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Studies of radio galaxies at TeV energies are fascinating because their jets are misaligned concern-
ing our sightline. Thus, it provides us with a unique opportunity to study the structure of their jets,
the radiative processes, and the acceleration mechanisms involved in them. In addition, some radio
galaxies have presented variability in their emission, like the giant radio galaxy M87, which has
reported several activity periods. Due to its duty cycle > 95% and instantaneous field of view of
2 sr, HAWC provides daily monitoring of variable sources visible from the Northern Hemisphere.
In this work, we show the results of monitoring M87 between January 2015 and December 2018.
HAWC’s observations are consistent with the low activity state reported by other instruments (like
H.E.S.S andMAGIC). However, after September 2017 (∼MJD 58000), the HAWCmeasurements
of M87 show hints of higher activity.
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1. Introduction

The majority of bright gamma-ray sources are active galactic nuclei (AGN) which have observed
with bolometric luminosities up to 1048 to 1049 ergs/s [1]. Blazars, a subclass of AGN that launches
a relativistic jet aligned with our line-of-sight [2], are known to show large variability in the whole
electromagnetic spectrum. Blazars are commonly divided in BL Lac objects and Flat Spectrum
Radio Quasars (FSRQ) [3]. Radio galaxies are a subclass of AGN that launch jets oriented at large
inclination angles with respect to us (\ > 10◦) [4]. These objects give an excellent and unique
opportunity to study the AGNs from another perspective owing to the ability to observe all their
structure (e.g., their nucleus, jets and giant lobes). Thus, these kinds of sources help us research
the physical processes of gamma-ray production and the location of the emission region.

The radio galaxies are more difficult to detect in the gamma-ray band due to their misaligned
jet, which makes the non-thermal radiation to be faint. Despite this, 30 of these sources have been
detected above 100 MeV, and six of them at very-high energies (> 100 GeV) [4]. Regardless of
the low number of these sources detected in the TeV regimen, new studies of multi-wavelength
observations have revealed a fast variability in the radio galaxies M87 and IC 310 (order of 4.8
min) [4–7].

In this work, we made a study on M87 using the High-Altitude Water Cherenkov (HAWC)
gamma-ray Observatory. In Section 2 we present a summary of the events more representative
in the TeV regime of M87. In Section 3 we describe the monitoring of M87 using the HAWC
Observatory. Finally, we summarise in Section 4 the work and remark the importance of this kind
of study.

2. The Radio Galaxy M87

M87 is a giant elliptical radio galaxy located in the Virgo Cluster and was the first radio galaxy
detected in the TeV regimen by High-Energy-Gamma-Ray Astronomy (HEGRA) observatory in
1998 [8]. Like other TeV radio galaxies, M87 hosts a supermassive black hole (6 × 109 "�); it is
the second nearest radio galaxy to the Earth (z= 0.0044); it is classified as Fanaroff & Riley class I
according with morphology in radio; and its relativistic jet has an angle between 15◦ and 25◦ with
respect to our line of sight [9].

Radio galaxies present variability on multiple time scales, similar to Blazars [10, 11]. This is
the reason gamma-ray observatories started to monitor these kinds of sources. The results on M87
campaigns reports three flaring states during the years 2005, 2008 and 2010 [12]. After 2010, it
has been in a quiescent or low-emission state. It was reported by MAGIC observatory and also
observed from gamma-ray to radio band [9]. The flux normalization at 1 TeV of this source in a
quiescent state is between [2 − 7] × 10−13 cm−2 s−1 TeV−1 reported by MAGIC, VERITAS and
H.E.S.S. and during the flaring state is around [1 − 5] × 10−12cm−2s−1TeV−1. In both cases, the
spectral model used is a simple power-law function with an index of ∼2.3 with an exception for the
observation of 2004 by H.E.S.S. and 2012 by VERITAS, where they used a spectral of ∼2.6.
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Figure 1: Daily light curve ofM87 from January 1st 2015 (MJD 57023) to December 8th 2018 (MJD 58460).
Here only are shown all days with a significance greater than 2.

HAWC is an observatory that operates almost all day (duty cycle > 95%), so it makes a perfect
instrument to monitor the source every day. Another critical point of this experiment is the wide
field of view that can detect sources with declination from -26 ◦ (a small part of the South sky) to
64◦ (North sky), whichM87 is inside of it. Another more is the detection of gamma-ray at TeV [13].

3. HAWC results

The analysis performed to obtain the light curve of M87 is the same as Abeysekara et. at [14]
used for reporting the daily monitoring of two blazars and the Crab Nebula of the first 17 months of
HAWC. This analysis is computed with the Likelihood fitting Framework (LIFF) package[15]. This
package estimates the flux and significance using the maximum likelihood method to fit a physical
spectral model convolved with the HAWC detector response to the data.

The daily light curve is obtained using HAWC data from January 1st 2015 to December 8th 2018.
A simple power-law spectrum model is used, with a pivot energy of 1 TeV and an index of 2.3. The
Franceschini model for EBL attenuation is also used. Two cuts were applied on the light curve:
first, a minimum exposure of 4.2 hours, and second, only plot days with a significance greater than
2 f. Figure 1 shows the daily light curve using the previous quality cut. During this period, the
fluxes of M87 have a value between [0.3-1.0] ×10−11 ph cm−2 s−1.

Figure 2 show the monthly light curve. This curve uses the same period of HAWC data and the
same spectral model than the daily light curve. The main difference in this plot is the calculation of
the upper limits at the confidence level of 95%. The integral flux point and the upper limit values
are consistent with a non-active state. These results on M87 are consistent with the quiescent state
observed in this radio galaxy.
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Figure 2: Monthly light curve of M87 from January 1st 2015 (MJD 57023) to December 8th 2018
(MJD 58560). The black marker are the months that has a significance greater than 2 f, the rest, blue
ones, are the upper limit at 95%.

We then looked at integrating the data around M87 over time. A cumulative significance was
calculated adding a month by a month until the four years were covered and it is shown in Figure 3.
We can see that after September 2017 (MJD 58000) the significance starts to rise steadily. Using the
full livetime of the analysis, the final significance obtained is 1.8 f, , while restricting the livetime
by using data above MJD 58000, the significance increases up to 2.6 f.

4. Conclusion

M87 has been monitored using four years of HAWC data with two different time scales. During
this period of observation, M87 was found to be in a nonactive state. However, by restricting the
live-time using data after September 2017, we observe a hint of evidence of TeV emission from
M87. It could mean that this radiogalaxy is becoming active again. HAWC will keep monitoring
the evolution of this source.

In this work, the significance obtained in the radio galaxy M87 is around 2 f using around four
years of data. New improvements on the analysis are under way and some preliminary results show
that this radio galaxy is now significant. We will present this in the future.
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Figure 3: Cumulative significance is shown by addingmonth-by-month data from January 2015 (MJD57023)
to December 2018 (MJD 58560). After September 2017 (MJD 58000), the significance starts to increase.
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