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We report progress on the Heavy-Flavor Non-Relativistic Evolution
(HF-NRevo) setup, a novel methodology to address quarkonium formation
within the fragmentation approximation. Our study sheds light on the
moderate-to-large transverse-momentum sector, where the leading-twist
collinear fragmentation of a single parton prevails over the higher-twist frag-
mentation from a constituent heavy-quark pair produced in the hard scat-
tering. As for the initial energy-scale inputs, we rely on nonrelativistic next-
to-leading calculations for all the parton-to-quarkonia fragmentation chan-
nels. Preliminary sets of Variable-Flavor Number-Scheme (VFNS) frag-
mentation functions, named NRFF1.0, are built via an evolution-threshold
enhanced DGLAP scheme. Taking NRFF1.0 as a starting point, we use
HF-NRevo to address the collinear fragmentation of quarkonia inside jets.
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1. Introduction

Studies on hadrons with open or hidden heavy flavors are crucial to
understand fundamental interactions. Heavy quarks, due to their poten-
tial interactions with beyond-Standard-Model particles, serve as essential
probes in the quest for new physics. Furthermore, their masses well above
the perturbative QCD threshold make them ideal candidates for precision
tests of strong interaction. The study of quarkonia, the “hydrogen atoms”
of QCD [1], offers a powerful means to uncover fundamental aspects of the
strong force. Quarkonia provide benchmarks for key areas of particle physics,
from high-precision investigations of perturbative QCD to explorations of the
internal structure of the proton. Decays of S-wave bottomonia permit pre-
cise αs determinations [2, 3], while their forward emissions test gluon PDFs
at small x [4–7]. Moreover, they contribute to the 3D imaging of the proton
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at small x [8–14] and moderate x [15–20]. Additionally, studies of J/ψ plus
charm-jet photoproduction at the EIC [21] enable direct measurements of the
valence intrinsic-charm PDF in the proton [22–24]. Theoretical descriptions
of quarkonium hadronization remain challenging. Despite various models, no
framework fully accounts for the experimental data. Non-Relativistic QCD
(NRQCD) [25, 26] addresses this by including all Fock states of quarkonia,
expanded in powers of αs and v, the relative velocity of the pair (QQ̄). Cross
sections are expressed as sums of perturbative Short-Distance Coefficients
(SDCs) and nonperturbative Long-Distance Matrix Elements (LDMEs). For
parallels with fragmentation functions (FFs) of open heavy-flavored parti-
cles, see [27–37]. NRQCD allows us to model quarkonium formation both
at low transverse momenta, where the short-distance (QQ̄) pair production
dominates, and at moderate-to-high transverse masses, where the single-
parton fragmentation becomes significant [38]. We study collinear fragmen-
tation to pseudoscalar and vector quarkonia in the color-singlet (CS) state
using a preliminary version of the NRFF1.0 FF sets. These are built within
the HF-NRevo framework [39, 40], which incorporates next-to-leading-order
(NLO) NRQCD initial-scale inputs, DGLAP evolution, and Missing Higher-
Order Uncertainties (MHOUs) through Monte-Carlo-like methods [41].

