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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


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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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



calo muon

Emulsioni + SciFi planes
Scintillatori + SiPMs

SND@LHC Institute Board, 21 May 2021 1



SND@LHC Institute Board, 21 May 2021

� Initial plan: works in July-August with LHC at 2K
Î Re-assessment of helium risk strongly prefers floating machine at 20K
Î Moving works to after pilot beam would leave installation short of time, ~4 weeks depending on availability 

of equipment & service groups

Proposal
� Plan A:

• Machine at 20K in July-August, minimize duration (current schedule was to avoid long continuous access)
• Install light protection on critical parts

� Plan B: 
• Keep flexibility to move to after pilot beam if June 7 schedule review adds a ~month to YETS
• Delay of pilot beam would shift planning by the same amount 
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Activities assessed 
in relation to He risk

Time critical
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Annex 1 Collaborating Institutions in the Collaboration and the names of their Contact 
Persons 

 
Country Collaborating Institution Contact Person 

   
Chile SAPHIR Sergey Kuleshov 

Germany Humboldt University of Berlin Heiko Lacker 

 University of Mainz Rainer Wanke 

Italy INFN and University of Bari Saverio Simone 

 INFN and University of Bologna Marco Dallavalle 

 INFN and University of Naples Antonia Di Crescenzo 

Japan University of Nagoya Masahiro Komatsu 

 University of Toho Satoru Ogawa 

Korea GNU (Gyeongsang National University) Kang Young Lee 

Portugal LIP Nuno Leonardo 

Russia NRC, Kurchatov Institute Vladimir Shevchenko 

 Lebedev, Moscow Tatiana Schedrina 

 MISiS Eric van Herwijnen 

 Moscow State University (MSU) Tatyana Roganova 

Switzerland EPFL Lesya Shchutska 

 University of Zurich Christopher Betancourt 

Turkey METU Murat Ali Guler 

UK Imperial College London (ICL) Andrei Golutvin 
 CERN Thomas Ruf 

 
 
 
 
 
 
 
 
 
 

MoU 
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Annex 4 Sub-Detector Structure and Technical Participation of the Collaborating 
Institutions of the Experiment (The first Collaborating Institutions in the list, in bold 
letters, takes responsibility for accomplishing the task, while the other Collaborating 
Institutions participate to the task) 

 
Responsibility Deliverables Collaborating Institutions 

   
VETO 

Detector modules, mechanics, 
electronics and services, associated 

software 
Zurich 

ETS Mechanics, tungsten target, emulsion 
Naples, Ankara, Bari, ICL, 
Kurchatov, Lebedev, MISiS, 

MSU, Nagoya, Toho 

ETS Dark room tooling, consumables GNU 

ETS Cold box, neutron shield SAPHIR 

TT 
Detector modules, mechanics, 

electronics and services, associated 
software 

EPFL 

MUON 
Detector modules, mechanics, 

electronics and services, associated 
software 

Zurich, Bologna, Mainz, 
Berlin, LIP 

ONLINE 
Timing, readout electronics, computing 
infrastructure, control room equipment, 

associated software 
EPFL, CERN 

OFFLINE Software, computing infrastructure CERN 

SCANNING Scanning stations Naples, Bologna, Lebedev, 
Zurich, CERN  

INFRA Experimental area, infrastructure, 
services, support CERN (Hostlab, EP) 

  

MoU



https://indico.cern.ch/category/13140/

SND@LHC collaboration meetings per informazioni sulle diverse attività 

controllate di avere accesso, altrimenti contattatemi



https://indico.cern.ch/category/13141/

Per rivelatore di muoni e offline: 

Muon: Mercoledì  h 14-15

SW: Giovedì h 14.30-17

Veto/Muon:  Chris Betancourt (Zürich U.) 

SW (offline): Thomas Ruf (CERN)



Veto/Muon contiene anche DAQ DAQ: Ettore Zaffaroni (EPFL)



July August September October
Item Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3
Veto bars + frame assembly
Veto PCB test
Veto PCB + frame assembly
Muon US bars + frame assembly
Muon US PCB test
Muon US PCB + frame assembly
Muon US Plane testing
Muon DS bar measure
Muon DS bar wrapping
Muon DS bars + frame assembly
Muon DS PCB test
Muon DS PCB + frame assembly
Muon DS plane testing
HCAL testbeam in H8 (US Muon)
Surface comissioning in H6

Shifter
Chris
Dario
Heiko
Anupama
Andrew
Jakob
Guilherme
Marco
Antonio
Vittorio
Vincenzo
Nicolo
Federico
Gianni
Casimiro
Francesco

Number of shifters 2 2 3 8 5 4 6 7 12 7 7 5

�1

Muon: assemblaggio e test


