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neutrini da LHC
• l’uso di LHC come sorgente di neutrini è uno 

sviluppo recente. Due esperimenti 
(SND@LHC e FASERν) nel 2022-2024 
puntano alla prima osservazione diretta. 

• dai decadimenti di bosoni W,Z, e di quark 
pesanti prodotti nelle interazioni pp profonde 
nascono neutrini dei tre sapori e,µ,τ  ; neutrini 
muonici anche dai decadimenti di π,Κ  

• energia ~100-4000 GeV e intensità dei 
neutrini variano con l’angolo di diffusione 
( η=-ln tan θ/2  —> η=4.5=22mrad=1.3O   

η=8=0.7mrad=0.04O )
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fisica coi neutrini a LHC (1)
• SND@LHC osserverà neutrini in 7.2<η<8.6    

• il principale (>90%) processo di produzione è il 
decadimento dei quark charm generati  da    
gg—>c cbar 

• la reazione ha un grande boost in avanti: 
un gluone ha <x1> ~ 0.2,  
e il secondo ha x2 tra 10-7 e 10-5 , terra incognita 
<Q2> è ~4 GeV2 

• la PDF del gluone a piccolo x ha grande 
incertezza, un problema aperto per le 
predizioni di QCD.   SND@LHC può stimarla 
dal flusso di neutrini    
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A Forward Physics Facility at the LHC 

opens access to new momentum fractions 𝑥𝑥

F. Kling
arXiv:1912.10053

𝒑𝒑𝒑𝒑 → 𝒄𝒄 → 𝑫𝑫 → 𝝂𝝂 𝑿𝑿 production at FASER𝝂𝝂
𝑥𝑥1 ∼ 10−7 and 𝑥𝑥2 ∼ 0.02 at 〈𝑄𝑄〉 ∼ 2 GeV

1. Little is known about QCD for charm production at such 〈𝑥𝑥〉 ⇒ this talk

2. FASER𝜈𝜈 detects neutrinos via charged-current DIS on nuclear targets ⇒ M. Garzelli



fisica coi neutrini a LHC (2)
• la sezione d’urto di interazione νN  (N=p,n) è 

misurata in laboratorio per Eν<350 GeV ; 

• molte misure per νµ, qualcuna νe ; 

• 14 interazioni di ντ osservate ; 

• N.B.: σ(1000GeV)/σ(10GeV)~100—> 
detector può essere piccolo in massa e 
dimensioni 

• da sorgenti di astrofisica misure per Eν>>6000 GeV, 
incertezza molto grande 

• LHC può coprire il gap 350-6000 GeV 

• LHC può produrre un campione consistente di ντ,  di 
alta energia
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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,
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of this interaction, the nucleon N is broken up into par-
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la Collaborazione SND@LHC (1)
• Nata dalla fusione di XSEN e SND(SHiP) 

• XSEN aveva misurato i fondi macchina di LHC, 
stimato i flussi  di neutrini e dimostrato la 
fattibilità di un esperimento per neutrini 

• SND aveva sviluppato un rivelatore avanzato 
per l’osservazione di neutrini in SHiP 

• LoI a Agosto 2019;  approvazione di LHCC 

• Technical Proposal sottomesso a Gennaio; in 
valutazione da LHCC; approvazione possibile 
per Marzo  
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January 15, 2021
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TECHNICAL PROPOSAL2

SND@LHC3

Scattering and Neutrino Detector at4

the LHC5

SND@LHC Collaboration6

Abstract7

SND@LHC is a proposed, compact and stand-alone experiment to perform measurements with8

neutrinos produced at the LHC in an hitherto unexplored pseudo-rapidity region of 7.2 < ⌘ <9

8.6, complementary to all the other experiments at the LHC. The experiment is to be located10

480m downstream of IP1 in the unused TI18 tunnel. The first phase aims at operating the11

detector throughout LHC Run 3 to collect a total of 150 fb�1.12

Following the review of the Letter of Intent [1], submitted in August 2020, LHCC rec-13

ommended the collaboration to proceed with the preparation of a Technical Proposal (TP),14

reported herein.15



la Collaborazione SND@LHC (2)
• proposta di SND@LHC 

firmata da 35 istituti, 120 
persone, 32% INFN, 
Bari,Bologna,Cagliari,LNGS,
Napoli 

• in discussione nella riunione 
di CSN1 INFN di Febbraio 

• ricercatori di Bologna:       
5 GrI, 2 GrII, 3 GrV 

• altri sono benvenuti!
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collocazione del rivelatore
• nel tunnel TI18, 480m da ATLAS   

• particelle da IP incontrano 100 m di roccia; 
quelle cariche deviate dai magneti di LHC
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‣About 480 m away from the ATLAS IP 
‣Tunnel TI18: former service tunnel connecting SPS to LEP 
‣Symmetric to TI12 tunnel where FASER is located 

‣Charged particles deflected by LHC magnets 
‣Shielding from the IP provided by 100 m rock 