2. Quarkonium collinear fragmentation from HF-NRevo

Since the masses of constituent heavy quarks are well above ΛQCD,
quarkonium FFs at their initial scale are expected to incorporate perturba-
tive inputs. This necessitates a consistent use of collinear factorization. We
propose a novel methodology named HF-NRevo [39, 40], built on three pillars:
interpretation, evolution, and uncertainties. The interpretation deciphers the
short-distance formation at the low transverse momentum as a two-parton
fragmentation in a Fixed-Flavor Number Scheme (FFNS), enabling subse-
quent FFNS-to-VFNS matching [42]. This is supported by distinct singu-
larity patterns observed in the matching tails of shape functions [43] and 3D
FFs [44]. In HF-NRevo, the DGLAP evolution of quarkonium FFs proceeds in
two stages. First, an expanded and decoupled evolution (EDevo), performed
symbolically using symJETHAD [45–54], accounts for the thresholds of all
parton species. Then, the numerical all-order evolution (AOevo) takes over.
Finally, MHOUs from variations in DGLAP-evolution thresholds are quan-
tified. This involves a simultaneous scan of µF and µR scales in the initial
FF inputs, varying them by a factor of 1/2 to 2, aligning with PDF analyses
using theory-covariance matrices [55, 56] or the MCscales method [57]. For
simplicity, we present here two fragmentation channels. Left and right plots
of Fig. 1, respectively, show (b→ Υ ) and (g → Υ ) NRFF1.0 NLO FFs for µF
values ranging from 30 to 120 GeV.
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Fig. 1. Preliminary results for (b, g → Υ ) NRFF1.0 CS fragmentation. Solid lines
are for central values (replica 0). Ancillary panels below the main ones show the
ratio between given replicas and replica 0.

3. Quarkonium-in-jet fragmenting functions

Jet substructure measurements have recently gained prominence as pow-
erful sounds for the core nature of the strong force. Beyond that, they
present exciting opportunities for uncovering physics beyond the Standard
Model [58, 59]. Advancing our theoretical comprehension of QCD dynamics
by unveiling the substructure of (heavy-flavored) jets is of paramount im-
portance [60–69]. In this context, relevant observables are the ones sensitive
to the detection of a specific hadron identified inside a jet. From a collinear-
factorization perspective, the production mechanism of a hadron-in-jet sys-
tem is known as Semi-Inclusive Fragmenting Jet Functions (SIFJFs). At
leading power, the expression for the SIFJF of a parton i fragmenting into
an identified quarkonium Q inside a jet reads [70]

FQ
i (z, zQ, µF,RJ ) =

∑
j=q,q̄,g

1∫
zQ

dζ

ζ
S
(
z,
zQ
ζ
, µF,RJ

)
DQ

j (ζ, µF) . (1)

Here, DQ
j (ζ, µF) represents the standard (j → Q) FF channel. Conversely,

S(z, zQ/ζ, µF,RJ ) are the so-called collinear fragmenting jet coefficients [71],
known at NLO for anti-κT and cone jet algorithms [72]. We note that the
SIFJF of Eq. (1) depends on the jet radius, RJ , and on two light-cone vari-
ables: z, corresponding to the energy fraction of the fragmenting parton i
carried by the jet, and zQ, standing for the energy fraction of the jet car-
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ried by the quarkonium Q. The next step is renormalizing the SIFJF and
matching it onto the standard quarkonium FFs. In this way, one gets the
following schematic, pocket formula for the DGLAP-evolved SIFJF [70, 72]

DQ
j (ζ, µ0) =⇒ DQ

j (ζ, µM) =⇒ FQ
i (z, zQ, µF,RJ ) . (2)

Equation (2) tells us that the time-like DGLAP evolution for our SIFJF
proceeds through two steps. First, we evolve the standard quarkonium FFs
from the lowest scale, µ0, to the matching value, µM. Since the choice of
µM is arbitrary, we can set µM ≈ QRJ , with Q being the process-typical
hard scale. This minimizes logarithmic terms in the matching coefficients.
Then, from µM onward, we evolve the whole SIFJF via another time-like
DGLAP step, thus resumming logarithms of the form of ln(µM) ∼ ln(RJ ).
Therefore, the energy resummation de facto translates into a jet radius re-
summation. This paves the way towards precision studies of jet substructure
via resummation-sensitive observables, such as jet angularities [73–75].

