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Review: 



Motivation



Collider Neutrinos

 - neutrinos detected from many sources, but not from colliders
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Collider Neutrinos

LHC provides a strongly collimated beam of TeV energy neutrinos of 
all three flavours in the far forward direction. 

FASERv and SND@LHC will detect O(10k) neutrinos.  
 

Proposed FPF experiment have potential to detect O(1M) neutrinos. 



Neutrino Fluxes
and Interaction



Collider Neutrinos



Event Rates



Where do neutrinos come from? 



Neutrinos from Light Hadron Decays

Event Generation 
 

Light hadron production cannot be described by perturbative QCD.  
Instead, one has to use hadronic interaction models / MC generators. 

 

Two issues to consider

Particle Propagation 
 

Light hadron (pions, kaons, hyperons) are long-lived.  
So one need to model their propagation, absorption and decays in the LHC 

infrastructure.  



Neutrinos from Light Hadron Decays

Typical generators from cosmic ray physics: EPOS, QGSJET, SIBYLL, DMPJET, (Pythia) 
 

Some guidance by data: forward photon at LHCf [1703.07678]



This has been realized as fast neutrino flux simulation implemented as RIVET module. 
                                                            [Kling, 2105.08270]
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Neutrinos from Charm Decay

Charm production can (in principle) be described by perturbative QCD: g g → c c 

dσ(pp→D + X)    =     fg(x1)fg(x2)     ⨂      dσ(gg→c + X)      ⨂      F(c→D) 
       PDF partonic cross section hadronizationhadronic cross section

Some guidance by data: D-meson spectra by LHCb [1510.01707]
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Neutrinos from Charm Decay

First estimate at NLO by Bai et al: 2002.03012 
 

uncertainty band: vary scales by factor two

https://arxiv.org/pdf/2002.03012.pdf


Neutrinos from Charm Decay

Estimate based on a different approaches (NLO collinear and kT factorization)  
by Bhattacharya, Kling, Sarcevic and Stasto: 2203.05090 

https://arxiv.org/abs/2203.05090


Neutrinos from Charm Decay



Neutrino Interactions

 for Ev>100GeV: deep inelastic scattering (DIS) qν→q’ℓ

 
      * cross section grows  
       linear with energy: σ~E

   * proton momentum carried  
       by the quark q:   x~0.1 
 
    * fraction of the neutrino energy 
       transferred:  y~0.5 
 
    * transferred four-momentum:  
      Q2~(10 GeV)2 



Physics Potential



Overview
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Neutrino Cross Sections



Forward Particle Production



QCD - Overview
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QCD with charm production

Neutrinos from charm decay could allow to test transition to small-x factorization  
and constrain low-x gluon PDF



QCD with charm production

Gluon saturation 
Bhattacharya, Kling, Sarcevic and Stasto: (unpublished)



QCD with charm production

Intrinsic Charm (IC)
• charm in pQCD mainly via gluon scattering

• possible non–perturbative component to charm PDF: IC

• leads to forward, high-xF charm production 

• not observed experimentally, existence is controversial 
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QCD with charm production

Intrinsic Charm 
Goncalves, Maciula, Szczurek:  2210.08890 

https://arxiv.org/abs/2210.08890


QCD - Neutrino Scattering
DIS neutrino interactions νμ q → μ q’ can be used to probe PDFs. 

 
 

LHC Neutrino experiments can measure  
  - the muon charge qμ  
  - the muon energy Eμ,  
  - the neutrino energy Eν  
  - the muon angle θμ   
 
This allows to reconstruct the  
DIS variables  
  - Q = Eμ * θμ,  
  - y = 1 - Eμ / Eν, 
  - x = Q2 / (2 Eν M y)



QCD - Neutrino Scattering

Nuclear effects (anti-)strange quark PDF
       using ν s → ℓ c 



Astroparticle Physics



BSM Physics Searches



Neutrino electromagnetic propertiesNeutrinophilic mediators: 2111.05868 

Sterile Neutrino Oscillations: 2109.10905 dark sectors: 2111.10343 

BSM Physics Searches

https://arxiv.org/abs/2111.05868
https://arxiv.org/abs/2109.10905%5C
https://arxiv.org/pdf/2111.10343.pdf


Backup



Angular / Rapidity Distribution 



Collider Neutrinos


