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Outline

I Analyses being prepared
I PDF Profiling Using the Forward-Backward Asymmetry in Neutral Current

Drell-Yan Production
I Probing the strange content of the proton with charm production in charged

current at LHeC
I Parton Distribution Functions of the Charged Pion Within The xFitter

Framework

I Development of xFitter code
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AFB paper

PDF Profiling Using the Forward-Backward Asymmetry in Neutral Current
Drell-Yan Production (arxiv:1907.07727)
How will new A∗

FB data on neutral-current Drell-Yan process from the LHC
improve determinations of PDFs?

A∗
FB =

σF − σB
σF + σB

, σF = σ[cos θ > 0], σB = σ[cos θ < 0],

where θ is the angle between the incoming quark and the outgoing lepton in the
Collins-Soper frame.

Perform profiling for differnt PDF sets: CT14nnlo[1], NNPDF3.1nnlo (Hessian
set)[2], ABMP16nnlo[3], HERAPDF2.0nnlo (EIG)[4], and MMHT2014nnlo[5]
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Expected sensitivity of A∗FB
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Terms other than those linear in cos θ∗ cancel in A∗
FB, and the dominant

contribution is the γZ interference term.

Therefore, we expect A∗
FBto be sensitive to

e`a`[euauuV (x ,Q2) + edaddV (x ,Q2)] ∝ 2
3uV (x ,Q2) + 1

3dV (x ,Q2)
This is complementary to lepton charge asymmetry Drell-Yan data, which is most
sensitive to uv − dv
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Generation of pseudodata

Pseudodata was generated in bins of
dilepton mass M`` from 45 GeV to 200 GeV
with step 2.5 GeV (62 bins), and with
different dilepton rapidity |y``| cuts, from
|y``| = 0 to |y``| = 2.5 with step 0.5.
The statistical uncertainty of the
pseudodata was based on 3 values for
integrated luminosity:

I L = 30 fb−1,

I L = 300 fb−1 (end of Run 3),

I L = 3000 fb−1 (end of HL-LHC).

This estimate of statistical uncertainty
included a factor of ∼ 0.2 for detector
acceptance and efficiency.
Predictions at LO and NLO were obtained
using MadGraph5 aMC@NLO[6], APPLgrid[7],
and aMCfast[8] packages, and with an
independent analytical code at LO.
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Impact on PDFs
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Rotated eigenvectors
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Charm production in charged-current paper

Probing the strange content of the proton with charm production in
charged current at LHeC (arxiv:1907.01014)

1. How can future data on charm pruduction in charged-current DIS at the
LHeC constrain strange-quark PDF?

2. What is the difference in predictions for different heavy flavor schemes?

Heavy-flavor schemes:

FFNS A 3 flavors in both PDFs and αS evolution. Heavy flavors (charm)
appear in matix elements only.
PDF sets: ABMP16[9], HERAPDF2.0 FF3A[4]

FFNS B 3 flavors in PDFs, but variable number of active flavors in αS

evolution. At NLO same matrix elements as in FFNS A.
PDF sets: HERAPDF2.0 FF3B[4]

FONLL-B (VFNS) Variable number of active flavors both in PDFs and in αS

evolution, neglecting masses. Fixed-order-next-to-leading massive
matrix elements.
PDF sets: NNPDF3.1[2]

Predictions for each scheme are obtained with associated PDF sets and theory
parameters. All calculations and PDF sets are at NLO.
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Feynman diagrams in VFNS and in FFNS

t-channel

LO

NLO
SUB =

gluon initiated gluon initiated

u-channel

LO

NLO
SUB =

gluoninitiated gluoninitiated

VFNS
only

VFNS
only
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Comparison of predictions of different schemes

Predictions are different
at large Q2 and high-x
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Generation of pseudodata

Pseudodata was generated with
L = 100 fb−1 and electron
polarisation P = −0.8

Restrict profiling to points with
∆scheme < ∆PDF
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Profiling ABMP16
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Profiling NNPDF3.1
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Pion PDFs paper

