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Figure 3.  Left: MIRAX on-axis sensitivity curve for 8 hours of ob-
servation. Spectra in terms of Crab units and shown for comparison.
Right: Sensitivity curve for MIRAX as a function of time, in differ-
ent energy bands: 10-30 keV (solid line), 30-100 keV (dotted line) and
100-200 keV (dashed line). Reproduced from Sacahui et al. (2016).

3. MIRAX sensitivity

The sensitivity of the experiment in terms of the minimum detectable flux (Fynin)
with a particular statistical significance is calculated as:

N, B
Fmin = X5 \/; photonscm ™ s~  keV ™, (1)

where ¢ is the detector efficiency, AFE is the energy interval (in keV) under
consideration, Ay, is the detector geometrical area, 71" is the integration time in
seconds, and B is the background level in counts cm ™2 s~! that was derived from
simulations (Castro et al. in preparation). For this work we consider a signal to
noise ratio N, = 5.

Figure 3 shows MIRAX on-axis sensitivity curve for 8 hours of observation
and as a function of time, in different energy bands.

4. Time variability and GRB rate expected with MIRAX

MIRAX will be able to detect variability in X-rays from fractions of a second
(for short GRBs prompt emission) up to several minutes (long GRBs prompt
emission and afterglows for both families). Figure 4 shows a plot of the X-ray
luminosity as a function of variability (in seconds). The coloured boxes indicate
the luminosity range and the time variability of short GRBs, long GRBs and
their afterglows, while the dashed lines indicate the maximum distance at which
this time variability will be detected by MIRAX for a given X-ray luminosity.
The number of GRBs expected to be detected per year by MIRAX can be
calculated as follows. According to Lien et al. 2015, there are 45717723, GRBs
per year that are beamed towards us in the whole Universe. MIRAX FoV is
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Estimating GRB detection rate with MIRAX
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Abstract. MIRAX (Monitor e Imageador de Raios X) is a satellite mis-
sion designed to monitor the hard X-ray and soft gamma-ray part of the
sky (5 - 200 keV). Its principal instrument is an X-ray camera that makes
use of a coded mask and solid-state (CZT) detectors. With its wide field
of view (20 x 20 degrees) MIRAX will study variable sources such as ac-
creting neutron stars (NS), black holes (BH), active galactic nuclei and
both short and long gamma-ray bursts (GRBs). In this work we present
an estimation on how many GRBs MIRAX will be able to detect during
its low-earth near equatorial orbit (90 min). We perform Monte Carlo
simulations with GEANT4 to reproduce the interaction of the cosmic dif-
fuse background with the detector material, and image reconstructions for
different known GRB sources at different positions in the field of view. We

also compute MIRAX sensitivity curve over the energy detection range,
and estimate the redshift range for which a GRB will be detectable by
MIRAX as a function of the flux.

1. Introduction

Gamma-ray bursts (GRBs) are short and intense flashes of radiation observed in
the y-ray and X-ray band. With a radiated energy ~ 10°® erg they constitute
the most energetic events in the Universe. GRBs present a typical duration of
a few seconds (Gehrels et al. 2009) and have been associated with massive star
forming regions.

The GRB prompt emission spectrum in the keV - MeV range is typically
best fitted by the so-called Band function, which consists of two power laws
joined smoothly at a given break energy (Band et al. 1993). However, some
bursts present a clear deviation from this function.

Based on their duration, two types of bursts have been clearly differentiated:
the long GRBs with durations longer than 2 s and the short GRBs with durations
shorter than 2 s (Kouveliotou et al. 1993). The difference between the two classes
seems to be related to the nature of the progenitor. Long GRB progenitors are
believed to be directly related to the death of massive stars, while Short GRB
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our description of the magnetic field in the jet. We particularly focus on the
polarization of the MeV radiation in order to compare our results with the recent
measurements in that energy range. We follow Korchakov & Sirovatskii (1962) for
the calculation of the degree of polarization. We compute the Stokes parameters
from first principles, i.e., for completely general shapes of the magnetic field and
particle distributions. We explore a simple geometry for the magnetic field; see
Fig. 5. The magnetic field intensity decays with the coordinate z as stated in
Section 2. Our calculations indicate levels of polarization p ~ 75%, comparable
to those reported by Laurent et al. (2011) and Rodriguez et al. (2013).

5. Conclusions

In this paper we present our latest results for the modelling of the broadband
emission of Cyg X-1. Our model indicates that the most energetic emission of
this source is dominated by hadronic processes and that the MeV tail has a
leptonic origin in the jets. We also obtain a flux of synchrotron radio emission
consistent with observations. However, the compactness of the synthetic radio
source indicates that our description of the magnetic field and /or the acceleration
zones needs to be improved. Our first investigations of the polarization of the
radiation in the MeV band show that a very simple field geometry can account
for the observed level of polarization. In future works, we expect to further
exploit the radio and polarization measurements to improve our modelling of the
jets. In this regard, we will improve our description of the jet magnetic field
by considering more realistic geometries and explore other configurations for the
particle (re-)acceleration zones.
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Abstract. In the last years the presence of synchrotron emission has
been proposed in a handful of protostellar jets. However, it is yet unclear
how this "slow" jets could be able to accelerate particles up to relativistic
velocities in order to emit detectable synchrotron emission. One of the
most likely possibilities is that particles are accelerated in strong shocks
of the jet against the dense envelopes surrounding the protostar. Particle
acceleration has been studied in several astrophysical systems (AGN’s,
microquasars, SN, massive binaries, etc.), nevertheless, in YSO is a fairly
new phenomenon. Here, we present the analysis of high sensitivity contin-
uum and linearly polarized images at several frequencies of one of the most
characteristic non-thermal protostellar jets: The Triple Radio Source in
Serpens.

