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SND@LHC

Neutrini con energia del TeV  ->  
probabilità di interazione cresce 1000 volte 
rispetto a  neutrini del GeV -> 
rivelatore compatto: massa ~0.8 Ton

https://cds.cern.ch/record/2750060

spostato di ~10 cm 
dall’asse del fascio 
(7.2<eta<8.6):  
oltre 90% dei neutrini 
provengono da charm

il rivelatore di SND@LHC (1)
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THE DETECTOR LAYOUT
‣ Angular acceptance: 7.2< ! < 8.6 
‣ Target material: Tungsten 
‣ Target mass: 830 kg 
‣ Surface: 390x390 mm2

Electromagnetic calorimeter 
~40 X0

Hadronic calorimeter 
~9.5 λ

mm

Off axis location

2.6 m total length

Estimated cost 1.7 MCHF

44 m2 di emulsioni da sostituire 2-3 volte l’anno

5 stazioni di scan operative in SND@LHC a tempo pieno  

https://cds.cern.ch/record/2750060
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SND@LHC  è un esperimento senza uguali per la fisica con neutrini ECXPECTED NEUTRINO DIS INTERACTIONS

• Spectra of neutrinos interacting in SND@LHC • Expectations in 150 fb-1

• GENIE used to simulate neutrino interactions in the detector target 
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In the downward configuration, ~40% less interactions expected 
Overall ~20% reduction expected if run with equal weights 

Crossing angle: 150 μrad upward 

Previsione per LHC RUN3 (2022-2024): 

FUTURO: LHC RUN4 (2027 e oltre):    emulsioni —> silicon tracker
alcune migliaia di nu_tau 
un secondo detector a 4<eta<5 per nu da W ?

studio rapporto nu_e/nu_mu
studio rapporto NC/CC
osservazione nu_tau di alta energia

alcune delle misure garantite:

Il programma di fisica è complementare ai 
grandi esperimenti di LHC  

SND@LHC sonderà la regione inesplorata tra  350 GeV e 3 TeV 

Extracting the Energy-Dependent Neutrino-Nucleon Cross Section

Above 10 TeV Using IceCube Showers
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1Niels Bohr International Academy & Discovery Center,
Niels Bohr Institute, Blegdamsvej 17, 2100 Copenhagen, Denmark
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Neutrinos are key to probing the deep structure of matter and the high-energy Universe. Yet, until
recently, their interactions had only been measured at laboratory energies up to about 350 GeV.
An opportunity to measure their interactions at higher energies opened up with the detection of
high-energy neutrinos in IceCube, partially of astrophysical origin. Scattering o↵ matter inside the
Earth a↵ects the distribution of their arrival directions — from this, we extract the neutrino-nucleon
cross section at energies from 18 TeV to 2 PeV, in four energy bins, in spite of uncertainties in the
neutrino flux. Using six years of public IceCube High-Energy Starting Events, we explicitly show
for the first time that the energy dependence of the cross section above 18 TeV agrees with the
predicted softer-than-linear dependence, and rea�rm the absence of new physics that would make
the cross section rise sharply, up to a center-of-mass energy

p
s ⇡ 1 TeV.

Introduction.— Neutrino interactions, though fee-
ble, are important for particle physics and astrophysics.
They provide precise tests of the Standard Model [1–3],
probes of new physics [4–6], and windows to otherwise
veiled regions of the Universe. Yet, at neutrino energies
above 350 GeV there had been no measurement of their
interactions. This changed recently when the IceCube
Collaboration found that the neutrino-nucleon cross sec-
tion from 6.3 to 980 TeV agrees with predictions [7].

Because there is no artificial neutrino beam at a TeV
and above, IceCube used atmospheric and astrophysi-
cal neutrinos, the latter discovered by them up to a few
PeV [26, 31–38]. Refs. [4, 6, 39–42] showed that, because
IceCube neutrinos interact significantly with matter in-
side Earth, their distribution in energy and arrival di-
rection carries information about neutrino-nucleon cross
sections, which, like IceCube [7], we extract.

However, Ref. [7] extracted the cross section in a sin-
gle, wide energy bin, so its energy dependence in that
range remains untested. A significant deviation from the
predicted softer-than-linear dependence could signal the
presence of new physics, so we extract the cross section
in intervals from 18 TeV to 2 PeV. While Ref. [7] used
only events born outside of IceCube we use instead only
events born inside of it, which leads to a better handle
on the neutrino energy.

Figure 1 shows that the cross section that we extract is
compatible with the standard prediction. There is no in-
dication of the sharp rise, at least below 1 PeV, predicted
by some models of new physics [6, 43–51].

Neutrino-nucleon cross section.— Above a few
GeV, neutrino-nucleon interactions are typically deep in-
elastic scatterings (DIS), where the neutrino scatters o↵

⇤ mbustamante@nbi.ku.dk; ORCID: 0000-0001-6923-0865
† connolly@physics.osu.edu; ORCID: 0000-0003-0049-5448
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FIG. 1. Charged-current inclusive neutrino-nucleon cross sec-
tion measurements [8–25]. The new results from this work,
based on 6 years of IceCube HESE showers [26–29], are an
average between cross sections for ⌫ and ⌫̄, assuming equal
astrophysical fluxes of each. In the highest-energy bin, we
only set a lower limit (1� shown). The thick dashed curve is
a standard prediction of deep inelastic scattering (DIS), aver-
aged between ⌫ and ⌫̄. Horizontal thin dashed lines are global
averages from Ref. [30], which do not include the new results.

one of the constituent partons of the nucleon — a quark
or a gluon. In both the charged-current (CC,

