scintillating Fibre 
mats to be 
embedded in the 
target to give event 
timestamp to 100 ps

Test with 
cosmics and with 
μ beam at the 
CERN H6 line 
(Oct-Nov 2021)
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!9

Installed detector  
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Data taking

!10

Two phases :
‣ FIRST: electronic detectors  
‣ Veto, SciFi Tracker and Muon system 

- select neutrino interactions   
- Identify muons  
- Reconstruct of EM/hadron showers 
- Measure neutrino energy 

‣ SECOND: nuclear emulsions  
‣ Emulsion Cloud Chambers  
- Neutrino interaction vertex 
- identify secondary vertices 
- Match event with electronic detectors   
- Complement e.m. energy measurement

any activity in the detector is  recorded; 
a 0-bias noise filter at SW level 
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Neutrino expectations

!11

• Simulation of LHC pp collisions performed 
with DPMJET3 embedded in FLUKA 

• All particles propagated through the 
FLUKA model of LHC up to the SND@LHC 

• Detector geometry and surrounding tunnel 
implemented in GEANT4  

• Both “prompt” neutrinos (mainly from 
charm decay) and neutrinos from pion/
Kaon decays interact with the detector 
(GENIE) 
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predicted Neutrino event statistics

!12

• Integrated luminosity: 290 fb-1 (LHC Run3) 

• luminosity sharing of Upward/downward pp crossing 
angle : 0.43/0.57 

• neutrinos interacting in the target fiducial volume; 
detection and reconstruction efficiencies not included 
(expect >90% for νµ , νe  , and  >50% for ντ )
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in-situ  backgrounds

• SND@LHC will measure the flux of muons 
(predicted ~350 Hz), thus providing a stringent 
test of the FLUKA simulations  of the LHC 
machine

!13

3 DETECTOR ENVIRONMENT 21

coming from the IP, the FASER measurement counted 1.2–1.9 ⇥104 particles /cm2/fb�1, in625

excellent agreement with the expected muon flux from the LHC simulation of 2 ⇥104 /cm2/fb�1.626

3.2.1 Muon flux627

Since the study for FASER, the EN-STI team has been increasing the DPMJET/FLUKA event628

sample by up to about a factor of ten. This allows studying particle fluxes in TI18 in more detail,629

in particular in the SND@LHC acceptance. Positions and momenta of muons are recorded on a630

virtual scoring plane with an area of 1⇥1m2, and located 75m upstream of the TI18 tunnel, in631

order to decouple the muon interactions in rock and concrete from the primary flux of muons632

produced at the IP and within the detector and LHC machine elements. Figure 10 shows the633

spectra of the muons that are travelling in the direction of the the SND@LHC acceptance, at634

the scoring plane. When tracked through the rock to the SND@LHC, muons with E<30GeV do635

not reach the detector. The negative muon distribution shows an excess, peaking at about 1.5636

TeV. A study of the directions of those muons shows that they originate from the IP. Figure 11637

shows muon rates at the SND@LHC location. The integrated rate in the SND@LHC acceptance638

is estimated to be about 350Hz, or about 2⇥104 /cm2/fb�1. This value accounts for the e↵ect639

of multiple scattering in the rock upstream of the detector.640

Figure 10: Muon flux in the SND@LHC acceptance as predicted with the DPMJET/FLUKA
simulation of CERN EN-STI. Muon positions and momenta are recorded at a 1⇥1 m2 scoring
plane, located 75m upstream of TI18, and tracked to the SND@LHC.

3.2.2 Neutrons and K
L

s from muon DIS641

Isolated neutrons and also K
L

particles can be generated by deep inelastic scattering of muons642

from IP1 in the rock upstream of the SND@LHC detector. If these neutrons interact in the643

detector, they can mimic neutrino neutral current interactions. Only the last few meters of644

rock contribute are relevant, since the hadrons get otherwise absorbed: 5 meters have been645

conservatively assumed. A study was performed using the sample of DPMJET/FLUKA muons646

• Isolated neutrons and KL particles can 
be generated by DIS of muons in the 
rock upstream of the SND@LHC 
detector, which  can mimic neutrino 
NC events, if interacting in the target. 
Estimated to be very low.

