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Introduction

® Micro-quasars are capable of accelerating particles to very high
energy, and they are a source of high-energy neutrinos

® The detection of neutrinos from micro-quasar is important to
Investigate the composition of the jet (the jet should have
relativistic hadrons and radiation or matter fields that provide
target protons)

® The impact of neutrino oscillations on highly energetic neutrinos
(1-200 TeV neutrinos) is very important
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Neutrino detection

e neutrino signal in a km-scale detector like IceCube can be written

Tobs Aeff

S " I, (E,)P(E,)dE,

where T, is the time observational period, A.;s = 10° m? is the
effective area of the detector, d is the distance to the source, I, is the
neutrino intensity, £7*** is the maximum value of the neutrino-energy,
and P(FE,) is the probability that a neutrino of energy E, between

1 — 103 TeV, on a trajectory in the detector, produces a muon [2]

E 0.8
_ —6 v
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Neutrino detection

e noise above 1 TeV is [1]

max
EU

R = \/TobsAeffAQ/ Fg(E,)P(E,)dE,
103GeV

where AQ = 3 x 10~ *sr is the solid angle of the search bin and
Fp(FE,) is the flux of atmospheric neutrinos

b,
GeV

—3.21
Fp(E,) = 2 ( ) MeV ' m™2s 1sr™!

The signal-to-noise ratio is

Q=S5,/R= T/ Q(T = 1year)

obs
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Neutrino detection

e performed the calculations using three models for the neutrino
Intensity [4]

T
L,(E,) . (L o~ B /EJT
GeV lg—1 7T\ GeV

where a, Is a constant and I is the index of the power-law of the
proton spectrum,

I, (E) E, \ "
. 1 — bv
GeV ™ g1

where b, Is a constant
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Neutrino detection

f
L(E0.0) = 4 [ V220, (r,)ay(0,2E. 20
p
where fp = (.1 takes into account particle-rejection from the boundary,
¢+ (Y, E, z,0) is the gamma-ray emissivity (this quantity takes into
account the cross section for pp reactions and the proton flux in the
observer frame) and p,,(r,,) is the mass density of the wind

where M, is the mass losing rate, v, is the terminal velocity of the

wind and r,, is the radial coordinate from the star

If we consider neutrino oscillations the function I,, can be written as
. I, =1, P + 1, P "
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Neutrino oscillations

ght neutrino mass eigenstates: |v; >, |y >, |v3 >
Neutrino flavor states: |v. >, |v, >, [v; >

Ve > v >
Vy > =U Uy >
Vr > Vg >

The mixing matrix is written (c;; (s;;) represents cos;, (sinf;,) and 6,
IS the mixing angle between the mass eigenstates : and ;)

C13C12 512C13 513
U = —S812€23 — $23513C12 C23C12 — $23513512 523C13
523512 — S13C23C12 —S823C12 — S13512€C23 (C23(C13
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Neutrino oscillations

e oscillation probability P,s = | < v4(t)|vg > |* (considering 615 = 0)

Puv(E,) = 1-— sin? 26015 cos® O3 sin® §15 — sin® 615 sin® 2053 sin? 513
— c08? 015 sin? 2055 sin? §o3
PV (E,) = cos®fy3sin® 2015 sin? 19
Pt (E,) = —i sin? 2615 sin? 2053 sin® §15 + sin? Oy sin? 2053 sin® §;3
+ cos? 015 sin? 2053 sin? do3
P,Z)jgcye (EV) = SiIl2 923 SiIl2 2912 sin2 512
P;)/JCVT (EV) = 1- SiIl2 2912 SiIl4 923 SiIl2 512 — SiIl2 912 SiIl2 2923 sin2 513
— c0s? B15 sin? 2055 sin? Jo3
PY¥e(E,) = 1—sin®26;5sin® 619
2 4
0ij = AI;U; a Am?j — m? — m?
Lhe
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Neutrino oscillations

r three flavors we adopt the best fit parameters obtained by the
analysis of experimental data [5, 6], [7]

Am?, = 7.65x107° eV?
sinf, = 0.304

Am3, ~ Am?2, =240 x 1072 eV
sin2 923 = 0.5
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Neutrino oscillations

e evolution equation of the neutrino states [8],

where M? = diag (0, Am3,, Ami,), V = diag (V¢,0,0),

V. = V2GFrN.(r), Gr is the Fermi constant and N, (r) is the Earth
electron density.

After performing a rotation in 6.3 (to the base v = (v., 12, 3)), v3-State
decouples form the rest of the system and evolves independently
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Neutrino oscillations

e parametrized the Earth matter density as [9]
Nj(z) = a) + B;-:z:2 + 7;-:134

where zx is the trajectory coordinate and the sub-index j represent the
shell
The trajectory coordinate in each shell is written as

x; = R@\/TJZ — sin’n
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Neutrino oscillations

nally [10],

Po_ 4sin® 2015 [ Am32, ’
S w(L)?

4 wlz) —w(zs ;
X (sinwL —w(L)Z ( Z? (+Z ) Sin2¢7;>

v(z) = /Ox dy w(y)
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Neutrino oscillations

e survival and conversion probabilities can be calculated by

Pée”e = 1-5
Péeyu = COS2 923P2
PéeVT —  gin? Oo3 Po
V+UV ]- . 1
Py = 7 sin? 26055 (1 — §P2 — /1 — P5cos ¢)
vV, UV ]- .
P = 1- cos? o3 Py — 7 sin? 26053 (1 — /1 — P5cos (b)

2
Am7,

where ¢ = =2 L, L = 2Rg cosn Is the total length of the neutrino
trajectory inside the Earth
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Results obtained using the model

given by I, (E,) = a, (%)—P o—E, /B

ntours plots of the constants a,, and a. (neutrino signal-to-noise
tio of 1).

Red line: without including oscillations

Green line: neutrino oscillations effects incorporated
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Results obtained using the model

given by I, (E,) = b, ((}Eeyv)_F

ntours plots of the constants b, and b. (neutrino signal-to-noise ratio
1).

Red line: without including oscillations

Green line: neutrino oscillations effects incorporated
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Results obtained using the model
given by I,(E,) =4 [ dV f, m;lpw%

utrino signal-to-noise ratio as a function of the viewing angle ¢ and
= 30¢

Green line: no neutrino oscillations

Red line: only vacuum neutrino oscillation

Blue line: neutrino oscillation (vacuum and matter effects)

14

12—

0 10 20 30 40 50 60
- o
Detection of Neutrinos from Micro-Quasars — p. 16



Results obtained using the model
given by I,(E,) =4 [ dV f, m;lpw%

utrino signal-to-noise ratio as a function of the terminal velocity,
= 30" and n = 30"

Green line: no neutrino oscillations

Red line: only vacuum neutrino oscillation

Blue line: neutrino oscillation (vacuum and matter effects)
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Results obtained using the model
given by I,(E,) =4 [ dV f, m;lpw%

utrino signal-to-noise ratio as a function of the mass losing rate,
= 30" and n = 30"

Green line: no neutrino oscillations

Red line: only vacuum neutrino oscillation

Blue line: neutrino oscillation (vacuum and matter effects)
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Conclusions

If neutrino oscillations are included in the calculations, the
quantities a,, and b,, should be increased by a factor 3, to obtain
the same signal to noise ratio

® The signal-to-noise ratio is suppressed by neutrino oscillations

®* The inclusion of the neutrino oscillation increases the observable
time by a factor of the order of 5

® |If these neutrinos are detected, constrains on astrophysical
parameters, such as the total jet power, the compact object
accretion rate, the terminal wind velocity among others, can be
obtained
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