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Motivation

▶ Measure pp → ν + X cross-section in TeV range

▶ Studies for potential neutrinos physics at the
LHC date back to the 90s
- Large flux in the forward region
- Very high neutrino energy (σν ∝ Eν)
→ Can be observed with small-scale LHC
experiment

▶ Two neutrino detectors in operation at LHC’s IP1
→ FASERν and SND@LHC

[PRL 122 (2019) 041101]
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Detector Location

▶ Study carried out in 2018 to determine
best location for a neutrino experiment

▶ TI18 determined to be best location for
a neutrino detector at the LHC

▶ 480 m from ATLAS interaction point

▶ Charged particles deflected by LHC
magnets

▶ Shielding from the IP provided by 100 m
of rock

Investigating the background for a neutrino detector in different 
locations with a measurement campaign

3

VN = Q1 in S45 at 25m
N = UJ53 and UJ57 at 90-120m

F = RR53 at 237m
VF = TI18 at 480m

Journal of Physics G 46 (2019) 115008 
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The SND@LHC Detector

▶ Off-axis location → 7.2 < η < 8.4

▶ Veto, SciFi Tracker and Muon system
- select neutrino interactions
- Identify muons
- Reconstruct of EM/hadron showers and energy

▶ Emulsion Cloud Chambers
- Identify ν interaction vertex and secondary vertices
- Match event with electronic detectors
- Complement e.m. energy measurement

[SND@LHC collaboration, JINST 19 P05067 (2024)] 4 / 27



SND@LHC main physics goals

Neutrino Interactions

▶ Measure production of all three ν species in
unexplored TeV range

▶ First observation of ν̄τ

QCD with neutrinos

▶ Decay of charm hadrons contribute
significantly to ν flux
→ Measure forward charm production
→ Constrain gluon PDF at small x

Flavour physics

▶ νe/ντ , νe/νµ ratio for LFU test

Beyond the Standard Model

▶ Search for feebly interacting particles

[N Beni et al 2019 J. Phys. G: Nucl. Part. Phys. 46 115008]
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Expected neutrino rate in Run 3

▶ Model neutrino production in pp collisions with
DPMJET

▶ Propagation to SND@LHC with FLUKA model of
the LHC

▶ GENIE neutrino interaction model

▶ Neutrino interactions in SND@LHC / 250 fb−1

- νµ + ν̄µ charged current: 1270
- νe + ν̄e charged current: 390
- ντ + ν̄τ charged current: 30
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Data taking and integrated luminosity

Integrated lumi: Recorded 97.3% of 70.5 fb−1 delivered (2022 95%, 2023 99.7%)Integrated luminosity
43

Integrated luminosity: 70.5 fb-1
Recorded efficiency 97.3% (2022 95%, 2023 99.7%) 

SCANNING STATUS 

RUN0 (0.5 fb-1):
Scanning and analysis completed

RUN1 (9.5 fb-1)
60% scanning completed, analysis on going

RUN2 (20.0 fb-1)
Optimization of reconstruction/alignment procedures 
required 

RUN3 (8.6 fb-1)
10% scanning completed, analysis on going

RUN4 (21.2 fb-1)
Optimization of reconstruction/alignment procedures 
required

RUN5 (10.7 fb-1)
Scanning to be started 

11

+145 

+77
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First observation of collider muon neutrinos
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Observation of collider muon neutrinos with 2022 data
46

Distribution of SciFi hits for (! candidates
with the MC expectation for ( events and 

background (augmented to the 5 sigma level)

Aug 11th 2022 Oct 27th 2022

8 observed events and an 
expected background

Background only hypothesis probability: 

6.8 ' observationhttps://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031802
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▶ νµ with electronic detectors only

▶ 2022 data

▶ 8 events observed events

▶ 8.6× 10−2 background
→ 6.8 σ significance

Observation of collider muon neutrinos with 2022 data
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→improved analysis + 2023: 32 events (0.25 bkg) 12 σ significance
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0µ neutrino events

▶ νe CC and ντ CC (0µ) + Neutral Current events

▶ 6 events (0.13 bkg) → 5.8 σ significance
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0μ events SND@LHC 17

