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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↵
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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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+ a ντ  measurement

—> LHC is a unique laboratory for measuring for the first 
time the νN Xsections in the 500 GeV - 2 TeV range WHAT

SMALL DETECTOR:  
2 ton @ 1 TeV = 200 ton @ 10 GeV



a site with low machine backgrounds exists 
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• Even when scaling down to a smaller detector and to an integrated 
lumi of 150 /fb, the expectations are excellent 

• Phase 1 (PILOT run): 2021, 0.4 ton detector for characterisation of 
the background, and set-up and tune emulsion handling infrastructure 
and analysis for 2022-23, 

• 1 ton of lead fits in 1 meter length of 30x30 cm2 Xsection 

• Phase 2: 2022-23(24), 1.5 ton detector, 2 sections covering η ranges 
with different average energy ( 0.7, 1.2 TeV ) 

• with 150 /fb can record up to 2000 HE neutrino interactions, up to 
100 ν_tau 

XSEN proposal for LHC Run3WHEN



• EoI received and discussed at the LHCC closed session in June. 
Positive outcome. Referees assigned:Francesca Di Lodovico 
(coordinator), Katja Krüger, Michelangelo Mangano, David Waters.  

• presented at INFN CSN1 , July 8 

• LoI by mid July for discussion in September. Collaboration is 
being formed. INFN so far: Bologna, Naples. 

• urgent: flux calculations with Pythia, detector 
interaction simulation with fluka/geant  

• Phase 1 (PILOT run) for 2021, because of its very small size, on an 
accelerated path (similar to our test measurement along the LHC 
tunnel) : reviewed by TREX on June 26, expect approval by LMC 
at the end of July.  

WHO



The photograph shows one 
of the bricks used for the 
background measurements.  
Our current baseline is to 
use bricks 12.5 cm wide, 
10 cm high and 7.5 cm 
thick with ~5.6 cm lead.  
Such bricks would weigh 
~8.3 kg, making them easy 
to handle manually. 

We will use the modular design 
developed for OPERA: the 
emulsions interleaved with thin 
layers of lead will be packed 
together into “bricks” for easier 
handling.

HOW



Beam 
l.o.s.

Horizontal 
plane through 
l.o.s.

The line of sight of the 
colliding beams is under the 
surface of the tunnel, which is 
actually an advantage: we can 
split the detector into two 
sections covering two ranges of 
pseudorapidity while 
simplifying mechanical support 
structure. 



 What we need for PILOT run: 
 material: 
 -- purchase 17m2 of emulsions.   ~50K.   INFN 50% max (25K) sub 
judice  
 -- restart 3 scanning tables in Bo, upgrade optics for one  20K 
 -- lead sheets,  recycle from opera, 0K 
 -- installation (to do before LHC  goes cold, in october-december 2020). 
 0K,  detector supports provided by cern 
 -- boron carbide protection.  procured by cern ( alternative borated 
polyethylene, but inflammable, should be covered by aluminum) TBD 

 travel money:  
 -- tests for optimising the detector configuration. travel money for Italy 
and cern. difficult to evaluate 
 -- restart cern tools for brick assembly and emulsion development. And 
manpower for assembly and development shifts. ~9-12 menweeks 
 -- installation. Cern personnel takes care.  


