Neutrino flux predictions for known galactic microquasars

Dafne Guetta (INAF- Osservatorio Astrofisico di Arcetri) with C. Distefano, E. Waxman and A. Levinson astro- ph/0202200 (in press on ApJ)

4. Muon events expected in a km^2 - scale detector

� The detection of TeV neutrino fluxes from microquasars could be the first achievable goal for proposed underwater (ice) neutrino telescopes.

� We have calculated the rate of neutrino- induced muon events expected in a detector with effective area of 1km^2. We have also calculated the number of atmospheric neutrino induced muon events expected in such a detector in order to estimate the signal to noise ratio.

� Since the signal is expected to be dominated by neutrinos of energy E_ν≥ 1 TeV, for which the detection probability is P_{μν}~ 1.3 10^{- 6}E_{ν,TeV}, we estimate the rate of neutrino- induced muon events as:

2. Internal shock model

� The model assumes that on sufficiently small scale

(≤10^{11}cm), inhomogeneities in the jet cause internal shocks which can accelerate protons and electrons to a power law distribution. For typical jet parameters the maximum proton energy is of the order of 10^{16}eV.

� Protons can interact both with the external X- ray photons

emitted by the accretion disc and with the synchrotron photons produced inside the jet by the accelerated electrons, leading to pion production and consequently to neutrino emission. In order for photomeson production to take place, the comoving proton energy must exceed the threshold energy for Δ- resonance, ≈ 10^{14} eV for interaction with the external photons and ≈ 10^{13} eV for interaction with synchrotron photons.

� Charged pions produced in photo- meson interactions decay

to produce neutrinos, π^+→ μ^++ν_μ→ e^++ν_μ+ν_μ+ν_{e,} with 5% of the proton energy.

� The fraction of proton energy converted into pions, f_π

depends on the jet Lorentz factor, Γ, and on the kinetic luminosity of the jet L_{jet}.

1. A quick introduction to microquasars

� Microquasars (MQs) are Galactic X- ray binary (XRB) systems, which exhibits relativistic radio jets. These systems are believed to consist of a compact object, a neutron star or a black hole, and a star companion. Mass transfer from the star to the compact object through the formation of an accretion disc and the presence of the jets make them similar to small quasars, hence their name "microquasars". Local Galactic MQs may therefore be considered as nearby "laboratories" where models of the distant, powerful quasars may be tested.

� Microquasars are associated with several classes of XRBs and differ in their time behavior. � The composition of MQs jet is still an open issue. A possible diagnostic of e- p jets is the presence of Doppler shifted spectral lines such as the H_α line observed in SS433, proving the presence of protons in the jets of this source. Unfortunately, detection of such "smoking gun" lines from jets having Lorentz factors well in excess of unity may be far more difficult than in SS433, as the lines are anticipated to be very broad. Another diagnostic of hadronic jets can be the emission of TeV neutrinos proposed by Levinson & Waxman (2001). They have shown that, for typical microquasar jet parameters, protons may be accelerated to~10^{16}eV and that the interaction of these protons with synchrotron photons emitted by shock accelerated electron is expected to lead to 1- 100 TeV neutrino emission.

Galactic microquasars may be prodigious emitters of TeV neutrinos that can be detected by upcoming km^2telescopes. We have considered a sample of identified microquasars and microquasars candidates, for which available data enables rough determination of the jet parameters. By employing the parameters inferred from radio observations of various jet ejection events, we have determined the neutrino fluxes that should have been produced during these events by photopion production in the jet. Despite the large uncertainties in our analysis, we have demonstrated that in several of the sources considered, the neutrino flux at Earth, produced in events similar to those observed, would exceed the detection threshold of a km^2neutrino detector. The class of microquasars may contain also sources with bulk Lorentz factors larger than those characteristic of the sample considered here, directed along our line of sight. Such sources, which may be very difficult to identify as microquasar candidates, may emit neutrinos with fluxes significantly larger than typically obtained in the present analysis. These sources may eventually be identified through their neutrino and gamma- ray emission.

Γ_1

Γ_2

X- ray

IR, radio

1 TeV ≤E_ν ≤ 100 TeV 2 jet 4 p D4 8/ L f 2 1 ~ f π δ η_π ν_μ Neutrino flux at Earth

ηp~10%: fraction of Ljet carried by accelerated protons

Ljet: kinetic luminosity of the jet

δ: jet Doppler factor δ=[Γ(1- βcosθ)]- 1 D: source- Earth distance

3. Jet parameters

� Microquasars: XRBs with jet resolved in the radio band. In events that have been monitored with sufficiently good resolution, it is often possible to obtain a rough estimate of the characteristic source parameters, in particular the bulk speed of the jet, the angle between the jet axis and the sight line, θ, and the size of the emitting blob, l: Resolved Microquasars.