1. Introduction

Radio emission from protostellar jets is well known to be of thermal nature with
a characteristic positive spectral index at centimeter wavelengths (Anglada et al.
1998). However, in the last years a handful of protostellar radio jets has been
detected showing negative spectral indices, suggestive of non-thermal emission
(Rodriguez et al. 1989, Marti et al. 1993, Garay et al. 1996, Rodriguez et
al. 2005, Wilner et al. 1999, Girart et al. 2002). Several authors proposed
that the non-thermal nature of this emission could be related to synchrotron
emission. This possibility was recently confirmed after the detection of linearly
polarized emission in of the HH 80-81 massive protostellar jet (Carrasco-Gonzalez
et al. 2010). This discovery triggered an observational campaign to study the
synchrotron emission in a sample of protostellar jets.

The Serpens star-forming region, located at a distance of ~415 pc (Dzib et
al. 2010), contains one of the first protostellar radio jets proposed to be a syn-
chrotron emitter: the Triple Radio Source in Serpens. Protostellar jets usually
show a simple morphology at radio frequencies, consisting of an elongated source
with a positive spectral index interpreted as free-free emission from ionized ma-
terial tracing out the base of the large-scale jet (Anglada et al. 1998). The triple
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the jet-like morphology of the Serpens triple source is clearly seen. We identify
four compact components: a central elongated source (C) and three outer knots
(NW,NW _C and SE). The three components C, NW_C, y NW are connected by
extended emission, whereas no similar extended emission is detected connecting
the central source to the SE component. The SE knot appears splitted in two
different components labeled as SE_N and SE_S (separated by ~1.2"), clearly
seen in the higher angular resolution images. In the following we discuss the
characteristics of the radio jet.

3.1. Spectral Indices and Spectral Energy Distributions

In order to study the nature of the radio emission in the triple source in Serpens,
we obtained a spectral index map (Figure 1), and the spectral energy distribution
(SED) for each of the compact components in the jet. Both, the spectral index
map and the SEDs show a difference between the nature of the emission of the
central component, the lobes, and the extended emission. The central source
shows a clear positive spectral index (~0.3), suggesting partially optically thick
free-free emission and in good agreement with those of thermal radio jets (e.g.
Anglada et al. 2015). In contrast, the rest of the emission shows flat (o ~0)
or negative spectral indices, which suggests optically thin free-free emission and
non-thermal emission, respectively. From the SEDs we obtained oo = 0.28 £ 0.02
for the central source, and o ~ —0.35 for the external knots, in agreement with
the spectral index map.

3.2. Polarization

We searched for linearly polarized emission at the observed wavelengths in our
new VLA observations. These are the most sensitive data obtained so far in the
Serpens region that allow polarization calibration. However, we did not detect
linearly polarized emission from regions with negative spectral indices in the
Triple Radio Source in Serpens (in none of the 2 GHz images we made). From
this negative result, we estimated an upper limit for the polarization degree of
10%. This low value be due to a very disordered magnetic field in shock regions,
or to strong Faraday depolarization effects, implying a high electronic density of
the jet material. New, more sensitive observations should be needed in order to
discern if linearly polarized emission is present in this protostellar radio jet.

3.3. Proper Motions

We study the kinematics of the different knots in the Serpens radio jet by
analysing the multiepoch high angular resolution archive data at 6 GHz. Mea-
suring their displacements in each epoch and assuming a distance of 415 pc to
the Serpens molecular cloud, we estimated the tangential (i.e., in the plane of
the sky) velocities of the knots. We found that the NW and SE_S tangential
velocities are similar (~200 km s™!), while the SE_N is moving faster (~300
km s~ !). The velocities of these three knots seem to be constant during the
analyzed epochs. We also derived the position angles (P.A.s) for the motion
of each component. Components NW, NW C and SE_S seem to be moving
with similar P.A.s in the range 132-136 degrees. In contrast, component SE._ N
seems to move in a different direction with a P.A. of 126 degrees. We also note
that the central source appears elongated in all epochs with a PA of 119 £+ 1
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source in Serpens also shows this central free-free radio source, but it also shows
non-thermal radio knots located at larger distances from the central protostar
(Rodriguez et al. 1989, Curiel et al. 1993). The most likely scenario to explain
the presence of these non-thermal radio knots is that they are tracing strong
shocks against the ambient medium where it is possible to accelerate particles
that emit synchrotron radiation. In this situation, particles could gain energy
by diffusing back and forth across a shock front (e.g., Drury 1991). This pro-
cess, known as diffusive shock acceleration (DSA), allows that particles originally
moving at a few hundreds of kilometers per second can reach relativistic veloc-
ities. However, this phenomenon only seems to be possible in some protostellar
jets.

In this proceeding, we present a brief analysis of new and archive data
at radio wavelengths of the Triple Radio Source in Serpens, and discuss the
results in the context of particle acceleration and synchrotron emission produc-
tion. Detailed analysis and discussion are reported in Rodriguez-KKamenetzky et

al. (2016).

2. Observations

Observations of the Triple Radio Source in Serpens were made with the Karl
G. Jansky Very Large Array (VLA) of the National Radio Astronomy Observa-
tory (NRAO)!. We observed the continuum emission in the S, C, and X bands
in B configuration during June 12 and 16, 2012 (project code: 12A-240). For
each band, we observed a total continuum bandwidth of 2 GHz covering the
frequency ranges 2-4 GHz, 4.5-6.5 GHz, and 8-10 GHz, in S, C, and X bands,
respectively. The phase center of our observations was «(J2000)=18"29"49.8°,
§(J2000)=+01°15"20.6". We also analyzed VLA archive data taken at C band in
the A configuration at 8 epochs spanning 18 years, from 1993 to 2011. Calibra-
tion of the data was performed with the data reduction package CASA (Common
Astronomy Software Applications?; version 4.1.0) following standard VLA pro-
cedures.

