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… an old problem
neutrino DIS

   
some new results

S-ACOT χ    CC @ N2LO

Thanks to Peter Risse & Valerio Bertone



Fixed Target DIS

Puzzle:   Split Personality … What is the correct Nuclear ratio

Neutrino DIS

Charged Lepton DIS 

g/Z

W

3

Depends on nuclear corrections

some caveats
… correlated errors

Propagation of °/W thru nuclei

Fe
D

Neutrinos:  many outstanding puzzles & discrepancies  
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Unki Yang DIS2024
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NCTEQ @ DIS2024



To Do List: 

… more data

… improved predictions
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8Higher Order Calculations:   … crossing mass thresholds

Neutrino Data  (U,K. Yang)
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Example #2:          Multi-Scale Problems are Challenging

Two-Loop Total Cross Section: One Scale

Two-Loop Drell-Yan Cross Section: Two Scales

Ref:
CTEQ

Handbook
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How can we estimate

the uncertainty
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What about 

flavor thresholds
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Magnitude of

Higer Order Corrections
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Implementations
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xFitter
Sample data files:

LHC: ATLAS, CMS, LHCb
Tevatron: CDF, D0
HERA: H1, ZEUS, Combined
Fixed Target: …
User Supplied: ...

www.xFitter.org

xFitter 2.2.0
Future Freeze

Data: HERA, Tevatron, LHC, 
fixed target experiments

Processes: 
Inclusive  DIS, Jets, Drell-Yan, 
Diffraction, Top production 
W and Z production

HQ Schemes: MSTW, NNPDF, ABM, ACOT
Jets, W, Z: FastNLO, ApplGrid
Top: Hathor
Evolution: QCDNUM, APFEL, k

T
 

Other: NNPDF reweighting
TMDs, Dipole Model, ...

Parton Distribution 
Functions:

PDF, Updf, TMD

α
S
(M

Z
), m

c
,m

b
,m

t
 ...

Theoretical 
Cross Sections

Comparisons 
to other PDFs 

(LHAPDF)

Experimental Data

Theory Calculations

xF
it

te
r

Features & Recent Updates:
NNLO DGLAP
Photon PDF & QED 
Pole & MS-bar masses
Profiling and Re-Weighting
BFKL interface

Heavy Quark Variable Treshold
Improvements in Â2 and correlations 
TMD   PDFs (uPDFs)
 … and many other

extensio
ns 

include nuclear 

PDFs

PROTO
N

NUCLEON

M
ESON

25/39Neutral Current S-ACOT Â implemented at N2LO and N3LO

Â 



Peter Risse (Muenster)

arXiv:2307.08269v1

26ACOT Charged Current to N2LO:   …  Impacts Neutrino Data

Prelim
inary

Prelim
inary



Valerio Bertone Peter Risse
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nCTEQ++     … a complete rewrite in C++ 28

Code benchmark timings:

Original Fortran Code
contains multiple levels of integrals

New C++ Code
using modern grid techniques

Typical fits current run a few days to a week. 
This will be reduced to a few hours.

High order DIS processes
(Peter Risse)



Unki Yang DIS2024
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30Conclusions

Multi-scale problems are hard:   Thank you to those computing these results

Proper mass treatment: essential to fit PDFs over large Q scales

Many outstanding issues related to neutrino DIS analysis 
Improved calculations can help 

Approximate S-ACOT-Â: 
leverages N2LO and N3LO results

Neutral Current: 
N2LO and N3LO available in xFitter (no grids)

Results with APFEL++ Grids: 
BOTH Charged Current & Neutral Current results

Speed increase of ~100×  Pete
r R

iss
e

Vale
rio

 B
ert

on
e

Preliminary



Parton Distributions and Lattice Calculations (PDF Lattice 2024) 18-20 November  2024
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32Conclusions

Multi-scale problems are hard:   Thank you to those computing these results

Proper mass treatment: essential to fit PDFs over large Q scales

Many outstanding issues related to neutrino DIS analysis 
Improved calculations can help 

Approximate S-ACOT-Â: 
leverages N2LO and N3LO results

Neutral Current: 
N2LO and N3LO available in xFitter (no grids)

Results with APFEL++ Grids: 
BOTH Charged Current & Neutral Current results

Speed increase of ~100×  Pete
r R

iss
e
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33Neutrinos:  



34Neutrinos:   

EXTRAS



35Transition: Low to High Scales

Zero Mass
Variable Flavor #

(all quarks massless)
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