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The very-high-energy (VHE, E>100 GeV) extragalactic sky is dominated by blazars, a class of
active galactic nuclei which show rapid variability at all wavelengths. Target of Opportunity (ToO)
observations triggered by flaring activity detected at longer wavelengths are, thus, an important
part of the blazar observing strategy of H.E.S.S., an array of five imaging atmospheric Cherenkov
telescopes sensitive to VHE photons.
In this contribution we detail the H.E.S.S. extragalactic ToO program, describing the specific
procedures currently in place to follow up on multi-wavelength alerts. The program is illustrated
by discussing a few recent noteworthy targets observed with the H.E.S.S. phase II array over the
last two years of blazar ToO observations.
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1. Introduction

Blazars are usually divided into two different classes, according to the presence or absence of
emission lines from the BLR in the optical spectrum and thus, to their relative strength with respect
to the non-thermal emission. BL Lacertae objects, building the majority of the blazars detected at
VHE, do not present these emission lines, while Fast Spectrum Radio Quasars (FSRQ) do. They
are typically more powerful and their radiative output tend to be dominated by high-energy emission.
The spectral energy distributions (SED) of blazars typically extend over the entire electromagnetic spectrum, from radio to γ-ray energies, and present a characteristic broad double bump shape.
The low energy component peaks, depending on the source, between the IR and the UV/soft X-ray
band and it is typically assumed to be synchrotron emission from electrons and positrons in the
jet. The high-energy component peaks between MeV and TeV energies, reaching its maximum
in the γ-band, and it is thought to be produced either by inverse Compton mechanisms from the
same leptons producing the low-energy component (cf. leptonic models [1]) or from accelerated
high-energy hadrons loosing energy through synchrotron emission or photo-meson reactions (cf.
[2, 3]). While FSRQs typically present a low frequency synchrotron peak in the infrared range, BL
Lacertae present a variety of peak frequencies allowing to a classification in low/intermediate/highfrequency-peaked objects (LBL/IBL/HBL).
The emission of blazars shows strong variability over more than 20 orders of magnitude and in
all frequency ranges from radio to γ-rays. They rank therefore among the most variable objects in
the universe. Indeed, although blazar variability time scales reach from years down to minutes, the
most violent outbursts last typically for a few days. This short time-scale variability allows to probe
several interesting aspects of these sources like particle acceleration, cosmic-ray interactions and
radiation mechanisms. Over the last years the H.E.S.S. collaboration put in place a dedicated Target of Opportunity (ToO) program to allow for rapid reaction and dedicated gamma-ray follow-up
of triggers from observations across the electromagnetic spectrum. We here outline this program
and report latest results focusing on observations obtained in 2016.
During the 2016 season, the H.E.S.S. experiment dedicated ∼60 hours of observation on ToOs
of flaring blazars, which represents ∼11% of the time allocated to extragalactic observations. The
program incorporates a large variety of information that is monitored and used to trigger VHE
2
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The extragalactic sky observed at very high energies (VHE) with Imaging Air Cherenkov
Telescopes (IACTs) like H.E.S.S. is dominated by blazars, a sub-class of active galactic nuclei
(AGN). They are phenomenologically characterized by non-thermal emission extending from radio to γ-rays, showing extreme variability both in frequency and timescale and polarized emission
in optical wavelengths. These features are explained by assuming that these objects are radio-loud
AGN hosting a jet of plasma that is expelled in relativistic speeds and whose axis points towards
the Earth. This results in a boosted photon emission over all other AGN components, i.e. accretion
disk, broad-line regions (BLR) or X-ray corona.
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observations on flaring blazars. It can be summarized as follows:
• Public alerts coming from the MWL community, distributed for example via Astronomer’s
Telegrams and/or Gamma-ray Coordinates Network (GCN).
• Public data from several experiments like Swift-XRT and FACT.
• Optical data obtained with the dedicated ATOM telescope located at the H.E.S.S. site.

• Automatic, daily analysis of Fermi-LAT data using aperture photometry and a full likelihood
analysis.
In this work, a few highlights from H.E.S.S. ToO observation during the 2016 season are
presented: the detection of PKS 1749+096 by H.E.S.S., the detection of enhanced gamma-ray
emission of PKS 0447-439, first discovered by H.E.S.S in December 2009 [9] and upper limits on
the VHE emission of the FSRQs PKS 2022-07 and CTA 102.

