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Introduction & Motivations
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NNSFv 6Fe (W > 2 GeV)

Qumin = 0.03 GeV

Ouin = 1.00 GeV |

Qmin = 1.41 GeV
T Quin = 2.00 GeV

O Interpretation of present and future neutrino
experiments requires accurate theoretical predictions
for neutrino-nucleon/nucleus scattering rates
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O Inclusive neutrino cross-section receives sizeable

contributions from 0O <2 GeV where QCD
calculations cannot be evaluated in the pQCD framework
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Relevance of low-0O“ Regions

In muon-neutrino inelastic scattering, at £, ~ few GeV, the total cross-section is determined entirely by the low-Q? regions:
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Model the low-Q*: Bodek-Yang (BY)

BY is based on Effective LO PDFs (GRV9S8LO) with modified scaling variables and K-factors to approximate
higher-order QCD corrections:

2x(Q* + mf + B)

fiP0, 0% — fiP,0°), with &=

2Ax + |1+ \/ I+ (2me)2/Q2]

Shortcomings of the BY model:

O Obsolete PDF parametrisation that neglects constraints on proton & nuclear structure in the last 25 years
O Neglect higher-order perturbative QCD calculations (which can be significant)

O 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.

O Lack of systematic estimate of the uncertainties associated to the predictions < A degree of belief



Ratio to NNLO

Model the low-Q*: Bodek-Yang

Bodek-Yang (BY) is based on Effective LO PDFs (GRVg8LO) with modified scaling variables and K-factors to
approximate higher-order QCD corrections:

2x(Q* + mf + B)

fiP0, 0% — fiP,0°), with &=

DAx + |1+ \/ I+ (2me)2/Q2]
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NNSFv: Using state-of-the-art ML and
QCD computations



NNSFv: The Approach

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 O°

In the region where neutrino energy is sensitive to large-0O?, the parametrisation is replaced by pQCD
calculations
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NNSFv: Experimental Inputs
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The datasets include various
observables, scattering target,
and final state that amounts to
6224 (4184) before (after) the cut

The datasets span a wide range
of kinematics. Two different
types of cuts are applied to the

experimental datasets: W? and

2
max

The resulting determination of
neutrino inelastic structure
functions are valid for ~12 orders

of magnitude in £ , from ~few
GeV to 101 GeV



NNSFv: Methodology

[ Coeflicients j

Training /Optimisation:

observable definition,
stopping criteria, etc.

[ Input Data J

OPTIMISATION



NNSFv: Methodology
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Fy(z, Q%)

NNSFv: Neutrino Structure Function Predictions

Smooth transition between data-driven & pQCD computations with proper uncertainty estimate in whole Q range

Q? =4 GeV?, A =2
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NNSEFv: Interpolation along A

The advantage of parametrising A 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 A = 20 is removed in one.
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Phenomenology of Inclusive
Neutrino Cross-Sections



NNSEFv: Inclusive Neutrino-Nucleus Cross-Sections
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NNSFv: 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
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NNSEFv: Inclusive Neutrino-Nucleus Cross-Sections
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Delivery & Usage
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NNSFv

Q. Search

%' QUICK START
Description

Installation

% TUTORIALS

Adding new datase

Adopting FOSS Philosophy

7

Welcome to NNSFv The code is publicly available at the following link:
https:/github.com/NNPDF/nnusf

NNSFv povides predictions for neutrino inelastic structure functions valid for the complete range of D()CllmentatiOﬂ a]Oﬂg With tutorials are available at:

energies relevant for phenomenology involving V/D—experiments, from oscillation measurements
carried out with reactors, accelerators, and atmospheric neutrinos to astroparticle physics at ultra- http S: ifnnpdf githUb iO fﬂﬂLlef
high-energy (UHE) neutrino telescopes such as IceCube and KM3NET. : : :

ts
Getting Started ¢ Tutorials

Yadism predictions (Z, A) [target] Low-( Grid High-Q Grid
Fit & report Description of the package and Various tutorials on using the codes and (1, 2) NNSFnu_D_lowQ NNSFnu_D_highQ
o oeLrveny instructions for the installation. generate predictions. (2, 4) NNSFnu_He_lowQ NNSFnu_He_highQ
Grids & Usage (3,6) NNSFnu_Li_lowQ NNSFnu_Li_highQ
(4,9) NNSFnu_Be_lowQ NNSFnu_Be_highQ
(6,12) NNSFnu_C_lowQ NNSFnu_C_highQ
NNSFv is interfaced with the GENIE MC Generator: (7,14) NNSFnu_N_lowQ NNSFnu_N_highQ
h : ni _Mmc.or (8,16) NNSFnu_O_lowQ NNSFnu_O_hl.ghQ
(13,27) NNSFnu_AI_lowQ NNSFnu_AI_highQ
NNSFv grids are tabulated in the LHAPDF format: (15,31) NNSFnu_Ea_lowQ NNSFnu_Ea_highQ
. (20, 40) NNSFnu_Ca_lowQ NNSFnu_Ca_highQ
https:/lhapdf.heptorge.org/index.html 26,56 S T o NSt e HonG
1 10 102 103 106 109 (29,64) NNSFnu_Cu_lowQ NNSFnu_Cu_highQ
L) 4 | | I I > (47,108) NNSFnu_Ag_lowQ NNSFnu_Ag_highQ
/ E, (50,119) NNSFnu_Sn_lowQ NNSFnu_Sn_highQ
k/ HEDIS GeV] (54,131) NNSFnu_Xe_lowQ NNSFnu_Xe_highQ
ES ) PhotonCOH/RES UNIVERSAL NEUTRING CENERATOR (74, 184) NNSFnu_W_lowQ NNSFnu_W_highQ
DIS = GLRES > (79,197) NNSFnu_Au_lowQ NNSFnu_Au_highQ
\_DI/S-D{AM (82,208) NNSFnu_Pb_lowQ NNSFnu_Pb_highQ



https://github.com/NNPDF/nnusf
https://nnpdf.github.io/nnusf/
http://genie-mc.org/
https://lhapdf.hepforge.org/index.html

Conclusions & Outlook



NNSEFv: Inclusive Neutrino-Nucleus Cross-Sections

NuTeV 06

GGM-SPS

MINOS 10

+ ¢
' .
Y IHEP-ITEP 79 ()
A Y
¢

81

NOMAD 08

NNSFy/(D), Wiy, = 1.4 GeV
===+ CKMT+PCAC-NT, Wy, = 1.4 GeV

CCFR 97
CDHS 87
BEBC 79
IHEP-JINR 96

CKMT+PCAC-NT
.......... CKMT-NT

10°
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The low-O? 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

NNSFv predictions for inelastic neutrino
structure functions and cross-sections are valid
for all energies relevant for neutrino
phenomenology 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
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https://indico.cern.ch/event/1296658/contributions/5542037/attachments/2716860/4719084/FPF_Theory_YSJeong.pdf