4. Towards NRFF1.0 and NRFF1.0jet

Using HF-NRevo, we developed a preliminary version of the NRFF1.0
collinear FF sets for quarkonia. They incorporate NLO NRQCD-based CS
initial-scale inputs across all parton channels. A consistent DGLAP frame-
work was established to manage evolution thresholds, and MHOUs were
quantified through a Monte-Carlo replica-like approach. The NRFF1.0 FFs
will supersede the ZCW19+ and ZCFW22 functions currently employed in
studies of vector quarkonia [76, 77] and charmedB mesons [78, 79]. They will
play a key role in advancing quarkonium physics at the HL-LHC [80, 81],
the EIC [82–84], and new-generation lepton colliders [85]. Furthermore,
they will serve as critical benchmarks for AI-driven analyses and extractions
[86–90]. We aim to extend the HF-NRevo framework to include quarkonium-
in-jet fragmentation. The future release of NRFF1.0jet SIFJFs will offer us
a novel and complementary tool for exploring the substructure of heavy-
flavored jets, with promising applications in analyzing quarkonium-in-jet
angularities. Applying HF-NRevo to exotic hadrons is underway [91–93].

This work is supported by the Atracción de Talento grant No. 2022-
T1/TIC-24176 (Madrid, Spain). We thank Hongxi Xing for fruitful conver-
sations on the production mechanism of quarkonia in jets.



On the Quarkonium-in-jet Collinear Fragmentation . . . 1-A22.5

REFERENCES

[1] A. Pineda, Prog. Part. Nucl. Phys. 67, 735 (2012).
[2] N. Brambilla, X. Garcia i Tormo, J. Soto, A. Vairo, Phys. Rev. D 75, 074014

(2007).
[3] D. d’Enterria et al., arXiv:1907.01435 [hep-ph].
[4] G. Altarelli, S. Forte, G. Ridolfi, Nucl. Phys. B 534, 277 (1998).
[5] A. Candido, S. Forte, F. Hekhorn, J. High Energy Phys. 2020, 129 (2020).
[6] J. Collins, T.C. Rogers, N. Sato, Phys. Rev. D 105, 076010 (2022).
[7] A. Candido, S. Forte, T. Giani, F. Hekhorn, Eur. Phys. J. C 84, 335 (2024).
[8] A. Arroyo Garcia, M. Hentschinski, K. Kutak, Phys. Lett. B 795, 569 (2019).
[9] F.G. Celiberto, D. Gordo Gómez, A. Sabio Vera, Phys. Lett. B 786, 201

(2018).
[10] A.D. Bolognino, F.G. Celiberto, D.Yu. Ivanov, A. Papa, Eur. Phys. J. C 78,

1023 (2018).
[11] A.D. Bolognino et al., Eur. Phys. J. C 81, 846 (2021).
[12] F.G. Celiberto, Nuovo Cim. C 42, 220 (2019).
[13] F. Silvetti, M. Bonvini, Eur. Phys. J. C 83, 267 (2023).
[14] Z.-B. Kang, E. Li, F. Salazar, J. High Energy Phys. 2024, 027 (2024).
[15] D. Boer, M.G. Echevarria, P.J. Mulders, J. Zhou, Phys. Rev. Lett. 116,

122001 (2016).
[16] J.-P. Lansberg, C. Pisano, F. Scarpa, M. Schlegel, Phys. Lett. B 784, 217

(2018).
[17] U. D’Alesio et al., Phys. Rev. D 102, 094011 (2020).
[18] A. Bacchetta, F.G. Celiberto, M. Radici, P. Taels, Eur. Phys. J. C 80, 733

(2020).
[19] A. Bacchetta, F.G. Celiberto, M. Radici, Eur. Phys. J. C 84, 576 (2024).
[20] F.G. Celiberto, Nuovo Cim. C 44, 36 (2021).
[21] C. Flore, J.-P. Lansberg, H.-S. Shao, Y. Yedelkina, Phys. Lett. B 811,

