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ABSTRACT

Neutrino can carry information from places that cannot be reached by the usual detection mechanism
because it has a very weak interaction with matter. This can be utilized to study the heat flow process
inside the earth by using information carried by geoneutrino (electron antineutrino). In this sense, it is
important to know the characteristics of neutrino interaction with materials. In this study, the cross-
section calculation of the electron antineutrino interaction with Ar-40 and Kr-84 was carried out using
computational methods with the help of GENIE software. In the energy range of 0-10 MeV, the dominant
interaction between the two materials is the interaction of QES NC and MEC types with an energy
threshold of 5,09 MeV. Both Ar-40 and Kr-84 cannot be used as a scintillator material for geoneutrino
detection because in the energy range 0-4,4 MeV the cross-sectional value of the CC interaction v, +

p-on+e’ isO.
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Introduction

Neutrinos have long been known in the
world of physics through the beta decay
process n = v, + p + e-, as can be seen in
Figure 1. The beta-decay process occurs when
radioactive materials are present, such as 2%3U
and %°Co. Neutrino interactions with another
matter are very weak, so from the time
neutrino was hypothesized by Pauli in 1930,
the neutrino was first detected by Reines and
Cowan only in 1956. The weak interaction of
neutrino makes its detection to be difficult to
do, but it also opens up new opportunities for
the utilization of information carried by a
neutrino. Since it can go through matter
almost without interacting at all, it can
penetrate through matters which are not
penetrable by photon or electron. This opens
up the possibility of using neutrino data to
determine the characteristics of the previously
inaccessible region in the universe.

The characteristics of neutrino interaction
with various material are being studied to
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know what kind of material that is sensitive to
detect neutrinos generated by a source.

The source of neutrino can be an explosion
of high-energy supernovas,® from a nuclear
reactor, and from heat-producing elements
that reside in the earth.2* The latter is heat-
producing elements (*3U, 2*2Th, and “°K) in
the earth that produces electron antineutrino
known by the name of geoneutrino. Currently,
research on geoneutrino is being developed
because of the potential for information that
can be obtained from it. Geoneutrino can go
through the layers of the earth almost
unhindered. From the geoneutrino data, there
is potential for knowing the composition of
the interior of the earth and the heat flow
within the earth.®> Understanding the heat flow
process and the mechanism is very important
to understand geological processes, because
the energy from geological processes like
volcanology, plate  movements, and
earthquakes partly comes from the heat
flowing inside the earth.®
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Neutrino interactions with matter, in
general, involve calculation which is quite
complicated because of the many factors/
variables that must be considered. For
example, the cross-section of neutrino
interaction for the inverse beta decay (IBD)
process (v, + p » n+e*) which is used to
detect geoneutrino, in general, is given by the
following equation:

on(Ey) =
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with o, is the cross-section of neutrino
interactions as a function of neutrino energies.
E.,, p. ,m,respectively are energy,

proton
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momentum, and electron mass. f is the phase-
space factor of the neutron decay, and t,, is the
lifetime of a neutron. The energy of the
electron is the result related to interactions of
the energy of interacting neutrinos. The
diagram for IBD is given in Figure 2. This
interaction can be used to distinguish
antineutrino interaction since it has the
signature of two-photon flash occurred
separated by specific time interval. One
photon flash is produced by thermal neutron
interaction with scintillator material and the
second flash (2 photons) is produced by the
annihilation process of a positron (from IBD)
with the nearby electron.

Figure 1. Beta-decay process in which antineutrino electrons are produced.
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Figure 2. Inverse beta decay v, + p - n + e* used in detecting geoneutrinos.

More detailed calculations require
corrections related to the neutrino oscillation
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process.” The detection of geoneutrino is
reported by KamLAND and Borexino
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experiments.®® Both experiments use liquid
scintillator material to detect geoneutrino
interaction. Liquid scintillator needs to be
purified before it can be used to detect
geoneutrino, otherwise, it will interfere with
the detection process.

Currently, there are tools such as
computing software for calculating cross-
section of interactions and determining the
expected interactions of the neutrino when
passing through a material. The initial data are
energy and the flux of neutrino, combined
with the physical properties of the target
material. These inputs will give the interaction
processes between neutrinos and matter. One
of the interactive computing software for
neutrino is GENIE (Generate Events for
Neutrino Interaction Experiments) which uses
the Monte Carlo method to simulate a
neutrino interaction with material .0

Methods

This research was conducted using
computational methods. The cross-section of
neutrino interaction is computed by using
GENIE. The material used as the detector for
the neutrino detection process will be selected

according to some of the following properties:
it has chemical stability, good optical
properties (good transparency), and can be
used in large quantities (the probability of
neutrino interactions depends on the number
of protons on the target).!! In this study, the
materials are chosen from the noble gas group
(Argon and Krypton). The input from the
material, which are the “°Ar and 8Kr isotopes,
can be used as an input for GENIE. GENIE
input is using the naming code according to
the standards in the Particle Data Group.
Antineutrino electron v, is the incoming
particle, and “°Ar and 84Kr isotopes are the
target. The energy of the incoming
antineutrino is set between 0-10 MeV, since
the range of energy of geoneutrinos are
between 0-4,4 MeV.’

