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The System

* Scale invariance:
M (r) oc %

* Two particle correlations:
C(r) oc rds—d
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Fractal aggregation at surfaces

MBE on cold substrates

O O

Latex spheres on water
Interactions: screened
Coulomb, depletion, fluc-
tuation induced, surface
iInduced,. ..
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Interactions

GT (U.a.)

Controllable interaction: may be attractive, repulsive with a well,

with two wells. . . = dispersion or different aggregation regimes
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Scattering

-
din
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Single scattering

—

ds

Ty

Q = ¢s — q; ~ 0 (scattering wa-
vevector)
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Scattering from a fractal

Correlation C(7) oc 7%=
Differential scattering cross section

do
ds
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Scattering from a fractal

Correlation C(7) oc 7%=
Differential scattering cross section

do -

0 x  S(Q)
— /ddr e TC(7)
X Q_df

vs. Multiple Scattering
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Scattering from a fractal

Correlation C(7) oc 7%=
Differential scattering cross section

do ~
0 x S5(Q)
— / der ei@'FC'(fF)
x QU

vs. Multiple Scattering

Weitz et al., PRL 54, 1416 (1985) (scales)
Wilcoxon et al., PRL 58, 1051 (1987) (doesn’t)
Chen et al., PRB 37, 5232 (1988) (does)

Wilcoxon et al., PRA 39, 2675 (1989) (doesn't)
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Experiments

* Weitz et al., PRL 54, 1416
(1985) (scales)
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Experiments

* Weitz et al., PRL 54, 1416
(1985) (scales)

* Wilcoxon et al., PRL 58, i
1051 (1987) (doesn’t) 10 |
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ds vs. wavelength? A\ = 632nm,
457nm.
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Experiments

* Weitz et al., PRL 54, 1416
(1985) (scales) 100
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scaling vs. dilution procedure
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Experiments

* Weitz et al., PRL 54, 1416

(1985) (scales) Sl o :

* Wilcoxon etal., PRL58, | e

1051 (1987) (doesn’t) g e ] 633 nm,I-Q 3

° Weitz etal. PRL 58,1052  § | :

(1988) (does) B 107 pasT i

O ]

* Wilcoxon et al., PRA 39, = [ 1
2675 (1989) (doesn’t) i e -

Q")
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Multiple scattering: numerical calculation

Scattered field

E(Q) o (@) = Y9

Scattering cross section

Does it scale at resonance”?
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Difficulties

* Many body system (V)
* Long range interactions (N?)
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Difficulties

* Many body system (V)
* Long range interactions (IV?)

&g
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Difficulties

* Many body system (V)
* Long range interactions (IV?)

Solution: Hierarchical Representation and Algorithm

.103 = ...... pr e

Interaction with a pseudo-particle replaces many inter-particle

interactions.
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Hierarchical Representation
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Test System

* Diffusion limited cluster-cluster colloidal aggregate.
* 2D.

* Scalar approximation.

* Long wavelength external field.

* Non-retarded dipole-dipole interactions.
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Hierarchy preparation

-
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Hierarchy preparation
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Hierarchy preparation
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Hierarchy preparation

o
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Hierarchy preparation
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Cluster Generation

@
] o o ®
o
3 LI
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Cluster Generation
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Polarizing field

pi = v|Eo+) TP
J

= 7 (Eo + Eir)

—

E;,. is the field at 7 due to the whole system, represented by its
root r.

Recursive evaluation
5 | Tidc it Rcis small
ZC Eic, + E;c, otherwise
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Recursive evaluation
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Recursive evaluation
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Recursive evaluation

s | Tiedc it Rcis small
ZC Eic, + E;c, otherwise
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Induced polarization

Iterative Solution (small ~)

o [(32) () (5)

Make M’ sparse, by replacing many interactions with far away

particles with a single interaction with the containing group.
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Susceptibility

Spectral variable: v = 1/(1 — €/ep,), 1/v = (1 — 3u)/R}
p) = [(1/7)1 - T~ | Eo)

P = v/ N(0|p)

S —1 3 Otn tnO
x = 7-(01 [(1 = 3u)1 — R{T] " [0) = ~ S 1<_|3u><_ 1|%8>tn

n
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Normal mode analysis

* Spectral variable w,

* Total dipole P,

* Spectral function g(s),

3 1 .
P(u):NRE/Odsg( )

3 S —u

* g(s) depends only on geometry and not on material
properties.

* « depends on material properties and on frequency. For
simple metals, u = w?/w?.

NMSU Colloquium, 2004— p.1!



Strategy

* g(s) is related to a projected density of states,

9(s) o< Im(0|G(s)[0).

oo-[-(r-3)

plays the role of a Green’s function,

where

lw) =(1,1,1,...)/VN.