3. Results

The Triple Radio Source in Serpens shows a morphology consisting of a central
thermal (positive spectral index) radio continuum source, and two outer non-
thermal lobes (negative spectral indices). The outer knots show proper motions
of the order of a few hundred kilometers per second, suggesting they are tracing
out the motion of the jet against the ambient medium (Rodriguez et al. 1989,
Curiel et al. 1993).

In Figure 1 we show the continuum image (contours) obtained by using all
the B configuration data in S, C and X bands, as well as a spectral index map
(color scale) obtained from the multifrequency synthesis cleaning. In this figure,

!The NRAO is a facility of the National Science Foundation operated under cooperative agree-
ment by Associated Universities, Inc.

https:/ /science.nrao.edu/facilities/vla/data-processing
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Abstract. In this work we combine SEDs, radio maps and polarization
observations to understand the emission mechanisms in Cygnus X-1. Our
radiative model indicates that the MeV emission originates in the jet and
that all the very high-energy emission is from hadronic origin. We also
performed a synthetic radio map that suggests that our description of the
magnetic field should be improved, since it leads to a very compact emis-
sion region. In order to choose the most suitable magnetic field geometry,
we investigated the polarization in X-rays and we found that a very sim-
ple geometry can explain the high levels of polarization reported by other
authors.

1. Introduction

Cygnus X-1 (Cyg X-1) is probably the most widely monitored microquasar (MQ)
in the Galaxy. The binary system, located at 1.86 kpc from Earth (Reid et
al. 2011), is composed of a high-mass star (spectral type 09.7 Iab and mass
~ 20 M) and a black hole of 14.8 Mg (Orosz et al. 2011).

A very complete broadband spectral energy distribution (SED) is available
for Cyg X-1 in the hard state (for a compilation of the data see Zdziarski et
al. 2014), including gamma-ray detections and upper limits at GeV energies
and above (Albert et al. 2007, Malyshev et al. 2013). The origin of the soft
gamma rays (~ MeV), in particular, is still unknown: there is no agreement
about whether they originate in the jets or somewhere else in the accretion flow.
This is one of the issues we assess in this work.

Jets in Cyg X-1 have been resolved in the radio band (Stirling et al. 2001).
The outflow is extremely collimated and mildly relativistic. The extension and
geometry of the radio emission region may provide complementary, useful in-
formation about the conditions in the jets, such as the size and location of the
acceleration region of relativistic particles, and the magnetic field.

Finally, while polarization data at low energies have been long available for
Cyg X-1 (see Russell et al. 2013 for a compilation), high levels of polarization
in the X rays/soft gamma rays have been measured recently for the first time
(Laurent et al. 2011, Rodriguez et al. 2015). Polarization studies of the jet
radiation can help settle the issue of the origin of the MeV tail.
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confirm the EHBL nature of all selected candidates. In particular, for most
of the sources the Swift/UVOT and GALEX data track the UV tail of the host
galaxy, sometimes showing a hint of the expected hard jet emission at the highest
frequencies. As expected, the slope of the X-ray spectra (which, we remark, was
not used in the selection procedure) are on average flat (photon index around
2), indicating that the peak of the synchrotron component occurs in this band.

2.1. Some interesting cases

In Fig. 2 we show the SED of two particularly interesting sources, together
with a prediction of their VHE emission based on the one-zone synchrotron-
self Compton model. We report two cases, corresponding to two values of the
magnetic field (B = 0.1 and 0.01 G, red and blue lines respectively), expected to
bracket the range valid for these sources. Modelling the synchrotron component,
tracked by the UV-X-ray data, we derive the electron distribution which, in turn,
allows us to specify the SSC component. The intrinsic SSC emission (solid line)
is then corrected to take into account the absorption of gamma-rays through the
interaction with the EBL (dashed lines).

RBS 1176 (left panel), displays a peculiar X-ray spectrum, with a rather
hard slope at low energies. While it cannot be excluded that the lack of soft
photons is related to absorption (intervening or internal), it is tempting to in-
terpret the spectral break as directly linked to the electron distribution. In fact,
the break can be well reproduced by assuming that the electrons follow a power
law in energy, with a very large minimum energy Fii, = 0.2 TeV, so that the
hard low-energy X-ray continuum is reproduced by the v1/3 low-energy tail of
the synchrotron emission of electrons with Ey,,. In this case (black line in Fig.
2), the predicted SSC component would peak at energies well above 10 TeV,
but the predicted flux would be vary low, due to the very small flux of the tar-
get low-energy synchrotron photons. The comparison with the CTA sensitivity
curve (calculated for 50 hours of exposure and 50 significance), shows that, in
this case, the detection at VHE would be unlikely, also because the relatively
large redshift causes a quite pronounced drop of the observed VHE flux.

The right panel of Fig. 2 instead shows a quite promising source, RBS 0921.
The bright and hard X-ray continuum (indicating that the peak of the syn-
chrotron component occurs at energies larger then several keV) translates into a

relatively bright VHE component, possibly detectable even with current Cherenkov
arrays such as MAGIC (light blue curve).