13

0𝜇 neutrino candidates

Top view

Side view

Collision axis

Collision axis

Top view

Side view

Collision axis

Collision axis

12

Observation of 0𝜇 events in SND@LHC
Neutral hadron background
● Define background-dominated control region.
● Scale the background prediction to the number of 

observed events in the control region.
○ Observed neutral hadron background is ⅓ of the 

predicted value.
● Events expected in signal region: 0.01

Neutrino background
● Muon neutrino CC interactions are the dominant 

background, with 0.12 expected events.
● Tau neutrino CC interactions expected: 0.07

0𝜇 observation significance
● Total expected background: 0.20 ± 0.11 events
● Expected signal: 4.66 events
● Expected significance: 4.0 𝝈

Number of events observed: 6
Observation significance: 4.7 𝝈

Paper in preparation

Control 
region

Signal 
region

background observed significance

0μ 0.13+0.04-0.04 6 5.8 σ

νe CC interactions (+ ντ CC 0μ)  and Neutral Currents 
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Energy resolution
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SND@LHC calibration of 
hadron energy measurement

◆ in summer 2023 with hadron beams from SPS

15

Lesson from SND@LHC
Challenging to start data taking 12 months after the approval!

Reconstructed energy for 180 GeV '

σ ∽ 16%

20
▶ Energy Calibration at SPS

▶ pions with 100-300 GeV

▶ mock target (Fe+Scifi)+ muon (5
US+1 DS)

▶ Resolution ∼ 20%

All 5 US stations and 1 DSTarget instrumented with SciFi stations to get the shower origin
And measure the energy deposited therein 

Test-beam for energy calibration
39

1940mm

Successful data taking in H8 in August

Fe Fe Fe Fe Fe Fe
Fe Fe Fe

SciFi X,Y SciFi X,Y SciFi X,Y SciFi X,Y

US1 US2 US3 US4 US5 DS1

0.5λ 0.5λ 0.5λ 1λ 1λ 1λ 1λ 1λ 1λ
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SND@LHC calibration of 
hadron energy measurement

◆ in summer 2023 with hadron beams from SPS

15

Lesson from SND@LHC
Challenging to start data taking 12 months after the approval!

Reconstructed energy for 180 GeV '

σ ∽ 16%

20
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νµ energy measurement

▶ Preliminary reconstruction of the νµ energy and µ direction
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SND@LHC new νμ results 2024 16Muon neutrino event kinematics

10
● Kinematics of muon neutrino candidates are in agreement with the signal prediction.Next: determination of hadronic shower direction will allow for complete 

reconstruction of event  kinematics and measurement of incoming neutrino energy 
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Muon flux in TI18

Fig. 1 Schematic layout of the SND@LHC detector. The pseudo-rapidity ⌘ values are the limits for particles hitting the
lower left and the upper right corner of the ECC. The side view includes an illustration of a passing-through muon with
hits in all subdetectors. For a view of the x � y ranges covered by the SciFi and the muon DS system see Figures 7 and 8.

Table 1 List of the two selected SND@LHC 2022 data runs. The runs are chosen to have large event counts, high
delivered luminosity, isolated LHC bunches of Beam 2 passing without collisions, and di↵erent LHC filling schemes.

LHC fill
number

integrated
luminosity

[fb�1]

mean number of
interactions
at IP1 per

bunch crossing

SND@LHC
run number

recorded events
by SND@LHC

[106]

date,
year 2022

duration
[h]

8088 0.337 35.2 4705 71 3 Aug 12.5
8297 0.529 45.4 5086 101 20 Oct 19.8

and a straight-line track candidate, denoted Sim-
ple Tracking (ST). The other tracking approach
employs the Hough transform [10] pattern recog-
nition method and is referred to as Hough
Transform (HT). In both cases, the track fitting
is done using the Kalman filter method in the
GENFIT package [11].

Since the SciFi and DS detectors have a dif-
ferent granularity and the acceptance of the DS
is 2.4 times larger than that of the SciFi, the
muon flux is determined independently in these
two detector subsystems.

Track building in these subsystems is done sep-
arately in the horizontal x � z and vertical y � z
plane. The final three dimensional track is built by
combining the horizontal and vertical tracks [5].

