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Novae are luminous explosions in close binaries which host a white dwarf and a companion donor
star. They are triggered by a thermonuclear runaway when the white dwarf accretes a critical
amount of matter from the secondary. Though novae are established as high-energy gamma-
ray emitters through observations by the Fermi Large Area Telescope (LAT), the origin of the
gamma-ray emission, whether it is hadronic or leptonic, had been under intense debate until very
recently. RS Ophiuchi (RS Oph) is a well-known recurrent symbiotic nova with a recurrence time
scale of 15 years. The most recent outburst of RS Oph in 2021 brought the first detection of
very-high-energy (VHE) gamma rays from a nova ever. The first Large-Sized Telescope prototype
(LST-1) of the Cherenkov Telescope Array observed this historic event along with H.E.S.S. and
MAGIC. The LST-1 observations in the first days after the burst onset show a clear VHE gamma-
ray signal from RS Oph. The low energy threshold of LST-1 allows us to reconstruct the RS Oph
gamma-ray spectrum down to ∼30 GeV, providing the best connection of the VHE gamma-ray
data to the Fermi LAT energy range. The results from the analysis of the LST-1 observations are
consistent with those obtained with H.E.S.S. and MAGIC, and also support a hadronic origin for
the observed gamma-ray fluxes. In this contribution, we will present the analysis results of the
LST-1 observations of the 2021 outburst of RS Oph.
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1. Introduction

Novae are luminous eruptions observed in close binaries where a white dwarf (WD) is inter-
acting with its stellar companion. The explosion is powered by a thermonuclear runaway ignited
on the surface of the WD when it accretes a critical amount of matter from the companion donor
star. Novae have been revealed to be high-energy gamma-ray emitters through observations by the
Fermi Large Area Telescope (LAT), starting with the detection of gamma-ray emission from V407
Cyg in 2010 [1]. Though more than a dozen novae have been detected by the Fermi LAT, the
mechanism responsible for the production of gamma-ray emission in novae had remained unclear
until very recently. In August 2021, RS Ophiuchi (RS Oph), a well-known recurrent nova, erupted
after an interval of 15 years since the previous outburst in 2006. Noteworthy, the 2021 outburst of
RS Oph was detected in the very-high-energy (VHE, >100 GeV) regime by Imaging Atmospheric
Cherenkov Telescopes (IACTs) such as High Energy Stereoscopic System (H.E.S.S.) and the Major
Atmospheric Gamma Imaging Cherenkov (MAGIC) telescopes, which marked the event as the first
nova explosion that was detected in VHE gamma rays in history [2, 3].

The Cherenkov Telescope Array (CTA) is the next-generation IACT array consisting of three
kinds of telescopes with different sizes. Among them, the Large-Sized Telescopes (LSTs), equipped
with a large mirror dish of 23 m in diameter and a sensitive focal-plane camera with fast readout,
dominate the lower energy band of CTA down to∼20 GeV. The LST prototype (LST-1) for CTA, built
on the CTA northern site, La Palma in the Canary Islands of Spain, has been in its commissioning
phase and performing astrophysical observations since 2019 [4]. The LST-1 observed the historic
nova outburst of RS Oph in 2021. In this contribution, we present the analysis results of the LST-1
observations.

2. Observations

RS Oph is a well-known recurrent nova with a relatively short recurrence time-scale of ∼15
years. RS Oph is also known to be a symbiotic system, where the WD is embedded in the outflow
from the red giant companion. Thanks to the short recurrence time-scale, outbursts of RS Oph
have been recorded several times in history [5]. The outburst in 2006 was especially well studied at
various wavelengths, such as optical, radio, and x-ray, but it was before the launch of Fermi [6].

On August 8th 2021, RS Oph was reported to be in a new burst state from observations in the
optical and gamma-ray bands [7–10]. In response to these alerts, the LST-1 started observations
of RS Oph on August 9th, just a day after the burst onset. The observations were performed under
proper conditions, i.e., a clear and dark sky, until August 12th. These good-quality data in the first
nights amount to 6.4 hours of effective observational time. From August 13th, however, bad weather
and enhanced moonlight conditions prevented further data taking. We resumed observations on
August 29th and continued until September 2nd under good observational conditions, amounting
to about four more hours. The zenith angle range of the observations was between 35◦ and 64◦.
The observations were performed in the so-called wobble mode with a wobble offset of 0.4◦ [11].
The LST-1 observations of the 2021 outburst of RS Oph are summarized in Table 1.
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Table 1: Summary of the LST-1 observations of RS Oph during its 2021 outburst

date observation zenith range
time [h] [deg]

9 Aug. 2021 1.4 h 35-42
10 Aug. 2021 2.7 h 35-59
12 Aug. 2021 2.3 h 35-55
13 Aug. 2021 1.3 h 36-54
14 Aug. 2021 1.5 h 35-46
15 Aug. 2021 1.3 h 41-57
29 Aug. 2021 1.0 h 46-58
30 Aug. 2021 1.5 h 40-57
1 Sep. 2021 0.3 h 56-64
2 Sep. 2021 1.3 h 41-57

3. Analysis

The LST-1 observations are reduced following the standard LST analysis procedure [12]. The
analysis is performed with cta-lstchain1, a dedicated LST analysis software based on the CTA
low-level analysis pipeline ctapipe [13–16]. The cta-lstchain performs all the analysis steps
from calibration and signal extraction to the reconstruction of events. For the reconstruction of the
energy and direction of primary particles, random forest (RF) algorithms are adopted. An RF is
also used to reject background cosmic-ray events by giving a score called gammaness to each event,
which represents how likely the primary particle is a gamma ray. The so-called source-independent
approach, a method to reconstruct events without an assumption on the source position, is applied in
this work. The LST-1 data are reduced to the DL3 format, which is subsequently fed to gammapy2,
the official science analysis tool for CTA, for computing the gamma-ray spectrum of the source and
the source flux light-curve [17, 18].

