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Porque dist gaussianas sao tao comuns?
variavel aleatoria y = (x,+...+x, )/N possui dist P(y) gaussiana...
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2 () N » 1
(if) x, estatisticamente independentes
(iii) p(x) com segundo momento finito

= Teorema Central do Limite (TCL) (Laplace, 1810...)



E se 0 segundo momento de p(x) dlverg|r’?
TCL generalizado — dist de Lévy =

(1937)

Paul Lévy



E se 0 segundo momento de p(x) dlverglr’?
TCL generalizado — dist de Lévy =3
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E se 0 segundo momento de p(x) dlverglr’?
TCL generalizado — dist de Lévy
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E se 0 segundo momento de p(x) dlverglr’?
TCL generalizado — dist de Lévy
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* Parte lll: Aplicacoes em Fisica Estatistica
e Fotonica



» Buscas aleatorias (‘random search walks”)
Qual a estrategia mais eficiente que se deve adotar ao

se buscar por sitios aleatoriamente distribuidos, quando
se tem uma visao limitada (raio r ) do espago de busca?

sitios —— o

. » buscador




» Buscas aleatorias (‘random search walks”)
Qual a estrategia mais eficiente que se deve adotar ao

se buscar por sitios aleatoriamente distribuidos, quando
se tem uma visao limitada (raio r ) do espago de busca?
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Eficiéncia da busca: )
n = numero de sitios encontrados e , buscador
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strategy to adapt In order to search efficlently for randomly
located objects (‘target sites’). It is often assumed In foraging
theory that the flight lengths of a forager have a characteristic
scale: from this assumption gaussian, Raylelgh and other classical
distributions with well-defined varlances have arisen. However,
such theorles cannot explain the long-talled power-law
distributions'” of flight lengths or flight times™ * that are observed
experimentally. Here we study how the search efficlency depends
on the probability distribution of flight lengths taken by a forager
that can detect target sites only In its limited vicinity. We show
that, when the target sites are sparse and can be visited any
number of times, an Inverse square power-law distribution of
flight lengths, corresponding to Lévy flight motion, Is an optimal
strategy. We test the theory by analysing experimental foraging
data on selected Insect, mammal and bird species, and find that
they are consistent with the predicted Inverse square power-law

distributions.
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Aplicacdo: animal foraging| Dist de Levy: p([]) o<
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Aplicacao: random lasers

Intensidades (Sharma et al, Fluct. Noise Lett. (2005)) = Levy + truncagem exp
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> E The Levy-like steady-state distributions of emission
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Aplicacao: random lasers

Intensidades (Sharma et al, Fluct. Noise Lett. (2005)) = Levy + truncagem exp
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The Levy-like steady-state distributions of emission
dakl (2) 1

intensities in random lasers are derived analytically.
Eq L vin: = — oag, + = o A, Q5. Ak, + 17
q ange m-. gklkz ko 2 g}\]}tzk‘}ki ko 'ka kg 7‘1

and it is shown that the Lev y exponent alpha can act
2 { 2/3 »

as a universal identifier of the lasing threshold.
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Aplicacao: random lasers
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The Levy-like steady-state distributions of emission
intensities in random lasers are derived analytically.
and it is shown that the Levy exponent alpha can act
as a universal identifier of the lasing threshold.
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 Parte Il: Vidros de spin



Vidros de spins magneéticos (‘spin glasses’)

Spins ‘congelam’ em direcOes aleatorias
a temperaturas T < T,

S . |
t ¢+ 1
t ¢+ ¢

Ferromagnetismo Vidro de spins

(Adaptado de S. Sato et al, Symmetry 12, 1910 (2020))



Vidros de spins magneéticos (‘spin glasses’)

Spins ‘congelam’ em direcOes aleatorias
a temperaturas T < T,

t ¢+ ¢
t ¢+ ¢
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Ferromagnetismo Vidro de spins

(Adaptado de S. Sato et al, Symmetry 12, 1910 (2020))

Ingredientes: desordem + frustracao



PHYSICAL REVIEW B VOLUME 6, NUMBER 11 @CEMBER 1972
e
Magnetic Ordering@-lron Alloys*