The tracking e�ciency in each detector and
for each of the tracking methods is estimated
using data (see Table 2). The uncertainty of the
e�ciency is evaluated as three times the stan-
dard deviation of tracking e�ciency values over
1⇥1 cm2 x � y detector coordinate bins. The HT
method has a better e�ciency and it is used as
the baseline for this analysis.

Table 2 SciFi and DS tracking e�ciencies for
simple and Hough transform tracking methods.

system tracking algorithm tracking e�ciency

SciFi
simple tracking

Hough transform
0.868 ± 0.009
0.956 ± 0.007

DS
simple tracking

Hough transform
0.937 ± 0.007
0.944 ± 0.009

5 Angular distribution in the
electronic detectors

Most muons reaching SND@LHC have tracks
with small angles with respect to the z axis, see
Figures 2 and 3. The main peak corresponds to
the source at IP1. This peak has large tails due to
multiple scattering along the 480 m path from IP1
to SND@LHC. The structures at negative slopes
originate from beam-gas interactions. As shown in
Figure 4, after selecting SND@LHC events corre-
sponding to non-colliding Beam 2 bunches and no
present bunches of Beam 1 (B2noB1), almost all
reconstructed tracks have negative x � z slopes.
Track direction studies based on detector hit tim-
ing show that particles with reconstructed tracks

5

SciFi

6 Muon flux in the electronic
detectors

The muon flux is defined as the number of recon-
structed tracks per corresponding IP1 integrated
luminosity and unit detector area. The number of
tracks is corrected for the tracking e�ciency.

The muon flux in the SciFi and DS detectors
is estimated in an area with uniform tracking e�-
ciency [5]. For the SciFi this is the area between
�42 cm  x  �11 cm and 18 cm  y  49 cm
(31⇥31 cm2, see Figure 7). For the DS this
is the area between �54 cm  x  �2 cm and
12 cm  y  64 cm (52⇥52 cm2, see Figure 8).

Fig. 7 Distribution of SciFi tracks at the most upstream
detector plane. The distribution is normalized to unit inte-
gral. The red border delimits the region considered for the
SciFi muon flux measurement.

6.1 Systematic uncertainties

The Monte Carlo simulation has shown that there
are di↵erences in the tracking performance of ST
and HT depending on the energy spectrum (20%
for SciFi and 10% for DS, see [5]). Because of
this dependence, the choice of tracking method
introduces a bias in the flux result as it gives pref-
erence to muons in certain energy bins. However,
the energy spectrum of the data is unknown, and
hence the bias can not be determined. For this
reason, the di↵erence of the muon fluxes obtained
for tracks built with the ST and HT methods is
assigned to a systematic uncertainty.

Since the tracking e�ciency directly enters the
muon flux estimate, its uncertainty is assigned to
a systematic uncertainty.

Fig. 8 Distribution of DS tracks at the most upstream
detector plane. The distribution is normalized to unit inte-
gral. Horizontal stripes of lower counts in the central part
of the detector are caused by scintillator bar ine�ciencies.
The red border delimits the region considered for the DS
muon flux measurement.

Table 3 Relative magnitude of the sources of systematic
uncertainty for the muon flux measurement: luminosity,
fluctuations of the tracking e�ciency in di↵erent x � y
detector regions, and the choice of tracking method.

system
luminosity
uncertainty

[%]

tracking
e�ciency

[%]

choice of
tracking method

[%]
SciFi 2.2 2.2 4.8
DS 2.2 2.9 2.0

The third source of systematic uncertainty is
the integrated luminosity for an LHC fill, whose
value is used to normalize the muon flux. The
ATLAS collaboration reports a 2.2% uncertainty
in the integrated luminosity for data recorded in
2022 [3].

The systematic uncertainties per source are
given in Table 3 for the SciFi and the DS. For the
SciFi the dominant source of uncertainty is the
choice of tracking method, while for the DS muon
detector it is the tracking e�ciency. The total sys-
tematic uncertainty is the quadrature sum of the
uncertainties for all sources.

6.2 Results

The muon flux per integrated luminosity for SciFi
and DS are presented in Table 4, together with
the statistical and systematic uncertainties. The
DS muon flux is larger than the SciFi flux because
of the non-uniform distribution of tracks in the
vertical direction (see Figures 7 and 8) and the

7

Fig. 11 Distribution of tracks at the most upstream film
in each 1 cm2 cell, corrected for reconstruction e�ciency.
The red border represents the region considered for mea-
suring the average density. The coordinates on the axes are
local coordinates on the surface of the brick.

consistent with the measurement obtained from
emulsion.

