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o In the original RS scenario, the SM fields on our

brane.

e Note the r. is small. The SM fields in the bulk?
e Model I: Apin the bulk; fermion on the wall.
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e the coupling of f — f/ — W(™): enhanced by
V21mkr, ~ 8.4.

e The precision electroweak data = M ‘(,é) > 23 TeV.

o Ar > 100 TeV = disfavored.
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e
Model II: both the A and fermions in the bulk.
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© SM fermions jn the RS bulk.
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e For each generation, introduce four Dirac fields
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e The charged current interactions: b/w g, and gg4:
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o All the quarks ! KK modes
P&qnjerous FCNC
o Yhe simPlest way
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o All the quarks ! KK wmodes

P &anjerous FCNC

® the simPlest way
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e At least one Higgs doublet field must be confined on
our brane.

e If the Higgs field is also in the bulk,

2
A2 Mpulk
47 orkr,

e No warp factor = Gaugé hierarchy problem has

returned.
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Mass matrix of top %uqu: KK modes fﬁ

e Fermion field contents: doubled
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Diagonalized by
NMqNT - diag(mq} Ml, Mz, . '),

Noo(—> 00): the number of the KK states.

q,g L) (involved in the charged current interactions) :
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All the KK modes of bulk gauge bosons and up-type
quarks in the RS scenario with the unitarity condition

of Ay +Xe + At =0
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e In the limit of My < M% (v > —0.3),

D(x(o,0y) = D(z(0,)) + O(6?)

e Well behaved.
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Top Quark Mass Spectrum (TeV)

Bottom Quark Mass Spectrum (TeV)
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E Low Scale String Unification and the Highest Energy
‘ Cosmic Rays
William S. Burgett®, G. Domokos? and S. Kovesi-Domokos®
@ Department of Physics, University of Texas at Dallas. b Department of
Physics and Astronomy, The Johns Hopkins University.

e Cosmic ray protons of E > 5 x 10%V produce pions on the
CMBR. and lose energy. (The Greisen-Zatsepin-Kuzmin
effect.) More energetic protons must come from within
~50mpc. However, there are no appropriate sources within
such a distance. This is the puzzle of the trans-GZK cosmic
rays.

e Our proposed solution:

1. The primaries of trans-GZK cosmic rays are neutrinos,
which can penetrate the CMBR,;

2. there is “new physics” at a scale of a few tens of TeV,
similar to a strongly coupled string theory. Interactions
are unified around the string scale.

o Around the characteristic scale, M, the neutrino-quark cross
section grows rapidly, due to the excitation of leptoquark
resonances, see Fig. 1. At still higher energies the cross
section levels off: the leptoquarks are dual to Z-exchange
in the crossed channel.

o The neutrino-quark cross section is folded in with the PDF:
it shows the characteristic features as outlined, see Fig. 2.

e Such neutrino-induced showers have been simulated using
the ALPS Monte Carlo package. Once the cross section
grows to a few tens of mb, the depth of the initial interac-
tion, Xy (Fig. 3) and the location of the shower maximum,
Xonaz, (Fig. 4) are comparable to proton induced showers.

e Future detectors (the Pierre Auger Observatory, EUSO,
OWL...) will be able to test this scenario by a study of
the particle number fluctuations.
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Figure 1: Level density as computed from the first few excitations
of an open superstring. The points represent the number of
levels calculated from the generating function. The continuous
curve is the best fit, d(N) o exp(1.24N) with N ~ 5/M?>
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Figure 2: The neutrino-nucleon cross section in the low scale
string model scheme. The string scale is approximately 80 TeV.
Neutrino-parton cross sections have been integrated over the
parton distribution using CTEQS.



ALPS Simulation Results for 80 TeV String Scale, Epﬂ,mawz 10%° gv
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Figure 3: The distribution of the first interaction in the atmo-
sphere: low scale string model, neutrino induced showers at
trans-GZK energies. The string scale is approximately 80 TeV.
Notice that the depth of the first interaction is comparable to
that of hadronic interactions once the cross section becomes larg-
er than about 20 mb



ALPS Simulation Results for 80 TeV String Scale,E,, = 10%% gV
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Figure 4: Distribution of the maxima of trans-GZK showers in-
duced by neutrinos in a low scale string scheme. The string scale
is approximately 80 TeV. Notice that a typical hadron induced
shower peaks around 800 g/cm?. This is indistinguishable from
a neutrino induced shower in this scheme.



