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Abstract: Blazars are the most abundant type of extragalactic gamma-ray source, usually presenting
high variability across the electromagnetic spectrum. Their Very High Energy (VHE, above 0.1
TeV) emission has been studied in detail using Air Cherenkov Telescopes, with observations
biased to flaring periods while their average activity has not been properly characterized. In this
work, we report the results of 2090 days of quasi-continuous observations of the blazars 1ES
12154303 and VER J0521+4211, carried out with the High Altitude Water Cherenkov (HAWC)
gamma-ray observatory. Fitting a power-law attenuated by photon-photon interaction with the
extragalactic background light, we obtained a 6.2 o level detection for 1ES 1215+303 and a4.3 o
marginal detection for VER J0521+211. With the inclusion of the HAWC TeV spectrum, we built
quasi-simultaneous multiwavelength spectral distributions and fitted a leptonic emission model to
the observed data.
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1. Introduction

Blazars are a type of radio loud Active Galactic Nuclei (AGN), whose relativistic jets point
nearly directly to the observer’s line of sight. A subclass of blazars named BL Lac objects con-
stitute the most abundant extragalactic sources in the gamma ray sky [1]. Their TeV emission is
due to the relativistic beaming in the jet, that increases their apparent luminosity [3]. As for any
other extragalactic TeV source, their emission is attenuated by photon-photon interaction with the
extragalactic background light (EBL)[4, 7].

The Spectral Energy Distributions (SED) observed in BL Lac objects usually presents a two-
peaked structure [5], with alow energy component from radio to X-rays and a high energy component
from X-rays to gamma rays. The low-energy component is generally modeled as produced by syn-
chrotron emission from an accelerated electron population in the relativistic jet, which contains a
strong magnetic field. On the other hand, the most popular explanation for the second component
is Compton up-scattering of synchrotron photons by the same electron population, which is called
Synchrotron Self Compton (SSC) scenario [6].

The High Altitude Water Cherenkov (HAWC) observatory is a gamma-ray and cosmic ray
detector located at 4100 m above sea level in Puebla, Mexico. Due to its duty cycle, HAWC pro-
vides almost continuous observations allowing the characterization of long-term TeV gamma-ray
emission. A search for gamma ray emission from AGNs in 1523 days of HAWC data was recently
published [2], reporting two BL Lac objects with a solid detection (Mrk 421 and Mrk 501) and two
with a significance between 30~ and 50, 1ES 1215+303 and VER J0521+211.

The blazar 1ES 1215+303 (R.A.= 12/17"48.5%, Dec.= +30°06 06") is a well established
MeV-GeV and TeV source [8, 9], with a measured redshift of z = 0.130 [10]. It is located near
the Coma Cluster region, with an angular separation of just 0.88 from another gamma ray blazar,
PG 12184304 (R.A.= 12"21"26.3%, Dec.= +30°11'29",Z = 0.182). In the HAWC survey [2], this
source is reported with a significance of 3.60 .

The blazar VER J0521+211 (R.A.= 05721455, Dec.= +21°12'51.4", z = 0.108 [11]) is also
a well known gamma ray source [12, 13]. It is located close to the galactic plane, just 3.08 degrees
away from the Crab Nebula. In this case, the significance reported for the 1523-day HAWC data set
was 3.20 [2].

2. Data

We have recently analyzed 2090 days of HAWC data for the blazars 1ES 1215+303 and
VER J0521+4211, which due to their convenient declinations |6 — 19°| < 10° present long daily
transits (> 6 hours). The data set observations covered from 2014 November 26 to 2021 January 14.

We also built multiwavelenght SEDs from radio to gamma rays. For this purpose, we used
simultaneous Fermi-LAT data in the energy range (100 MeV-500 GeV), as well as archival quasi-
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simultaneous observations for the rest of the SED [9, 14—16] and our HAWC results. Finally, we fit
a physical model to the SED in order to determine if it is consistent with the VHE emission.

3. Methodology

We fit the following model to the observed HAWC spectra:

-
(4]
dE |, 1 TeV

where K, & are our two fitting parameters. The term e~ 7 ¥>2) accounts for the EBL attenuation and
follows the model presented in [17]. We used z = 0.13 for 1ES 1215+303 [10] and z = 0.108 for
VER J0521+211 [11]. Then, we computed the test statistic, which is defined as TS = 21In (£ / Lo),
where L, Ly are the likelihood for the best fit point source and null hypothesis, respectively.