Table 5 Muon flux in the SciFi and the DS detectors
in identical detector areas: �42 cm  x  �11 cm and
18 cm  y  49 cm.

system
muon flux [104 fb/cm2]

same fiducial area
SciFi 2.06 ± 0.01(stat.) ± 0.12(sys.)
DS 2.02 ± 0.01(stat.) ± 0.08(sys.)

9 Monte Carlo simulation
expectation

The non-uniform distribution of tracks in the ver-
tical direction in data (see Figures 7 and 8) is
also present in the Monte Carlo simulation (see
Figures 12 and 13). This is due to the complex
magnetic field in the LHC. The larger fluctuations
in the simulation are due to limited statistics. The
few outlier data points in the DS (see Figure 13)
are due to ine�cient bars (see also Figure 8).

The two peaks in the angular distribution of
the tracks observed in data (see Figures 6 and 10)
are also visible in the MC simulation at a distance
of 5.5 mrad (see Figure 14).

The flux values obtained from the electronic
detectors using data are between 20–25 % larger
than those obtained from the Monte Carlo simu-
lation (see Table 6).
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Fig. 12 SciFi tracks in data (red) and Monte Carlo sim-
ulation (blue) as a function of y. The dotted red lines
indicate the y coordinate boundaries of the detector regions
selected for the flux estimation. Each distribution is nor-
malized to unit integral.
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Fig. 13 DS tracks in data (red) and Monte Carlo simula-
tion (blue) as a function of y. The dotted red lines indicate
the y coordinate boundaries of the detector regions selected
for the flux estimation. Each distribution is normalized to
unit integral.
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Fig. 14 Simulated SciFi track slopes in the horizontal
plane. The region around a few milliradian shows two
peaks, which are fitted with a two Gaussian function.
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DS Muon6 Muon flux in the electronic
detectors

The muon flux is defined as the number of recon-
structed tracks per corresponding IP1 integrated
luminosity and unit detector area. The number of
tracks is corrected for the tracking e�ciency.

The muon flux in the SciFi and DS detectors
is estimated in an area with uniform tracking e�-
ciency [5]. For the SciFi this is the area between
�42 cm  x  �11 cm and 18 cm  y  49 cm
(31⇥31 cm2, see Figure 7). For the DS this
is the area between �54 cm  x  �2 cm and
12 cm  y  64 cm (52⇥52 cm2, see Figure 8).

Fig. 7 Distribution of SciFi tracks at the most upstream
detector plane. The distribution is normalized to unit inte-
gral. The red border delimits the region considered for the
SciFi muon flux measurement.

6.1 Systematic uncertainties

The Monte Carlo simulation has shown that there
are di↵erences in the tracking performance of ST
and HT depending on the energy spectrum (20%
for SciFi and 10% for DS, see [5]). Because of
this dependence, the choice of tracking method
introduces a bias in the flux result as it gives pref-
erence to muons in certain energy bins. However,
the energy spectrum of the data is unknown, and
hence the bias can not be determined. For this
reason, the di↵erence of the muon fluxes obtained
for tracks built with the ST and HT methods is
assigned to a systematic uncertainty.

Since the tracking e�ciency directly enters the
muon flux estimate, its uncertainty is assigned to
a systematic uncertainty.

Fig. 8 Distribution of DS tracks at the most upstream
detector plane. The distribution is normalized to unit inte-
gral. Horizontal stripes of lower counts in the central part
of the detector are caused by scintillator bar ine�ciencies.
The red border delimits the region considered for the DS
muon flux measurement.

Table 3 Relative magnitude of the sources of systematic
uncertainty for the muon flux measurement: luminosity,
fluctuations of the tracking e�ciency in di↵erent x � y
detector regions, and the choice of tracking method.

system
luminosity
uncertainty

[%]

tracking
e�ciency

[%]

choice of
tracking method

[%]
SciFi 2.2 2.2 4.8
DS 2.2 2.9 2.0

The third source of systematic uncertainty is
the integrated luminosity for an LHC fill, whose
value is used to normalize the muon flux. The
ATLAS collaboration reports a 2.2% uncertainty
in the integrated luminosity for data recorded in
2022 [3].