135926 (2020).
[22] NNPDF Collaboration (R.D. Ball et al.), Nature 608, 483 (2022).
[23] M. Guzzi et al., Phys. Lett. B 843, 137975 (2023).
[24] NNPDF Collaboration (R.D. Ball et al.), Phys. Rev. D 109, L091501 (2024).
[25] W.E. Caswell, G.P. Lepage, Phys. Lett. B 167, 437 (1986).
[26] G.T. Bodwin, E. Braaten, G.P. Lepage, Phys. Rev. D 51, 1125 (1995);

Erratum ibid. 55, 5853 (1997).
[27] B. Mele, P. Nason, Nucl. Phys. B 361, 626 (1991).
[28] M. Cacciari, M. Greco, Nucl. Phys. B 421, 530 (1994).
[29] M. Cacciari et al., J. High Energy Phys. 2012, 137 (2012).
[30] I. Helenius, H. Paukkunen, J. High Energy Phys. 2018, 196 (2018).

http://dx.doi.org/10.1016/j.ppnp.2012.01.038
http://dx.doi.org/10.1103/PhysRevD.75.074014
http://dx.doi.org/10.1103/PhysRevD.75.074014
https://arxiv.org/abs/1907.01435
http://dx.doi.org/10.1016/S0550-3213(98)00661-0
http://dx.doi.org/10.1007/JHEP11(2020)129
http://dx.doi.org/10.1103/PhysRevD.105.076010
http://dx.doi.org/10.1140/epjc/s10052-024-12681-1
http://dx.doi.org/10.1016/j.physletb.2019.06.061
http://dx.doi.org/10.1016/j.physletb.2018.09.045
http://dx.doi.org/10.1016/j.physletb.2018.09.045
http://dx.doi.org/10.1140/epjc/s10052-018-6493-6
http://dx.doi.org/10.1140/epjc/s10052-018-6493-6
http://dx.doi.org/10.1140/epjc/s10052-021-09593-9
http://dx.doi.org/10.1393/ncc/i2019-19220-9
http://dx.doi.org/10.1140/epjc/s10052-023-11326-z
http://dx.doi.org/10.1007/JHEP03(2024)027
http://dx.doi.org/10.1103/PhysRevLett.116.122001
http://dx.doi.org/10.1103/PhysRevLett.116.122001
http://dx.doi.org/10.1016/j.physletb.2018.08.004
http://dx.doi.org/10.1016/j.physletb.2018.08.004
http://dx.doi.org/10.1103/PhysRevD.102.094011
http://dx.doi.org/10.1140/epjc/s10052-020-8327-6
http://dx.doi.org/10.1140/epjc/s10052-020-8327-6
http://dx.doi.org/10.1140/epjc/s10052-024-12927-y
http://dx.doi.org/10.1393/ncc/i2021-21036-3
http://dx.doi.org/10.1016/j.physletb.2020.135926
http://dx.doi.org/10.1016/j.physletb.2020.135926
http://dx.doi.org/10.1038/s41586-022-04998-2
http://dx.doi.org/10.1016/j.physletb.2023.137975
http://dx.doi.org/10.1103/PhysRevD.109.L091501
http://dx.doi.org/10.1016/0370-2693(86)91297-9
http://dx.doi.org/10.1103/PhysRevD.51.1125
http://dx.doi.org/10.1103/PhysRevD.55.5853
http://dx.doi.org/10.1016/0550-3213(91)90597-Q
http://dx.doi.org/10.1016/0550-3213(94)90515-0
http://dx.doi.org/10.1007/JHEP10(2012)137
http://dx.doi.org/10.1007/JHEP05(2018)196


1-A22.6 F.G. Celiberto

[31] I. Helenius, H. Paukkunen, J. High Energy Phys. 2023, 054 (2023).
[32] M. Czakon, T. Generet, A. Mitov, R. Poncelet, J. High Energy Phys. 2021,

216 (2021).
[33] M. Czakon, T. Generet, A. Mitov, R. Poncelet, J. High Energy Phys. 2023,

