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What?
Borexino is a particle physics experiment with a
large liquid scintillator neutrinos detector, located
in Gran Sasso National Laboratory (LNGS), Italy.
Together with its main goal – studying solar
neutrinos – the exceptional levels of radiopurity
have made it possible to also to produce many other
interesting results both within and beyond the
Standard Model of particle physics.

Atmospheric neutrinos interact in many ways with
matter, including detector target medium. They have
small flux, but potentially can mimic any event signature.

Atmospheric neutrinos are major background for
processes with yield of few events per year, such as
diffuse supernova neutrino background (DSNB) and geo-
neutrinos.

Why?
Atmospheric neutrinos are generated in decays of
secondary particles produced in cosmic rays
interactions with atomic nuclei of atmosphere.

𝒑 𝜶,… + 𝑨 → 𝝅± 𝑲± + …+ 𝑿

𝝅± 𝑲± → 𝝁± + ν𝝁 ഥ𝝂𝝁

𝝁± →
𝒆+ + 𝝂𝒆 + ഥ𝝂𝝁
𝒆− + ഥ𝝂𝒆 + 𝝂𝝁

How?
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Fluxes in detector

Using ROOT [3] and
modified Prob3++
software [4] we
developed special
software to calculate
the neutrinos flavor
oscillations during
propagation through
the Earth.

𝝂𝒆: 𝝂𝝁: 𝝂𝝉 ≈ 𝟏:𝟐: 𝟎
Oscillations

+ MSW effect

𝝂𝒆: 𝝂𝝁: 𝝂𝝉 ≈ 𝟏:𝟏: 𝟏

Calculated atmospheric neutrinos spectra are then used in GENIE [5] (version
3.0.0, tune G18_10b) to generate neutrinos interactions with 1H, 12C and 13C
nuclei of Borexino target medium. GENIE output final state particles are used as
input particles for the BxMC – Borexino Monte-Carlo [24] that allows us to
reproduce the detector response.

Inverse beta decay (IBD) is a good reaction to detect neutrinos, even if only ҧ𝜈𝑒 . Both
it has high cross-section and provides very clear event signature of the space-time
coincidence of prompt and delayed signals. Positron gives prompt signal by
scattering and annihilation. Neutron looses its energy on protons and then is
thermalized. After an average time of ~260 μs it is captured by proton, with
emission of 2.2 MeV gamma, what gives the delayed signal. Atmospheric neutrinos
can mimic this signature mostly in neutral current interactions with one or more
neutrons produced.
Since our simulation software provides the same data format as used for the real
data from detector, by using real data analysis algorithms we’ve automatically
applied the same event selection criteria, which described in detail in [6, 7].

Uncertainties

The uncertainty comes mostly from two sources. Atmospheric fluxes are known
with ∼25% precision [1, 2]. To quantify the uncertainty related to the interaction
cross sections we repeated the calculation by using GENIE version 2.12.10 and the
rest of the simulation chain unchanged: the expected number of events decreased
by 36%, probably because of the cross sections and intranuclear cascade models’
differences between GENIE versions. To account for other small and unknown
uncertainty sources, and assuming that these uncertainties are independent, we
consider a conservative uncertainty of 50%.

“Normal” IBD ഥ𝝂𝒆 + 𝒑 → 𝒏 + 𝒆+

“Fake” IBD 𝝂 + 𝑨 → 𝝂 + 𝒏 +⋯+ 𝑿

Results

DSNB-search

Measured IBD candidate events
and expected backgrounds

Observed events, expected background
events and 90% C.L. upper limits on the ҧ𝜈𝑒
DSNB flux. Without or (with) atmospheric
neutrinos contribution

Geo-ν analysis

We estimate the respective
systematic uncertainty due to
atmospheric neutrinos on

geoneutrinos as
+0.00
−0.38

% and on

reactor antineutrinos as
+0.00
−3.90

%.

Expected number of atmospheric തνe events

Energy range [p.e.] Signal [events]

408-1500 2.2±1.1

408-4000 3.3±1.6

408-8000 9.2±4.6

Constrained fit of expected spectra shapes to data

ҧ𝜈𝑒 Fit 0 – without atm. ν Fit 1 – 4000 p.e. Fit 2 – 7500 p.e.

Atmospheric – 4.6±3.2 1.2±4.1

Reactor 91.9±1.6 89.0±11.3 ~ unchanged

Geo
many values

(model dependent)
~ unchanged ~ unchanged
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