The systematic uncertainties per source are
given in Table 3 for the SciFi and the DS. For the
SciFi the dominant source of uncertainty is the
choice of tracking method, while for the DS muon
detector it is the tracking e�ciency. The total sys-
tematic uncertainty is the quadrature sum of the
uncertainties for all sources.

6.2 Results

The muon flux per integrated luminosity for SciFi
and DS are presented in Table 4, together with
the statistical and systematic uncertainties. The
DS muon flux is larger than the SciFi flux because
of the non-uniform distribution of tracks in the
vertical direction (see Figures 7 and 8) and the

7

Fig. 11 Distribution of tracks at the most upstream film
in each 1 cm2 cell, corrected for reconstruction e�ciency.
The red border represents the region considered for mea-
suring the average density. The coordinates on the axes are
local coordinates on the surface of the brick.

consistent with the measurement obtained from
emulsion.

Table 5 Muon flux in the SciFi and the DS detectors
in identical detector areas: �42 cm  x  �11 cm and
18 cm  y  49 cm.

system
muon flux [104 fb/cm2]

same fiducial area
SciFi 2.06 ± 0.01(stat.) ± 0.12(sys.)
DS 2.02 ± 0.01(stat.) ± 0.08(sys.)

9 Monte Carlo simulation
expectation

The non-uniform distribution of tracks in the ver-
tical direction in data (see Figures 7 and 8) is
also present in the Monte Carlo simulation (see
Figures 12 and 13). This is due to the complex
magnetic field in the LHC. The larger fluctuations
in the simulation are due to limited statistics. The
few outlier data points in the DS (see Figure 13)
are due to ine�cient bars (see also Figure 8).

The two peaks in the angular distribution of
the tracks observed in data (see Figures 6 and 10)
are also visible in the MC simulation at a distance
of 5.5 mrad (see Figure 14).

The flux values obtained from the electronic
detectors using data are between 20–25 % larger
than those obtained from the Monte Carlo simu-
lation (see Table 6).
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Fig. 12 SciFi tracks in data (red) and Monte Carlo sim-
ulation (blue) as a function of y. The dotted red lines
indicate the y coordinate boundaries of the detector regions
selected for the flux estimation. Each distribution is nor-
malized to unit integral.
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Fig. 13 DS tracks in data (red) and Monte Carlo simula-
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for the flux estimation. Each distribution is normalized to
unit integral.

0.02- 0.015- 0.01- 0.005- 0 0.005 0.01 0.015 0.02

xzθtan

0

5

10

15

20

25

30

35
Peak 1 Mean -1.1 mrad

Sigma 1.3 mrad
Peak 2 Mean 4.4 mrad

Sigma 1.4 mrad

Fig. 14 Simulated SciFi track slopes in the horizontal
plane. The region around a few milliradian shows two
peaks, which are fitted with a two Gaussian function.
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▶ First measurement of muons at TI18
- Detector calibration and response
- MC tuning for muon DIS

▶ Two independent measurements:
SciFi and DS muon system

▶ Tracking: Hough Transform

▶ MC generated with FLUKA

Fig. 11 Distribution of tracks at the most upstream film
in each 1 cm2 cell, corrected for reconstruction e�ciency.
The red border represents the region considered for mea-
suring the average density. The coordinates on the axes are
local coordinates on the surface of the brick.

consistent with the measurement obtained from
emulsion.

Table 5 Muon flux in the SciFi and the DS detectors
in identical detector areas: �42 cm  x  �11 cm and
18 cm  y  49 cm.

system
muon flux [104 fb/cm2]

same fiducial area
SciFi 2.06 ± 0.01(stat.) ± 0.12(sys.)
DS 2.02 ± 0.01(stat.) ± 0.08(sys.)

9 Monte Carlo simulation
expectation

The non-uniform distribution of tracks in the ver-
tical direction in data (see Figures 7 and 8) is
also present in the Monte Carlo simulation (see
Figures 12 and 13). This is due to the complex
magnetic field in the LHC. The larger fluctuations
in the simulation are due to limited statistics. The
few outlier data points in the DS (see Figure 13)
are due to ine�cient bars (see also Figure 8).

