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e Secondaries from the cosmic ray knee
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Where is the New Physics? How different is it?
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Where is the New Physics? How different is it?
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The High Energy Frontier

e LHC  p (7000 GeV) +p (7000 GeV) /s = 1.4 x 10* GeV

e IceCube v (cosmogenic, 10! GeV) + p (1 GeV) Vs =1.4 X 10° GeV

Vs~ \/2m,E

Other processes may be considered:
e Cosmicrays p (10! GeV) + x (DM particle, 500 GeV) VS = 107 GeV

e Cosmicrays p (10 GeVv) + p (10! Gev) Vs =2 X 10 Gev

Most energetic elementary processes since the Big Bang?

Trans-Planckian if the fundamental scale is at the TeV




Trans-Planckian collisions
e Black Hole production
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e Eikonal process
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e Both are long distance processes: 7y, b, < M D L To see guantum gravity,

string theory or a Z boson the particle needs to go inside the horizon.

Described by classical gravity (strongly coupled but no loops).
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e The typical distance in the interaction is Ml;l <71y, b.<1GeV!

X sees the partons inside the proton: » . fz\142 /s A filx, m)o(xs)
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How does the system evolve after the collision?




Eikonal event
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e HERWIG: The scattering parton and the proton remnant jets give a very

similar spectrum of stable particles (independent of the nature of the parton),

dominated by energies below 1 GeV (for any £/;.!).

e HERWIG: The frequency of each species is also independent on £.; and of

the nature of the parton
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BH event
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e Proton remnant gives a jet similar to the previous ones.

" BH

e The BH evaporates in a timescale much shorter than AQCD. In the BH rest
frame, HERWIG: the spectrum is similar to the one from a jet (in the di-jet

c.o.m. frame), dominated by energies below 1 GeV.

e Gravitons account for 1%—15% of the emitted energy. The frequency of

stable species is independent of M gy and coincides with the one from a jet.
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Effect on extragalactic cosmic rays (& > 10° GeV)

e Dark Matter: 10%? GeV distributed within 200 kpc with a density profile
(R=20 kpc)

x=0.17 g cm!
(6=59
x=0.01 g cm!
(6=180"
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e The interaction of the most energetic cosmic rays with dark matter particles
In the galactic halo would produce an asymmetry in the flux observed at the

Earth and a flux of secondary particles




e The probability of interaction for a 1019 Gev proton coming from the border

of our galaxy is below 1077, too small to be observable.

e The flux of secondary neutrinos, electrons and protons are a factor of 2.7, 1
and 0.25 the flux of photons (up to propagation effects). All these fluxes are too

small to be observable
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Effect on galactic cosmic rays (£ < 10° GeV)

e 10°-10% GeV cosmic rays are trapped by the random magnetic fields of

order (G in our galaxy (77, ~ 0.1 kpc for a 10® GeV protonin B = 1 1G)

® These cosmic rays diffuse from their source (mostly in the center of the
galaxy) to the outside regions. Their trajectory from the production point to the
Earth is not a straight line, it is much longer. The column density of dark matter
that they face grows with time, and a fraction of them may interact before

reaching the Earth.

e In these models the p—Y gravitational cross section grows fast above
Vs = Mp. Since p(x) ~ ox/m, , there could be an energy threshold for

cosmic ray—dark matter interactions

What if £y, = Elpee??
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Summary

e In models with the fundamental scale M, at the TeV the gravitational D—X

grows fast at center of mass energies above Mp.

® These interactions break the proton, producing a flux of stable secondary

particles that can be easily (HERWIG) estimated.

e An observable effect on extragalactic cosmic rays (£ ~ 1010 GeV) seems to
require dark matter densities or cross sections 100 times larger than the ones

expected.

e The knee observed in the spectrum of galactic cosmic rays could be due to

their destruction in collisions with dark matter particles (What is the lifetime of a

galactic 109~107 GeV proton? What is the average distance that it travels from

Its source to the Earth?)




e It is puzzling that E/1,,.. is exactly where +/2m. E,.. reaches the expected
X

scale of new physics...

e |IF the knee is due to this (or other?) new physics, then we obtain a well
defined spectrum of TeV gamma rays: right on Milagro observations and with a

spectrum proportional to £ ~2 between 100 GeV and 10° GeV.
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