
DYTurbo interface for xFitter 
and its applications

Stefano Camarda

xFitter workshop – 4th May 2023



Stefano Camarda 2

DYTurbo project

Public code available on HEPForge (https://dyturbo.hepforge.org/)

Original reference:

DYTurbo: Fast predictions for Drell-Yan processes, arXiv:1910.07049

Recent developments:

Drell–Yan lepton-pair production: qT resummation at N3LL accuracy and 
fiducial cross sections at N3LO, arXiv:2103.04974

Fiducial perturbative power corrections within the qT  subtraction 
formalism, arXiv:2111.14509

Drell-Yan lepton-pair production: qT resummation at approximate 
N4LL+N4LO accuracy, arXiv:2303.12781

https://dyturbo.hepforge.org/
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Recent DYTurbo results

N3LL qT resummation (since v1.1)

Fiducial power corrections (since v1.2)

N3LO fiducial cross sections (depend on the 
availability of external V+jet NNLO predictions)

N4LL qT resummation (since v1.3)
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xFitter interface

DYTurbo-xFitter interface to version 1.2 is available in master

Interface to version 1.3 is available in

dyturbo-interface-v1.3 → ready to be merged

alphas-scan → experimental

yaml settings currently include order, scales, non-perturbative 
parameters, debug options
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xFitter interface

Many more options in the experimental branch
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xFitter interface

Operational modes for Z/g*

Full-lepton phase space cross sections in pT,y,m: DYTurbo can provide 
the full fixed order or resummed prediction

Fiducial phase space cross sections in pT,y,m: include V+jet APPLgrid, 
DYTurbo computes the rest
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Applications: CDF Z pT

as(mZ) fit to CDF Z pT measurement

Available as example in xfitter
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Applications: ATLAS Z pT

as(mZ) fit to ATLAS Z pT 8 TeV measurement

Profiling and full simultaneous fit
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Applications: NNLO Z rapidity

Z rapidity cross sections in full lepton phase space can be predicted fully with DYTurbo up 
to NNLO QCD, without grids, without kfactors

With this setup, EW parameters can be easily included as free parameters in the fit
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Applications: N3LO Z rapidity

Z rapidity cross sections at N3LO with only a small additive correction for the as
3 real 

contribution
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DYTurbo tools: Anacondas

ANAlytic CONtinuation of Deeply nested hArmonic Sums → ANACONDAS

Software for the analytic continuation of harmonic sums of any weight and depth

Based on S. Albino: arXiv:0902.2148

Implementation in FORM using some new additional fast recurrence relations

Could easily run all HS representation up to weight 8, with some moderate computing power 
should work up to w=10 or 11 (which covers N5LO applications)

Provide also C++ code for HS up to weight 7 (sufficient for all currently known coefficients 
and anomalous dimensions in QCD)

Code ready, but not yet available, let me know if interested in using it
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DYTurbo tools: Anacondas

Used in DYTurbo to compute fast numerical precise analytic continuations of all C3 
coefficients and g4 splitting functions

Functions optimised with Horner scheme

Long compilation time, but extremely fast run time implementation
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DYTurbo tools: Mellin transform

Various implementation of optimised contours to transform back and forth from x to N space

Straight line, Talbot, parabolic, Weideman, Valko’, Rizzardi

Highly optimized inversion by bending on the negative real half plane when the integrand is 
known analytically

Allows to deal with arbitrary PDF parametrisation using only numerical integration and 
positive real half plane contours

In all cases, contour scaling as 1/log(z) ensures high and homogeneous accuracy
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DYTurbo tools: PDF evolution
Full reimplementation of Pegasus QCD evolution algorithm in C++, for the FFN case

Extended to N3LO using known high-accuracy approximations of PNSp/m/v, PSGqq, and 
MSHTan3lo approximation for PSGqg/gq/gg

Implemented both the truncated and iterative solutions

Include small-x resummation from HELLx
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DYTurbo tools: PDF evolution
Code written with simple or recursive relations, could be easily extended to higher orders of 
PDF evolution once splitting functions are known

Speed performance very stable order by order, no significant slow down from LO up to N3LO 
evolution

VFN not currently available, but possible to implement it

With some work (VFN, x-space intepolation, ...), it could be made an evolution engine 
directly available in xfitter

Need to test performance of x → N and N → x transform



Stefano Camarda 16

Projects: PDF+TMD fit
First interesting application of the DYTurbo interface could be a simultaneous fit of PDFs and 
TMDs parameters

Several TMD functional forms are available in DYTurbo, others can be easily implemented

Possible also to parametrise TMDs in xfitter and pass them to DYTurbo
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Projects: PDF+TMD fit

CDF Z pT measurement available as example in xfitter

The test performs the first few iterations of a very simple simultaneous PDF + TMD fit
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Projects: PDF+TMD fit

Several low mass DY fixed target data available:

R209

PHENIX

E288

NUSEA

E605

Sensitive to TMDs

Already used in several TMD analyses

Data could be loaded into xFitter to perform a 
PDF+TMD analysis
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CERES improvements

Included in master:

Synchronised CERES cost function and xFitter FCN so that they 
return the same value, now CERES and MINUIT optimise FCN to 
the same minimum (within required EDM)

Implemented approximate estimate of parameters errors and 
covariance from CERES using the Jacobian

Further improvements:

After CERES fit compute errors and covariance estimate with 
MINUIT Hesse or other methods

Expand number of steerable CERES parameters, as needed

PDF+TMD fits are likely to be very computationally heavy, CERES 
minimization is performing better than MINUIT
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Projects: DIS+DY analysis
Mandy: “Drell-Yan data are the most accurate LHC data and also 
those for which the most sophisticated predictions exist”

Several tensions in DY data observed in PDF fits
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Projects: DIS+DY analysis
We have expertise to understand and improve the correlation 
model and the theory predictions for these datasets

xFitter PDF fit to DIS and DY data with

N3LO QCD predictions for DIS and DY, NLO EW 
corrections

aN3LO PDF evolution

qT-resummation corrections where needed

c2/dof ~ 1, and Dc2 = 1 for the uncertainties
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Projects: as profiling or fit equivalence
Recently argued that as should be fitted 
simultaneously with the PDFs

But PDF profiling is an approximation of a full PDF fit

With xFitter it should be possible to study the 
equivalence of as determinations with PDF profiling 
and full fit

arXiv:2001.04986

https://arxiv.org/abs/2001.04986
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Summary

DYTurbo interface is working, and was already used for 
a few interesting applications, as as from Z pT

Implemented the possibility to fit simultaneously TMD 
and PDF parameters

Internal PDF evolution engine of DYTurbo could be 
exported to xFitter

A comprehensive fit of DIS+DY data at N3LO would be 
a nice xFitter project 
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