The two peaks in the angular distribution of
the tracks observed in data (see Figures 6 and 10)
are also visible in the MC simulation at a distance
of 5.5 mrad (see Figure 14).

The flux values obtained from the electronic
detectors using data are between 20–25 % larger
than those obtained from the Monte Carlo simu-
lation (see Table 6).
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Fig. 12 SciFi tracks in data (red) and Monte Carlo sim-
ulation (blue) as a function of y. The dotted red lines
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Fig. 13 DS tracks in data (red) and Monte Carlo simula-
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Fig. 14 Simulated SciFi track slopes in the horizontal
plane. The region around a few milliradian shows two
peaks, which are fitted with a two Gaussian function.
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[R. Albanese et al. (SND@LHC collab.), Eur.Phy.J.C 84,90 (2024)]
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Observation of muon trident production

Trident process in the neutrino target
• !± + # → !)!*!± +#

• Studied in the 60's and 70's, Muon Tridents, J.D. Bjorken(SLAC), M.C. Chen, 
Observation of Muon Trident Production in Lead and the Statistics of the Muon

• Due to identical muons, sensitive to Fermi statistics
• With 10 GeV muon beam, measured 60 nb per lead nucleon

• "Background": bremsstrahlung followed by %-conversion
(± + * → (± +* + %, % + * → * + (<(=

• Process introduced in GEANT4 in 2022
• In 2022 data, 137 events observed with 3 tracks and 1 vertex
• Expect from simulation 85 events (2/3 due to %-conversion 

and 1/3 genuine trident)

49

▶ Trident:
µ± + N → µ+µ−µ± + N
- Studies in the 60s and 70s
- Due to identical muons, sensitive to Fermi statistics

▶ “Background”: bremsstrahlung followed by γ-conversion:
µ± + N → µ± + N + γ, γ + N → µ−µ+ + N

▶ Both types of events are interesting for SND@LHC
- For the matching of electronic detectors with emulsion
- Comparison with GEANT4 predictions (implemented since 2022)
- Physics measurement, limits for exotic processes producing such a signature

Trident process in the neutrino target
• !± + # → !)!*!± +#

• Studied in the 60's and 70's, Muon Tridents, J.D. Bjorken(SLAC), M.C. Chen, 
Observation of Muon Trident Production in Lead and the Statistics of the Muon

• Due to identical muons, sensitive to Fermi statistics
• With 10 GeV muon beam, measured 60 nb per lead nucleon

• "Background": bremsstrahlung followed by %-conversion
(± + * → (± +* + %, % + * → * + (<(=

• Process introduced in GEANT4 in 2022
• In 2022 data, 137 events observed with 3 tracks and 1 vertex
• Expect from simulation 85 events (2/3 due to %-conversion 

and 1/3 genuine trident)

49

Thomas Ruf   CERN                                                   Three Muons December 14th 2023                                 2

𝝁𝟑 Events

There exist two types of 𝜇3 events in the 2022 data
A: Three tracks passing almost parallel
B: Incoming track, vertex in the target,  three outgoing tracks
Possible explanations: 

𝜇± + 𝑁 → 𝜇+𝜇−𝜇± + 𝑁 (muon trident)
𝜇± + 𝑁 → 𝜇± + 𝑁 + 𝛾, 𝛾 + 𝑁 → 𝑁 + 𝜇+𝜇− (muon brems followed by 𝛾-conversion)

A B
zoom into target:
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Neutrinos at the HL-LHC: AdvSND

▶ Plans for SND detector at the
HL-LHC

▶ AdvSND with two off-axis forward
detectors
- Far: η ∼ 8 Reduce systematic
uncertainties
- Near: η ∼ 4.5 link to LHCb
measurements & high-energy neutrino
physics

▶ Detector upgrades:
- Tag muon sign with magnet
- Replace emulsion vertex detector
with electronic technology Adding a magnet for !/!bar separation and improved energy resolution

53

rerouted drainage tube
Overhead crane

rerouted ventilation duct

Line of sight

μ momentum resolution
FLUKA HL simulation

F = 16%
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Summary

▶ The LHC provides a unique possibility to measure neutrino
production at the TeV scale

▶ SND@LHC covers a unique physics program at the LHC to
study all 3 neutrino flavors