We also fit a physical model to the observed SEDs, which included the 2090 day HAWC data.
Following some similar works [9, 14], we fit a two zone SSC emission model to the data. We
assumed the existence of a inner compact region in the jet that we called “blob" and an outer
extended region that we called “core" for which R,y > Rpiop. The electron population in the
“blob" is assumed to follow a broken power law spectral distribution:

y "ory <yl

Ne(y') { , (2)
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where 7y is the comoving electron Lorentz factor, p;, p» are the broken power law indices and ..
is the break Lorentz factor. In case of the “core", their spectral electron distribution is assumed to
follow a single power law:

Ne(ye) ecve P, 3)

We assume that these electron populations are immerse in a randomly oriented magnetic field
with mean intensity B and that the emission regions are moving with Doppler factor ¢, which is
defined as:

5= [F(I—Ecose)]_l, 4)

where c is the speed of light, I is the Lorentz factor, v is velocity of the jet and 6 is the viewing
angle of the region with respect to the observer’s line of sight.

We simulated the SSC emission using the software package agnpy [18] and obtained the best
fit value for the fitting parameters using the software package iminuit [19]. The parameters R.ore
and Rpj,p has been fixed to values obtained from previous works [9, 14], which are shown in Table
2.
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Table 1: Gamma-ray spectral parameters

Source K (x10712 TeV-lem=2s71) @ TS
1ES 1215+303 2.09 +0.69 3.46 £0.16 43.9 (6.60)
VER J0521+211 2.27 +£0.56 2.89+0.21 18.3 (4.30)

Table 2: Best fit values for some model parameters

Parameter VER J0521+211 1ES 1215+303
Blob radius (fixed) R, (cm) 5.1 x101° 1.35x 10"
Magnetic Field (blob)B (G)  0.110+0.009  0.021 + 0.001
Doppler Factor (blob) ¢ 30.0+£0.9 30.0+£0.9
Core radius (fixed) R, cm 1% 10" 3.7x 10"
Magnetic Field (core)B (G)  0.011 +0.001 0.035 +0.003
Doppler Factor (core) ¢ 11.8+0.4 30,0+ 1.1

4. Results and Discussion

The values that we obtained for the gamma ray spectral parameters defined in Eq 1 are shown
in Table 1. We observe an increase in TS with respect to 1523 day data for both sources, consistent
with a solid detection for 1ES 1215+303 (VT'S > 5) and more significant marginal detection for
VER J0521+211. However, these results are still preliminary because we have not considered the
likely contamination from PG 1218+304, which lies at just 0.88 degrees from 1ES 1215+303, and
from the Crab Nebula, at just 3.07 degrees from VER J0521+211. We will include that part of the
analysis of the analysis in our final publication.

The results for some best fit values of the physical model are shown in Table 2, which are
consistent with what is expected for this kind of sources (see for example [14]). Figures 1 and 2
show the quasi-simultaneous SEDs together with the best fit two-zone model that confirm that this
scenario is able to explain the long-term VHE emission observed by HAWC.

5. Conclusions

Using 2090 days of HAWC data,we observe a promising increase in the significance of two
HAWC blazars with respect to the result from the 1523 day data set. Our results are consistent with
a 6.2 o detection for 1ES 12154303 and a 4.30 marginal detection for VER J0521+211. However,
these observations are likely contaminated from other well known gamma-ray sources, whose effect
will be considered in our final publication.

We fit a two-zone leptonic model to quasi-simultaneous SEDs of these two objects. We confirm
that this scenario can explain the long-term VHE emission as characterized by HAWC.
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Figure 1: Multiwavelength spectral energy distribution of the blazar 1ES 12154303 with leptonic model
fit. The dashed pink curve depicts the emission from inner zone (blob) and the dashed blue curve shows the
emission from the outer zone (core). The light blue region corresponds to the HAWC 1o error band.
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Figure 2: Multiwavelength spectral energy distribution of the blazar VER J0521+211 with two-zone leptonic
model fit. The dashed pink curve depicts the emission from inner zone (blob) and the dashed blue curve
shows the emission from the outer zone (core). The light blue region corresponds to the HAWC 1o error
band.

[11] Shaw M. S., Romani R. W., Cotter G., et al., 2013, ApJ,764, 135

[12] Archambault S., et al., 2013, ApJ, 776, 69

[13] Adams, C. B, et al., 2022, ApJ, 932, 129

[14] Acciari, V. A., et al., 2020, A&A, 640, A132

[15] Lister, et al. 2018, ApJS, 234, 12,

[16] Sotnikova, Y.V., et al., 2022, Astrophys. Bull. 77, 361

[17] Dominguez, A., et al., 2011, MNRAS , 410, 2556

[18] Nigro C., et al., 2022, A&A, 660, A18

[19] Dembinski, H., et al., 2020, doi: 10.5281/zenodo0.3949207



Study of the VHE emission of 1ES 1215+3031 and VER J0521+211 with HAWC Fernando Urena-Mena