3. Discussion and prospects

A generalization of our criterion, for instance relaxing the condition of the red-
shift, will allow us to extend the selection procedure to larger samples of BL
Lacs (or, possibly, radio-loud AGN). A larger number of EHBL is especially im-
portant for improving our understanding about the far-IR, EBL, IGMF and the
extragalactic gamma-ray background. Exploiting the capability of NuStar, SKA,
and CTA will also be particularly revealing. Even before the construction of the
full CTA, the planned ASTRI/CTA mini-array (Vercellone et al. 2013) could

be used in this direction. It is arguable that HAWC and later on LHAASO will
effectively survey them in the local Universe.
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An interesting topic to be addressed is the position of EHBLs within the
general BL Lac population and, especially, the nature of their parent population.
In the framework of the standard one-zone leptonic model the physical conditions
within the EHBL jets appear to be different from that of the other EHBL, with
rather low magnetic fields and large particle energies. It is not clear whether and
how these differences are related to the other striking difference of EHBL, i.e.
the very limited variability. The differences of EHBL could be somewhat related
to the different parent population. By construction, the parent population are
expected to have very faint radio emission (radio luminosities around L, ~ 104
erg s~ 1) indicating very weak radio jets (see Giroletti et al. 2004). Considering
that at least a fraction of the radio flux comes from the beamed jet synchrotron
component, we argue that the intrinsic radio luminosity drops below the lower
end of the FRI radiogalaxy power range, making EHBLs suitable candidates for

the aligned counterparts of the weak radiogalaxies population (dubbed FR 0)
studied by Baldi & Capetti (2010), Baldi et al. (2015).
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Review of the latest results from the Pierre Auger
Observatory

Hernan Wahlberg ! for the Pierre Auger Collaboration?
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C.C. 67-1900 La Plata, Argentina.
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Malargtie, Argentina .
Full author list: http://www.auger.org/archive/authors 2015 09.html

Abstract. The Pierre Auger Observatory, located in the province of
Mendoza, Argentina, was built for detecting and studying ultra-high en-
ergy cosmic rays. The Observatory was designed as a hybrid detector
covering an area of 3000 km? and it has been taking data for more than
ten years. In this report a selection of the latest results is presented.
These include the observation of the flux evolution and suppression at the
highest energies, inferred trends on composition with energy, bounds on
photons and neutrinos, and arrival direction studies.

1. Introduction

The Pierre Auger Observatory (Aab et al. 2015) is located in the Province
of Mendoza, Argentina. The design of the instrument is based on a hybrid
system, a combination of a large surface-detector array (SD) and a fluorescence
detector (FD), used to study cosmic rays with energies in excess of 107 eV.
The surface detector array, covering an area of over 3000 km?, comprises 1660
stations, which are arranged on a triangular grid with 1500 m spacing. It samples
the electromagnetic and muonic components of extensive air showers (EAS) at
a given observation level, with a duty cycle of nearly 100%. The fluorescence
detector consists of 27 optical telescopes overlooking the array. On clear moonless
nights, these are used to observe the longitudinal development of the shower
produced by the primary particle in the atmosphere, by detecting the fluorescence
light produced by charged particles along the shower trajectory. The duty cycle
of the FD is ~ 13%. Extensions over the base design and future upgrades are
summarised in Ghia (2015). The properties of ultra-high energy cosmic rays are
studied through the EAS they produce in the atmosphere. These are detected by
the complementary surface and fluorescence detectors. In this report a selection
of the latest results obtained by the Observatory from data collected since 2004
is presented. Data from a total of 188 000 showers were collected, with a total
exposure exceeding 50 000 km? sr yr, on a a wide range of sky coverage.
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reverse shocks. We also show two lines corresponding to vps= 200 and 300 km s~ 1,

the observed velocities of the bow-shocks. We can see that, in order to be the
Mach disc a non-radiative shock, and the bow-shocks to move with the observed
velocities, the jet should have a mass-loss rate M < 5 x 10~ Mg yr~! while
the jet material should move at velocities vje; 2 500 km s~!. This suggests that
a jet with a typical mass-loss rate for an intermediate-mass protostar is able
to accelerate particles via the DSA mechanism if the velocity of the jet is high
enough.

5. Conclusions

We have presented an analysis of new and archive VLA observations of the Triple
Radio Source in Serpens. Our results suggest that particle acceleration via DSA
could be possible in jets from intermediate-mass protostars. The jet does not
need to show very extreme characteristics, as a high mas-loss rate, but it seems to
be only necessary that the jet reaches moderately high velocities (~600 km s 1)
at certain epochs.

From our analysis of the proper motions of the non-thermal radio knots we
found that the jet is precessing and that non-thermal bow-shocks are excited only
at certain epochs. This leads us to think that most of the time, the jet parameters
do not meet the necessary conditions to produce efficiently relativistic particles
in shocks.

Because of the episodic nature of the bow-shock, we speculate that periodic
interactions of the driving source of the jet with a close companion could increase
the jet velocity (and maybe also, to produce a slight increase in the mass-loss
rate), giving rise to synchrotron emission in the shocks against the ambient
medium.
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typical VHE spectra of BL Lacs are soft. However, there is a (still) small group of
TeV BL Lacs for which the maximum is located well above 1 TeV (e.g. Tavecchio
et al. 2011). These so-called eztreme HBL (Costamante et al. 2001) represent
a challenging case for the standard leptonic scenario, apparently requiring a
quite special physical set-up (e.g. Katarzynski et al. 2005, Tavecchio et al.
2009, Lefa et al. 2011). Besides the importance for blazar emission models, the
extremely hard gamma-ray emission offer the ideal tool to probe absorption by
the intervening extragalactic background light (EBL, e.g., Costamante 2013 and
references therein), or to measure the tiny intergalactic magnetic field permeating
the extragalactic space (e.g. Tavecchio et al. 2010, Neronov & Vovk 2010).
In this context, EHBL offer also an useful tool to probe possible deviations of
the gamma-ray propagation, related either to the mixing of photons with new
particles (axion-like particles, e.g. De Angelis et al. 2011) or to the violation of
the Lorentz invariance et high energy (e.g. Tavecchio & Bonnoli 2016).

