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Main message
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iho 16/(6) = H (wt, 1) |6 (1)

periodic dependence with respect to the first argument H (wt + 27,t) = H (wt, t)

hw > any other characteristic energies of the system, or in other words

H (wt,t) Z H™ (t) et matrix elements H(%) < hw

n=—oo
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ih 16/(6) = Hop (2) |6 (1)
V. Novi¢enko, E. Anisimovas, G. Juzeliinas: Phys. Rev. A 95, 023615 (2017)

derivative of matrix elements Hé%) < ‘Hc(jg) W

Motivation

Drive

Shaken optical lattice amplitude

R. Desbuquois, M. Messer, F. Gorg, K. Sandholzer, G. Jotzu, T. Esslinger: Phys. Rev. A 96,
053602 (2017)




Extension of the space

Let us study whole family of the solutions:

!§b9( )) = H (wt +0,t)|do (1)) 0 < [0, 2]

Hamiltonian H (wt + 60,t) acts on a Hilbert space H
Introduce the space 7T of 0-periodic functions
Construct the space L=H QT 5
Apply unitary transformation U = exp [wt]
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where the Fourier expansion of the Hamiltonian

with initial conditions

|Po-+2x (tin)) = [P (tin))

Orthonormal basis of the space T
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Matrix representation of the “Kamiltonian” operator

HO (t) — hwl| p-1) (t) H2 (1)

K (t) = . HW (t) H (1) HY (1)

H® (¢) HY () [HO ¢) + hwi




Floquet band structure of the “Kamiltonian” operator

H(:bl) (t)




Block diagonalization of the “Kamiltonian®

Kp =Dl (§)K()D(0)— D ()D(0) = 3" |n) (Ho (t) + nhwt) (o

n—=——aoo

H. g (t) — hwl 0 0

0 0 Heg (t) + hwl




High-frequency expansion

Z 7)1 (n| 4+ Dy (t) + D2y (t) + O (w™°)

\ Hegr (t) = Hegr(0) (t) + Hemr(1) (t) + Her2) (1) + O (w™?)
o N
D' (t) K (t) D (t) — ihD (¢ Z n) (Hegt (t) + nhwl) (]
n—=—0oo =0
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Our original problem: ihgt (0o (t)) = H (wt +6,t) |pg (1))

6 (tn)) = Unticro (Whan + 0, tan |\ Uett (btiny )| Un oo (Whin + 0, in) |06 (tin))

iho X (£) = Hest () [x (1))




Spin in an oscillating magnetic field

The system Hamiltonian
H (wt,t) = grpF - B (%) cos (wt)

The non-zero Fourier components
HO (1) = HEY (1) = ~"2FF B (1)

The effective Hamiltonian is non-zero only due to “slow” time derivative

ih : .
Heg (t) = Hogro) (1) = = [HD, HD| = A B
5 (hw)
where A = QQFQF x B is a geometric matrix valued non-Abelian vector potential
W
The effective evolution i B (tfin) 1
Uett (tfin, tin) = P exp _71i / A -dB (1)
| B() _

If |B(¢)] = B = const and performs rotationin a plane by an ange

i 7 B? B x B
Uett (n, ) = exp {—;v(w) F- n] ,where () =~ and n= ——

dw? |B XB’




Numerical demonstration of a spin-1/2 particle
. A 2 ﬁz
B — Be, Yz

> :
/ y S /
x 2y x

B (t) = Ble, cos (§2t) — e, sin (2t)]

The amplitude of the magnetic field performs [ = 10 rotations
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9 (1)) =cr (D) [1) +cp (1) ) initial conditions ¢ (tin) = 1, c; (tin) =0




Spin in a strong oscillating magnetic field

Same Hamiltonian |B|
H (wt,t) = grF - B () cos (wt) but now ¢grpF - B (t) ~ hw while — < w

B

Apply unitary transformation R (wt,t) = exp _hlw sin (wt) grF - B (t)]

d
W (wt,t) = RTHR — ihiR! d]f

The zero-order effective Hamiltonian Weg (o) (f) = A - B with vector potential

11— Jo(grB/w)|

A = B2 FxB
If |B(t)| = B = const and performs rotationin a plane by an ange ¢
1 B x B
Uet (n, ) = exp [—hv (p)F - n] , where v (p) = ¢[l = Jo (9rB/w)] and n= ‘
B x B

V. Novi¢enko, G. Juzelitinas: Phys. Rev. A100, 012127 (2019)




The end
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