Monte Carlo (MC) simulations are prepared to train the RF algorithms and evaluate the
telescope’s instrumental response functions (IRFs). The MC simulations that are used in this work
are generated according to a standard procedure for the LST analysis, but are tuned to the RS
Oph observations [12]. For instance, the amount of night sky background contamination in the
simulations is adjusted to the observations at the camera image level. Simulations are produced
for different positions in the sky to take into account the dependence of the telescope performance
for different pointing directions. As shown in Figure 1, the simulations to train the RF algorithms
are generated along a declination path close to that of RS Oph and those for testing the telescope
performance are produced in a grid of cos ZD and sin 𝛿, where ZD is the zenith angle and 𝛿

is an angle between the geomagnetic field and the pointing direction. The IRFs of the LST-1 are
evaluated in each testing MC node and the closest node to each observational run is used to compute
gamma-ray flux. For processing MC simulations, lstmcpipe, a dedicated package for reduction
of LST MC simulations, is adopted [19, 20].

1https://github.com/cta-observatory/cta-lstchain
2https://gammapy.org
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Preliminary

Figure 1: The pointing directions of the data taken on 9th, 10th, and 12th of August 2021, the closest testing
MC nodes to the data and the training MC nodes on the plane of the zenith angle and the azimuth angle.

For the spectral analysis, the energy-dependent cuts on gammaness are defined from the MC
simulations so that gamma rays are kept with an efficiency of 50%. Directional cuts are also
applied energy-dependently with a 70% gamma-ray efficiency. The energy threshold of the LST-1
observations for this work is evaluated from the true energy distribution of the simulated gamma-ray
events surviving all the event selection criteria. Though the energy threshold depends on the zenith
angle, an average value over the LST-1 observations is found to be ∼30 GeV, assuming that RS
Oph has a power-law spectrum with an index of ∼4, as indicated from the observations by H.E.S.S.
and MAGIC. This is the lowest energy threshold for the observations of VHE gamma rays from RS
Oph among the IACTs, and thus the LST-1 provides the best connection of the VHE gamma-ray
data to the Fermi LAT energy range. The gamma-ray flux of RS Oph is reconstructed assuming a
point-like source with a power-law spectral model, Φ(𝐸) = Φ0 (𝐸/𝐸ref)−𝑝, where the spectrum is
normalized at Φ(𝐸ref) = Φ0 with a reference energy 𝐸ref = 130 GeV.

4. Results

Figure 2 shows the distribution of the squared angular distance between the reconstructed
arrival direction of the gamma-ray candidate events obtained from the LST-1 observations and the
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position of RS Oph. Events with gammaness > 0.6 and reconstructed energies between 30 GeV
and 1 TeV are shown. From the observations between August 9th and August 12th, a gamma-ray
signal from the direction of RS Oph is clearly detected at a statistical significance of 9.5 𝜎. The
signal is also visible each night at a significance above 5 𝜎. From the observations on and after 29th
August, on the other hand, no significant excess is found. The light curve during the first nights
after the burst onset is computed at energies above 100 GeV and shown in Figure 3. The light curve
that is reconstructed from the LST-1 observations is compatible with a constant flux during the first
nights and it is in good agreement with the MAGIC results.

Preliminary Preliminary

Figure 2: Distribution of events recorded for RS Oph as a function of 𝜃2, the squared angular distance
between the reconstructed arrival direction of the gamma-ray candidate events and the position of RS Oph.
Events with gammaness > 0.6 and reconstructed energies between 30 GeV and 1 TeV are shown. Left:
Observations between August 9th and August 12th of 2021. Right: Observations between August 29th and
September 2nd.

5. Conclusion

The LST-1 performed observations of RS Oph during its 2021 outburst and acquired good-
quality data during the first nights after the eruption. The LST-1 data are analyzed with the standard
LST analysis tools and dedicated all-sky MC simulations tuned to the RS Oph observations. The
gamma-ray emission from RS Oph is firmly detected by the LST-1 during the first nights after the
burst onset at a statistical significance of 9.5 𝜎. Noteworthy, the LST-1 achieves the lowest energy
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Preliminary

Figure 3: Daily gamma-ray flux of RS Oph during the first nights of its 2021 outburst reconstructed with
the LST-1 in comparison with the MAGIC results.

threshold for the VHE gamma-ray observations of the 2021 outburst of RS Oph among the IACTs
∼30 GeV, which gives the best connection of the VHE gamma-ray data to the Fermi LAT energy
band. A detailed interpretation of the LST-1 observations with dedicated modeling is in progress
and the results will be presented in a forthcoming publication.
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