Leptonic models do not naturally explain the quite limited variability of the
VHE emission of EHBL, at odds with the extreme (both in amplitude and in
time-scale) variability characterizing the high-energy emission of the average BL
Lac population. This evidence is instead naturally reproduced in an alternative
view, postulating that the observed very high energy (VHE) emission is the left-
over of electromagnetic cascades, occurring in the intergalactic space, possibly
triggered by a beam of high-energy hadrons produced in the jet of the EHBLs. In
fact, high-energy hadrons (proton for simplicity) accelerated and beamed by the
jet would interact with low energy background photons, producing neutral pions
that, in turn, decay in ultra-high energy photons, which initiate a cascade. In
this framework, misaligned jets of EHBL residing within the GZK horizon could
contribute to the flux of ultra-high energy cosmic rays at the Earth since, in
principle, the maximum energy attainable by protons in these jets is of the order
of 101% eV (Tavecchio 2014). A nice testable prediction of the model sketched
above is that the existence of an observable hard tail above 10 TeV (energies at
which, instead, due to the severe absorption leptonic models do not predict any
detectable signal), see e.g. Murase et al. (2012).

The known EHBL are still quite a few. One reason for this situation is
the strong bias of Fermi-LAT against the detection of EHBL which in the GeV
band are characterized by a quite weak emission. With the aim of enlarging the
sample of these extremely interesting sources, we started a program of selection
of candidates EHBL based on the peculiar properties of the multifrequency SED
of these sources. In the following we outline the selection procedure and the
results. For more details we refer the reader to the paper by Bonnoli et al.

(2015).

2. Enlarging the EHBL population

A distinctive property of the SED of EHBL is to display a low radio flux together
with a relatively bright X-ray emission. This feature provides an affective way to
separate EHBL from the population of “normal" BL Lac objects. We exploit this
strategy starting from a list of 71 BL Lac (Plotkin et al. 2011) resulting from
the correlation of SDSS and FIRST surveys and by optical spectrum dominated
by the host galaxy emission. We further select the sources with measured X-ray
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Extreme BL Lacs: probes for cosmology and UHECR
candidates

FF. Tavecchio and G. Bonnoli

INAF-OAB, Via Bianchi 47, 25807, Merate, Italy

Abstract. High-energy observations of extreme BL Lac objects, such as
1ES0229+4-200 or 1ES 0347121, recently focused interest both for blazar
and jet physics and for the implication on the extragalactic background
light and intergalactic magnetic field estimate. Moreover, their enigmatic
properties have been interpreted in a scenario in which their primary high-
energy output is through a beam of high-energy hadrons. However, de-
spite their possible important role in all these topics, the number of these
extreme highly peaked BL Lac objects (EHBL) is still rather small. Aim-
ing at increase their number, we selected a group of EHBL candidates
considering those undetected (or only barely detected) by the LAT on-
board Fermi and characterized by a high X-ray versus radio flux ratio.
We assembled the multi-wavelength spectral energy distribution of the
resulting 9 sources, using available archival data of Swift, GALEX, and
Fermi satellites, confirming their nature. Through a simple one-zone syn-
chrotron self-Compton model we estimate the expected very high energy
flux, finding that in the majority of cases it is within the reach of present
generation of Cherenkov arrays or of the forthcoming CTA.

1. Introduction

Intense emission of gamma rays is a distinctive feature of blazars, active galactic
nuclei (AGN) dominated by the relativistically boosted non-thermal continuum
from a relativistic (typical bulk Lorentz factors I' = 10 — 20) jet pointing toward
the observer. The spectral energy distribution (SED) of blazars displays two
broad bumps, whose peak frequency appears to anti-correlate with the emitted
luminosity — the so-called blazar sequence (Fossati et al. 1998, but see Giommi et
al. 2005). The low energy (from radio to optical-UV bands) emission is clearly
associated to synchrotron radiation from relativistic electrons (or pairs). The
nature of the mechanisms responsible for the high-energy component, instead,
is still debated. The most popular view adopts the so-called leptonic scenario
(e.g. Ghisellini et al. 1998), in which the high energy radiation is interpreted as
inverse-Compton emission by the same leptons responsible for the synchrotron
component. Alternatively, hadronic models interpret the high-energy emission
as either the by-product of cascades initiated by ultra-relativistic hadrons or
synchrotron emission from high-energy protons (e.g. Muecke et al. 2003).

A quite interesting feature of blazars is the intense very high energy (VHE,
E > 100 GeV) emission, characterizing in particular the subclass of BL Lac
objects. The great majority of known TeV BL Lac objects have the maximum
of the the high-energy component peaking in the 1-100 GeV band. Therefore,
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Ultra high energy cosmic rays as a probe of black strings

R. C. Anjos', C. H. Coimbra-Aratjo*

Y Universidade Federal do Parand - Setor Palotina, Departamento de
Engenharias e Exatas, Brazil

Abstract. Ultrahigh energy cosmic rays (UHECRs) are problably orig-
inated in extragalactic sources as, e.g., Active Galactic Nuclei (AGNs).
In the present work it is proposed an approach to calculate bounds on the
AGN luminosity fraction that can be converted in such UHECRs. This re-
sult comes from two separated points of view: (i) the intrinsic mechanism
powered by central black holes to produce the AGN luminosity and (ii)
the observation of UHECRs and gamma-rays from ground experiments to
reconstruct proton luminosities of a given AGN source.

