The charm production at LHeC and it’s
potential on probing the strange content of
the proton.

Hamed Abdolmaleki

July 14, 2020



Outline

® Motivation

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC
* The heavy-flavor schemes
* The reduce cross section
* xFitter

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section
* xFitter

® The reweighting and profiling technics

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section
* xFitter

® The reweighting and profiling technics
® Results

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section
* xFitter

® The reweighting and profiling technics
® Results
* Comparison of theortical prediction

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section
* xFitter

® The reweighting and profiling technics
® Results

* Comparison of theortical prediction
* FFNS and VFNS

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section
* xFitter

® The reweighting and profiling technics
® Results

* Comparison of theortical prediction
* FFNS and VFNS
* PDF uncertainties and p variation

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section
* xFitter

® The reweighting and profiling technics
® Results

* Comparison of theortical prediction
* FFNS and VFNS

* PDF uncertainties and p variation
* Extracted PDFs

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section
* xFitter

® The reweighting and profiling technics
® Results

* Comparison of theortical prediction
* FFNS and VFNS

* PDF uncertainties and p variation
* Extracted PDFs

® Summarize

2/24



Outline

® Motivation

® Theoretical predictions for CC charm production at the
LHeC

* The heavy-flavor schemes
* The reduce cross section
* xFitter

® The reweighting and profiling technics
® Results

* Comparison of theortical prediction
* FFNS and VFNS

* PDF uncertainties and p variation
* Extracted PDFs

® Summarize

2/24



3/24



Motivation

= HC and SPS
LHeC ERL (9km)

FCC PROJECT AREA
Main tunnel
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LHeC

x The proposed LHeC facility would colide 60 GeV
electron beam and 7 TeV proton beam.(/s = 1.3
TeV).

Theoritical prediction: elctroweak CC charm produc-
tion, /s = 1.3TeV, 100 < @* < 10*GeV?, 0.0001 <
xgj < 0.25 and 0.0024 < y < 0.76.
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Heavy-flavor schemes

a NLO FFNS with n; = 3 at all scale, used with the ABMP16
or HERAPDF2.0 FF3A NLO PDF sets.
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Heavy-flavor schemes

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

a NLO FFNS with n; = 3 for the PDFs and variable ny for as
, used with the HERAPDF2.0 FF3B NLO PDF set.
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Heavy-flavor schemes

FONLL-B

a VENS 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
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FZ beyond leading-order

We sum the combination (NLO—SUB) to obtain the complete (’J(ajs) correction; we find it useful to
study these terms separately.

t-channel shou ided on cidsiod
no |s € s ¢
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FZ beyond leading-order

We sum the combination (NLO—SUB) to obtain the complete O(ajs) correction; we find it useful to

study these terms separately.

t-channel gluon initiated gluon initiated
no |s € g ©
n(m.) S SuB I =
Lo S S

4
3

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

u-channel gluon initiated gluon initiated
W 1421#
NO | - s
n(m,) - C
In(m
fe @ oaw+5 Jg @ 0gwi s o ® fgme ® Gows s
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Experimental Data \

Data: HERA. Tevatron, LHC,
fixed target experiments

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

HQ Schemes:  MSTW, NNPDF, ABM, ACOT
Jets, W, Z: FastNLO, ApplGrid
Top: Hathor
Evolution: QCDNUM, APFEL, k;
Other: NNPDF reweighting
TMDs, Dipole Model, ... )

Theory Calculations \

xFitter

118 1

Parton Distribution
Functions:
PDF, Updf, TMD

o (M), m m_m, .

Theoretical
Cross Sections

Comparisons
to other PDFs

(LHAPDF)
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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.

Nrep

>~ wkO(PDF)
ep k=1

(0""(PDF)) =

The weights wy calculated according to:

1 1.2
1Ny —1 _1
(Xi)z( 'data )exp 7 Xk

K T Nep, o) TNega—) o 132
Nrep Zk:1 (Xk)z exp k
The final x2 for all data points:
N,
data
—il
X2y, PDF) = > (vi — Yi(PDFR))o ' (v; — vi(PDFy)

i,j=0
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Profiling

PDF profiling is a bit more universal, it compares data and MC predictions and based
on the x2-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 x? function which includes both the
arising from PDF variations:

Ny at th th 2
2 9 (07" + To N bov,op = of" = 5 Tibg )
X (bexp, bn) = > A2
!

i=1
+>  baexp + D bg e
o B
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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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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.

Ratio
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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.

Fraction
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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.

Fraction
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PDF constraint from CC pseudodata

The full (Ascheme < APDF, Ascheme > Appr) and restricted (Agcheme < Appr) 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/s 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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