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The overall problem

Suppose your favorite neutrino
telescope reports events above a
PeV. How do you separate
•The flux of neutrinos to probe the
physics of UHE sources
•The neutrino cross section to
probe UHE particle physics?
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Specifically: given a flux
F ~ F0 E-i, how do the rates in a

given energy range depend on the
flux spectrum and the cross
section σ ~ σSM EA for up-
going events and for down-going
events (showers, µ’s, τ’s)?

Power Law Fluxes and X-
Sections

α
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Our results in a nutshell

Roughly, in a given bin:
a)Down rates ~ F0 • σevt

b)Up rates ~ F0 • σevt/σabs

c)Up air rates ~ F0 • σevt/(σabs)2
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Why these results?

� Down flux not attenuated, hit
probability at detector ~ σevent , so Rate
per bin ~ F0 • σevent

� Up flux is attenuated, ~ 1/σabs, hit
probability at detector ~ σevent, so
Rate per bin ~ F0 • σevent/σabs
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Build up a simple rate model
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A simple up-rate model

We assumed isotropic flux & uniform ρ;
now integrate over sensitive detector
depth (x) and polar angle (l integration)
and get the rate for up events:

R(E)=πApFE−i
λa

2

Rλi

(1−e−l/λa)(1−e−(2R−l)/λa)



9/6/2007 9

Detailed simulations include:

� All interactions

� Neutral current downscattering of higher
energy flux into lower energy bins

� τ regeneration
τ lifetime

� Lepton energy losses

� IceCube Aeff and Veff published simulations
� Detector at depth of 1.9 km.
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Event rates vs. alpha x σSM

� IceCube event rates

� Top:showers

� Bottom: µ’s (solid)

τ’s (dots)
Alpha=ratio of σ to
σsm

Upper-to-lower curves
= bins 106.5 - 109 GeV,

in log10 steps of 0.5.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.
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QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

Down Events: 107 < E < 107.5 GeV
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•Given some UHE events, we can
expect simple cross section
dependence for each event type!

•As a consequence, flux-
independent cross section values
and vice-versa can be extracted!

CONCLUSIONS
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Change Flux index to 3 and 1
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Example: Extract flux E-index

ri/j≡
F⋅E−i

bin#i

∫
F⋅E−j

bin#j

∫
≅

N(bin#i)showers

N(bin#j)showers

Veff(bin#j)

Veff(bin#i)
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Up shower rate, limiting case

� With the inequalities

2R >> λa >> l

Rate→πVeff F
1

R

λa

λi
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Example:Extract flux norm

� 107 GeV < E < 107.5 GeV
� Veff ~ 2 km3

� Rearth ~ 6.4 103 km
� nearth/nice ~ 3
� F0 ~ 3 10-15 GeV (cm2 s sr)-1 @ 2 107 GeV

� Agrees better than it should with W-B input!

� X-Section from down events also agrees!
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Event rates vs. sigmaSM +
alpha x sigmanew physics

� “IceCube” event rates for 106.5 - 107 GeV for
showers (solid), µ’s (dash) and τ ’s (dot).
Upper curve is totally elastic new physics
and lower is highly inelastic in each case.

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.
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The basic picture again

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.