* Thus, g(s) might be calculated with the recursive Haydock
method (R. Haydock, Solid State Physics 35, 1980):
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Haydock’s method

* Generate orthogonal basis so that the interaction 7

becomes tridiagonal |ug) — |ust1) = T'|ug) +
orthonormalization,

[ s1) = Tlup) — aplug) — bf|up—1)
with diagonal elements

(g | T'|u)
(uk|ug)

ap —

and superdiagonal elements

(ug|ug)
<Uk—1 |Uk—1> '

by, =
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Continued fraction

* Employ hierarchical representation to calculate (ug|T|uz).

* From tridiagonal matrix, generate continued fraction for the
Green’s function,

) ~1
P(u) = NRE(ug (1 —3u— TR3) oy

¢ \
. NR3E >
1 —3u—ag— by = |
1-3u—a;— 2
\ 1-3u—ag—... J
* and finally,
3 L
9(s) Im{P(s+:07)}.

~ INR3E
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2D-DLCA

o
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5

10* parts.
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Fractal dimension

10%

d; =1.44 +0.03
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Time vs. size

| | o
10° £ =
10° & 5
T 10k e =
1k ND —— -
+ . N(log(N)" ==
100 1000 10000 100000

Almost linear. ..

N
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Spectral function

Spectral function g(s) for an ensemble of 10* particle DLCA
cluster. Scalar model (E _Lplane)
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go shift vs. phase
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Hot Spots

Local dipoles for a 10° particle DLCA aggregate at resonance in
the red region, v = 0.2527, ' = 10~*
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Detail for u = 0.2527
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Next resonance, u = .25303
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Detail for u = .25303
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Blue resonance, u = 0.4887
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Detail for u = 0.4887
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Next resonance, u = .4865
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Detail for u = .4865
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Shift vs. Phase
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Localization

Characterized by the participation ratio

pp_ L (X |pif?)” 1 Extended
- N O pilH) ] 1/N Localized
1 =411 I T T TTTT I T T T I 1T T T =
- AT 3
1 : 1 Critical states
107 g -3
E = PR x N
= By : B =0.9 (B),
102 ; t = B =0.8(R)
-3 _IIIII L L Iitii L1 L L1 i | I_
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1/N
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Decay of Polarization

% | bR 'I;
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Scattering cross section

10* particle DLCA cluster, I' = 104
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Scaling?

* The cross section seems to scale for red resonances
* and not to scale for blue resonances,
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Scaling?

* The cross section seems to scale for red resonances
* and not to scale for blue resonances,
e BUT

* finite disipation leads to simultaneous excitation of
neighboring modes.

* Hot spots of a spectral region have a given local geometry
and form a fractal with the same dimension d; as the full
system.

* Thus, scaling ought to be recovered for an infinite system or
for a larger T'!
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Induced Dipole Moments
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Scaling Recovered

10* particle DLCA cluster, u = 0.48
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Hot Spot Scaling

* Number of hot spots N;, ~ number of excited modes,
Np xgNT.

* Hot spot distance scale,

Ny () (Lih)df.

* Number of particles N(r) (%)df,

— QhR X (g(s)r)l/df )

* No scaling beyond @y, = 1/Ly,.
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Qh vs ['?
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Qh vs ['?
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Spectral Function for Transverse Polarization
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Scattering Cross Section
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Scaling for transverse polarization

Q" =Q/T%
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Applications (3D)

~
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Band: s = 0.15-0.5 for 3D DLCA (ds ~ 1.78)
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Conclusions

* The hierarchical algorithm allowed the numerical study of
scattering from ensembles of large colloidal aggregates.

* For 2D CDLA clusters, the spectral function extends from
s~ 1/410 s ~ 1/2 and shows significative structures (scalar
model).

* From a local analysis we found at the red end of the
spectrum (R) the polarization is antiferromangnetic like,
while at the blue end (B) it is ferromagnetic like.

* Normal modes consists of intense ‘hot spots’ whose
position varies abruptly with frequency.

* They are not extended nor exponentially localized.
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Conclusions

* We found power law scaling at the R region do /d2 oc Q%
* but no scaling at the blue (B) end of the spectrum,

* since the minimum distance L; gets close to the system
size.

* However, scaling is displayed for larger systems or larger
widths I" for which multiple hot spots are excited.

* Assuming excited hot spots form a fractal with the same
dimension as the system aggregate, we obtained a power

law Q;, « I'(1/4s) | confirmed by simulations.
* Thus, experiments may show scaling or not in the multiple

scattering regime, depending on frequency, aggregate size,
and dissipation factors.

* Main results are confirmed with full transverse vectorial
calculations.
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