Parton Distribution Functions of the Charged Pion Within The xFitter

Framework (will be uploaded to arxiv in a few weeks)
A Next-to-leading order extraction of PDFs of charged pion from Drell-Yan and
prompt photon production data.
E615[10] and NA10[11] experiments studied Drell-Yan dimuon production with a
negative pion beam on a tungsten target:

π−184
74W→ µ+µ−X

The WA70[12] experiment studied prompt photon production with beams of
negative and positive pions and a proton target:

π±p → γX

In comparison to the prompt photon data, the Drell-Yan data is more precise, but
is only sensitive to valence-quark PDFs. The prompt photon data has some
sensitity to sea and gluon, but also has larger uncertainties.
Predictions are obtained using APPLgrid[7], grids were generated using MCFM[13].
QCDNUM[14] library is used for DGLAP evolution. Nuclear PDF set nCTEQ15[15]
was used for target PDFs.
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Decomposition and parameterisation at initial scale

To parameterize PDFs of π−, assume at the initial scale Q2
0 = 1.9 GeV2 charge

symmetry: d = ū, and SU(3)-symmetric sea: u = d̄ = s = s̄.

v := (d − d̄)− (u − ū), xv(x) = Avx
Bv (1− x)Cv (1 + Dvx

5

2 ),

S := 2u + 2d̄ + s + s̄ = 6u, xs(x) = ASx
BS (1− x)CS ,

g := g , xg(x) = Agx
Bg (1− x)Cg .

The Av and Ag parameters are determined by the sum rules:∫ 1

0

v(x)dx = 2,

∫ 1

0

x(v(x) + S(x) + g(x))dx = 1.

Initial fits failed to determine all sea and gluon parameters simultaneously, so we
fixed Cs = 8,Cg = 5.

14



Extracted pion PDFs

χ2

NDoF
=

474

373
= 1.27
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Momentum fractions as a function of Q2

We evaluate fractions of pion’s momentum carried by valence quarks, sea quarks,
and gluon, as a function of factorization scale Q2, and compare them to
predictions of theoretical models, results of lattice QCD calculations, and results
of fits by other groups (See legend in backup section)

16



Development of xFitter

New bugfix release xFitter 2.0.1 “OldFashioned”, available on
https://xfitter.org

Overview of improvements in xFitter 2.2 (unreleased, experimental)

I New flexible and modular fit architecture
I Support for multiple PDFs in the same fit
I Easy way to provide parameterisations as a formula in steering file

I Improved LHAPDF support, for both export and import

I Moving from Fortran NAMELIST-based steering to YAML

I Partial support of Ceres minimizer, as an alternative to MINUIT

I Changing build system from autotools to CMake

Available on gitlab:
https://gitlab.cern.ch/fitters/xfitter/
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Thank you for your attention!
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Label 〈xv〉 〈xS〉 〈xg〉 Q2

(GeV2)

JAM[16] 0.54± 0.01 0.16± 0.02 0.30± 0.02 1.69
JAM (DY) 0.60± 0.01 0.30± 0.05 0.10± 0.05 1.69
this work 0.58± 0.04 0.21± 0.07 0.21± 0.07 1.69
Lattice-3[17] 0.428± 0.030 4
SMRS[18] 0.40± 0.02 4
Han et al.[19] 0.428± 0.03 4
DSE[20] 0.52 4
this work 0.52± 0.04 0.21± 0.06 0.27± 0.06 4
JAM 0.48± 0.01 0.17± 0.01 0.35± 0.02 5
this work 0.51± 0.04 0.21± 0.06 0.28± 0.06 5
Lattice-1[21] 0.558± 0.166 5.76
Lattice-2[22] 0.48± 0.04 5.76
this work 0.50± 0.04 0.21± 0.06 0.28± 0.06 5.76
WRH[23] 0.434± 0.022 27
ChQM-1[24] 0.428 27
ChQM-2[25] 0.46 27
this work 0.45± 0.03 0.21± 0.05 0.33± 0.06 27
SMRS[18] 0.49± 0.02 49
this work 0.43± 0.03 0.21± 0.05 0.35± 0.04 49



AFB profiling with different rapidity cuts
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Comparison of predictions of different schemes
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