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Outline

' Motivation for calculation with small x dynamics in the forward
region#

" Framework for charm production : kt factorization + small x
resummation with and without saturation#

" Results: neutrino spectrum#
" Other issues: fragmentation in the forward region#

" Qutlook#
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Motivation

Small x region: BFKL Pomeron, saturation, di$raction#
LHC and dedicated experiment FASER has potential to explore the extremely small x

Gluon PDF with Neutrinos from Charm Decay
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Collinear approach
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Collinear approach

DGLAP evolution equation for parton densities
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Collinear factorization of the cross section

d! (X’QZ) = fil dbl + O(l 2/Q2)

dp' partonic cross section, calculable perturbatively

Anna Stasto, Small x prediction for forward charm production, 2nd FPF Meeting, May 28, 2021



High energy limit

Large parameter High energy or Regge limit
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High energy limit

Resummation performed by Bethe-Salpeter type equation
BFKL evolution equation
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Resummation

" Problems with convergence of small x expansion: NLL terms large#
" Resummation need to be performed:#

" Combining DGLAP and BFKL#

" Kinematical constraints, momentum sum rule#

DGLAP will fail at small x , at some point. #

Question is when exactly?

Splitting function: NNLO has large

negative term which dominates at small x.#

Resummation stabilizes the result#

Improves the description of the F2 data
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Parton saturation
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At small x another e$ect possible: gluon saturation#
High gluon density can lead to increase of recombination e$ects. Unitarity.#

QCD at high energy : dynamically generated saturation scale
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DGLAP+BFKL+saturation : example

Kutak,Sapeta; based on model by Kwiecinski, Marti
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kt factorization for heavy quark production

Catani,Ciafaloni,Hautmann:

Collins,Ellis
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Setup

kt factorization (based on Catani-Ciafaloni-Hautmann formula) for charm with
unintegrated gluon from Kutak-Sapeta (the same formalism used previously
(BEJKRSYS) for evaluation of prompt neutrino Rux in IceCube ; other models for
unintegrated gluon still to be considered)#

Di$erent fragmentation scenarios tested for D mesons: ex. Peterson function
vs PYTHIA#

Compare with NLO and MC generators and cross check with collider data on D
mesons#

Compute neutrino Rux at FASERnu#

Note : all the results are preliminary.
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dE

Neutrino spectrum
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104 FASERvV: incoming electron neutrino energy spectrum 10 FASERvV: incoming tau neutrino energy spectrum
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Range of uncertainties for the NLO scale variation of the same order as the small x
calculation i.e. di$erence between linear and nonlinear (in the forward region)

Anna Stasto, Small x prediction for forward charm production, 2nd FPF Meeting, May 28, 2021



do

104

103 i

[pb/GeV]

dE

10t -

100

101

Anna Stasto, Small x prediction for forward charm production, 2nd FPF Meeting, May 28, 2021

102 -

FASERvV: incoming electron neutrino energy spectrum
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Signibcant di$erences in the energy spectrum from di$erent generators




do/dprdy [ub/GeV]

Impact of fragmentation

Prompt D* + c.c. for rapidity range 2.0 <y < 2.5
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[pb/GeV]

do
dE

Impact of fragmentation

104 FASERvV: incoming electron neutrino energy spectrum 10 FASERv: incoming tau neutrino energy spectrum
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Signibcant di$erences in the energy spectrum due to the fragmentation#
Does factorization hold for fragmentation in the very forward region ??
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Summary

" With increasing energies small x resummation becomes necessary#
" FASER sensitive to very forward region in particle production#

" Small x dynamics important: di$erences between linear and non-linear
scenarios large.#

" Sensitivity to fragmentation scenarios: is standard fragmentation applicable
In the forward region in hadron-hadron collision environment ? Applicability
of standard factorization?#
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