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Abstract: (maximum 200 words)

Tau neutrino fluxes in the far-forward region of the LHC come from heavy-flavor decays, dominated by
Ds decays and the decays of τ ’s inDs → τντ . Theoretical predictions for tau neutrino fluxes at high rapidity
and at high energy probe QCD dynamics of heavy-flavor production in kinematic regions where measure-
ments have not yet been made. We will investigate uncertainties in the theory predictions for forward ντ +ν̄τ
fluxes that come from parton distribution functions, fragmentation functions, missing higher-order contri-
butions in the pQCD calculation of the partonic cross-sections, intrinsic transverse momentum, and other
effects. We will determine the potential of experimental measurements of LHCb and more forward rapid-
ity measurements to constrain the parton distribution function fits. Furthermore, narrowing the theoretical
uncertainty in predictions of forward charm production will have implications for the theoretical determi-
nation of the prompt atmospheric neutrino flux, a background to measurements of the high-energy diffuse
astrophysical flux from the highest-energy cosmic accelerators.
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Far-forward Neutrinos at the LHC and QCD
The far-forward region at the Large Hadron Collider (LHC) is a complementary region to the central and

forward regions covered by the ATLAS, CMS and LHCb experiments. Particle detection in the far-forward
region will probe fundamental QCD and physics beyond the standard model (BSM). Interesting messengers
of far-forward physics are neutrinos1–3. Several experiments for the far-forward region at the LHC are under
design or already in preparation. These experiments: Faser-ν 4;5 (related to the Faser6;7 effort), XSEN8;9 and
SND@LHC11, for example, have the potential to measure neutrinos that come from high-energy collisions
at the LHC, extracted along the direction tangent to the beam line. In some cases, data-taking is already
planned for Run 3.

Neutrinos are produced directly by W and Z boson decays, and by light- and heavy-hadron decays.
It has been shown with a Pythia8.2 evaluation9 that for pseudorapidities larger than |η| > 6.7, heavy
flavor significantly dominates over W and Z boson production of neutrinos. In particular, Ds and B-meson
decays are essentially the only sources of ντ for such large |η| values. Thus, measurements of ντ events will
probe heavy-flavor production in kinematic regimes in which no measurements have been made.

Measurements of neutrino fluxes in the far-forward region will yield a better understanding of forward
heavy-flavor production in pp collisions, useful to understand QCD dynamics and non-perturbative aspects,
particularly as they influence the low transverse momentum and large rapidity distributions of the heavy
hadrons10. Parton distribution functions will be probed in both small and large longitudinal momentum
fraction x regimes. New measurements of forward neutrino fluxes will ultimately help to better understand
ν-induced deep-inelastic scattering, both in inclusive and heavy flavor production. Furthermore, detailed
studies and data analyses will require and lead to new tunes of Monte Carlo codes that will be useful for
many other collider studies.
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Figure 1: The neutrino energy distribution of ντ
charged-current deep-inelastic scattering events per
kg of lead , induced by neutrinos with η > 6.87 from
the decay of D±

s produced in pp collisions at
√
s = 14

TeV, for an integrated luminosity L = 3000 fb−1. The
shaded band shows the uncertainty associated with a
7-point scale variation around the central scale choice
of (µR, µF ) = (1, 1.5)mT .

In this regime, with neutrino energies up to
multiple-TeV, BSM physics can be probed. One ex-
ample is active neutrino oscillations into a fourth
sterile neutrino species. Accurate predictions for
the neutrino fluxes are needed to untangle BSM ef-
fects. Neutrinos are also a potential background to
other BSM particles, for example, light long-lived
exotic particles, as e.g. discussed in ref. 12.

We plan to focus our study on providing accu-
rate theory predictions for forward neutrino fluxes
from heavy-flavor decays. This builds on our work
reported in ref. 10. Using as a core of our calcu-
lation hard-scattering amplitudes for heavy-quark
production including next-to-leading order radiative
corrections13;14, we investigated the impact on the
neutrino flux of the renormalization and factoriza-
tion scale choices, and of non-perturbative trans-
verse momentum smearing effects, constrained by
LHCb data on Ds production in the 2 < y < 4.5
rapidity range.

Figure 1 shows the large uncertainty range asso-
ciated with renormalization and factorization scale
(µR, µF ) variations around a central scale choice

2



that depends on the transverse mass mT , (µR, µF ) = (1, 1.5)mT for the number of forward ντ events from
D±
s production in pp collisions at

√
s = 14 TeV. The scale variation band is taken over a seven-point set of

scales that are factors of 0.5 and 2 of the central scale choice.

The large scale uncertainty in the theoretical prediction is one of several. Beside the uncertainty related
to missing perturbative contributions of higher-order, we will assess the uncertainties associated with a
number of ingredients to the prediction: parton distribution functions, fragmentation functions, intrinsic
transverse momentum, multiple parton interactions and the potential role of intrinsic charm. An intermediate
step to this program is to study the potential of experimental measurements of LHCb and more forward
rapidity measurements to constrain new parton distribution function fits, for fixed fragmentation function
inputs. Our theoretical effort, in a different energy regime, is also relevant to make predictions for the
DsTau (NA65) experiment.15 This experiment is designed to detect Ds → τντ with emulsion detectors,
where D±

s are produced by a 400 GeV proton beam incident on a tungsten or molybdenum target.

