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Abstract. Markarian 421 (Mrk 421) is one of the brightest, fastest and closest BL Lac objects
known. Its very high energy (VHE) spectrum has been successfully modeled with both leptonic
and hadronic models and no conclusive results have been achieved yet about the origin of its VHE
emission. Here we investigate the possibility that a fraction of the VHE flares of Mrk 421 are
due to hadronic processes and calculate the expected associated neutrino flux. We introduce the
obtained neutrino flux in a Monte Carlo simulation to see the expectation for a km*® Cherenkov
neutrino telescope.
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1. Limits on the fraction of time spent by Mrk 421 in hadronic
flaring states

Blazars spend a fraction of their time in a lowest steady flux level, called baseline state
and another fraction in flaring states. The duty cycle is the percentage of time that the
source spends in flaring states. Abdo et al. (2014) presented an estimation of the duty
cycle above 1 TeV (DCr.y ) of Mrk 421 for different flare flux thresholds and compared
their results with the X-ray duty cycle DCx estimated by Resconi et al. (2009). If only
the leptonic synchrotron self- Compton (SSC) process occurred, we should expect that
DCY is similar to the DCp.y, since in this framework synchrotron X-ray photons are
always up-scattered by relativistic electrons to VHE. Instead, Abdo et al. (2014) have
shown that, for flares with a flux above 3 standard deviations from the baseline flux
(Fhaseline); DCrev is greater than DCyx, suggesting the possible presence of emission
processes additional to the SSC, for instance hadronic processes. If we consider that
both leptonic and hadronic processes are responsible for the TeV flares, we can write the
DC'rev as the sum of the leptonic and hadronic components (DClept and DChadr):

hadr
DCTeV — DClept =+ Dchadr — DCX + flare , (11)

obs
where T,,5 is the total observation period. Therefore, we can estimate Tf}fjfg = (DCrey —
DCx) x Tips. To calculate Tflll,jir we consider F},seline = 0.33 Crab, corresponding to the
mean of the gaussian function describing the baseline state of Mrk 421 (Tluczykont et al.

2010). For this value of Fyaseline, DCrev = (27 £ 7)% (Abdo et al. 2014), while Resconi
et al. (2009) estimated DCx = (18.1 & 0.5)%. Therefore, we have TPad" =~ 9% x T,s.
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Figure 1. The neutrino signal to noise ratio for Mrk421 considering a km*® Cherenkov telescope.
The atmospheric and cosmic neutrino “backgrounds” are obtained considering a circular region
around Mrk 421 of 1°.

2. VHE neutrino expectations and results

Assuming that the TeV gamma-ray spectrum of Mrk421 is produced by the interaction
of Fermi-accelerated protons with SSC photons, a neutrino counterpart is expected. In
particular for each pvy interaction we have gamma-ray production through 7° — v and
neutrino production through 7+ — e* + Yy /Uy + Uy /Vy + Ve /Ue. The spectral indices of
neutrino and gamma-ray spectra are considered similar o ~ o, while the carried energy
is slightly different: each neutrino brings 5% of the initial proton energy (E, = 1/20 E,,)
while each photon brings around 16.7%. With these considerations the normalization
factor of neutrino spectrum A,, , is related to the normalization factor of gamma-ray
spectrum A, ,) through A, ,) = K - A¢,, - 652 (2)~**2. Extending the spectrum of
expected neutrino to maximum energies detectable by a km?® Cherenkov detector array,
we can obtain the number expected neutrino events detected as:

E —a
max EI/
gy A(p“/,l/) (M) dEl, (21)

Where N4 is the Avogadro number, pyqter/ice 18 the density of environment for the
neutrino telescope, F,,;, and E,,,, are the low and high energy threshold considered,
Vers is the v, + 7, effective volume, obtained through Monte Carlo simulation, for a
hypothetical km? neutrino telescope considering the neutrino source at the declination
of Mrk 421. In Fig. 1 we can see the signal to noise ratio for one year of data-taking. As a
signal we consider the neutrinos obtained assuming the gamma-ray spectrum of Mrk421
VERITAS high state (Acciari et al. 2001), taking into account the 732" estimated in
the previous section, while the “backgrounds” are represented by the atmospheric and
cosmic neutrinos reconstructed in 1° around Mrk421. With a Tﬂhjir =~ 9% x Typs more
than one decade of observation is needed for a km? neutrino telescope like IceCube to
see a neutrino track-event related to the hadronic component of Mrk 421 high states.

Nev ~ prater/ice NA ‘/eff /
E'VYIT"
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