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Atmospheric neutrino flux background to

astrophysical neutrino flux
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Charm production in the atmosphere is primary source of prompt neutrinos.



Energy dependence, schematically  approximate atm nu flux:
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Cascade equations, Z-moment ap
solutions

Cascade equations:
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Source terms and Z-moment approximations:
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e.g., CR spectrum weighted
differential cross sections
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Ingredients for the prompt neutrino fluX x _ cr nucleon

e Cosmic ray flux: spectrum and composition.

* Cosmic ray cross section with air for Ay, weak
energy dependence comes into Z-moment.

* Leading nucleon energy distribution for spectrum
weighted Z-moment Zyy.

* Charm production cross section and fragmentation.

e Charm hadron energy distributions for the CR
spectrum weighted Z-moment.

e (Charm re-scattering distribution.)

* Charm hadron decay distribution.
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Take home message — a wider range of

T T YYYYYW
F—— 10* GeV
[ —— 10° GeV

1 —— 108 GeV

LELELLLAL

LEREERLLY]

Lol

T T oo

TE — ED/EN

Lol

T T T TTT

T N A

Lol

TR B

ol

107

101
TE

100

Translate “lab”
to “CM” frame
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dashed boxes: approx
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rapidity measurements at the LHC would
narrow prompt predictions.
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Use LHCb data
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k; factorization, dipole approximation.
NLO QCD evaluation has a strong
dependence on renormalization,

factorization scales (seen in these figures).

LHCb data cross-checks for forward rapidity.



Sample prediction of prompt atmospheric
neutrino flux with NLO QCD evaluation

CR flux: broken power law (v, + anti-v) flux (v, +anti-vy) flux  CR flux: mix of inputs
T T Trororrrm T T T Ty Ty T T
Eallh o
S % 100
"_U) Y'_(/) ------------------------
(\IIE (\IIE —-’T)‘k“_.—.—.___.".‘:.-—'-'~~
P e S -~ ENT
o 104 o = ;":T; - T .- s SN
Qq N 104 ,‘\"\_@“’ = ~.. e
> > Jee T =a
) ) ,‘;4’ ~
O Q] #T N
~ — /"*‘ BPLCR ........
L 5 [H1] /" GST-3
5 10 -0105;,. GST-4 —.—..
= scale + Mgharm + PDF uncertainty pmm = H3a —..—.
° total scale uncertainty —~ < o H3p
™ total PDF uncertainty ™ Nijmegen ----.
w total mgharm Uncertainty w 108 L GSF —.—.. ||
106 £ i 1 I i n I I I I L
103 10* 10° 108 107 108 103 104 10° 108 107 108
Ey lab  ( GeV) Ey lab ( GeV)

PROSA Collaboration, Zenaiev et al, JHEP 118 (2020) with scale, charm mass,
PDF uncertainty (left), and range of input CR spectra & composition (right).



E2®,.5/Geviecm 25 lgrt

lceCube upper bound on prompt atmospheric

neutrino flux
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As in IceCube, ApJ 833 (2016), updated

Enberg et al, PRD 78 (2008)
Bhattacharya et al, JHEP (2015) 110
Gauld et al, JHEP (2016) 130
Garzelli et al, JHEP (2015) 115

Notes:
e prompt flux from b-quarks ~ 10% of flux from c-
quarks

* prompt flux of tau neutrinos ~ 10% of prompt
flux of muon neutrinos

* nuclear corrections potentially play a role —
small x parton distribution functions



High-energy, forward measurements of charm

production are needed

XFdG/ dXF [I.lb]

Maximal BHPS model of intrinsic charm
translates to an increase in the prompt
neutrino flux prediction (factor of 1.5).
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Uncertainty band expands with introduction
of intrinsic charm.
Measure forward charm, neutrino
production:

pions, kaon, charm
New opportunities with tau neutrino

measurements D. — 1
s T
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e.g., SHiP, FASERv, Forward Physics Facilities
Alekhin et al., Rept. Prog. Phys. 79 (2016), Abreu et al.,
2001.03073, Buontempo et al. 1804.04412,Beni et al.,
1910.11340, Bai et al., JHEP 06 (2020) 032, Albrow,
2006.11680 and others
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