1. Introduction

AGNs are active galaxies that have a supermassive black hole (SMBH) in its
center, surrounded by an accretion disk with the formation of perpendicular
jets. The accretion mechanism produces, by friction, by inverse Compton and
by other radiative processes, enormous bolometric luminosities. The injection of
only a moderate fraction of their bolometric luminosity would suffice to reproduce
the observed cosmic ray flux above 10! eV. Nevertheless, cosmic ray flux from
AGNSs problably has its origin from jet luminosities (Coimbra & Anjos 2015).

This limits the potential number of AGNs as cosmic ray sources in the nearby
Universe (unless the highest energy cosmic rays are heavy nuclei: Lemoine & Sigl
2002). For protons, only the most powerful flat spectrum radio quasars, which
are thought to be the jet-on analogs of FR II radio galaxies with relativistic
jets, show a magnetic luminosity in excess of 10%*® ergs s—'. BL Lac objects or
TeV blazars, thought to be the analogs of FR I radio galaxies (such as Cen A)
typically exhibit magnetic luminosities Lg of the order of 10** ergs s ! or less.
Shocks in the jets and the hot spots of the most powerful FRII radio-galaxies
may nevertheless offer the requisite conditions for proper accelerations (Takahara
1990; Rachen & Biermann 1993).

In the present work, it will be investigated the bolometric luminosity that
comes from the accretion mechanism. It will be argued that the jet contribution

comes as a quantity that is proportional to the bolometric luminosity, i.e., a

fraction L(T;}}L;my of such luminosity, assuming that any geometrically thick or hot
inner region of an accretion flow can lead magnetic field fluctuations to produce
powerful jets (Coimbra & Anjos 2015). Perturbations due to extradimensional
effects will therefore be calculated to derive possible variations in the luminosity
(Anjos et al. 2016).

The method described in Supanitsky & Souza (2013) and Anjos et al. (2014)
is a productive tool for the obtainment of the upper limits of the cosmic-ray lumi-
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nosity. The method has been used with the upper limit of the GeV-TeV gamma-
ray flux measured by space and ground instruments, as Fermi-LAT (2010), VER-
ITAS (2009), H.E.S.S (2008) and MAGIC (2010). The method connects a mea-
sured upper limit on the integral flux of GeV-TeV gamma-rays and the UHECR
cosmic-ray luminosity (Lgé) of a source by the equation,

TUL _ 4nD3(1 4 z5)(E)g
CR — o0
K“// dE, Py(Ey)
Eyp,

V%> B, M

where LZ/] L(> Ef/h) is the upper limit on the integral gamma-ray flux for a given
confidence level and energy threshold, K, is the number of gamma-rays generated
from the cosmic-rays particles, P,(E,) is the energy distribution of the gamma-
rays arriving on Earth, E, is the energy of gamma-rays, (E)¢ is the mean energy,
Dy is the comoving distance and z; is the redshift of the source. The method
allows to calculate upper limits on the proton and total luminosities for energies
above 10'%eV.

This method illustrates techniques to study the origin of UHECR, from
gamma rays at GeV-TeV energies, and it has been used to calculate the up-
per limits to thirty sources (AGNs) so far, with redshift smaller than 0.048 and
UHECR spectra measured by the Pierre Auger (2013) and Telescope Array (2011;
TA) observatories. The construction of the CTA Observatory will allow the cal-
culus of the upper limits on the UHECR, luminosity to many sources applying
this model.

2. Luminosity of black strings and cosmic rays

The luminosity LTy of AGNs due to BH accretion is given by

acc

ity = e = SO, ®

where M denotes the accretion rate and depends on some specific model of
accretion, R = Rsprane; BiKerr O By Kerrbrane are the horizons for a static BH
with extra dimension correction, a rotating BH without extra dimension and a
rotating BH with extra dimension correction, respectively and M is the BH mass.
The luminosity of AGNs is produced essentially by the accretion mechanism i.e.,
AGN activity is related to the growth, via accretion, of central supermassive
black holes (SMBHs).

We can consider that the jet contribution comes as a quantity proportional
to the bolometric luminosity, namely, a fraction, assuming that any geometrically
thick or hot inner region of an accretion flow can lead magnetic field fluctuations
to produce powerful jets. We write the fraction of the total luminosity that goes

into UHECR as L(T;}}L;my = norLLeomY (see Anjos et al. 2016 for a more thorough
discussion).
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3. Conclusions

We calculated the luminosity due to accretion of nine sources. The luminosities
calculated based on theory were compared to an upper limit on the UHECR
luminosity. The comparison resulted in the determination of upper limits on
the energy conversion from accretion to UHECR. The theoretical estimations of

this conversion efficiency represent an important information about of the energy
balance in BH.
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Abstract. Binary systems hosting a massive star and a non-accreting
pulsar present strong interacting winds. The stellar wind can be clumpy
resulting in an unstable two-wind interaction region, which can strongly
influence the non-thermal emission of the binary system. We performed
axisymmetric relativistic hydrodynamical simulations of the interaction
between a relativistic pulsar wind (Lorentz factors up to 6) and an in-
homogeneous stellar wind with different degrees of inhomogeneity. The
simulations show that the stellar wind inhomogeneities can significantly
reduce the two-wind interaction region size. In addition, the whole in-
teraction region is quite unstable, and presents a complex spatial and
temporal pattern, with the shocked pulsar wind structure strongly chang-
ing under small perturbations. All of this can lead to strong variations in
the non-thermal output from these binary systems.