� Microquasars candidates: XRBs observed as point- like radio sources with spectrum consistent with synchrotron emission by nonthermal electrons. Their temporal behavior is similar to the resolved MQs: Unesolved Microquasars.

( ) e

2 * jet B 24 c7 L η Γ ≥ l

Estimate of L_{jet} for resolved MQs

B_*: is the magnetic field that minimizes the energy carried by electrons and magnetic field η_e: fraction of energy carried by e and B

Estimate of L_{jet} for unresolved MQs

high R 2 syn_{high}S 1 1 D 4 L ν α− π =_ν Highest observed frequency for sync.

r e syn jet L L ηη = S_{νhigh} : flux density at the highest frequency α_R: radio spectral index η_r: fraction of el. Energy which is radiated

1 km,eff

38,j 2 22 4 1,p day A L D f 2.0~

N_2^− − π − μ δ η &. � The total number of muon events in the detector is obtained by multiplying this muon rate by the duration, Δ t, of the observed burst.

� In the table below we report the number of events, expected in a detector with A_{eff} = 1 km^2, during the bursts. In the case of persistent sources the number of neutrino induced muon events, is calculated for a 1 year period.

� In the same table, we also report the number of atmospheric neutrino events collected in such a detector during the time Δ t. For the background calculation, we assume a neutrino spectrum Φ_{ν,bkg}~10^{- 7}(E_ν/TeV)^{- 2.5}/cm^2 sec sr forE_ν > 1 TeV, A_{km}2 = 1 and a detector angular resolution of 0.3^º.

A_{eff,km}2 is the effective detector area in km^2 units

Expected fluxes and neutrino events in a km2 detector

P=16d

P=26d

N_{atm}

Microquasars

Microquasars candidates

Periodic sources with period P

�MQs signals are well above the atmospheric background!!!

�Our results are consistent with MACRO, AMANDA and SuperK upper limits.

�For GX339 and SS433 MACRO bounds are one order of magnitude larger than our predicted fluxes.

Results

� Microquasars are excellent sources for neutrino astronomy, detection of ν from MQs first achievable goal for proposed underwater(ice) ν telescopes!!!

� The most intense MQs may be detectable even with 0.1 km2 detectors

� A long term survey (mainly radio observation) of known microquasars is required to estimate bursting rate

� Many other Galactic X- Ray binaries may be microquasars with large Γ

and small θ difficult to resolve in radio. These sources may be identified

via their ν and γ emission!!

Outlook

Source name Flux Δt Nμ

(erg/ cm2 sec) (days) ΔΩ=0.3°

CI Cam 2.2⋅10-10 ~0.56 0.05 0.002

XTE J1748-288 3.1⋅10-10 ~20 2.5 0.054

Cygnus X-3 4.0⋅10-9 ~3 5 0.008

GRO J1655-40 7.4⋅10-10 ~6 2 0.016

GRS 1915+105 2.1⋅10-10 ~6 0.5 0.016

Circinus X-1* 1.2⋅10-10 ~4 0.2 0.011

LSI +61°303* 4.5⋅10-11 ~7 (burst) 0.1 0.019

9.1⋅10-12 ~20 (quiesc) 0.1 0.054

XTE J1550-564 2.0⋅10-11 ~5 0.04 0.014

V4641 Sgr (0.2 ÷ 32) ⋅10-9 ~0.3 0.03÷4 0.001

LS 5039 1.7⋅10-12 persistent 0.2 1

SS433 1.7⋅10-9 persistent 252 1

Scorpius X-1 6.5⋅10-12 persistent 1 1

Source name Flux Δt Nμ Natm

(erg/ cm2 sec) (days) ΔΩ=0.3°

GS 1354-64 1.9⋅10-11 2.8 0.02 0.007

GX 339-4 1.3⋅10-9 persistent 183 1

Cygnus X-1 1.9⋅10-11 persistent 3 1

GRO J0422+32 2.5⋅10-10 1 ÷20 0.1 ÷ 2 0.003 ÷ 0.05

XTE J1118+480 5.0⋅10-10 30 ÷ 150 6 ÷ 30 0.08 ÷ 0.4

N_μ .