V. CannellaT
Physics Department, Wayne State Universify, Delvoit, Michigan 48202

and

J. A. MydoshT
Institut fur Festkovpevfovschung, Kevnforschungsanlage, 517 Julich, Gevmany
(Received 18 April 1972)




PHYSICAL REVIEW B VOLUME 6, NUMBER 11

Magnetic Ordering@-lmn Alloys*

V. Cannella®
Physics Department, Wayne State University, Delvoit, \Michigan 48202

and

J. A. MydoshT
Institut fity Festkovpevfovschung, Kevnfovschungsanlage, 517

wlich, Gevimany
(Received 18 April 1972)

R 1972

/

\

Os primeiro vidros de spins eram metalicos.
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FIG. 9. Low-field susceptibility x(T) for 1=C
=8 at.%. The data were taken every 3°K in the region
of the peak, and every % or 1°K elsewhere. The scatter
is of the order of the thickness of the lines, The open
circles indicate isolated points taken at higher tempera-
tures.
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Os primeiro vidros de spins eram metalicos.

Como explicar?




Ordem + auséncia de frustracao:

Ferromagnetismo (T < T ):

M#0

Antiferromagnetismo (T < T, ):

M=0, mas M
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Ordem + auséncia de frustragao (T < T ):
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T> Tc: desordem térmica

Paramagnetismo: J<OouJ>0,M=0
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Desordem + frustracao: Vidros de Spin
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Desordem + frustracao: Vidros de Spin
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Desordem + frustracao: Vidros de Spin
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Desordem + frustracao: Vidros de Spin
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Vidros de Spin: teoria

Edwards e Anderson (J Phys F 1975): | % :gJijsz—Sj
(Ga)

J. Phys. F: Metal Phys. Vol S, Printed in Great Britain. € 1975.

Theory of spin glasses
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Parémetro de ordem: [¢ = lim — (S;(0)S;(t)) =




Vidros de Spin: teoria

Edwards e Anderson (J Phys F 1975): 2 5;5

Sherrington e Kirkpatrick (PRL 1975): (Z)

InZ = lnn

n—0 n

Campo médio e “replica trick” (n réplicas de /):

VOLUME 35, NUMBER 26 PHYSICAL REVIEW LETTERS 29 DECEMBER 1975
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David Sherrington* and Scott Kirkpatrick
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Vidros de Spin: teoria

De Almeida e Thouless (J Phys A 1978): instabilidade da

solugao SK com campo magnético
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Vidros de Spin: teoria
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Figure 2. Phase diagram showing the limit of stability of the SK solution for the paramag-
netic phase in the presence of a magnetic field H in the case J,=0.
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Parisi (PRL 1979): o modelo SK exibe fase VS com
‘replica symmetry breaking’ (RSB) F

RSB: réplicas preparadas identicamen-

te podem levar a medidas distintas (S}
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Parisi (PRL 1979): o modelo SK exibe fase VS com
‘replica symmetry breaking’ (RSB) F

RSB: réplicas preparadas identicamen-
te podem levar a medidas distintas
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(a, B) = par de réplicas

Parisi overlap parameter: | ., = %Z S,.Sis
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Parisi (PRL 1979): o modelo SK exibe fase VS com
‘replica symmetry breaking’ (RSB) F

RSB: réplicas preparadas identicamen-
te podem levar a medidas distintas

sy

(a, ) = par de réplicas

Parisi overlap parameter: | 4. = %Z R
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Vidros de Spin: teoria

Parisi (PRL 1979): o modelo SK exibe fase VS com

‘replica symmetry breaking’ (RSB)

RSB: réplicas preparadas identicamen-
te podem levar a medidas distintas

Parisi overlap parameter:
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Os primeiro vidros de spins eram metalicos.
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FIG. 9. Low-field susceptibility x(T) for 1=C
=8 at.%. The data were taken every 3°K in the region
of the peak, and every % or 1°K elsewhere. The scatter
is of the order of the thickness of the lines, The open
circles indicate isolated points taken at higher tempera-
tures.




Um Vidro de Spins descoberto no DF-UFPE

(Montenegro, Rezende, Coutinho-Filho, J Appl Phys 1988)
\?/q

Fe Zn _ F, isolante
x=1—AF

x=025(=x) — SG @/&'

OFe ,Zr_1

or

3758 J. Appl. Phys. 3 (8), 15 April 1988 0021-80879/88/083755-03%02.40 {©) 1988 American institute of Physics 3766

Evidence for a spin-glass behavior in the diluted antiferromagnet Fe, Zn, F.

