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 Ultra-high energy (UHE) neutrinos

γ

probe the most powerful sources in the Universe

understand the origin of ultra-high energy cosmic rays

ν

CR

UHE neutrino: E > 1016 eV

Cf. talk by S. Toscano
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 RNO-G: The Radio Neutrino Observatory in Greenland
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Figure 7. Left: Map of the planned RNO-G array at Summit Station; grid spacing is approximately 1 km.
Right: A single RNO-G station consists of three strings of antennas (Hpol and Vpol) plus surface antennas
(LPDAs), as well as three calibration pulsers located both deep in the ice and also at the surface. The string
containing the phased array trigger is designated as the power string, while the two additional strings are
designated as support strings.

neutrino properties. Building on these requirements, a station and array design as schematically
depicted in Fig. 7 was developed.

The design of RNO-G combines the experience gained with all prior in-ice radio neutrino
experiments, especially ARA [5] and ARIANNA [210], and also builds on lessons learned with
radio air shower arrays that have first demonstrated the experimental power of the radio detection
technique, e.g. [37, 38].

As outlined above, a location is needed with thick, homogeneous and cold ice to yield the
best experimental results. An additional requirement is the availability of a su�ciently developed
infrastructure to allow for installation, running and maintenance of the detector. While the instru-
mented stations can be fully autonomous, the amount of cargo and personnel needed for installation
requires accessibility by plane or large vehicle. The number of accessible research stations fit-
ting these requirements in either Antarctica or Greenland is limited. The host institutions of the
RNO-G collaboration members and their access to national infrastructure additionally excludes
some obvious candidate sites (Dome A, Dome C and Vostok in Antarctica, e.g.), leaving essentially
South Pole Station and Summit Station in Greenland. South Pole station already houses a premier
CMB instrument (the South Pole Telescope [211]), as well as the world’s largest neutrino telescope
(IceCube), which is in the process of installing the IceCube-Upgrade [212]. The logistical burden
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In-ice radio detection: promising technique to detect ultra-high energy neutrinos
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Figure 1. Left: Planned and existing layout of the 35 station array of RNO-G. The first seven stations, the
subject of this paper, were deployed in 2021 and 2022. The main building of Summit Station is labeled Big
House. Right: The station construction as installed for the first seven stations of RNO-G, showing the three
instrumented boreholes down to 100 m, as well as the antennas in shallow trenches near the surface.

2.2 Station plan

The layout plan of the RNO-G station is shown on the right in Figure 1, which emerged from design
studies presented in the whitepaper [11]. Each station is composed of 24 low-noise receiving
antennas installed in a hybrid configuration with both near-surface and deep receivers.

The radio signals are received at antennas installed at different depths as shown in the right
panel of Figure 1. In all polar ice, the density of the ice increases with depth within the firn (⇠80 m
near Summit). It follows that radio waves from a deep source, such as the Askaryan-generated
emission from an UHE neutrino, propagate along curved ray paths as they approach the surface
so that antennas deployed deeper in the ice are sensitive to a larger volume of ice. Antennas that
are installed closer to the surface, while contributing less to the overall neutrino sensitivity, can
be used to tag potential natural or human-made backgrounds originating above the ice. For the
RNO-G station, the linear polarization angle of the Askaryan signal is used, in part, to reconstruct
the neutrino arrival direction, so both the vertical and horizontal components of the electric field
are measured with the borehole antennas.

The deep antennas are deployed in three boreholes down to 100 meters depth. Due to the signal
propagation effects described above, the main neutrino effective volume arises from the closely
packed triggering subarray of four antennas at the bottom of what is called the power string. The
trigger threshold on this subarray largely determines the neutrino detection sensitivity of an RNO-
G station. This trigger threshold is defined as a transient signal-to-noise ratio, which relates the
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1 station: 24 radio antennas Cf. talk by E.  
Huesca Santiago
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 In-ice radio emission from cosmic-ray air showers
Radio emission of cosmic-ray air showers can also reach the deep antennas
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 In-ice radio emission from cosmic-ray air showers
Radio emission of cosmic-ray air showers can also reach the deep antennas

CR

ν

The cosmic-ray flux should be much larger than the neutrino flux:

• Cosmic-ray detection would validate in-ice radio detection principle
• Cosmic-ray/neutrino discrimination is needed to ensure successful neutrino detection 

In-air emission

In-ice emission

credits: 

Simon de Kockere

Simon Chiche (IIHE)

cf. talk by N. Alden
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Simulation library to investigate cosmic ray signatures



 Emission pattern 
Simulated electric field maps at the antenna level

In-iceIn-air

In-air emission: Destructive interferences between geomagnetic and Askaryan

In-ice emission: Rotationally symmetric emission pattern
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Frequency content can help identify and discriminate each mechanism at the single antenna level

Spatial variations of the frequency content bring further constraints on the emission 



 Polarization signatures Simon Chiche (IIHE)

We evaluate the horizontal to vertical polarization ratio for both in-air and in-ice emissions

Horizontal polarization: EHpol
rad = (Ex

rad)
2 + (Ey

rad)
2Vertical polarization: EVpol

rad = Ez
rad

In-iceIn-air
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Two orders of magnitude between the in-air and the in-ice component

Efficient observable for cosmic ray/neutrino discrimination
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• Dominates at large 
 zenith angles

• linear polarization

• peaks at  
low frequencies

• Dominates at low 
 zenith angles

• radial polarization

• peaks at  
high frequencies
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 Summary Simon Chiche (IIHE)

Using FAERIE simulations we characterized radio signatures from cosmic ray showers  
as seen by deep in-ice observers

Frequency contentRadiation energy Polarization

These specific features of the radio specific will help identifying the first cosmic ray events

Validate detection principle of in-ice experiments and FAERIE simulations
Support the calibration of the detectors

Provide valuable insights for cosmic ray/neutrino discrimination

Dominant  
in-ice emission

Dominant  
in-air emission