251 (2023).
[34] T. Generet, Ph.D. Thesis, RWTH Aachen University, 2023.
[35] A. Ghira, S. Marzani, G. Ridolfi, J. High Energy Phys. 2023, 120 (2023).
[36] L. Bonino, M. Cacciari, G. Stagnitto, J. High Energy Phys. 2024, 040 (2024).
[37] M. Cacciari, A. Ghira, S. Marzani, G. Ridolfi, Eur. Phys. J. C 84, 889

(2024).
[38] M. Cacciari, M. Greco, Phys. Rev. Lett. 73, 1586 (1994).
[39] F.G. Celiberto, arXiv:2405.08221 [hep-ph].
[40] F.G. Celiberto, PoS (DIS2024), 168 (2024).
[41] S. Forte, L. Garrido, J.I. Latorre, A. Piccione, J. High Energy Phys. 2002,

062 (2002).
[42] Z.-B. Kang, Y.-Q. Ma, J.-W. Qiu, G. Sterman, Phys. Rev. D 90, 034006

(2014).
[43] M.G. Echevarria, J. High Energy Phys. 2019, 144 (2019).
[44] D. Boer et al., J. High Energy Phys. 2023, 105 (2023).
[45] F.G. Celiberto, Ph.D. Thesis, U. Calabria & INFN, 2017.
[46] F.G. Celiberto, Eur. Phys. J. C 81, 691 (2021).
[47] F.G. Celiberto, Phys. Rev. D 105, 114008 (2022).
[48] F.G. Celiberto, Eur. Phys. J. C 83, 332 (2023).
[49] F.G. Celiberto, D.Yu. Ivanov, M.M.A. Mohammed, A. Papa, Eur.

Phys. J. C 81, 293 (2021).
[50] A.D. Bolognino et al., Phys. Rev. D 103, 094004 (2021).
[51] F.G. Celiberto, M. Fucilla, D.Yu. Ivanov, A. Papa, Eur. Phys. J. C 81, 780

(2021).
[52] F.G. Celiberto et al., Phys. Rev. D 104, 114007 (2021).
[53] F.G. Celiberto, M. Fucilla, M.M.A. Mohammed, A. Papa, Phys. Rev. D 105,

114056 (2022).
[54] F.G. Celiberto, A. Papa, Phys. Rev. D 106, 114004 (2022).
[55] L.A. Harland-Lang, R.S. Thorne, Eur. Phys. J. C 79, 225 (2019).
[56] NNPDF Collaboration (R.D. Ball et al.), Eur. Phys. J. C 84, 517 (2024).
[57] Z. Kassabov, M. Ubiali, C. Voisey, J. High Energy Phys. 2023, 148 (2023).
[58] A. Altheimer et al., Eur. Phys. J. C 74, 2792 (2014).
[59] D. Adams et al., Eur. Phys. J. C 75, 409 (2015).
[60] M. Procura, I.W. Stewart, Phys. Rev. D 81, 074009 (2010).
[61] C.W. Bauer, E. Mereghetti, J. High Energy Phys. 2014, 051 (2014).