F. C. Montenegre,® 8. M. Rezende, and M. D. Coutinho-Filho
Universidade Federal de Pernambuco, Bepariamento de Fisica, 50000 Recife, PE, Brozil
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Um Vidro de Spins descoberto no DF-UFPE

(Montenegro, Rezende, Coutinho-Filho, J Appl Phys 1988)
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Hamiltonianos dos VS magneticos:
desordem + frustracao

H=> J2S.S +—Z J& . ie8iSia i3 Si,
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Hamiltonianos dos VS magneticos:
desordem + frustracao
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Hamiltonianos dos VS magneticos:
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* Parte lll: Aplicacoes em Fisica Estatistica
e Fotonica



Giorgio Parisi



Vidros de spins
magneticos
(1970’s)

Vidros de spins

fotonicos
(2006...)
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- Lasers convencionais «— hamiltoniano
- Lasers aleatorios — desordem

- Lasers aleatorios: hamiltoniano com
desordem?

- Vidros de spins fotonicos?
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- Lasers convencionais «— hamiltoniano
- Lasers aleatorios — desordem

- Lasers aleatorios: hamiltoniano com
desordem?

- Vidros de spins fotonicos?
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Laser convencional Laser aleatorio (.,
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Laser convencional Laser aleatorio |, ,
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Laser convencional Laser aleatorio |, .
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Diagramas de fases
e T (magnetismo) — P (fotc“)nica)

100
801
RL + RSB VS
60 -
p? ‘
(UT)| Pré-laser + ——Pw .
“TPM -
0 0 0.I02 0.b4 0 .bG 0 .b8

R, (desordem)

0.1



Diagramas de fases

- T (magnetismo) « P~ (fotdnica)

 grau de desordem [variancias das P(J) e P(g)]
- grau de NL [razdo entre variancias g*)/g®)]

() T1/Pl: PM RS/ IW RS

(“all modes oscillate independently and incoherently”) o RL + RSB VS
(i) T| / Pt & fraca desordem: Wy Pré-laser + LW —
FM / ML [RS ou RSB (random bond FM)] “I PM )
(“modes oscillate coherently with same phase %0 ooz 004 006 008 01

in a ML lasing regime”) R, (desordem)

(i) T / P? & forte desordem: VS RSB / RL RSB

(“synchronous oscillation is frustrated; modes do not oscillate coherently in a trivial way,
i.e., with same phase, but are nontrivially correlated”)

Teoria: * Experimento: . 7
! dap < Re{ E Aol g } xperi Jap X E AraDig | Ake = Iio — Ii
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Primeiro laser aleatorio com fase VS (Ghofraniha et al,
Nat Commun 2015): 2D T,OC,_amorphous solid-state RL
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Experimental evidence of repllca symmetry
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Segundo laser aleatorio

com fase VS (Gomes et al,

Sci Rep 2016):
3D Nd**-doped YBO,
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Analytical solution for the Lévy-like steady-state distribution of intensities in random lasers
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Primeira demonstracao de turbuléncia e vidro de spin no mesmo sistema
4 transicoes simultaneas: pre-laser/RL, Gauss/Lévy, normal/turbulento, PM/VS
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nature of the random laser system allows for the con-
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Conclusoes

- Fisica Estatistica aplicada a caminhadas
aleatorias de buscas eficientes e lasers aleatorios:

distribuicoes de Lévy e vidros de spins.
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Turbuléncia em lasers aleatorios
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Turbulence hierarchy in a random fibre laser
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Fluidos: dist Fotonica: dist - Gaussiana em grandes

incrementos de incrementos de - separagOes espaciais / temporais

velocidades P(dv) || intensidades P(0/) - Nao-gaussiana (heavy-tail) em
pequenas separagoes

- Turbuléncia em fluidos (Kolmogorov,1940°s):
- Escalas (hierarquias) de energia (eddies)
- Fluxo (‘cascata’) de energia entre escalas
- Flutuagdes no fluxo (intermiténcia)



1/2 =
Qax.=:- N +1,0 - wx*
= Nosso modelo: |Py(x)= __ GV ( )

Excelente concordancia teoria/experimento (Er-doped random fiber laser):

P <P, : fase pré-laser ndo turbulenta P> P, : fase RL turbulenta
(gaussiana, N = 0) (stretched exp, N = 6)

PV o e U

P(x)
x(t)
bho o

gaussiana heavy tails