A more complete understanding of forward production of charm hadrons and their decays to neutrinos
will have implications for theoretical predictions of the prompt atmospheric neutrino flux.16–20. Hadrons
produced by high-energy cosmic ray interactions with air nuclei decay or re-interact in the atmosphere.
The very short lifetimes of charm hadrons relative to pions and kaons allow the prompt neutrinos from
charm to dominate the atmospheric neutrino flux at neutrino energies above ∼ 105 − 106 GeV. Theoretical
uncertainties in the prompt neutrino flux impact background evaluations for measurements, for example by
the IceCube Neutrino Observatory21;22, of the diffuse neutrino flux produced in the highest energy cosmic
accelerators.

3



References

[1] A. De Rujula and R. Ruckl, “Neutrino and muon physics in the collider mode of future accelerators,”
doi:10.5170/CERN-1984-010-V-2.571

[2] A. De Rujula, E. Fernandez and J. Gomez-Cadenas, “Neutrino fluxes at future hadron colliders,” Nucl.
Phys. B 405 (1993), 80-108 doi:10.1016/0550-3213(93)90427-Q

[3] H. Park, “The estimation of neutrino fluxes produced by proton-proton collisions at
√
s = 14 TeV of

the LHC,” JHEP 10 (2011), 092 doi:10.1007/JHEP10(2011)092 [arXiv:1110.1971 [hep-ex]].

[4] H. Abreu et al. [FASER], “Detecting and Studying High-Energy Collider Neutrinos with FASER at
the LHC,” Eur. Phys. J. C 80 (2020) no.1, 61 doi:10.1140/epjc/s10052-020-7631-5 [arXiv:1908.02310
[hep-ex]].

[5] H. Abreu et al. [FASER], “Technical Proposal: FASERnu,” [arXiv:2001.03073 [physics.ins-det]].

[6] A. Ariga et al. [FASER], “Technical Proposal for FASER: ForwArd Search ExpeRiment at the LHC,”
[arXiv:1812.09139 [physics.ins-det]].

[7] A. Ariga et al. [FASER], “FASER: ForwArd Search ExpeRiment at the LHC,” [arXiv:1901.04468
[hep-ex]].

[8] S. Buontempo, G. Dallavalle, G. De Lellis, D. Lazic and F. Navarria, “CMS-XSEN: LHC Neutrinos at
CMS. Experiment Feasibility Study,” [arXiv:1804.04413 [physics.ins-det]].

[9] N. Beni et al. [XSEN], “XSEN: a νN Cross Section Measurement using High Energy Neutrinos from
pp collisions at the LHC,” [arXiv:1910.11340 [physics.ins-det]].

[10] W. Bai, M. Diwan, M. V. Garzelli, Y. S. Jeong and M. H. Reno, “Far-forward neutrinos at the Large
Hadron Collider,” JHEP 06 (2020) 032 [arXiv:2002.03012 [hep-ph]].

[11] C. Ahdida et al. [SHiP], “SND@LHC,” [arXiv:2002.08722 [physics.ins-det]].

[12] K. Jodłowski, F. Kling, L. Roszkowski and S. Trojanowski, Phys. Rev. D 101 (2020) no.9, 095020
doi:10.1103/PhysRevD.101.095020 [arXiv:1911.11346 [hep-ph]].

[13] P. Nason, S. Dawson and R. Ellis, “The Total Cross-Section for the Production of Heavy Quarks in
Hadronic Collisions,” Nucl. Phys. B 303 (1988), 607-633 doi:10.1016/0550-3213(88)90422-1

[14] P. Nason, S. Dawson and R. Ellis, “The One Particle Inclusive Differential Cross-Section for Heavy
Quark Production in Hadronic Collisions,” Nucl. Phys. B 327 (1989), 49-92 doi:10.1016/0550-
3213(89)90286-1

[15] S. Aoki et al. [DsTau], JHEP 01 (2020), 033 doi:10.1007/JHEP01(2020)033 [arXiv:1906.03487 [hep-
ex]].

[16] A. Bhattacharya, R. Enberg, Y. S. Jeong, C. S. Kim, M. H. Reno, I. Sarcevic and A. Stasto, JHEP 11
(2016), 167 doi:10.1007/JHEP11(2016)167 [arXiv:1607.00193 [hep-ph]].

[17] A. Bhattacharya, R. Enberg, M. H. Reno, I. Sarcevic and A. Stasto, JHEP 06 (2015), 110
doi:10.1007/JHEP06(2015)110 [arXiv:1502.01076 [hep-ph]].

4



[18] O. Zenaiev et al. [PROSA], JHEP 04 (2020), 118 doi:10.1007/JHEP04(2020)118 [arXiv:1911.13164
[hep-ph]].

[19] M. Benzke, M. V. Garzelli, B. Kniehl, G. Kramer, S. Moch and G. Sigl, JHEP 12 (2017), 021
doi:10.1007/JHEP12(2017)021 [arXiv:1705.10386 [hep-ph]].

[20] M. V. Garzelli et al. [PROSA], JHEP 05 (2017), 004 doi:10.1007/JHEP05(2017)004
[arXiv:1611.03815 [hep-ph]].

[21] M. G. Aartsen et al. [IceCube], [arXiv:2001.09520 [astro-ph.HE]].

[22] J. Stettner [IceCube], PoS ICRC2019 (2020), 1017 doi:10.22323/1.358.1017 [arXiv:1908.09551
[astro-ph.HE]].

5