1. Introduction

The collision of a relativistic pulsar wind and a stellar wind in a binary sys-
tem produces a shock structure bow-shaped towards the wind with the lowest
thrust, this is expected to result in particle acceleration and non-thermal emis-
sion. Stellar winds may be inhomogeneous to different degrees. There are many
sources of stellar wind inhomogeneity, producing smaller or larger clumps: in-
stabilities in the inner wind region of hot stars of spectral types O and B (e.g.,
Lucy & Solomon 1970), dynamical effects of rotation, magnetic fields, or non-
radial pulsations (e.g., Cranmer & Owocki 1996), and the truncation of the Be
star equatorial decretion disk in binary systems (e.g., Okazaki et al. 2011). This
clumpy wind can distort the overall two-wind interaction structure, and there-
fore affect the non-thermal output from the binary system (e.g., Bosch-Ramon
2013). We study the impact of the clumps on the colliding wind region using
numerical simulations.
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Simulations of the collision of an inhomogeneous stellar wind and a pulsar wind

the pulsar wind Lorentz factor are Lyq = 10°7 erg s~ and T’ = 6, respectively,
and the pulsar-to-stellar wind thrust ratio is n ~ 0.2, values representative of
gamma-ray binaries hosting a pulsar and an OB star.

We simulated different degrees of inhomogeneity, each inhomogeneity de-
gree is characterized by a single over-dense region with the same speed as the
homogeneous stellar wind placed at the axis joining the two stars, this clump
is introduced when the steady state has been reached. We parametrized the
inhomogeniety degree with the clump radius, R¢, and the density contrast, ¥,
with respect the homogeneous stellar wind at the injection point. We simulated
3 cases ranging different clump sizes and density contrasts (see Table 1).

x | Rc | Description

10 [ 810 cm | light and small
10 | 410" cm | light and large
30 | 8-10' cm | dense and small

Table 1.  Summary of the simulated stellar wind inhomogeneities, be-
ing x the density contrast with respect the homogeneous stellar wind,
and R¢ the clump radius.

3. Results

The (quasi-)steady state of the interaction of a relativistic pulsar wind with a
homogeneous stellar wind, i.e., prior to the injection of any clump, is shown in
Fig. 2. The prefix quasi is used because the system does not reach a station-
ary steady state. Instead, it reaches a meta-stable steady state with periodic
temporal patterns (waves) in the two-wind interaction region. Despite such ir-
regularities might have a numerical origin due to the presence of a coordinate sin-
gularity at the axis, it is expected that instabilities quickly grow if perturbations
are present by Kelvin-Helmholtz instability, as has already been demonstrated
in 2D planar simulations (e.g., Bosch-Ramon et al. 2012; Lamberts et al. 2013).
This suggests that these systems are prone to suffer such instabilities. In addi-
tion, the dynamical effects of the clump impact will overcome any (quasi-)steady
state instability (see Paredes-Fortuny et al. 2015 for an extended discussion).

The density maps showing the effect of the clump impact on the two-wind
interaction region for the light and small, light and large, and dense and small
clumps are shown from top to bottom in Fig. 3, respectively. From Fig. 3 we see
that the compression of the two-wind interaction region is larger for denser/larger
clumps. After the clump has reached the minimum distance to the pulsar, the
clump is shocked, then the pulsar wind pushes the clump backwards, and finally
the clump material is evacuated with the shocked flow.

4. Discussion

The arrival of clumps can have very strong impact on the whole interaction struc-
ture, and its role triggering instabilities more important than any possible numer-
ical perturbation. In addition, the clumps trigger Rayleigh-Taylor/Richtmyer-
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Source name L5 (Proton) Lpony _ Lopeory
[erg s71 x 10%9] [erg s71 x 10%9]

NGC 985 1.03 0.77 - 2.79
NGC 1142 0.49 0.97 - 3.52
2MASX J07595347+2323241 1.01 0.72 - 2.61
CGCG 420-015 0.95 0.83 - 2.99
MCG-01-24-012 0.65 0.28 - 1.02
2MASX J11454045-1827149 1.30 0.19 - 0.70
LEDA 170194 1.48 0.75 - 2.73
NGC 5995 0.90 0.15 - 0.54
Mrk 520 0.98 049 - 1.77

Table 1.  Comparison between cosmic ray luminosity Lgf (protons)

from the method derived from eq. (1) and the theoretically calculated

Theory Theory . . s .
range Lopin — Lo pma, Of cosmic ray luminosities, from nine sources.

Here it is considered the case for a = 0.7.

aspect, both for proton and iron luminosities it is possible to find phenomeno-
logical bounds on the conversion fraction of magnetic luminosities into energetic
particles.
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ray integral flux. The method described in Supanitsky & de Souza (2013) and
Anjos et al. (2014) connects those measured upper limits with the source UHECR
cosmic ray luminosity (Lgé) by

Lun _ ATDX(1+2) (B
CR — S
K“// dEy Py(Ey)
Eyp,

17> B, M

where Ll/ L(> Ef/h) is the upper limit on the integral gamma-ray flux for a given
confidence level and energy threshold, K, is the number of gamma rays generated
from the cosmic ray particles, Py(FE) is the energy distribution of the gamma-
rays arriving on Earth, E, is the energy of gamma-rays, (E)¢ is the mean energy,
Dy is the comoving distance and z; is the redshift of the source. This method
allows one to calculate upper limits on the proton and total luminosities for
energies above 10'® eV. Also, it illustrates techniques to study the origin of
UHECRs from multi-messenger GeV-TeV gamma-rays and it has been used to
calculate at least upper limits for thirty sources (AGNs), with redshift smaller
than 0.048 and UHECR spectra measured by the Pierre Auger (Schulz 2013)
and Telescope Array (TA) (Bergman 2013) observatories. For this same method,
CTA (2011) Observatory will also allow, in the future, a range of new UHECR
luminosity calculations.