http://dx.doi.org/10.1007/JHEP07(2023)054
http://dx.doi.org/10.1007/JHEP10(2021)216
http://dx.doi.org/10.1007/JHEP10(2021)216
http://dx.doi.org/10.1007/JHEP03(2023)251
http://dx.doi.org/10.1007/JHEP03(2023)251
http://dx.doi.org/10.1007/JHEP11(2023)120
http://dx.doi.org/10.1007/JHEP06(2024)040
http://dx.doi.org/10.1140/epjc/s10052-024-13245-z
http://dx.doi.org/10.1140/epjc/s10052-024-13245-z
http://dx.doi.org/10.1103/PhysRevLett.73.1586
https://arxiv.org/abs/2405.08221
http://dx.doi.org/10.22323/1.469.0168 
http://dx.doi.org/10.1088/1126-6708/2002/05/062
http://dx.doi.org/10.1088/1126-6708/2002/05/062
http://dx.doi.org/10.1103/PhysRevD.90.034006
http://dx.doi.org/10.1103/PhysRevD.90.034006
http://dx.doi.org/10.1007/JHEP10(2019)144
http://dx.doi.org/10.1007/JHEP08(2023)105
http://dx.doi.org/10.1140/epjc/s10052-021-09384-2
http://dx.doi.org/10.1103/PhysRevD.105.114008
http://dx.doi.org/10.1140/epjc/s10052-023-11417-x
http://dx.doi.org/10.1140/epjc/s10052-021-09063-2
http://dx.doi.org/10.1140/epjc/s10052-021-09063-2
http://dx.doi.org/10.1103/PhysRevD.103.094004
http://dx.doi.org/10.1140/epjc/s10052-021-09448-3
http://dx.doi.org/10.1140/epjc/s10052-021-09448-3
http://dx.doi.org/10.1103/PhysRevD.104.114007
http://dx.doi.org/10.1103/PhysRevD.105.114056
http://dx.doi.org/10.1103/PhysRevD.105.114056
http://dx.doi.org/10.1103/PhysRevD.106.114004
http://dx.doi.org/10.1140/epjc/s10052-019-6731-6
http://dx.doi.org/10.1140/epjc/s10052-024-12772-z
http://dx.doi.org/10.1007/JHEP03(2023)148
http://dx.doi.org/10.1140/epjc/s10052-014-2792-8
http://dx.doi.org/10.1140/epjc/s10052-015-3587-2
http://dx.doi.org/10.1103/PhysRevD.81.074009
http://dx.doi.org/10.1007/JHEP04(2014)051


On the Quarkonium-in-jet Collinear Fragmentation . . . 1-A22.7

[62] Y.-T. Chien et al., J. High Energy Phys. 2016, 125 (2016).
[63] F. Maltoni, M. Selvaggi, J. Thaler, Phys. Rev. D 94, 054015 (2016).
[64] Z.-B. Kang, X. Liu, F. Ringer, H. Xing, J. High Energy Phys. 2017, 068

(2017).
[65] E. Metodiev, J. Thaler, Phys. Rev. Lett. 120, 241602 (2018).
[66] S. Marzani, G. Soyez, M. Spannowsky, «Looking Inside Jets. An

Introduction to Jet Substructure and Boosted-object Phenomenology»,
Springer Cham, 2019, arXiv:1901.10342 [hep-ph].

[67] G. Kasieczka, S. Marzani, G. Soyez, G. Stagnitto, J. High Energy Phys.
2020, 195 (2020).

[68] J. Bonilla et al., Front. Phys. 10, 897719 (2022).
[69] P.K. Dhani et al., arXiv:2410.05415 [hep-ph].
[70] Z.-B. Kang et al., Phys. Rev. Lett. 119, 032001 (2017).
[71] M. Baumgart, A.K. Leibovich, T. Mehen, I.Z. Rothstein, J. High Energy

Phys. 2014, 003 (2014).
[72] Z.-B. Kang, F. Ringer, I. Vitev, J. High Energy Phys. 2016, 155 (2016).
[73] G. Luisoni, S. Marzani, J. Phys. G: Nucl. Part. Phys. 42, 103101 (2015).
[74] S. Caletti et al., J. High Energy Phys. 2021, 076 (2021).
[75] D. Reichelt et al., J. High Energy Phys. 2022, 131 (2022).
[76] F.G. Celiberto, M. Fucilla, Eur. Phys. J. C 82, 929 (2022).
[77] F.G. Celiberto, Universe 9, 324 (2023).
[78] F.G. Celiberto, Phys. Lett. B 835, 137554 (2022).
[79] F.G. Celiberto, Eur. Phys. J. C 84, 384 (2024).
[80] É. Chapon et al., Prog. Part. Nucl. Phys. 122, 103906 (2022).
[81] S. Amoroso et al., Acta Phys. Pol. B 53, 12-A1 (2022).
[82] R.A. Khalek et al., Nucl. Phys. A 1026, 122447 (2022).
[83] R.A. Khalek et al., arXiv:2203.13199 [hep-ph].
[84] R. Abir et al., arXiv:2305.14572 [hep-ph].
[85] ILC International Community Collaboration (I. Adachi et al.),

