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The Radio Neutrino Observatory – Greenland (RNO-G) is an in-ice neutrino detector currently

under construction. The detector is designed to make the first measurement of neutrinos beyond

energies of ∼10 PeV. Each of the planned 35 stations of the detector includes three log-periodic

dipole array antennas (LPDA) pointing towards the sky. The stations cover an area of ∼ 50 km2

and enable RNO-G to measure the radio emission of cosmic-ray induced air-showers, thus making

it a cosmic-ray detector as well. As other experiments have shown, such radio emission can be

used to make precision cosmic-ray measurements. Additionally, the location of the experiment at

Summit Station, at a height of ∼3000 m, enables RNO-G to study the phenomena of shower cores

hitting the air/ice boundary and further developing in the ice itself. Moreover, RNO- G is also

able to study high energetic muons, created in cosmic-ray induced air-showers, which penetrate

into the ice from above.

In this contribution, we will give an overview of the cosmic-ray analysis of RNO-G and report

the current status. This includes outlining the method used for identifying the air-shower signals

using signal templates, showing the first cosmic-ray candidate events and discussing systematic

uncertainties.
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Correlation values as a function of SNR: Using the same data as used for the time vs. correlation

plot, the correlation value as the function of the SNR of each event (see Fig. 4) provides a second

selection criterion. The signal-to-noise ratio (SNR) is calculated by dividing the peak amplitude

of the trace (A) by the voltage RMS (VRMS) of forced trigger data (SNR = A/VRMS). In addition

to the data, the correlation values of a cosmic-ray simulation are shown in Fig. 4. The air shower

signals are simulated with CORSIKA and CoREAS [12, 13] and the surface trigger is simulated

with a simple amplitude threshold of 10σ, which is purposely conservative, given the fact that

precise modeling of the actual trigger is still on-going. For the simulation, the correlation values

at high SNR are close to 1, with smaller values at lower SNR. The decrease in correlation values

is expected due to the increasing influence of the noise for decreasing SNR; at sufficiently small

SNR values, simulated correlation values approximate that of thermal noise. For forced trigger

data (Fig. 4 left), we note that the majority of the events cluster around the putative thermal noise

band, at small correlation values. The fact that most of the force triggers are thermal noise and

have a very small background occupancy indicates the radio-quiet quality of the RNO-G site. A

small tail of events towards higher SNR and smaller correlation values is also visible. This tail can

be attributed to the CW events. The plot containing only surface trigger events (Fig. 4 right) also

shows a large contribution of events clustered in the thermal noise region. In addition, we observe a

cluster of events at rather small correlation values (∼ 0.4), which are also clearly separated from the

cosmic-ray region. The last large cluster is at higher correlation values (∼ 0.6) and thus is relatively

close to the signal region. This cluster is still well separated from the simulation, but has the highest

potential for interfering with the signal region. An analysis of these events showed that they come

from times with a higher than normal trigger rate, typically high wind periods. Therefore, the

trigger rate cut or wind event discrimination discussed above could be very effective to suppress

this cluster, if needed. The event with the highest correlation (at an SNR of ∼ 1.5) is the candidate

event Armstrong (same event as shown in the inset of Fig. 3). The other two candidate events at

smaller SNR values are not clearly visible, since they are close to the boundary to the cluster with

the highest correlation value. We observe that Armstrong does not attain the correlation values

expected from the simulation, which indicates that the template is not describing the candidate event

well enough. (More details about this are presented below.) Similar plots were created for stations

13 and 24. Both plots show a better separation of simulated signal and the bulk of our data. These

two stations also have a higher trigger threshold compared to station 23 and thus have less noise

contamination.

Candidate events: In total, three cosmic-ray candidate events are found in the burn sample data

for stations 23, 13 and 24 (time period: 07/25/2022 - 10/01/2022). These three candidate events

are all found in station 23, one with a high SNR (Armstrong) and two with lower SNR (see

Fig. 6). We attribute the fact that candidate events are found exclusively in station 23 to the

lower threshold compared to the other stations. In general, the number of candidate events found

is within the expectations from simulation, given the currently large uncertainty on the trigger

threshold. Armstrong’s waveform and frequency spectrum is shown in Fig. 5. The frequency

spectrum (especially channel 16) shows the expected behavior of a cosmic ray convoluted with the

vector effective length and the amplifier response. As another check, the downward facing antennas

were checked. All the downward facing antennas show a much smaller signal, suggesting that the

signal came from above. Additionally, a preliminary direction and polarization reconstruction was
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