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● Widely used by long baseline experiments: 
- Tunes -> different models can be implemented. 
- Reweight -> propagate model uncertainties. 
- Relevant in the few GeV regime. 
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HEDIS
GLRESDIS-CHARM

● New community -> neutrino telescopes 
- Mainly focused in the TeV-PeV range. 
- Different requirements wrt LBE. 



Cross section

● FASERnu lies in a very interesting region. 
- For Q<1GeV pQCD fails. 
- Heavy quark production (charm) relevant at 1TeV. 
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FIG. 18. FASER⌫’s estimated ⌫-nucleon CC cross section sensitivity for ⌫e (left), ⌫µ (center), and
⌫⌧ (right) at Run 3 of the 14 TeV LHC with an integrated luminosity of 150 fb�1 collected from
2021-23. Existing constraints [42] are shown in gray for �⌫ and �⌫̄ at accelerator experiments and
for their weighted average at IceCube. The black dashed curve is the theoretical prediction for the
average DIS cross section per tungsten-weighted nucleon, as introduced in Eq. (5). The solid error
bars correspond to statistical uncertainties, the shaded regions show uncertainties from neutrino
production rate corresponding to the range of predictions obtained from di↵erent MC generators,
and the dashed error bars show their combination. Here we include the geometrical acceptance,
vertex detection e�ciency and lepton identification e�ciency as discussed in the text.

the proposed SHiP beam dump experiment at CERN [118] may provide high statistics ⌫⌧

measurements up to E⌫ ' 150 GeV.
During LHC Run 3 with an integrated luminosity of 150 fb�1, FASER⌫ will accumulate

⇠ 21 ⌫⌧ CC interactions peaked at energies ⇠ 1 TeV, as shown in Table II, and about 11 ⌫⌧

events will be identified after taking into account geometrical acceptance, vertex detection
and tau identification e�ciencies. This will significantly increase the world’s supply of
reconstructed ⌧ neutrinos and will allow them to be studied at much higher energies.

C. Charged Current Cross Section Measurements

FASER⌫ will be able to both identify neutrino events and estimate the corresponding
neutrino energy. Assuming no new physics contribution to neutrino production, the observed
neutrino spectrum at FASER⌫ can be used to measure the neutrino interaction cross section.
Additionally, the measured neutrino events and kinematics could provide valuable input for
the tuning of MC tools used to simulate high-energy neutrino events.

Without an interface to the FASER spectrometer, FASER⌫ will not be able to distinguish
between the lepton charges. FASER⌫ will therefore constrain the average of the neutrino
and anti-neutrino cross sections

h�i =
�⌫�⌫ + �⌫̄�⌫̄

�⌫ + �⌫̄
⇡

�⌫ + �⌫̄

2
, (5)

where �⌫ and �⌫̄ are the neutrino and anti-neutrino cross sections, and �⌫ and �⌫̄ are the
neutrino and anti-neutrino fluxes, respectively. In the last step we have taken the fluxes
to be roughly equal �⌫ ⇡ �⌫̄ , consistent with the results in Sec. III B. The expected SM
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log10(Q2):W

νµ+184W -> µ+X

https://www.sciencedirect.com/science/article/pii/S0920563204007492?via=ihub
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.50.3085
https://link.springer.com/article/10.1007/JHEP08(2011)042
https://link.springer.com/article/10.1007/JHEP01(2019)217
https://iopscience.iop.org/article/10.1088/1475-7516/2020/09/025


Hadronization

● Hit and remnant quarks (partonic level) input to PYTHIA for W>3GeV. 
- Thorough camping to understand hadronization at low W. 
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(a) ⌫µ + p ! µ�X++ (b) ⌫µ + p ! µ�X++ (c) ⌫µ + n ! µ�X+

(d) ⌫µ + n ! µ�X+

1

FNAL 15 FT data on 2H (1983) [FNAL 15FT,2]
 

2021 GENIE AGKY 2H tune, χ2 = 6.86/14 DoF

2010 GENIE AGKY tune, χ2 = 16.5/14 DoF

2021 GENIE AGKY Global tune, χ2 = 20.5/14 DoF

(e) ⌫µ + n ! µ�X+

FIG. (14) Comparison of hnchi against neutrino-induced hadronization data on ⌫µ interactions on p and n
from the BEBC bubble chamber experiment filled with 2H [38, 71]. The predictions are computed using

the parameters specified in Tab.VII. The �2 values are calculated against all the data from each
experiment. See definition of Tags in Tab. XII.

dence belt for the prediction associated to the tune.
As an example, a comparison of the global tune pre-
diction and the associated posterior confidence belt
is shown in Fig. 10.

B. The 2021 GENIE AGKY 2H tune

For the datasets included in the deuterium only
tune, the �2 associated to the 2010 GENIE AGKY
prediction is �2

2010 = 230/52 DoF. After the tune,
the total �2

2021(2H) is 37/52DoF that corresponds to
a p-value of 0.94. Being the deuterium only goodness

of fit so much better than the global tune is a further
confirmation of the high tension between H and 2H
datasets.

Surprisingly, the deuterium only tune shows a
better agreement than the global tune when all
neutrino-induced hadronization data are considered,
see Tab. VIII. Yet, this does not imply that the deu-
terium only fit is a better tune, it simply reinforces
that the discarded dataset are not compatible with
the data used in the fit.

The tension between hydrogen and deuterium
data were already observed by other studies where a
modified KNO-based model was tuned to averaged



Conclusions

● GENIE provides support to several experiments with different requirements. 

● Different formalisms are available to explore neutrino cross sections in the  TeV range. 

● Several aspects are being currently study: 
- Effect of nucleon and nuclear PDFs. 
- Heavy quark contribution in the Structure Functions. 
- Parton showers using >LO formalism. 
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Webpage: http://www.genie-mc.org
Repository: https://github.com/GENIE-MC
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