


after 6 years: 3.7-> 6.0 sigma
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Attempt at full-sky coverage
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Average Shower Maximum: Comparison to TA
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Momentum Fraction Times Parton Density

as the partons evolve, the number of gluons becomes large

they must fit inside a hadron that does not increase in size

CTEQ 6.5 parton
3.5} distribution functions
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at high energy gluons are Lorentz
contracted to sit atop one another and
act coherently, like nucleons in a
nucleus

density per unit rapidity is large and
increases with energy as log (E/A)

the asymptotic proton is a black disk of
gluons



 scattering of two protons by the exchange
of a particle with mass m (range 1/m)

P(r,E ) o 72 o)

where S(E) is the density of final states.

« P becomes of order one for

g S(E)
2m

 for the gluon condensate the number of final

* the total cross section for states grows as a QCD-logarithm in energy
shadow scattering is =
1 S(E)« log(—)
O=2mR"=—7S§ A
4m you can think of it as the entropy of the
1 [ E gluon gas (also known as color glass
o« —-log (—) condensate)
m A



Livingston plot : /@ ‘GZKvbeam”
_GNergy versus year / (Ecy~100-200 TeV)
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cosmic rays interact with the
microwave background

p+y—=n+aand p+m°

cosmic rays disappear, neutrinos with

EeV|(10° TeV) energy

appear

T—>U+v, %{e+v_u+ve}+vu

1 event per

cubic kilometer

per year

...but it points at its source!
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Cosmogenic neutrinos from CR protons
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Cosmogenic neutrinos from CR protons
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Cosmogenic neutrinos from CR protons
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Cosmogenic neutrinos from CR protons
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Guaranteed cosmogenic neutrinos
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Area x v flux x 41 x livetime = event rate
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Effective Area (m?)
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Detection Mechanism

IT. Earth-Skimming v, Method
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Acceptance: Air & Tau vs Water & Muon
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Window of Opportunity
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Existence of high energy neutrinos limits on superluminal velocity:
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Reason for cut-off could be vacuum pair emission (astrophysics more likely ...)

improved test with every new record event



Livingston plot : . cosmogenic neutrino beam
1Eev-€Nergy versus year / center-of-mass > 100 TeV
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