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Quantum diffusion in quasi-periodically perturbed Harper model 11
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FIG. 1: (Color online) The double-logarithmic plots of ma(t)
as a function of ¢ for various strength ¢ = 0.7,0.8,0.9,1.1,1.3
from top to bottom, in the model B of V =1 with (a)M =
1, )M =2, (¢)M =3 and (d)M = 5. h=1/8. The dashed
lines in(Qiicate normal diffusion ms ~ t* and ballistic spreading
mo ~ te.

III. COMPARISON OF MODEL A AND MODEL
B
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FIG. 2: (Color online) The time-dependence of ains(t) for
various strength € in the model B of V = 1 with (a)M =1
and (b)M = 3. h = 1/8. The values of ¢ used are ¢ =
0.1,0.2,0.4,0.7,1.0 from top to bottom in the panle (a), and
e =0.1,0.2,0.4,0.8,1.0 from top to bottom in the panle (b),
respectively. The dotted lines indicate « = 1 and o = 2.
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FIG. 3: (Color online) Diffusion coefficient D as a function
of € in the model A and model B of V = 1.3. Note that the
both axes are in logarithmic scale.
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FIG. 4: (a)The real plots of ma as

(Color online)
a function of ¢t for some values of the parameter L:
L =0.0,0.3,0.5,0.6,0.7,0.8,0.9,1.0 in the perturbed Harper
model (V = 1.3,e = 1.0). h =1/8. (b)Diffusion coefficient D
as a function of L in the model A of V =1.0,1.1,1.2,1.3.
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FIG. 5: (Color online) The double logarithmic plots of ma
as a function of ¢ for some values of the parameter L in the
perturbed Harper model of M = 3. (a)V = 1.3, ¢ = 0.1
(Le ~ 0.7). (b)V = 0.7, e = 0.1 (L. ~ 1.42). h = 1/8. The
solid lines have slope 1 and 2.
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FIG. 6: (Color online) The dependence of the transition point
L. on the potential strength V' for some cases ¢ = 0.05,0.1,
in the perturbed Harper model of M = 3. The dotted lines
have slope -1.
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FIG. 7: (Color online) The dependence of the squared group
verocity ’Ug as a function of (L. — L) in the perturbed Harper
model of M = 3. The dotted lines have slope 2.
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IV. SUMMARY AND DISCUSSION
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FIG. 8: (Color online) The double logarithmic plots of ms
as a function of ¢ for some values of the parameter L in the
perturbed Harper model of M = 3. (a)V = 1.3, ¢ = 0.28.
(b)V = 0.7, e = 0.5. The solid lines have slope 2/3, 1, and 2.
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FIG. 9: (Color online) The schematic phase diagram in the
(L,€) plane for M = 3 in the perturbed Harper model of
(a)V = 1.3 and (b)V = 0.7. The wavepackets are localized in
the region L, are diffusive in the region D, and are ballistic in
the region B. Some numerical results of €. and €, are plotted
in the diagram by red circles.
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FIG. 10: (Color online) The schematic phase diagram in the
(VL,e/L) plane for the perturbed Harper model of M = 3.
The wavepackets are localized in the region L, are diffusive
in the region D, and are ballistic in the region B. Some
numerical results of e¢. and ¢, are plotted in the diagram by
some symbols.
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FIG. 11: (Color online) The schematic phase diagram in the
(L, €) plane for the perturbed Harper model of M = 3. The
wavepackets are localized in the region L and are diffusive in
the region D. Some numerical results of €. for M = 3 and
M = 2 are plotted in the diagram by red circles and blue
boxes, respectively.
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FIG. 12: (Color online) The double logarithmic plots of ma2
as a function of ¢ for some values of the parameter L in the
perturbed Anderson model of the strength W = 1. (a)M = 3,
e = 0.5, and L. ~ 0.24 (b)M = 3, e = 0.15, and L. ~ 0.7
(c)M =2, ¢ =103, and L. ~ 0.23 (d)M = 2, ¢ = 0.5 and
L.~ 04. h=1/8. The dashed lines have slope 1 and 2/3.
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