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The binary system Eta Carinae is a unique laboratory to study particle acceleration up to very high
energies (VHE) under a wide range of conditions. Particles are thought to be accelerated at shocks
forming in the wind collision region. Eta Carinae has been firmly established as a source of high
energy gamma-rays in Fermi-LAT data over several orbits. With its highly eccentric orbit lasting
5.5 years, the periastron passage of the two stars is extremely close. This provides an opportunity
to constrain the acceleration and absorption mechanisms of the system.

Eta Carinae was detected above 200 GeV by the H.E.S.S. telescopes (H.E.S.S. Collaboration,
2020) based on data before and after the 2014 periastron. Unfortunately the 2014 periastron itself
could not be observed by H.E.S.S. due to visibility constraints. Hence the 2020 periastron was the
first periastron passage visible for the full 5 telescope H.E.S.S. array and was therefore monitored
with an extensive observation campaign spanning the phase range from 0.97 to 1.05.

We report the detection of a VHE signal from Eta Carinae during the 2020 periastron and describe
its spectral properties together with simultaneous Fermi-LAT data. Together with previous and
follow up observations, for the first time a VHE light curve spanning a full orbit is presented.
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1. Introduction

Situated in the Carina Nebula, the enigmatic binary system Eta Carinae (1 Car) has been studied
in detail in several wavebands over periods up to several centuries. The system, located at a distance
of ~2.3 kpc (/), consists of a luminous blue variable with a mass of ~90 Mg and a lighter companion
with ~30 Mg (2). i Car is considered to be a colliding wind binary system in which particles are
accelerated by the shocks in the wind collision region. In this region, the supersonic winds from the
two stars collide to form a pair of standing shocks, separated by a contact discontinuity (3). 1 Car
has been identified as a source of high energy (HE) (4) and very high energy (VHE) (5) emission by
the Fermi Large Area Telescope (Fermi-LAT) and the High Energy Stereoscopic System (H.E.S.S.),
respectively in recent years, making it unique among colliding wind binaries. The system can be
tracked with current instruments over its full 5.5-year (6) orbit. The periastron passage, at which
the stars are separated only on ~1 au scales, has shown strong variability in other wavelengths, such
as the X-ray regime (e.g. 7) and is hence of special importance.

The 2009, 2014 and the recent 2020 periastron passages were already followed by Fermi-LAT
and have been discussed in several works (see e.g. §—12). H.E.S.S. observed the 2009 periastron
passage with only limited exposure yielding no detection (/3). Unfortunately, the 2014 periastron
passage happened outside the visibility season for H.E.S.S. allowing only for observations at phases
up to 0.96 and after 1.09 for which nevertheless a significant VHE gamma-ray signal from 7 Car
was reported (5). The 2020 periastron was the first periastron passage visible for H.E.S.S. in its
final 5-telescope array state. Thus, a dedicated and in-depth observation campaign was planned and
carried out. The results of this campaign are presented in this contribution together with data sets
from previous years.

2. H.E.S.S. data analysis

H.E.S.S. is a 5-telescope Imaging Atmospheric Cherenkov Telescope (IACT) array situated in
Namibia. It consists of 4 telescopes (CT1-4) with a mirror diameter of 12 m upgraded with new
cameras in 2016 (/4) and one large central 28-m telescope (CT5) with a new FlashCam prototype
camera installed in 2019 (/5, 16).

2.1 Observation campaign

The observation strategy for IACT observations of i Car has to be selected carefully due to
the unique field of view. n Car lies at the heart of the Carina Nebula, which is described in optical
wavelengths as a region of large-scale diffuse emission representing quite extraordinary levels of
night sky background (NSB) as presented in Figure 1. To allow for stable data taking an increased
trigger threshold for all five H.E.S.S. telescopes was used. For CT1-4 the trigger threshold was
increased by 1 photo electron (p.e.) to 6.5 p.e., whereas for FlashCam the bright source trigger
threshold of 91 p.e. per 9-pixel sum as defined in (/5) was set. Furthermore, the gain of the
FlashCam camera on CT5 was reduced to moonlight levels (/5). Consequently, the number of
switched-off pixels, even though being still considerably larger than for other observation targets,
could be reduced as much as possible to less than 3 % of all pixels.
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Figure 1: Average NSB maps for the 5 Car field using CT5S

The map has been derived by averaging the NSB maps from all runs of the 2020 dataset. The position of
n Car is shown with a white triangle. Contour levels for better visualization have been added at 0.6, 1.2 and
1.8 GHz. The map is zoomed in for better visibility of the main features.