2. The H.E.S.S experiment
H.E.S.S. is a stereoscopic system consisting of five IACTs located at 1800 meters above sea
level in the Khomas highlands of Namibia. Starting operations in 2004, the initial configuration
consisted in four 12 m telescopes arranged in a square of 120 m side length. In its second phase a
fifth, 28 m telescope was added to the center of the array in 2012. In its initial four-telecope configuration, H.E.S.S. was sensitive to gamma-ray energies from 100 GeV to about 100 TeV while
the energy threshold of the H.E.S.S. II phase is ∼ 30 GeV. Being the first hybrid Cherenkov instruments, it has the ability of taking data in different modes and configurations.
The general IACT detection technique is based on the detection of VHE γ-rays by studying the
Cherenkov cascade of charged particles that are created when the photon interacts with particles
present in the Earth’s atmosphere. In order to discriminate between hadrons-triggered and photontriggered showers, width, length and other characteristics of the showers are used. Details of the
analyses of the showers and the discrimination technique can be found for the Model analysis used
in the presented work in [4] and for the independent analysis chain used for cross-checks, ImPACT,
in [5].
The analysis of the H.E.S.S. II data varies depending on the configuration. In the monoscopic
mode used throughout the analyses presented here, only information from the fifth, 28 m telescope
is used, while in stereoscopic mode the full array data is considered. The low-energy threshold
provided by the monoscopic mode is particularly beneficial for studies of distant objects like AGNs,
their flaring activity and, concretely, for the study of FSRQ and LBLs, characterized by a soft VHE
spectrum.
3
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• Private alerts from MWL partners, namely MAGIC, VERITAS, FACT, HAWC shared in the
context of Memoranda of Understanding (MoU).
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3. PKS 1749+096: the July 2016 flare
PKS1749+096, also known as OT081, is a bright radio-source, classified as low frequencypeaked BL Lacertae object, that shows weak extended jet emission to the northeast of the compact
VLBI core on parsec scales [6]. Redshift measurements from [8] give a value of z = 0.32. It shows
radio emission typical of blazars: a core-jet morphology and superluminal motion of the jet components detected being in the range of 5-21c [6].

wavelength spectral energy distribution of PKS 1749+096 derived from contemporaneous Swift-XRT, Fermi-LAT and
H.E.S.S. observations.

PKS 1749+096 started to show bright flaring activity on July 9th 2016 in the MeV-GeV energy band with Fermi-LAT as reported in ATel # 9231. Following this unprecedented gamma ray
activity, observations in X-ray and UV were carried on the 17th and 20th of July as described in
ATel #9259 and the time correlated gamma-ray/X-ray/UV/optical outburst confirmed the source
indentification of 3FGL J1751.5+0939 with the BL Lac object OT 081. At that time, due to moon
constraints, it was not visible for H.E.S.S.. Observations could start on July 22th and H.E.S.S.
monitored the source for 6 consecutive nights. We continued to monitor the source until July 27th
and obtained a total of ∼ 12 hours of observations. As reported in ATel #9267, MAGIC detected
VHE emission from PKS 1749+096 during the night of July 24th. Here we report H.E.S.S. observations of the same period, showing a clear detection of the source above the 5σ level for the full
observation period. The Li&Ma significance map derived from the observations is shown in the
left plot of Fig. 1. We can also confirm the detection of a flaring flux increase during the night of
24th of July, where we reach a detection above 6σ in only 2.3 h of observations. It is visible in the
VHE light-curve shown in the upper panel of Fig. 2.
3.1 Multi-wavelength context
The H.E.S.S. ToO program does not only consist in triggering VHE observations but the responsible team is also in charge of assuring a broad multi-wavelength coverage. Various means
are used for this: optical observation in various bands with the onsite ATOM telescope, analysis
4
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Figure 1: Left: Significance map of PKS 1749+096 obtained from H.E.S.S. observations in July 2016. Right: Multi-
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ranges: VHE observations with H.E.S.S., HE data obtained with Fermi-LAT, dedicated X-ray observations obtained
with Swift-XRT and Swift-UVOT and optical observations from ATOM.

of available data from other observatories like Fermi-LAT, proposal submission to instruments like
Swift-XRT, etc.
We show here the multi-wavelength data obtained during and around the H.E.S.S. observation
campaign of PKS 1749+096 as illustration. The spectral energy distribution obtained from SwiftXRT, Fermi-LAT, derived by using the Enrico tool [7], and H.E.S.S. observations is shown in
the right plot of Fig. 1. The obtained light-curves are summarized in Fig. 2, which shows from
top to bottom observations in decreasing energy ranges: VHE observations with H.E.S.S., HE
data obtained with Fermi-LAT, dedicated X-ray observations obtained with Swift-XRT and SwiftUVOT and optical observations from ATOM. The flare seen in the VHE band seems to be only very
weakly correlated with activity in other bands, except the optical, where a coincident flux increase
is found. Further, detailed analysis of the behavior of PKS 1749+096 during its flare in July 2016
is in preparation.