▶ Highest energy person-made neutrinos

▶ Future projects at the HL-LHC are under study
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BACKUP

16 / 27



Backgrounds SND@LHC

Background evaluation
45

a)    Muon DIS b)    Muon EM

X

● Muon induced background: undetected muons entering the target (2022 Run3 data)

c)        Neutral interaction
Charm production Decay in Flight (DIF)

within SND@LHC acceptance

● Muon-induced neutral interactions

<latexit sha1_base64="E7qZYSn0bhikN+KY3kFRyQ6uQ+I="></latexit>

Nbkg = Nµ (1 � "veto) ⇥ (1 � "SciF i1) ⇥ (1 � "SciF i2) = 5.3 ⇥ 10�12Nµ

Totally negligible

<latexit sha1_base64="e20p1+wHs3bcYKRbj1h9qgVP7gY=">AAACDXicbVC7SgNBFJ31GeNr1UpsBoNgFXaDz0II2lhJBPOA7BpmJzdxyOyDmbtCWIKf4FfYamUntn6Dhf/iZt1CE091OOdezr3Hi6TQaFmfxszs3PzCYmGpuLyyurZubmw2dBgrDnUeylC1PKZBigDqKFBCK1LAfE9C0xtcjP3mPSgtwuAGhxG4PusHoic4w1TqmNtXncTx4xE9o3a5Qh0UPmhqW7enHbNkla0MdJrYOSmRHLWO+eV0Qx77ECCXTOu2bUXoJkyh4BJGRSfWEDE+YH1opzRgaZKbZC+M6F6sGYY0AkWFpJkIvzcS5ms99L100md4pye9sfif146xd+ImIohihICPg1BIyII0VyLtBmhXKEBk48uBioByphgiKEEZ56kYp2UV0z7sye+nSaNSto/Kh9cHpep53kyB7JBdsk9sckyq5JLUSJ1w8kCeyDN5MR6NV+PNeP8ZnTHynS3yB8bHNxCnmds=</latexit>

Nµ = 1.2 ⇥ 109

<latexit sha1_base64="FSwcJSmrM9LQ3NPgU6dd3dpb2Jw="></latexit>

= (8.6 ± 3.8) ⇥ 10�2
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νe CC in emulsion
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νe CC observation in emulsions 18Search for 𝜈eCC interactions in the emulsion data

14

Strategy
● Identify regions of high track 

density in the emulsions.
● Consistent with the expectation of 

electromagnetic shower 
development.

● Search for neutral vertices 
associated to identified showers.

Status
● Electromagnetic shower patterns 

identified.
● Vertex association ongoing.
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Active surface: ~50 × 50 cm2

Tungsten mass ~ 2 tons

Lowered by ~15 cm
Partial overlap with FASER useful for data comparison/systematics
Gain in statistics × 4 w.r.t. current location for equal luminosity 
> 150k ( interactions

54

Off-axis configuration

Vertex detector: combination of silicon trip and pixel detectors
Ongoing studies on optimal configuration and e/:0 separation performance
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AdvSND-Near

Advanced NEAR: neutrino expectation

η [4.0, 4.62]

φ 3.5 %

mass (ton) 5

surface (cm2) 147x53.5

distance (m) 87.2

59

LHCb ~ 180k charmed hadrons https://link.springer.com/article/10.1007/JHEP05(2017)074 in the 4 to 4.5 # range à ~ 18k (e
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Data acquisition

▶ All electronic detectors are read out by
TOFPET2-based front-end boards
- Low signal threshold: 0.5 p.e.
- Good timing: 40 ps
- 128 channels

▶ DAQ boards based on Cyclone V FPGA
- Run at 160 MHz, aligned with the LHC clock
- Collect data from four front-end boards (512
channels)
- Get clock from LHC time, trigger and control system
(TTC) via optical fibre
- All hits above threshold sent to DAQ server over
ethernet

▶ DAQ server
- Receives hits from DAQ boards, 17k channels in total
- Runs timestamp-based event-building code
- Applies online noise filter conditions based on event
topology
- Saves data to disk in ROOT format
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Uncertanties
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Neutrinos from charm production
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LFU tests
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Feebly Interacting Particles (FIPs)
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Experiment operation
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Software and analysis tools
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