Data set Start Date End Date Live Time Mean zenith
(h] [°]
H.E.S.S. 12013-2016 Jan 13,2013  May 30,2016 20.6 39.2
H.E.S.S. 1U 2017-2019 | Jan 29,2017  Apr 7, 2019 63.3 39.2
Periastron 2020 Dec 23,2019 May 24, 2020 97.8 399
"Phase 0.2" 2021 Feb 15,2021 Apr 10, 2021 31.5 37.2

Table 1: Basic properties of  Car data sets

H.E.S.S. 1 refers to the period with the original cameras in CT1-4, whereas H.E.S.S. 1U denotes the updated
CT1-4 cameras. The 2020 & 2021 datasets were taken with FlashCam installed at CT5. The live time is
given for the stereo observation time and is corrected for dead time.

n Car is visible for H.E.S.S. during the winter and spring months starting from December until
the beginning of June. The observation strategy was selected to obtain as priority observations
around culmination at zenith angles lower than 40° for the full observation season. During the
period closely around the actual periastron passage in February 2020 a loosened zenith angle
requirement with a possible extension up to 60° was considered, to maximize the exposure during
this period. Unfortunately, the available observation time, especially in February, was limited due
to the Namibian rainy season. Further data was acquired in spring 2021 corresponding to an orbital
phase of about 0.2 assuring sufficient coverage over the entire 5.5-year orbital period together with
the existing data from previous years.

After run selection, this yielded a final data set of 97.8 hours during the 2020 periastron
campaign spanning a phase range from 0.97 to 1.05 and 31.5 hours in 2021. The combined
observation campaigns of 2017 to 2019 had a live time of 63.3 h after selection, whereas for the
2013-16 time period 20.6 h of good-quality data was obtained. The basic properties are summarized
in Table 1.
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Figure 2: Significance maps of the 1 Car periastron data set

The resulting significance maps for CTS mono (A) and CT1-4 stereo (B) are shown. The position of 1 Car is
marked with a white triangle. Additionally, all other Fermi-LAT 4FGL sources (/9) in the field of view are
marked together with open clusters from (20).

2.2 CTS mono analysis

The data from the large central telescope can be analysed in the monoscopic analysis method
(17). The exceptional noise levels in the 7 Car analysis result in a mismatch when simulations that
assume standard observation conditions are used. Therefore, a designated simulation set taking into
account the actually measured NSB (see Figure 1) has been produced and utilized to produce custom
instrument response functions valid for the r Car observations. To get a proper description of the
background and its acceptance, test runs targeted at other sources were transformed to represent a
run within the n Car field. These runs were then stacked and utilized through an On-Off background
approach (/8). The resulting significance map is shown in Figure 2a.

At the n Car position, a peak significance of 7.4 o is found. The signal appears point-like and
the background normalization tested by the significance distribution is described by a Gaussian with
a width of 1.3, a bit wider than the ideal case. This is taken into account as a systematic uncertainty.

A circular region with size ® = 0.13° centered at n Car was chosen to derive the spectral
properties. The spectral properties were modeled with a power law of the form ¢ = ¢g (EEO '
The lower energy threshold of the analysis is 0.14 TeV. The fit resulted in a soft spectrum with
spectral index of I' = 3.3 + 0.4 and a flux normalization at a fixed reference energy E of 0.2 TeV
of g = (4.5+1.0) x 10" TeV~—' em~2s~!. The systematics of the spectral parameters, especially
the flux normalization, have to be treated quite conservatively. Nevertheless, even allowing for
large systematic uncertainties the derived CT5 mono spectrum is inconsistent with the spectrum
published in (5) based on mono data around the 2014 periastron passage. As a considerable flux
reduction due to strong orbit-to-orbit variability of  Car seems unlikely the difference can be
explained by a more advanced and careful treatment of noise factors in the analysis of the 2020 data
set.
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2.3 CT1-4 stereo analysis

For the CT1-4 stereo analysis, the INPACT reconstruction technique (2/) was chosen. As
the stereo direction reconstruction is more robust against the effects of noise and the noise level
is taken into account for the ImPACT-based reconstruction, no custom analysis configuration and
background modeling method had to be employed. Instead, the ring background method and the
reflected regions background method (/8) were utilized for the derivation of maps and spectra,
respectively. The results were checked using a second independent analysis chain For the 2020
periastron data set the resulting significance map is shown in Figure 2b. At the n Car position a
point-like signal with a significance of 8.5 o is found. If compared to other Fermi-LAT 4FGL
sources (/9) and known open clusters no other sources are significantly detected.

The lower energy threshold is 0.31 TeV and the reference energy was fixed at 1 TeV. Assuming
again a power-law spectrum the best-fit result yielded a spectral index of I' = 3.3 + 0.2 and a flux
normalization of ¢ = (2.0 £ 0.3) x 10713 TeV~!cm™2s~! consistent with the mono result. The
2021 data set taken at a phase of about 0.2 was analyzed with the same methods as the 2020 data
set yielding a 5.1 o detection and a consistent spectrum. The data sets for the years from 2013 to
2019 (see Table 1) were also analyzed with the reflected regions background method to derive a
long-term light curve. Stereoscopic data sets from the years before 2012 are already published in
(13).

3. Combined results and conclusion

In this contribution, the detection of VHE gamma-ray emission from n Car during its 2020
periastron is presented. Emission from n Car is detected over a large energy range from 0.14 TeV
to above 1 TeV by the combination of data from the full H.E.S.S. array and the data covers for the
first time the actual periastron passage. Together with the full H.E.S.S. data sets for the periastron
passage also contemporaneous data from Fermi-LAT was analysed. The results of this and the
resulting combined spectral energy distribution will be provided in an upcoming publication of the
H.E.S.S. collaboration. This will be accompanied by a long-term light curve.
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