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The Radio Neutrino Observatory Greenland (RNO-G)

and therefore has to address some challenges that come with scale. Until installation is complete, the

task list for the RNO-G collaboration is clear. Elements of the success metric are: stable performance

and easy maintainability, understanding and mitigation of backgrounds, accurate calibration of the

instrument, as well as the first search for physics signals. A more detailed report of the technical

details of RNO-G can be found in the recent publication illustrating the performance [1] and the

dedicated proceedings [2].

RNO-G is currently working on a new generation of DAQ-boards that provides a more hands-off

operation and allows for a faster start-up without lengthy calibration for periods in the polar winter,

when power from the wind-turbines is available. Therefore, in the currently on-going field-season

no additional stations are planned to be instrumented, while drilling continues.

Figure 2 provides an impression of the currently on-going installation effort. For 2025 only

maintenance and drilling of new holes is planned. Since the open holes do not close from the sides,

a simple cover with a wooden plank will allow us to instrument the holes in a future season. In

the past, drilling performance has been the limiting factor of installation speed. The schedule for

completion for RNO-G will be evaluated after this year of gathering extensive drilling experience.

Most ambitious plans foresee a completion of 35 stations within the next three field-seasons, with

additional stations to be added later.

Throughout the past two years of operations, many important improvements have been made,

using lessons learned from the eight operational stations.

The main trigger of RNO-G is based on the signals from the four antennas at the bottom of the most

densely instrumented string (see Figure 1). While during the first seasons only a coincidence trigger

based on a high-low threshold crossing was running, a true phased-array has been implemented

already at the end of 2024. This significantly improves the triggering efficiency for neutrinos by

more effectively vetoing thermal noise fluctuations. There is a maximum trigger rate, limited by the

data-throughput rate between each RNO-G station and the server at the main station. By being able

to lower the signal threshold and at the same time not increase the trigger rate, both the neutrino

energy threshold is lowered and the effective volume in which a detectable neutrino interaction can

take place is enlarged.

Also, the triggering of cosmic rays has undergone an improvement, with the newest stations being

both more efficient in triggering direct signals from air showers and also being able to record the

causally connected signals in all antennas. The latter had previously been precluded by signal travel

times through ice and cables, which meant that the signal in the antennas close to the surface was

overwritten in the buffer before the signals from the deep antennas arrived at the DAQ.

3. Early Results

These proceedings give an overview of all recent RNO-G results and analysis efforts. This

naturally has to be terse, so the reader is encouraged to follow the provided references.

3.1 Cosmic Rays

The first important milestone for RNO-G will be the validation of the detection of cosmic

ray signals. We report at this conference about the results of the first search of the in-air signals

of cosmic rays in the antennas installed close to the surface [3], which are in line with results
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Figure 2: Impression of the RNO-G installation. Left: View of an installed station. From the outside, only

the towers providing power and communications are visible. Middle: Drilling tent at the RNO-G site on

June 10th 2025. The mount in front of the tent, stems from ice chips that are expelled from the drilling

barrel. Right: View into the drilling barrel, showing one of the mechanical cutter-heads. With the limited

infrastructure at Summit Station, the relatively shallow depths, and the large scales of the radio array, a

hot-water drill is considered unfeasible.

from pathfinder experiments and dedicated radio air shower experiments. Cosmic rays are detected

and identified above the background using their characteristic signal shape. Their consequently

reconstructed event parameters, such as energy, arrival direction and signal polarization match

expectations. Essential progress had to be made in understanding the system-response towards air

shower signals, which helped to refine the testing and calibration procedures ahead of installation.

On-going is also a first search for signals of impacting air shower cores in the ice of Greenland

[4]. Air showers that have not fully developed in the atmosphere, contain enough particles to

produce signals that mimic neutrino-like signals, as they are dominated by the Askaryan effect.

While the in-air signals can build on years of experience with simulations, for in-ice signals the

simulations are still being refined, as also reported on at this conference [5]. The fast-changing

refractive index of the ice, as well as boundary layers and near-field effects make this a challenge.

3.2 Solar Flares

An unexpected early result was the detection of solar flares by RNO-G as published in [6]

and reported on in [7] at this conference. While it was known that solar flares are visible in

radio neutrino detectors (as reported by ARA and ARIANNA), the current solar maximum has

increased the number of occurrences of flares and outbursts. To be clear, RNO-G simply detects

the radio emission of the sun caused by plasma effects and particle acceleration therein, and

not from neutrinos. RNO-G records these radio signals with unprecedented timing resolution,

showing nanosecond-scale substructures. This fine-grained observation is not possible with current

dedicated solar radio observatories that record in the frequency domain and RNO-G thus provides

novel data for modeling solar processes. For RNO-G, the radio bright Sun is an interesting above
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published results provide the world’s most accurate index of refraction of the bulk ice [12] and a

procedure to monitor the borehole closure using the RNO-G antennas [13].

Every field season, additional measurements are conducted to refine our understanding of the ice.

Results from just a few month ago are reported in [14]. Also field-tests of new hardware to monitor

the impact of wind [15], like acoustic sensors and electric-field meters are on-going.

Similarly to IceCube, the stability of the ice means that calibration measurements obtained at a later

point in time, can always to be used to refine neutrino searches and reconstruction. However, given

the absence of detected neutrino signals at this point, searches have to be robust against unknown

ice parameters and in that sense conservative. So a better understanding of the ice will already now

improve neutrino searches.

3.5 Calibration strategy

As outlined above, the calibration of RNO-G will require a simultaneous evaluation of ice

properties and instrument parameters, as they are intimately coupled. The plan is to collect all suit-

able calibration signals and run a combined calibration, which will be reported on in a forthcoming

publication. An absolute calibration of the signal strength will directly influence the systematic

uncertainty of the energy scale obtainable. A relative amplitude calibration between antennas will

lead to an improved trigger threshold for neutrino signals, as the signals will have the appropriate

weighting. The positioning of the antennas, will directly translate into a pointing accuracy of the

instrument for both reconstructing neutrinos and vetoing background signals. Calibrating the ice

properties will help with vetoing backgrounds and refining the neutrino simulations.

3.6 Neutrino searches

The on-going RNO-G work in dominated by commissioning activities that ensure that the de-

tector is operational as planned and that unexpected backgrounds from e.g. satellites or atmospheric

phenomena do not pose a threat. In parallel to these activities, the first search for neutrino signals is

being prepared [16]. Since RNO-G would be the first in-ice radio neutrino experiment to measure a

neutrino, several different routes are being followed to obtain a robust search for early signals [17].

Once these analyses have reached maturity, the published effective volumes will also be updated.

Most recently published effective volumes [1] are based on trigger design sensitivities and do not

contain any analysis efficiency, like it is also the case for other experiments targeting these high

energies. Also, given the on-going updates of the hardware, the collaboration thought it prudent to

not update effective volumes every year, but provide them once a significantly better understanding

is available, based on a neutrino search and a consolidated field-performance.

4. RNO-G in context of the landscape of neutrino telescopes

While IceCube has only set limits on the neutrino flux above 10 PeV, KM3NeT has excited

the community with the first reported flux measurements. To give the community an updated

perspective on the RNO-G effective volumes, Figure 4 presents a preliminary estimate of the time

a fully deployed array would require to detect a single neutrino, based on this flux.

As compared to previously published effective volumes, a number of key updates have been

made for this figure and towards updated sensitivities. RNO-G uses NuRadioMC [20] for its
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