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The Anderson tight binding model
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W > t: the strong localisation limit

(N=61, W=10,t=1)
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W < t: the weak localisation limit
(N=061, W =04, t=1)
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(Many other matrices exhibit this behaviour too!)




Example: Clockwork has a localised zero mode

(A corresponding UV lagrangian comprises fields ®; = fexp(%),
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..and a band of ‘extended’ massive states
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A toy scalar model

H S I .
(Coset rep lagrangian ®; = fexp(—fﬁ).

1
£=>0dl00; — (> 6%+ > t®ldi g +he) = V(D))

.c—lNa Ly t(m LGN G
7r_§z< m)*— Z Z —Tit1) +?7TN NGN

=1 =1
Sample ¢; uniformly from [0, W]. If €; > 0, Vi, all mass
squareds are positive.

Save for edge effects, the mass matrix is a constant shift away
from the Anderson tight binding model.
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Weak disorder

(N =61, W =04, t=1)
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End site coupling
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(Black line shows clockwork mass matrix, ¢ = 2, m? = ¢/3.)
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An ‘Anderson see-saw’ mechanism
It's similar to the ‘clockwork WIMP' of Hambye, Teresi, & Tytgat 1612.06411

Comprises an SM neutrino v, N left- and right-handed Weyl
fermions L; and R; with Dirac mass matrix, and a
right-handed Majorana fermion ¥
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The lattice ‘insulates’ v from W

£mass = —kL_qu — ElH”Rj — kl7RN — WOV + h.c.
==Y (kPR — m i — koj o) — WO 4 he.

v (i Y ™ v
kv an kop o kot mlm kv
N 2 N 2
kot kot 1 k? 1
o [STRUEREY (SR )L
~  my w — my, w

where L, is the localisation length of the nth mode.



O(TeV) fundamental parameters — O(eV) v mass

Set N =25 W =2TeV, t= %W, k= 1—10W and draw ¢;
uniformly from [—W, W].

0.10

0.05

0.00! m,leV
0.01 10 104 107 Y



L conserving signatures from TeV mass states

my/TeV
3.0¢
2.5
+
l 2.0k== /-\-3’\/\1;;:\
15.——'\/\/\ ’:;\\/\
I = e
W
R S




Summary

Band matrices with enough of their entries drawn at random
from a smooth distribution will typically have localised
eigenvectors.

Shoehorned into an N-site model, this can be used quite
generically to generate small numbers/couplings, and may
have BSM applications.

As a proof of concept, | described a neutrino mass model. See
1710.01354 a model of quark masses.



