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Objetivos

O objetivo desta Iniciagdo Cientifica
centrou-se no estudo de sistemas quén-
ticos de poucos niveis. Os hamiltonianos
analisados foram acoplados a potenciais
periédicos no tempo, permitindo a aplica-
cao das técnicas da Engenharia de Flo-
quet. Conseguido o dito “hamiltoniano de
Floquet”, aplica-se Teoria de Perturbagao
em poténcias de .

Métodos e Procedimentos

O método desenvolvido pelo matematico
francés Gaston Floquet afirma que equa-
¢Oes regidas por H(t) = H(t+T) tém so-
lugdo dada por | (t)) = e |p(t)), isto é,
uma fase decrescente e uma funcéao pe-
ribdica no tempo. Esta, a partir de uma
Transformada de Fourier, pode ser expan-
dida em fungéo de infinitos coeficientes,

fazendo com que H(t) = 3 H,e ™,

w = 2. A estrutura infinita formada se-
gue, sintaticamente, a figura abaixo:
e = [0y (1)
(-1 y Hy H_, H_,
gp= O ( H Hy H,
(1 \Hy Hy Hp
Figura 1: Estrutura infinita do hamiltoniano
de Floquet

Desse modo, a equacao de Schrodinger
assume o formato E, |¢L) = > (Hi_, —
hlwd, » 1) [2). O hamiltoniano estudado,
a par de constantes, foi do tipo H(t) =
B - S, ou seja, o acoplamento entre um
campo magnético e o operador vetorial
de spin (2s+1)-dimensional. Perfis de po-
larizagdo variados induzem a diferentes
andlises, metddos e resultados. Quando
se mostrou necessario, foi realizada uma
Teoria de Perturbacéo sobre o hamiltoni-



33

DSIICUSP

ano de Floquet, seguindo a equagéao a se-
quir:

H—mva
Hepp = Ho + Zm#)(%%—
_|_ [[H—mvHO]-,Hm]

2m2w? +
+ Zn;«éO,m

[H ., Hon),H] (1)
+0(25)

)+

3mnw?

Resultados

Os melhores resultados obtidos foram
para perfis genéricos de polarizacdo, B =
(B sinwt, Bysin (Nwt +€),B,). O cal-
culo dos coeficientes de Floquet mostra
que a energia depende da fase, ¢; no
entanto, computacionalmente percebe-se
que, conforme N cresce, a influéncia de ¢
tende a zero.

A explicagédo deste fenémeno esta na Te-
oria de Perturbacdo. Na Equacéao 2, sua
dependéncia pode surgir apenas no ul-
timo comutador, caso N = 2. Para valo-
res maiores, sdo necessarias expansoes
mais completas da série perturbativa, o
que implica em uma contribuicdo cada
vez menor dos termos provenientes, pois
o termo N vai no denominador. A Figura
2 demonstra esta relagao.

Conclusoes

Em concluséo, a Engenharia de Floquet
demonstrou-se um aparato util para a re-
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Figura 2: Dependéncia das quasi-energias na
fase ¢ para diversos valores de N.

solucao de problemas fisicos de polariza-
cdo e Efeito Zeeman. Na incapacidade
de solugédo analitica exata, a alternativa
da Teoria de Perturbacdo também foi ca-
paz de apresentar bons resultados. Em
especial, a descoberta da explicacao so-
bre a relagdo do fator N com a perda de
dependéncia na fase emerge como o re-
sultado de maior impacto da pesquisa até
entdo. Finalmente, o autor declara que
nao houve conflito de interesses.
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Objectives

The objective of this Scientific Initiation
project focused on the study of few-level
quantum systems. The analyzed Hamil-
tonians were coupled to time-periodic po-
tentials, allowing the application of Flo-
quet Engineering techniques. Once the
so-called “Floquet Hamiltonian” is ob-
tained, Perturbation Theory is applied in
powers of L.

Methods and Procedures

The method developed by the French
mathematician Gaston Floquet states that
equations governed by H(t) = H(t +
T) have a solution given by [4(t)) =
e"E|p(t)), that is, a decreasing phase
multiplied by a time-periodic function. The
latter, via a Fourier Transform, can be ex-
panded in terms of infinite coefficients.

making [ (t) = Y., Hpe ™™, w = 2%,
The infinite formed structure follows, syn-
tactically, the figure below:

e =)o) (1)
(=1 y Hy H1 H_,
Hp = (0| ( H, Hy H1>
(1] H, Hy, H,
Figure 1: Infinite structure of the Floquet
Hamiltonian

Thus, the Schrédinger equation takes the
form E, |0L) = 3, (Hi—n — hlwdy, 1) [$2).
The studied Hamiltonian, apart from con-
stants, was of the type H(t) = B - S,
that is, the coupling between a magnetic
field and the vector spin operator (2s + 1)-
dimensional. Varied polarization profiles
induce different analyses, methods, and
results. When it proved necessary, a Per-
turbation Theory was performed on the
Floquet hamiltonian, following the equa-
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tion below:

Hfm,H'm/
Heff - HO + Zm#O([ 2mw ]+
[[H—maHO]:Hm]

O
+ Zn;«éo,m ﬂgrn;:(;?n — )_I_
+0(5)
Results
The best results obtained were
for  generic  polarization  profiles,
B = (Bgsinwt, B,sin (Nwt +¢€), B,).

The calculation of the Floquet coefficients
shows that the energy depends on the
phase, ¢; however, computationally it is
noticed that, as NV grows, the influence of
e tends to zero.

The explanation for this phenomenon lies
in Perturbation Theory. In Equation 2, its
dependence can only appear in the last
commutator, if N = 2. For larger values,
more complete expansions of the pertur-
bative series are necessary, which implies
an increasingly smaller contribution from
the originating terms, because the term N
goes in the denominator. Figure 2 demon-
strates this relationship.

Conclusions

In conclusion, Floquet Engineering
proved to be a useful apparatus for the

Dependence of the quasi-energies on the phase and on !
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Figure 2: Dependence of the quasi-energies
on the phase ¢ for various values of N.

resolution of physical problems of polar-
ization and Zeeman Effect. In the inca-
pacity of exact analytical solution, the al-
ternative of Perturbation Theory was also
able to present good results. In particular,
the discovery of the explanation about the
relationship of the factor N with the loss
of dependence on the phase emerges as
the result of greatest impact of the re-
search so far. Finally, the author declares
that there was no conflict of interests.
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