( )

⌫ l + N !
l

⌥+X) and neutral-current (NC,
( )

⌫ l+N ! ( )

⌫ l+X) forms
of this interaction, the nucleon N is broken up into par-
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Bustamante M., Connolly A., arXiv:1711.11043, Jan. 12, 2019
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apertura della sigla INFN per SND@LHC 
nella CSN1 di Maggio 

calo muon

A Bologna piccolo gruppo misto con 
colleghi di gruppo 1, 2 e 5 a tempo 
parziale

Attività: - progettazione e costruzione muon planes (con Zurigo, Berlino, Mainz): 
scintillatori e SiPM; granularità 1 cm2 ;   IN CORSO;  installazione in 
LHC a fine anno

- scan delle emulsioni (aggiornamento microscopio ex-OPERA);  
5 tavoli di scan in parallelo (CERN, Napoli, Bologna, Zurigo, Russia); 
IN PREVISIONE dal 2022

Emulsioni + SciFi planes Scintillatori + SiPMs

contattare: marco.dallavalle@bo.infn.it

La presa dati comincia nel 2022: la preparazione per l’analisi deve partire adesso 

Opportunità di investire parte del proprio tempo in un esperimento a dimensione di 
test beam ma con potenzialità di misure di grande visibilità nel panorama di HEP   

Colleghi di Bologna sono benvenuti!

mailto:marco.dallavalle@bo.infn.it
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  1) misura della sezione d’urto pp->ν+Χ per i neutrini di e, μ, τ 

        — online - DAQ: come accedere alla misura della luminosità da ATLAS, 
come monitorare lo stato dei fondi e della performance del rivelatore elettronico. 
Il controllo della DAQ è remoto, non richiede personale specializzato in situ.

 2) spettro dei neutrini muonici (e similmente per elettronici) e studio della 
topologia degli eventi C.C. all’energia del TeV

       —  algoritmo on- and off-line di selezione col rivelatore elettronico, 
ricostruzione della traccia (sciame), simulazione
       (solo camere a mu inizialmente, e poi camere calo, camere SciFi, 
        camere di veto per la separazione dal fondo di mu da LHC) 

  3) selezione e studio degli eventi di ν_tau 

       — scan delle emulsioni e misura degli eventi. Alle energie del TeV il tau 
percorre ~ 5 cm !  
Riprendere il know-how di OPERA e aggiornare il microscopio.

Analisi da cominciare a impostare a Bologna sin dalla corrente fase di partenza 
dell’esperimento, e poi da portare avanti con la presa dati:



altro
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for hosting a detector and investigate the physics potential in terms of neutrino interaction rate
and background environment for an integrated luminosity of 3000 fb−1 (HL-LHC). Section 7
draws the conclusions and hints at an experiment feasible already with 150 fb−1 for the LHC
Run3 in 2021–2023.

2. Characteristics of LHC neutrinos

pp collision events at =s 14 TeV were simulated using Pythia 8.226 [14]. Figures 2 and 3
show scatter plots of energy versus pseudorapidity ∣ ∣h separately for neutrinos in pp events
with b and c production and in pp events with W production. Neutrinos from heavy quarks
are abundant, and are very forward; τ neutrinos account for about 5% of the neutrino flux.
Because of the Lorentz boost along the beam axis, their energies can attain the TeV range

Figure 1. Picture showing the VN, N, F, and VF locations in LHC.

Figure 2. Scatter plot of neutrino energy versus pseudorapidity η in b and c decays. All
neutrino flavours are included.

J. Phys. G: Nucl. Part. Phys. 46 (2019) 115008 N Beni et al
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when ∣ ∣h is 6.5 or larger. In the region of ∣ ∣h< <3 6 prompt neutrinos from leptonic W
decays, and similarly from Z decays, give a consistent contribution to the TeV neutrino tail;
about 30% of these are τ neutrinos.

The W is boosted along the beam line, so that the charged lepton and the neutrino from
the decay tend to be on the same side in pseudorapidity, and they are back-to-back in the
plane transverse to the beam. When the neutrino lies in ∣ ∣h< <4 5, the charged lepton is
within ∣ ∣h < 3 in about 50% of the cases, i.e. it can be observed in the ATLAS or CMS
detectors, providing an independent tagging of the neutrino species.

Figures 4 and 5 show the neutrino energy spectra for different regions in ∣ ∣h . Figure 4 is
for neutrinos from b and c decay: in ∣ ∣h< <4 5 the spectrum (red line) is confined to low
energies while in ∣ ∣h > 6.5 the spectrum (blue line) reaches very high energies. Although the
absolute scale is arbitrary, the relative normalization is based on the differential cross section

Figure 3. Scatter plot of neutrino energy versus pseudorapidity η in pp events with W
production. Neutrinos from the leptonic W decays are seen to be kinematically well
separated. All neutrino flavours are included.

Figure 4. Energy spectra for neutrinos from b and c when neutrino has ∣ ∣h< <4 5
(red) and when ∣ ∣h > 6.5 (blue).

J. Phys. G: Nucl. Part. Phys. 46 (2019) 115008 N Beni et al
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Abstract
We discuss an experiment to investigate neutrino physics at the LHC, with
emphasis on tau flavour. As described in our previous paper Beni et al (2019
J. Phys. G: Nucl. Part. Phys. 46 115008), the detector can be installed in the
decommissioned TI18 tunnel, ≈480 m downstream the ATLAS cavern, after
the first bending dipoles of the LHC arc. The detector intercepts the intense

∗Author to whom any correspondence should be addressed.
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