Result and Discussion

A. Cross-section of “Ar

The result for the cross-section of
antineutrino electron interaction with “Ar
gives the information for the type of processes
that occurred for this particular interaction.
The details of this interaction can be seen in
Figure 3.
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Figure 3. Cross-section ¢ (cm-2) of antineutrino interaction with “°Ar in 0-10 MeV energy
range.
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Figure 4. Neutral current interaction

Figure 5. Mesons exchange current interaction

There are 2 dominant types of interactions,
Quasi Elastic Neutral Current (NC) or QES
NC and Mesons Exchange Current (MEC).
The QES NC interaction is givenby VN — vN
with an exchange of neutral vector boson Z.
The nucleon N is either proton or neutron. The
diagram of NC interaction is given in Figure
4.

The MEC interaction is an interaction
involving 2 nucleons and the result is an
emission of 2 nucleons. The diagram for this
interaction for the neutron and proton pair can
be seen in figure 5. The nucleon interacts as a
pair with incoming antineutrino.*?

The result for cross-section value as given
in Figure 3 is between (0,34-39,78) x 103
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cm 2. The cut-off value for both interactions is
5.09 MeV. The cross-section value for NC
interaction involving a proton is higher than a
neutron. The MEC interaction occurred
between antineutrino with neutron-neutron
pairs, which means it involves a neutral Z
boson. The cross-section value for MEC
interaction is much lower than NC, which
means it has a lower probability to take place
in the “°Ar interaction with an antineutrino
electron in the given energy range.

There is no Charged Current (CC)
interaction for v, and *°Ar in the energy range
of 0-10 MeV.

The interaction between antineutrino and
“OAr has been studied extensively before,
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because of its importance in solar neutrino and
supernovae neutrino detection. The result of
this research is in agreement with*? for the CC
interaction for energy below 10 MeV. The
further study requires a more theoretical

[29]

approach and data from the experiment which
are still ongoing research.'* It is a complicated
study involving the nuclear effect in nucleon
and experimental techniques to achieve more
sensitivity and accuracy.®
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Figure 6. Cross-section o (cm-?) of antineutrino interaction with 8Kr in 0-10 MeV energy

B. Cross-section of 84Kr with antineutrino
electron

The interaction between antineutrino
electron and 84Kr can be seen in Figure 6. The
dominant types of interaction are QES NC and
MEC. There are also no CC interactions found
in the 0-10 MeV energy range. The cross-
section value for the interaction is between
(0,02-2,19) x 10 cm. This value differs
from that of “°Ar since “°Ar is much more
sensitive to antineutrino in low energy region.
The cut-off value for 8Kr is also 5.09 MeV.
Cross-section of NC interaction involving
proton is higher than the neutron, but it almost
gives the same value in the region of E ~10
MeV. The cross-section of MEC interaction
also has a lower value compared to NC, so it
has a lower probability to occur. Similar to the
“OAr case, MEC interaction involves neutron-
neutron pair with neutral Z boson as a
propagator.
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range.

C. Detection of Geoneutrino

For geoneutrino detection, even though
both “°Ar and 84Kr are very stable (no
background interaction from self-decay,
reduces the process of data analysis), it is
shown that there is no CC interaction in the 0-
10 MeV energy range. This can be seen in
Figures 3 and 6. The detection of geoneutrino
is done by searching for IBD (v, +p - n+
e™) interaction which is a CC interaction with
an exchange of charged boson W+ (Figure 2).
Given that geoneutrino energy is in between
0-4,4 MeV, it can be concluded that both
materials are not suited to be used as
scintillators to detect geoneutrino.

Conclusion

The interaction of antineutrino electron
with “°Ar and 84Kr has been studied in this
research by using the GENIE program in the
energy region of 0-10 MeV. The results give
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that for both materials the dominant type of
interactions is QES NC and MEC with
threshold energy of 5,09 MeV. The value of
cross-section for “°Ar is (0,34-39,78) x 104
cm2 and for #Kr is (0,02-2,19) x 10 cm™.

It is not recommended to use both “°Ar and
8K to detect geoneutrino which has an energy
of 0-4,4 MeV, since in this energy range there
is no CC interaction for both materials.
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