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High Energy Astrophysical Neutrinos

Motivation:

» Ice Cube, Antares, NESTOR, NEMO:
measure € > 1 TeV neutrinos and their flavor.

» Come from high energy cosmic rays.

» Identify the sources of cosmic rays
and study their physics.

» Flavor ratios can test neutrino properties:
v decay, new physics.

» Show: Flavor ratios depend on energy and prob the source.
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Astro Neutrino Production

» Pion production by cosmic rays
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Astro Neutrino Production

» Pion production by cosmic rays
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» The pion decay chain:
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Decay vs. Cooling Flavor-Ratios Transition
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Astro Neutrino Production

» Pion production by cosmic rays

py — 7tn
pp — T
» The pion decay chain:
™ —uty,
'u+ — €+Vel7u
> By, D, D, —1:2:0 2NN, g

= Deviation from 1 : 1 : 1 probe new physics.
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Decay vs. Cooling

» Electromagnetic losses of 7+ and p*: é o< —m®e”
e.g. synchrotron cooling: ¢ = —Cm?*e2Up.
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Decay vs. Cooling

» Electromagnetic losses of 7+ and p*: é o< —m®e”
e.g. synchrotron cooling: ¢ = —Cm?*e2Up.
» Characteristic times (for 7 or u):

€ €
Tdecay — e 70 Tcool — H X €
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Decay vs. Cooling
» Electromagnetic losses of 7+ and p*: é o< —m®e”
e.g. synchrotron cooling: ¢ = —Cm?*e2Up.
» Characteristic times (for 7 or u):
€ €

Tdecay — e 70 Tcool — H X €

1-n

» When 7, cool < Tdecay = transition at energy:

=il
€y X m(””“)/”TO /n
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Decay vs. Cooling
» Electromagnetic losses of 7+ and p*: é o< —m®e”
e.g. synchrotron cooling: ¢ = —Cm?*e2Up.
» Characteristic times (for 7 or u):
€ €

Tdecay — e 70 Tcool — H X €

1-n

» When 7, cool < Tdecay = transition at energy:
€y X m(””“)/”TO_l/n

> o < Top = €opu < E€0nr

—1/n
Op (M) ~ 10%/™

€0,m 70,7
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Decay vs. Cooling

Decay vs. Cooling: Flux

> At Teool < Tdecay

) —T 1/ T a7
Pdecay ) 1 —e coo/ decay O~

Tdecay
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Decay vs. Cooling Flavor-Ratios Transition
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Decay vs. Cooling: Flux
e
Plocay = 1 — e ool /Taceny ¢ Te0l o =n

Tdecay
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Decay vs. Cooling: Flux

> At Teool < Tdecay
- Tecool _
Pdecay =1—e TCOO]/TdeCay Ay GO0 7
Tdecay
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(a) v flavors at the source
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Prediction for a Transition

(C) Vu(r):ve ratio on Earth

€v/€o, 4

Figure: ®, o< 1/€2 and é, o €2, 90%CL: v, (green), v, (blue).
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The ®,, : % Transition
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Figure: pvy (solid) and pp (dashed).
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Neutrinos from Specific Sources

1. Active galactic nuclei: €y, ~ 4 x 106 TeV
= difficult to detect.
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Neutrinos from Specific Sources

1. Active galactic nuclei: €y, ~ 4 x 106 TeV
= difficult to detect.

2. Gamma-ray bursts:

€0, ~ 1000 TeV

» Possible detection.
» Probe energy density at the source.
» eg < 6 PeV - W resonance = effect 7, : v4o.
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Decay vs. Cooling Flavor-Ratios Transition

Conclusions

1. Energy losses =

B, Dy, Dy, 1:1:129,1:18:1.8
Oy, @t pp 1:6 2919
Yy 1:15 £, €0 0
2. Deviation from 1:1: 1 does NOT necessarily imply new
physics.

3. Handle on source properties
(energy density, cooling process).

Phys. Rev. Lett. 95:181101, 2005
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Neutrinos from Specific Sources

1. Active galactic nuclei: €y, ~ 4 x 106 TeV
= too small number of neutrinos to see a transition.

2. Gamma-ray bursts:

1/2
53

€o,u ~ 1000 TeV

» I = 10%°T, 5 is the wind Lorentz factor,
» L =10 erg/sLss is the kinetic energy luminosity of the
wind,
» At =103 sAt_3 is the observed variability time scale of
the ~-ray signal.
= Measuring the transition gives a handle on source
properties!
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Analytic expression for flux ratio

» The differential number flux of v,’s from 77 decay is
oo
@Sﬂ(ey) = _66”[1 de; P (€;)Pr(ei,dey).
€y

€; - pion energy at production,
Pr(€;,4€,) - the probability for decay before e, < 4e,,
®,(¢;) x e-* production rate of 7.

» Get analytic solution:

®Y (e, - —1
N( )_ = 5(—5)17166_8’)/ (k ,S> o
(I)(no loss)

0
Here s = (€0, /4€,)"/n,
v(a, z) is the lower incomplete gamma function,

<I>(()n0 1059) i the flux without energy losses.
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The Flavor Ratios as a Function of Energy

(a) v flavors at the source (b)y v flavors on Earth
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The energy fluxes of astrophysical neutrinos

for @, oc 1/€2 and ¢, o €2.
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The ®,, : P! transition

At 6.3 x 103 TeV we can measure 7.
Common wisdom: 7, flux differ between py and pp.

py — 7r+n, at — /ﬁyu — e+yeﬂuyu
pp — Tt
€ K € € > €
@Ve:fbyu:fbw 1:1:111:1.8:1.8
d, jol pp I 1:6 1:9
py | 1:15 0

Flavoring Astrophysical Neutrinos

Tamar Kashti



	Decay vs. Cooling
	Motivation
	

	Flavor-Ratios Transition
	
	

	Appendix
	