4. PKS 0447-439: the October 2016 flare
PKS 0447+096 is a very bright HE gamma-ray source detected by Fermi-LAT and presents
a hard spectrum in the HE band following a power-law behavior with an spectral index of 2.77 ±
5
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Figure 2: Multi-wavelength light-curves of PKS1749+096 in July 2016, from top to bottom in decreasing energy
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and a bump on October 4th. Right: Gamma-ray spectrum of PKS 0447-439 obtained in October (green markers) agrees
well with archival observations with H.E.S.S. in 2009 (red lines). Variability on the gamma-ray spectrum on the 4th is
presented (blue lines)

0.28 [10]. This BL-Lac object was detected in VHE gamma-rays in 2009 by H.E.S.S. [9]. At that
time the redshift of the object was not known and we used the gamma-ray data to derive constrains.
Combining H.E.S.S. and Fermi-LAT data and considering the attenuation caused by gamma-ray
interactions with the extragalactic background light (EBL) an upper limit of z > 0.59 could be derived [11]. A value of z = 0.343 has later been proposed based on correlations with nearby galaxies
studied with the Gemini Multi-Object Spectrograph [12].
In 2016, PKS 0447-439 was part of a monitoring program of several extragalactic objects.
During these monitoring observations a significant flaring outburst was observed on October 4th
using a rapid, on-site analysis of the obtained data. A H.E.S.S. internal self-trigger was issued and
the source was observed over several days between October 4th and October 9th. A total of 9.4h
of data could be recorded. The evolution of the significance of the gamma-ray excess with time is
shown in the left plot of Fig. 3. The bump visible for the night of the October 4th indicates a flaring
state. PKS 0447-439 was clearly detected at a significance level of 12 σ above an energy threshold
(defined as 10% of the maximum acceptance) of about 80 GeV. The derived energy spectrum for
the dataset without the night of the flare is well described by a power-law with photon index Γ =
-3.29 ± 0.18 and a differential flux at 1 TeV equal to (5.19 ± 1.62) · 10−13 cm−2 s−1 TeV−1 with
statistical uncertainties only. As illustrated in the right plot of Fig. 3, the spectrum agrees well with
the data obtained at the end of 2009 [11]. During the night of the flare (October 4th, 2016), the
energy spectrum is best described by a slightly softer power-law with photon index Γ = -4.06 ±
0.39, leading to a slightly lower differential flux at 1 TeV ((2.34 ± 1.89) · 10−13 cm−2 s−1 TeV−1 ).

5. PKS 2022-077: the April 2016 flare
PKS 2022-077 is a FSRQ at redshift z = 1.388 [13]. In April 2016 a HESS ToO campaign
was launched on this source, following reports on high flux state in gamma-rays by AGILE (ATeL
#8879, March 28) and Fermi LAT (ATeL #8932, April 10) and in the radio domain by RATAN-600
(ATeL #8893, April 1). The GeV flare, according to Fermi-LAT observations, started around April
6
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Figure 3: Left: Significance evolution with time of PKS 0447-439 showing a total 12.3 sigma detection of the source
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9th and lasted for about 11 days. During this period the GeV flux reached approximately 5 times
the one from the Crab nebula in this energy band.
Table 1: Upper limits on the VHE gamma-ray flux derived from H.E.S.S. observations of PKS 2022-077 in April 2016.

ULs in E2 dN/dE [erg/cm2 /s]
1.2 · 10−11
1.7 · 10−11
2.9 · 10−11
2.6 · 10−11

EBL-deabsorbed ULs in E2 dN/dE [erg/cm2 /s]
8.5 · 10−11
25.7 · 10−11
117.9 · 10−11
341.4 · 10−11

The source was visible to HESS at a favorable zenith angle only starting around April 12th.
Note that, due to the very high redshift of this source, EBL absorption effects are significant and
strong zenith angle constrains (θ < 40 deg) were imposed in order to achieve an as low as possible
energy threshold. A total of 10 5 h of observations with an energy threshold of about E > 110 GeV
could be obtained during the nights of April 13th and 14th, 2016. No significant VHE gamma-ray
emission has been detected. The resulting differential upper limits on the flux can be found in Table
1. The EBL model of [14] has been used to correct the observed limits for absorption effects.

6. CTA 102: the August 2016 flare
CTA 102 is a Flat-Spectrum Radio Quasar at a redshift z= 1.037 [15]. An optical outburst
has been detected in August 2016 by ATOM at the H.E.S.S. site. The flare was also seen in GeV
gamma-rays by the Fermi-LAT instrument, and the light-curve above 100 MeV of CTA 102 in
August 2016 is illustrated in the left plot of Fig. 4.
H.E.S.S. ToO observations of CTA 102 started in August 25th and lasted for about one week.
The obtained 10 h of data didn’t reveal significant VHE emission above an energy threshold of
about 100 GeV. The derived significance map is shown in the right plot of Fig. 4.

Figure 4: Left: Fermi-LAT light-curve above 100 MeV of CTA 102 during the August 2016 flare. Right: Significance
map showing no detection of CTA 102 in the VHE range observed by H.E.S.S.
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