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LHeC

> The proposed LHeC facility would colide 60 GeV
electron beam and 7 TeV proton beam.(

√
s = 1.3

TeV ).

> Compared to HERA, the LHeC kinematic vari-
able are: xBj , Q2 and nominal luminosity of
1033cm−2s−1

Theoritical prediction: elctroweak CC charm produc-
tion,

√
s = 1.3TeV , 100 < Q2 < 104GeV 2, 0.0001 <

xBj < 0.25 and 0.0024 < y < 0.76.
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Heavy-flavor schemes

FFNS A

a NLO FFNS with nf = 3 at all scale, used with the ABMP16
or HERAPDF2.0 FF3A NLO PDF sets.

S. Alekhin, J. BlÃOEmlein, S. Moch, NLO PDFs from the ABMP16 fit. Eur. Phys. J. C 78(6),
477 (2018). arXiv:1803.07537 [hep-ph]

H. Abramowicz et al., Combination of measurements of inclusive deep inelastic e± p scat-
tering cross sections and QCD analysis of HERA data. Eur. Phys. J. C 75(12), 580 (2015).
arXiv:1506.06042 [hep-ex]

FFNS B

a NLO FFNS with nf = 3 for the PDFs and variable nf for αs
, used with the HERAPDF2.0 FF3B NLO PDF set.

H. Abramowicz et al., Combination of measurements of inclusive deep inelastic e± p scat-
tering cross sections and QCD analysis of HERA data. Eur. Phys. J. C 75(12), 580 (2015).
arXiv:1506.06042 [hep-ex]
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Heavy-flavor schemes

FONLL-B

a VFNS used with the NNPDF3.1 NLO PDF set.

R.D. Ball et al., Parton distributions from highprecision
collider data. Eur. Phys. J. C 77(10), 663 (2017).
arXiv:1706.00428 [hep-ph]
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The reduced cross section

σ±
charm,CC =

1
2
(
Y+F±

2 ∓ Y−xF±
3 − y2F±

L

)
,Y± = 1± (1− y)2.

In quark parton
model at LO:

F +
2 = xD + xU,

F−
2 = xU + xD,
FL = 0,

xF +
3 = xD − xU,

xF−
3 = xU − xD.

In the phase-space corners y →
0 and y → 1:

xU = xu + xc,

xU = xu + xc,
xD = xd + xs,

xD = xd + xs.

y → 0 : σ±
charm,CC = F±

2 = xD(xD) + xU(xU),

y → 1 : σ±
charm,CC =

1
2

(F±
2 ∓ xF±

3 ) = xU(xU).
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F c
2 beyond leading-order

We sum the combination (NLO−SUB) to obtain the completeO(α1
S ) correction; we find it useful to

study these terms separately.

t-channel

LO

NLO
SUB =

gluon initiated gluon initiated

The NLO t-channel and u-channel terms are combined coherently at the amplitude level.

u-channel

LO

NLO
SUB =

gluon initiated gluon initiated
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xFitter

∗ Parametrise PDFs at the initial scale:

Several functional forms available (standard, Chebyshev, etc.)
define parameters to be fitted

∗ Evolve PDFs to the scales of the fitted data points:
DGLAP evolution up to NNLO in QCD and NLO QED (QCDNUM, APFEL, MELA)
non-DGLAP evolutions (dipole, CCFM,ABF)

∗ Compute predictions for the data points:
several mass schemes available in DIS (ZM-VFNS, ACOT, FONLL, RT, FFNS)
predictions for hadron-collider data through fast interfaces (APPLgrid, FastNLO)

∗ Comparison data-predictions via χ2:
multiple definitions available
consistent treatment of the systematic uncertainties

∗ Minimise the χ2 w.r.t. the fitted parameters
using MINUIT or by Bayesian reweighting

∗ Useful drawing tools –nice and colorful plots
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Alternative Methods: Profiling and Reweighting

The Profiling and Reweighting method are the alternative
approaches to PDF studies.

The xFitter package allows these methods to be used to update any PDF that is available either as

a probability distribution or as a PDF eigenvector set.
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Reweighting

The Reweighting allows to update probability distribution based PDF (e.g. NNPDF PDF

sets) to be updated with new data inputs.

Once PDF probability distributions are available as inputs, they can be updated to incorporate the
new data.

〈Onew (PDF )〉 =
1

Nrep

Nrep∑
k=1

ωkO(PDFk )

The weights ωk calculated according to:

ωk =
(χ2

k )
1
2 (Ndata−1)exp−

1
2χ

2
k

1
Nrep

∑Nrep
k=1 (χ2

k )
1
2 (Ndata−1)exp−

1
2χ

2
k

The final χ2 for all data points:

χ
2(y, PDFk ) =

Ndata∑
i,j=0

(yi − yi (PDFk ))σ−1
ij (yi − yi (PDFk ))
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Profiling

PDF profiling is a bit more universal, it compares data and MC predictions and based

on the χ2-minimization technique, it constraints the individual PDF eigenvector sets of

the input PDFs taking into account also the data uncertainties.

The profiling is performed using a χ2 function which includes both the experimental uncertainties
and the theoretical uncertainties arising from PDF variations:

χ
2(bexp, bth) =

Nd ata∑
i=1

(σ
exp
i +

∑
α Γ

exp
iα bα,exp − σth

i −
∑
β Γth

iβbβ,th)2

∆2
i

+
∑
α

bα,exp +
∑
β

bβ,exp
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Theoretical prediction comparison
Comparison of theoretical predictions in the FFNS A and FONLL-B schemes.
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Theoretical prediction comparison
Comparison of theoretical predictions in the FFNS A and FONLL-B schemes.
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PDFs uncertainties and scale variation

The PDF and scale uncertainties in the FFNS A and FONLL-B schemes.
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PDFs uncertainties and scale variation

The Impact of the scale variation in the FFNS A and FONLL-B schemes.
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PDFs uncertainties and scale variation
The theoretical predictions for CC charm production at the LHeC using by HERAPDF2.
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The different partonic subprocesses

The theoretical predictions for CC charm production at the LHeC using by HERAPDF2.
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The different partonic subprocesses

The theoretical predictions for CC charm production at the LHeC using by HERAPDF2.
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The different partonic subprocesses

The theoretical predictions for CC charm production at the LHeC using by HERAPDF2.
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PDF constraint from CC pseudodata
The full (∆scheme < ∆PDF, ∆scheme > ∆PDF) and restricted (∆scheme < ∆PDF) sets of data points

whicPDF profiling.
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PDF constraint from CC pseudodata
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Summarize

* Our ability to characterize and constrain SM pro-
cesses can indirectly impact beyond-standard-
model (BSM) signatures.

* Unfortunately, at present the strange PDF has a
comparably large uncertainty.

* The CC DIS charm production involves a flavor-
changing W± boson, multiple quark masses enter
the calculation.

* For a precise determination of s/s̄ ratio, both e−p
and e+p data will be needed.

* we find that CC DIS charm production at the LHeC
can provide strong constraints on the strange PDF
which are complementary to the current data sets.
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