arXiv:2203.07622 [physics.acc-ph].
[86] C. Allaire et al., Comput. Softw. Big Sci. 8, 5 (2024).
[87] F. Hekhorn, PoS (DIS2024), 204 (2025).
[88] E. Hammou et al., J. High Energy Phys. 2023, 090 (2023).
[89] PBSP Collaboration (M.N. Costantini et al.), Eur. Phys. J. C 84, 805

(2024), arXiv:2402.03308 [hep-ph].
[90] E. Hammou, arXiv:2405.09270 [hep-ph].
[91] F.G. Celiberto, A. Papa, Phys. Lett. B 848, 138406 (2024).
[92] F.G. Celiberto, Symmetry 16, 550 (2024).
[93] F.G. Celiberto, G. Gatto, A. Papa, Eur. Phys. J. C 84, 1071 (2024).

http://dx.doi.org/10.1007/JHEP05(2016)125
http://dx.doi.org/10.1103/PhysRevD.94.054015
http://dx.doi.org/10.1007/JHEP11(2017)068
http://dx.doi.org/10.1007/JHEP11(2017)068
http://dx.doi.org/10.1103/PhysRevLett.120.241602
http://dx.doi.org/10.1007/978-3-030-15709-8
https://arxiv.org/abs/1901.10342
http://dx.doi.org/10.1007/JHEP09(2020)195
http://dx.doi.org/10.1007/JHEP09(2020)195
http://dx.doi.org/10.3389/fphy.2022.897719
https://arxiv.org/abs/2410.05415
http://dx.doi.org/10.1103/PhysRevLett.119.032001
http://dx.doi.org/10.1007/JHEP11(2014)003
http://dx.doi.org/10.1007/JHEP11(2014)003
http://dx.doi.org/10.1007/JHEP11(2016)155
http://dx.doi.org/10.1088/0954-3899/42/10/103101
http://dx.doi.org/10.1007/JHEP07(2021)076
http://dx.doi.org/10.1007/JHEP03(2022)131
http://dx.doi.org/10.1140/epjc/s10052-022-10818-8
http://dx.doi.org/10.3390/universe9070324
http://dx.doi.org/10.1016/j.physletb.2022.137554
http://dx.doi.org/10.1140/epjc/s10052-024-12704-x
http://dx.doi.org/10.1016/j.ppnp.2021.103906
http://dx.doi.org/10.5506/APhysPolB.53.12-A1
http://dx.doi.org/10.1016/j.nuclphysa.2022.122447
https://arxiv.org/abs/2203.13199
https://arxiv.org/abs/2305.14572
https://arxiv.org/abs/2203.07622
http://dx.doi.org/10.1007/s41781-024-00113-4
http://dx.doi.org/10.22323/1.469.0204
http://dx.doi.org/10.1007/JHEP11(2023)090
http://dx.doi.org/10.1140/epjc/s10052-024-13079-9
http://dx.doi.org/10.1140/epjc/s10052-024-13079-9
https://arxiv.org/abs/2402.03308
https://arxiv.org/abs/2405.09270
http://dx.doi.org/10.1016/j.physletb.2023.138406
http://dx.doi.org/10.3390/sym16050550
http://dx.doi.org/10.1140/epjc/s10052-024-13345-w

	1 Introduction
	2 Quarkonium collinear fragmentation from HF-NRevo
	3 Quarkonium-in-jet fragmenting functions
	4 Towards NRFF1.0 and NRFF1.0jet

