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JAN 16....10 pm—midn

second brightest of all stars, white, low above horizon in south. Watch horizon north of east for
rising Arcturus in Herdsman, orange, already farther up if you are farther north than lat. 40°. Trace
the Great Hexagon, formed by seven of the twenty brightest stars of the sky (see preceding chart)
in richest region of sky; regions to east and west rather dull by contrast. Look for charming
Pleiades hlgh east. Twins almost overhead: sit down, facing south, to see them well. If you are
far south, trace part of the great Ship, and perhaps the Dove, west of Big Dog'’s hind feet, and, just
for sport, the faint Unicomn.
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Figure 1: The kink solution as a function of the fifth compact coordinate u. A chiral massless
fermion having, thanks to the Yukawa coupling, the indicated Gaussian profile, is supported at
u = u, By adding other fermions with appropriate five dimensional mass terms aand the same
yukawa couplings ,we could generate symilar xiral domain walls fermions attached to the same
kink solution at different locations u; '
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Quarks Leptons

. ——]
thick wall

Figure 1: Profile of Standard Model fermion wave Junetions (vertical
arts) in the extra dimensions (horizontal aris). The fermions Sreely
propagate in 3+1 dimensions (not shown) and are “stuck™ at different
locations in the ertra dimensions. The gauge and Higgs fields" wave
Junctions occupy the whole width of the thick wall. Direct couplings
between the Jermions are then Suppressed by the erponentially small
overlap of their wave Junctions, If - as shown here - quarks and lep-
tons live on opposite ends of the wall profile protons become cssentially
stable.  The hierarchy of Yukawa couplings arises from order one (in

units of the fermion wave function width) distances between left and
right handed components of the fermions.

we will see that the long-distance 4-dimensional theory can naturally have
r-xjmmntially small Yukawa couplings. arising from the small overlap hetween
left- and right-handed fermion wave functions. Similarly, without imposing
any symmetries to protect against proton decay, the proton decay rate can he
Cxponentially suppressed to safety if the quarks and leptons are are localized
at different ends of the wall *. We emphasize that there js nothing fine-tuned
about this from the point of view of the low-energy 4-dimensional theory:
all the exponentially smal] couplings are technically natural. However, our
examples violate the usyal intuition that small céuplings in a low-energy
theory must be explained by symmetries in the high-energy theory. Instead.

“Our approach to to the fermion mass hierarchy similar in spirit to the one in [7]. For
other approaches to suppressing Yukawa couplings and proton decay, see [6].
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Figure 2: Open strings connecting the i th aand j th brane. the sequence of open strings
starting with the uppermost streched string and proceeding with time down-wards, illustrates
the gradual distortion of the open string ,which eventually lead to the excision of a closed string.
The open string with the d boundry conditions and ,afortiori,its lowest spin one massless gauge
bossons, are limmited to move in the 'Fat Brane” region of size L. the closed sstring and the
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U=u

Figure 3: Illustrating the half string = massless fermion idea. Such fermions which are confined
to their respective branes by the string tension into gaussiaan wave packetsjusst like in thecaseof
the domaain wall of fig 1. However by gradual distortion the two half string can tunnel and
form one open string connecting the ith' and jth’ branes. in the limmit of exact symmetry
i.e of degeneraate branes, the Gaussian supression factor is absent, and we recuperate via this
universal string joining ( Or string separation) the universal fermion fermion to gauge boson
coupling.
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parametrization by Kobayashi and Maskawa [1] in 1973, 1t generalizes
the four-quark case, where the matrix is Parametrized by a single
angle, the Cabibbo angle [2].

By convention, the mixing is often expressed in terms of a 3 x 3
unitary matrix V' operating on the charge —e/3 quarks (d, s, and b):

d' Vud Vtu Vub d
& I={ Vg Va Yllal. (11.1)
b’ th th Vib b

The values of individual matrix elements can in principle all be

determined from weak decays of the relevant quarks, or, in some
cases, from deep inelastic neutrino scattering. Using the constraints
discussed below together with unitarity, and assuming only three

generations, the 90% confidence limits on the magnitude of the

elements of the complete matrix are:

0.217 to 0.224 0.9737to 0.9753 0.036 to 0.042

09745 to 0.9760 0.217 t0 0.224  0.0018 to 0.0045
. (11.2)
0004 to 0.013 0.035 to 0.042 0.9991 to 09994

The ranges shown are for the individual maseiv.otom- .. —
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PLATE 1. Nodel of the universe:
the outermost sphere 15 Saturn’s. From
Mysterium Cosmographicum «v=~= " 1 of 1621
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