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o Nonthermal messengers: why HE neutrinos ?

e Sources of high energy neutrinos

¢ HE neutrinos from SNRs: why binary systems ?
e Cygnus Xx3: transient gammarays fromCyg X-3

¢ Hadronic gammarays and neutrinos fronCyg X-3

¢ Conclusion
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Nonthermal messengers
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HE neutrinos

Proton-proton interaction

Accelerated protons interact with low density plasma& pionsare generated.

Neutral pion decays to two photons and chargguonsdecays producing neutrinos
0

p+pwei- p°p° p°- 29 p - n+m; m- € +n

Proton-gamma interaction

Accelerated protons interact with photon field. In this case also neutral and
chargedpionsare produced and from their decay photons and neutrinos are
produced.

In both cases effective acceleration of protons is required.
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Sources of HE neutrinos

For production of HE neutrinos (>I'eV) the source should accelerate the proton
to the energies abovéeV. From the known sources not all can accelerate proto
aboveTeV energies, therefore the number of sources producing HE neutrinos is
limited.
The first sample of the powerful sources are SNRs:
/) Effective acceleration of protons (up to 10DeV)
/1) molecular clouds in the vicinity of SNR serve target for effective pp
Interaction

and relatively close distance makes SNRs potential sources of HE neutrinos.

But can we detect this neutrinos ?
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SNRs
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/\ -characterizes the region of energies and of intensities where gnmaray
observations are more relevant for the high energy neutrino detectors (whehen
accompanying flux of HE neutrinos can be detected with current instruments,
Vissanj Aharonian and Sahakyan2011)(1 neutrino in 1 year in 1knmxkm))

For both SNRs the gammeay flues are below than the limit derived irvissani

Aharonian and Sahakyan(2011).
The same results for the other known SNRs detected in garmrags (almost for all)
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SNRs examples
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HE neutrino flux vslceCubesensitivity
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All the fluxes of HE neutrinos (estimated using gamnray) data are below thanlceCube
sensitivity. Even for 10 year exposure time is not enough for the detection of HE neutrinc

U Search HE neutrinos from other sources, el@nary systemsifiicroquasary systems with
luminous optical star and a compact object. Recent observations demonstrate that these

objects are sites of effective acceleration of particlesieV/TeV energies.
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No absorption
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In the absence of absorption photon neutrino ratio is approximatelyhus gammarays

flux can be used for the estimation of HE neutrino flux.
Instead with the absorption, no connection between gamnnay and neutrino fluxes.

The opacity of photonphoton pair production averaging over the injection angles:
e ) E,)dey dr’ for the BD distributi E 26y : R,
j niey, r' oy, (€, E))dey dr - for the Istribution  n(Eg,,r) = (hoy ek T 1 12

T]/{Ey: r)= [

r Emin

For the parameters similar to the Cygnus-X: T, =10°K and R =6310°cmY
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Absorption
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The flux of gammarays is suppressed due to absorption, instead the neutrino flux remains
constant.Maybe surprising high flux of HE neutrinos.
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Cygnus X3

¢ high-mass Xray binary discovered, as an-K¥ay source, in 1966Giacconiet al. 1967)

o distance-> 7-10kpc

¢ compact object UNKNOWN. or Neutron Star of 1.4 solar mass or a Black Hole with up to10 solar mass
o donor Star-> Wolf-Rayetstar with strong stellar wind

o oOrbital period (X-ray, Infrared, gammaray): 4.8 hr

o strong radio outbursts (up to 20y) with jet morphology atmilliarcsecscale (expansion speed of 6037c.)

¢ transient gammaray emission above 10®PleV (detected by AGILE and Fermi)
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CygX-3 radio jets
(Mioduszewskij Rupen Hjellming, Pooley, Waltman, 2007

N.Sahakyan 11




Agile observation Cygnus 3

(Piano et al., 2012)
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Repetitive multi-frequency emission pattern.
v STRONG ANTICORRELATIONbetween hard Xray andA-ray emission:
v A-ray sharp/local minima in the hard Xray light curve (Swifif BAT count r at @shO 0.
a  Aray flares coincident with soft spectral state®X74 ASM count r&8te O 3 coun
v Acray flares around hareto-soft or softto-hard spectral transitions

i Arai flares a few dais before ma"or radio flares



Fermi LAT observation of Cygnus -8
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MAGIC observation of Cygnus X3
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Magic observed Cygnus-8 for

about 70 hr between 2006 March

and 2009 August in different Xray/radio
spectral states and also during a period
of enhanced gammaay emission.

An upper limit to the integral flux for
energies higher than 25@GeV has been
set to

(Aleksic et al., 2010)
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