3 DETECTOR ENVIRONMENT 23

recorded 75m upstream of the SND@LHC, described in Section 3.2.1. The muon deep-inelastic647

interaction was simulated with Pythia 6 event generator. The expected flux of neutrons and648

K
L

s in the SND@LHC acceptance for di↵erent energy thresholds is shown in Table 1. Events649

with accompanying charged particles that would fire the veto layer in front of the SND@LHC650

are rejected. Although a very low flux is predicted, we plan for a follow-up study to better651

characterize their interactions inside the detector.

particles/fb�1 E>10GeV E>100GeV E>200GeV E>500GeV

K
L

48 11.7 4.4 0.5
neutron 17 5.4 2.0 0.5
anti-neutron 12 3.3 1.5 0.1

Table 1: Flux of isolated neutrons, anti-neutrons and K
L

s entering the target surface, produced
by muon DIS in the rock upstream of the SND@LHC detector.

652

3.2.3 Thermal neutrons653

The DPMJET/FLUKA package by the CERN EN-STI team is also used for estimating the low654

energy neutron flux. Both beams contribute but the flux observed in TI18 is predominantly655

produced by beam 2 that passes by TI18 while moving towards IP1. Neutrons are generated in656

the interactions of the protons with the residual gas inside the LHC vacuum pipe. The predicted657

spectrum is shown in Figure 12. It consists of about 50% of thermal neutrons at ⇠0.025 eV. The658

integrated flux amounts to 2.8 ⇥108 /cm2/year, of which 4% has an energy larger than 1MeV659

and 1.3% is over 20MeV. This is in good agreement with the radiation monitor measurements660

of a few 106 /cm2/fb�1. This allows using non-radiation-hard electronic devices. For nuclear661

emulsion it was observed in [25] that they blackened when exposed to about 108 neutrons/cm2
662

as a result of neutron capture in Ag-109 silver nuclei. However keeping di↵use hits at the663

lowest possible level facilitates track reconstruction. The emulsion detector can be protected664

with a layer of 3–4 cm borated polyethylene (5% B2O3) to provide an attenuation factor of 10�7.665

Alternatively, a similar attenuation can be achieved with a thinner layer of a boron carbide666

compound. Simulations are under way to understand if the concrete of the floor, underneath667

the SND@LHC, provides su�cient shielding, or it must be further improved.668

• low energy neutrons are generated in the interactions of the protons with the 
residual gas inside the LHC vacuum pipe. 50% are thermal neutrons at ~0.025 eV. 
They can produce a fog of random hits in the emulsions as a result of neutron 
capture in Ag-109 silver nuclei. The emulsion detector is protected   with a thick 
layer of borated polyethylene.
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planned measurements  
in LHC Run3

!14

Measurement Statistical 
Uncertainty

Systematic 
Uncertainty

dominant systematics

pp —> νe X cross-section, 
differential in E 

5% 15% subtraction of νe from K decay (mainly E<200GeV). 
unfolding of νe/antiνe Xsec on Nucleon

Charmed hadron yield, 
energy spectrum

5% 35% unfolding of detector response and νe-charm hadron 
correlation

νe / ντ ratio for LFU test 30% 20% Uncertainties due to charm quark production cancel 
out. 𝜈e/𝜈τ only depends on charm hadronisation and 
decay branching fractions: 𝜈e from D0, D, Ds and 
Λc; 𝜈τ mainly from Ds → τ𝜈τ 

νe /νμ ratio for LFU test 10% 10% contamination of νμ from π and K decays

 ν detected in 7.2<η<8.4, 0.4<θ<1.5 mrad 
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APRIL 22 - LHC beam test

first muon from beam “splash” 

!15

top 
view

side 
view
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Summary and outlook

• SND@LHC was approved, constructed and commissioned in 
record time. It comprises a veto system, target tracker 
(emulsions+SciFi) and a downstream muon/hcal system.  

• SND@LHC has a unique Physics program to study all 3 neutrino 
flavors from LHC pp interactions in 7.2 < η < 8.4. Expect to 
collect over 2000 high energy neutrino events in LHC Run3. 

• beyond Run3, an upgrade for HL-LHC is begin studied: gain x10 
in Lumi; x10 in target mass; replace emulsions with electronic 
tracker; install a twin detector closer to IP for 4<η<5 (high E νs 
from Ws, 33% tau flavor)

!16
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additional material

!17
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!18



!19QCD MEASUREMENTS

 

Correlation between x1 and x2 for 
events in the SND@LHC acceptance 

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

Average lowest momentum fraction: 10-6

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

 Constraint the PDF with data 
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‣The identification of three neutrino flavours in the SND@LHC detector offers a 
unique possibility to test the Lepton Flavor Universality (LFU) 

‣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






