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Neutrinos from charm:  
Forward production at the LHC and in the atmosphere
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Atmospheric neutrinos 

Conventional neutrino flux 
- produced from the 𝜋 and K decays

- mean lifetime of 𝜋/K: 

- dominates at relatively low energies.

Prompt neutrino flux
- originated mostly from charm meson decays
- mean lifetime D/B:  
- dominates over the conventional flux at high energies
- main background of astrophysical neutrinos

τ ∼ 10−8 s

τ ∼ 10−12 s

The cross-over energy is not known since the prompt atmospheric neutrinos have not been detected and the 
theoretical prediction of their fluxes have large uncertainties mainly due to uncertainties in charm hadron production. 

Figure from PoS(ICRC2017)1005



Forward experiments at the LHC

RUN 3 (2022 - 2024): , 

FASER/ FASER  (𝜂 ≳ 9.2 / 8.8)

SND@LHC ( )

HL-LHC (2027 - 2036): , 

Forward physics facility (FPF) - a set of forward experiments 

Under discussion for upgrade with additional experiments

s = 14 TeV ℒ = 150 fb−1

ν
7.2 < η < 8.6

s = 14 TeV ℒ = 3000 fb−1

14 Ch.1 Motivation for GridPix

tunnel with a circumference of 27 km was built in order to host the Large Electron-
Positron (LEP) collider. The LEP was able to deliver a centre of mass energy from
91 GeV up to 209 GeV and was used for the detailed study of the electroweak theory
and the Standard Model in general through the production of the W± and the Z
bosons. Until its decommission in 2000 the LEP collider has been used for detailed
studies of the electroweak theory and the precise determination of basic Standard
Model quantities like the masses of the W and the Z bosons.

The same tunnel is used currently for the Large Hadron Collider (LHC), figure 1.2.
The LHC is currently the world’s most powerful machine for high-energy physics
experiments. The LHC was designed in order to collide proton beams with a centre
of mass energy of 14 TeV and a luminosity of 1034 cm−2 s−1, [17]. In each one of the
four interaction points, one of the large experiments is installed, namely A Large
Ion Collider Experiment (ALICE) [18], A Toroidal LHC Apparatus (ATLAS) [19],
Compact Muon Solenoid (CMS) [20] and Large Hadron Collider Beauty (LHCb)
experiment [21].

Figure 1.2: The current layout of the LHC showing the location of the ALICE,
the ATLAS, the CMS and the LHCb experiments. The proton beams are
accelerated in several stages and reach 450 GeV at the Super Proton Syn-
chrotron (SPS). Finally the beams are transferred in the LHC where they are
accelerated in opposite directions to their maximum energy.

The proton beams are accelerated in opposite directions in two separate beam
pipes. The pipes are kept at high vacuum and for the steering of the beams strong
superconducting electromagnets are used. During operation, the electromagnets are
cooled down to a temperature of -271.3 ◦C which is even lower than the temperature
of the outer space (-270.5 ◦C).

Ref: 1903.06564, 1908.02310, 2002.08722
Figure taken from A. Di Crescenzo’s slides for SND@LHC from the 2nd FPF meeting

Forward experiments at the LHC can measure prompt neutrinos 
and heavy flavor production 



Prompt atmospheric neutrino fluxes

Charm meson production at the energy of the LHC has contribution to the high energy atmospheric neutrino flux, the main component of 
which is prompt neutrinos. 

The most important contribution to the prompt atmospheric neutrinos are from the charm meson produced in .

Measurement of the heavy flavor production and prompt neutrinos at the LHC at this rapidity range would provide important data for 
essential input and help to develop the theoretical prediction on the prompt atmospheric neutrino flux. 

4.5 ≲ y ≲ 6.5