Full Authors List: HAWC Collaboration

A. Albert!, R. A]faroz, C. Alvarez3, A. Andrés4, J.C. Arteaga—Velézque25 ,D. Avila Rojasz, H.A. Ayala Solares(’, R. Babu’, E. Belmont-
Morenoz, K.S. Caballero—Mora3, T. Capistrzin4, S. Yun—CércamoS, A. Carramiﬁanag, F. Carre()n4, U. Cotti5, J. Cotzomi26, S. Coutifio
de Leénlo, E. De la Fuente!!, D. Depaolilz, C. de Leén’, R. Diaz Hernandezg, J.C. Diaz-Vélez!!, B.L. Dingus1 , M. Durocher!, M.A.
DuVernois'?, K. Engels, C. Espinozaz, K.L. Fan®, K. Fanglo, N.L Fraija4, J.A. Garcia-Gonzdlez!, F. Garfias®, H. Goksu'2, M.M.
Gonzélez4, JA. Goodmans, S. Groetsch’, J.P. Harding1 ,S. Hernandezz, I. Herzog”, J. Hintonlz, D. Huang7, F. Hueyotl—Zahuantitla3,
P. Hiintemeyer7, A. Iriarte?, V. Joshizs, S. Kaufmann'?, D. Kieda!®, A. Lara!’, J. Leelx, W.H. Lee?, H. Le6n Vargasz, J. Linnemann'4,
A.L. Longinotti4, G. Luis—Raya'S, K. Malonelg, J. Martinez—Castrozo, J.AJ MatthCWSZI, P. Miranda—Romagnolizz, J. Montes4, J.A.
Morales—SotoS, M. Mostafs®, L. Nellen23, M.U. Nisa”, R. Noriega—Papaquizz, L. Olivera—Nietolz, N. Omodei24, Y. Pérez Araujo4,
E.G. Pérez-Pérez!®, A. Pratts?, C.D. Rho?®, D. Rosa-Gonzalez’, E. Ruiz-Velasco'2, H. Salazar?0, D. Salazar—GallegosM, A. Sandoval?,
M. Schneiderg, G. Schweferlz, J. Serna—Franc02, Al Smiths, Y. Sonlg, R.W. Springer'6, 0. Tibolla'S, K. Tollefson14, 1. Torresg, R.
Torres-Escobedo?’, R. Turner’, F. Urefia-Mena®, E. Varela26, L. Villaseﬁor26, X. Wang7, LJ. Watsonlg, F. Wernerlz, K. Whitakerﬁ, E.
Willox®, H. Wu'?, H. Zhou?’

1Physics Division, Los Alamos National Laboratory, Los Alamos, NM, USA, nstituto de Fisica, Universidad Nacional Auténoma de
México, Ciudad de México, México, 3Universidad Auténoma de Chiapas, Tuxtla Gutiérrez, Chiapas, México, 4Instituto de Astronomia,
Universidad Nacional Auténoma de México, Ciudad de México, México, SInstituto de Fisica y Matematicas, Universidad Michoacana de
San Nicol4s de Hidalgo, Morelia, Michoacén, México, ®Department of Physics, Pennsylvania State University, University Park, PA, USA,
"Department of Physics, Michigan Technological University, Houghton, MI, USA, 8Department of Physics, University of Maryland,
College Park, MD, USA, 9nstituto Nacional de Astrofisica, Optica y Electrénica, Tonantzintla, Puebla, México, 10Dc;—:partment of
Physics, University of Wisconsin-Madison, Madison, WI, USA, 1 ICUCEI, CUCEA, Universidad de Guadalajara, Guadalajara, Jalisco,
México, ?Max-Planck Institute for Nuclear Physics, Heidelberg, Germany, '3Tecnologico de Monterrey, Escuela de Ingenieria y
Ciencias, Ave. Eugenio Garza Sada 2501, Monterrey, N.L., 64849, México, 14Department of Physics and Astronomy, Michigan
State University, East Lansing, MI, USA, I5Universidad Politécnica de Pachuca, Pachuca, Hgo, México, 16Department of Physics and
Astronomy, University of Utah, Salt Lake City, UT, USA, nstituto de Geofisica, Universidad Nacional Auténoma de México, Ciudad
de México, México, '8University of Seoul, Seoul, Rep. of Korea, !°Space Science and Applications Group, Los Alamos National
Laboratory, Los Alamos, NM USA 20Centro de Investigacion en Computacion, Instituto Politécnico Nacional, Ciudad de México,
México, 21Department of Physics and Astronomy, University of New Mexico, Albuquerque, NM, USA, 22Universidad Auténoma del
Estado de Hidalgo, Pachuca, Hgo., México, Bnstituto de Ciencias Nucleares, Universidad Nacional Auténoma de México, Ciudad de
México, México, 24Stanford University, Stanford, CA, USA, 25 Department of Physics, Sungkyunkwan University, Suwon, South Korea,
26Racultad de Ciencias Fisico Mateméticas, Benemérita Universidad Auténoma de Puebla, Puebla, México, 27Tsung-Dao Lee Institute
and School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai, China, 28Erlangen Centre for Astroparticle Physics,
Friedrich Alexander Universitit, Erlangen, BY, Germany



	Introduction
	Data
	Methodology
	Results and Discussion
	Conclusions