‣Angular acceptance: 7.2<!< 8.6 

‣First phase: operation in Run 3 to collect 150 fb-1 

SND@LHC



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  



il rivelatore di SND@LHC (2)
a Bologna, interessamento per 

• tre stazioni finali del rivelatore di 
muoni:  barre sottili di scintillatori 
lette da SiPMs; partecipazione a 
detector design, elettronica e 
meccanica 

• scan delle emulsioni al microscopio 
(esperienza di OPERA, upgrade del 
microscopio)  

• analisi degli eventi
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‣FIRST PHASE: electronic detectors  
‣Event reconstruction based  on Veto, Target Tracker 

and Muon system 
- Identify neutrino candidates   
- Identify muons in the final state  
- Reconstruction of electromagnetic showers (SciFi) 
- Measure neutrino energy (SciFi+Muon)



Pianificazione, aspettative e note finali

note finali: 

• a HL-LHC statistica x50, ma serve 
tracker alternativo alle emulsioni  

• altre possibilità di fisica: FIPs 
(particelle con interazione “flebile”, 
quasi impercettibile, che collidono 
con nucleoni o con elettroni) 
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13 PHYSICS PERFORMANCES 82

13 Physics performances1717

13.1 Neutrino physics1718

The SND@LHC detector target covers a pseudo-rapidity range between 7.2 < ⌘ < 8.6. The1719

neutrino yield in the SND@LHC acceptance for the three di↵erent neutrino flavours is reported1720

in Table 15, assuming 150 fb�1, together with expected number of charged-current and neutral-1721

current neutrino interactions occurring in the detector target. Energy spectra for CC DIS1722

interactions are shown in Figure 58. We assume tungsten plates of type II (see Table 3) as1723

passive material, for a total mass of 830 kg.1724

Figure 58: Energy spectrum of the di↵erent types of CC DIS interacting neutrinos.

Neutrinos in acceptance CC neutrino interactions NC neutrino interactions
Flavour hEi [GeV] Yield hEi [GeV] Yield hEi [GeV] Yield

⌫
µ

145 2.1⇥ 1012 450 730 480 220
⌫̄
µ

145 1.8⇥ 1012 485 290 480 110
⌫
e

395 2.6⇥ 1011 760 235 720 70
⌫̄
e

405 2.8⇥ 1011 680 120 720 44
⌫
⌧

415 1.5⇥ 1010 740 14 740 4
⌫̄
⌧

380 1.7⇥ 1010 740 6 740 2

TOT 4.5⇥ 1012 1395 450

Table 15: Number of neutrinos in the SND@LHC acceptance, charged-current and neutral-
current neutrino interactions in the detector target, assuming 150 fb�1. Average energies are
also reported.

13.1.1 Charmed hadron production in pp collisions1725

Electron neutrinos and anti-neutrinos interacting in SND@LHC come mainly from the decay1726

of charmed hadrons produced in the LHC p–p collisions. The measurement of their flux in the1727
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Figure 70: Preliminary schedule for the works to prepare the experimental area and to install
the detector.

that the works scheduled for 2021 on the infrastructure and the transport, and installation of2148

the detector, are already covered by existing work safety authorizations or others that are in2149

preparation. It is expected that any additional procedure that may arise can be done between2150

the approval and the start of the first underground works in July 2021. The critical path for2151

the infrastructure items is defined by the cooling station. Six months are needed for the design2152

and commissioning of the chillers in a lab before they are installed in the tunnel. Owing to the2153

fact that the station is the same as the one installed for FASER, a project approval by the end2154

of March 2021 is considered safe for a timely installation.2155

The proposed plan of the work packages allows work on the final items of infrastructure and2156

services to go in parallel with the first phase of detector installation, consisting of mechanics,2157

racks, electronics and cooling.2158

The detector installation and commissioning is expected to take two months, and will start2159

in October 2021. The preparation and installation of the emulsion bricks will be done as late as2160

possible before the closure of the LHC for the start of re-commissioning with beam, to minimise2161

unnecessary exposure. In the current schedule the installation of the emulsion bricks is foreseen2162

for the second week of January 2022.2163

In order to cope with the short time for the installation underground and the in-situ com-2164

missioning, it is planned to partially setup the detector, including the DAQ system, on the2165

surface in advance and run tests with cosmics. The setup will also be essential to test and2166

practice the emulsion replacement and commission detector before installation underground.2167

Several options are considered for the location.2168

The operational schedule involves replacing the emulsion films every 25 fb�1, expected twice2169

a year. A second complete set of tungsten plates will be available to prepare the replacement2170

bricks in advance. The construction of the 4⇥ 5 emulsion bricks requires less than one week in2171

the dark room. In the baseline plan, this operation will be done right before the LHC Technical2172

Stops. The sharing of the dark room facility will mean that the replacement bricks will have to2173

be prepared a bit earlier every second stop and be temporarily stored in a location well shielded2174

from cosmic radiation.2175

The bricks do not require replacement exactly every 25 fb�1. There is margin to adapt the2176

preparare area, 
installare servizi

installazione e collaudo


