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Introduction & Motivations
Interpretation of present and future neutrino 
experiments requires accurate theoretical predictions 
for neutrino-nucleon/nucleus scattering rates


Inclusive neutrino cross-section receives sizeable 
c o n t r i b u t i o n s f r o m  w h e r e Q C D 
calculations cannot be evaluated in the pQCD framework
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Relevance of low-  RegionsQ2

In muon-neutrino inelastic scattering, at , the total cross-section is determined entirely by the low-  regions:Eν ∼ few GeV Q2

σ(Eν) = ∫
2mNEν

Q2
min

dQ2 ∫
1

Q2/(2mNyEν)
dx

d2σ
dxdQ2

(x, Q2, Eν)
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Model the low- : Bodek-Yang (BY)Q2

fLO
i (x, Q2) ⟶ fLO

i (ξ, Q2), with ξ =
2x(Q2 + m2

f + B)

2Ax + [1 + 1 + (2mNx)2/Q2]

BY is based on Effective LO PDFs (GRV98LO) with modified scaling variables and K-factors to approximate 
higher-order QCD corrections:

Shortcomings of the BY model:


Obsolete PDF parametrisation that neglects constraints on proton & nuclear structure in the last 25 years


Neglect higher-order perturbative QCD calculations (which can be significant)


Cannot be matched to calculations of high-energy neutrino scattering based on modern PDF and higher-
QCD calculations, introducing an unnecessary separation between modelling of neutrino interactions 
sensitive to different energy regions.


Lack of systematic estimate of the uncertainties associated to the predictions  degree of belief⟺ ∄
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Model the low- : Bodek-YangQ2

fLO
i (x, Q2) ⟶ fLO

i (ξ, Q2), with ξ =
2x(Q2 + m2

f + B)

2Ax + [1 + 1 + (2mNx)2/Q2]

Bodek-Yang (BY) is based on Effective LO PDFs (GRV98LO) with modified scaling variables and K-factors to 
approximate higher-order QCD corrections:

 LO predictions can 
be up to 25% higher 
wrt NNLO
 NLO predictions 

can be up to 20% 
higher wrt NNLO
 B Y p re d i c t i o n s 

depart from best QCD 
predictions even at 
moderate Q

Q = 2 GeV
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NNSF : Using state-of-the-art ML and
QCD computations

ν



NNSF : The Approachν
Use available data on neutrino-nucleus scattering to parametrise and determine the inelastic structure 
functions using a NN as an unbiased interpolant


The parametrisation is done in such a way that it converges to the pQCD calculations at large enough 


In the region where neutrino energy is sensitive to large- , the parametrisation is replaced by pQCD 
calculations
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Q2

100 101 102

Q (GeV)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

F
∫
p

2
(x

,Q
)

x = 0.0126 Qdat Qthres

ML fitted
to pQCD

ML fitted
to SF data

pQCD

Region I Region II Region III

100 101 102

Q (GeV)

°0.1

0.0

0.1

0.2

0.3

x
F

∫̄
p

3
(x

,Q
)

Qdat Qthres

Region I Region II Region III

Bodek Yang

5



NNSF : Experimental Inputsν
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The datasets span a wide range 
of kinematics. Two different 
types of cuts are applied to the 
experimental datasets:  and 




The resulting determination of 
neutrino inelastic structure 
functions are valid for ~12 orders 
of magnitude in , from ~few 
GeV to  GeV
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NNSF : Methodologyν
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observable definition, 
stopping criteria, etc.
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NNSF : Methodologyν
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NNSF : Neutrino Structure Function Predictionsν
Smooth transition between data-driven & pQCD computations with proper uncertainty estimate in whole  rangeQ
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NNSF : Interpolation along Aν
The advantage of parametrising  is that one can generate predictions for nuclei for which direct experimental 
measurements are not available. To illustrate this we compare two fits in which  is removed in one.
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NNSF : Inclusive Neutrino-Nucleus Cross-Sectionsν
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NNSF : only predictions valid for all  
with uncertainty estimate
Reliable state-of-the-art predictions for 
neutrino inclusive cross-sections at FPF 
energies
Very Good agreement between neutrino 
inelastic structure functions and cross-
sections and experimental measurements

ν Eν
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NNSF : Inclusive Neutrino-Nucleus Cross-Sectionsν
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Reliable state-of-the-art predictions 
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at FPF energies
Very Good agreement between 
neutrino inelastic structure functions 
and cross-sections and experimental 
measurements
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Adopting FOSS Philosophy
The code is publicly available at the following link:


https://github.com/NNPDF/nnusf

Documentation along with tutorials are available at:


https://nnpdf.github.io/nnusf/

NNSF  is interfaced with the GENIE MC Generator:

http://genie-mc.org/


NNSF  grids are tabulated in the LHAPDF format:

https://lhapdf.hepforge.org/index.html

ν

ν
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NNSF : Inclusive Neutrino-Nucleus Cross-Sectionsν
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See Yu Seon Jeong’s Talk

The low-  regions contribute to a 
significant degree to the inclusive neutrino 
inelastic cross-sections


State-of-the-art methods relying on Machine 
Learning provide an unbiased and better 
predictions for neutrino physics


NNSF  predictions for inelastic neutrino 
structure functions and cross-sections are valid 
for all energies relevant for neutrino 
phenomenolog y and are available as 
interpolation grids in the LHAPDF format & 
as an interface with GENIE


Precision QCD and neutrino physics at FPF 
will benefit from precision neutrino structure 
functions

Q2

ν

https://indico.cern.ch/event/1296658/contributions/5542037/attachments/2716860/4719084/FPF_Theory_YSJeong.pdf