3. Central black holes and the magnetic luminosity of AGNs

In what follows it is described the production of UHECR luminosities based on
the possible relation between magnetic flux accumulation and jet production effi-
ciency. Considering a system with a rotating central BH, the necessary condition
to use Blandford-Znajek mechanism is that ®; > ®ppmax(M), i. e., the net
poloidal magnetic flux ®; trapped in the disk is larger than the maximum that
can be confined on the BH caused by pressure of the accreting plasma. Satis-
fied this condition, the rate of energy extraction from the rotating BH via the
Blandford-Znajek mechanism yields the magnetic luminosity

_ . Q2
Lp ~ 4x10 3@2BH,maX(M)%fa(QBH)

= 10(¢/50)x fu(wa) M, (2)

where Qg is the angular velocity of the black hole and

2o =1y 2P o1 4 /T— )] L, (3)

C

with

fala) ~ 1+ 1422 — 9.22%, (4)

where a is the dimensionless angular momentum parameter (a = J/Me, with
J the BH angular momentum), ¢ is a dimensionless factor which, according to
numerical simulations (see, e.g., McKinney et al. 2012), is typically of order 50,
and r, is the gravitational radius r, = GM/c?.
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cosmic ray luminosities
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Abstract. In the present work it is investigated the magnetic luminosity
produced by Kerr black holes in active galactic nuclei (AGNs). Some
comparison is made between the results for some black hole masses with
spins in the range 0.44 < a < 0.80 and the upper limit of ultra high energy
cosmic ray (UHECR) luminosities, calculated from observed integral flux
of GeV-TeV gamma rays for nine UHECR AGN candidates with the same
masses considered theoretically. We find that the calculated theoretical
range of magnetic luminosities from AGNs coincides with the calculated
UHECR luminosity. It is argued that this result can possibly shed some
light in the phenomenology of AGN magnetic properties in manner to
explain some of the requisite conditions to proper accelerate the highest
energy cosmic rays.

1. Introduction

The main extragalactic candidates for accelerating particles to the highest en-
ergies are active galactic nuclei (AGNs) (Henri et al. 1999), the most powerful
radiogalaxies (Takahara 1990, Rachen & Biermann 1993), and also gamma ray
bursts, fast spinning newborn pulsars, interacting galaxies, large-scale structure
formation shocks and some other objects (Kotera & Olinto 2011).

The reconstruction of cosmic ray luminosities, from Earth laboratory obser-
vations, can possibly shed some light on radiative bounds of UHECR potential
sources, as can be seen in Supanitsky & de Souza (2013) and in Anjos et al.
(2014), where it is shown that the methods of UHECR propagation from the
source to Earth and the measured upper limit on the integral flux of GeV-TeV
gamma-rays can infer upper limits of proton and total UHECR (iron) luminosi-
ties. This comes from the fact that gamma-rays can be produced as a result of
the cosmic ray propagation and contribute to the total flux measured from the
source.

In the present work, nine AGN are investigated as UHECR sources (see
Table 1). It is calculated upper limits of UHECRs luminosities to be compared
to the theoretical magnetic/jet luminosity of those AGNs.

2. Upper limits of UHECR luminosities

Space and ground instruments, as FERMI-LAT (2010), VERITAS (Galante
2009), H.E.S.S and MAGIC (2010) provide upper limits on the GeV-TeV gamma-
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Optical polarimetry of blazars detected at TeV ~-rays
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Lnstituto de Astrofisica La Plata (IALP), CONICET-UNLP, Argentina
2 Facultad de Ciencias Astrondmicas y Geofisicas, UNLP, Argentina

3 Instituto Argentino de Radioastronomia (IAR), CONICET, Argentina
4 Departamento de Fisica, Universidad de Jaén, Spain

Abstract. We present results from an optical polarimetric study of
blazars that have been detected at very high-energy (VHE) ~-rays. We
look for short time-scale fluctuations (i.e., microvariability) either/both in
their polarisation percent or position angle in the B and R optical bands.
Spurious effects introduced by light contamination from the host galaxy,
especially due to seeing FWHM variations, are quantitatively analysed.

1. Background and aims

This study is part of an effort to characterise the optical photo-polarimetric
variability behaviour of -ray emitting blazars (Andruchow et al. 2003, 2011).
In particular, microvariability (i.e., variations at time-scales of minutes to hours)
should probe the innermost and/or smallest emitting regions in the relativistic
jet, thus shedding light on mechanisms operating at the zones where the VHE
emission is expected to originate.

Since y-photons are efficiently absorbed by the extragalactic background
light (EBL), most blazars detected at VHE are not very distant (z < 0.5). Their
relatively bright and resolved host galaxies thus introduce a depolarising effect,
which may lead to systematic errors in photo-polarimetric light-curves when
seeing conditions vary with time. We show some preliminary results focusing on
this effect, providing a means to quantitatively evaluate it.

2. Observations and polarimetric light-curves

We obtained polarimetric data in the optical B and R bands of two high-
synchrotron peaked (HSP) blazars: 1ES 10114496 (z = 0.212) and 1ES 12184304
(z = 0.184), which have been detected at very high energy (VHE) ~-rays by
MAGIC (Albert et al. 2006, 2007). Our observations span three nights for
each blazar, with a temporal resolution ~ 45 minutes. We used the instru-
ment CAFOS at the CAHA 2.2m tel., Calar Alto, Spain, in its polarimetric
mode (Patat & Romaniello 2006).

Figure 1 displays the polarimetric light-curves for each blazar, with different
symbols for data before and after subtracting the host-galaxy contribution (see

Sect. 3).
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