Interacting spins under quasiperiodic drive
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Periodic vs. aperiodic drive

Continuous drive over time '

> Time-periodic systems: H(t +nT) = H(t), w=2, ne
integer, w — rational number. N. Goldman and J. Dalibard, PRX 4, 031027 (2015)

> Example: A(t) = % + ImQ2(1)%2, Q(t) = Qo + Qcoswt

» |rrational frequency? Example: w = (g : @ — golden mean.

Periodic to aperiodic I

N

H(t 0<t< Ty, T1 =2
> Periodic:{ (t,01) <f='h, h m/wi

N

H(t,wz) Th<t< T+ T, T2:27T/0J2
N i N N L T=Ty+Ty fy
Unitary operators: Fy = e~/ Jo" Altwn)dt | f, — o=/ Jr 1 7 Hitwa)de
Time evolution: |1(nT)) = F7|1p(0)), F = FoF1 — Floquet

Fibonacci: UM = ylm=24lm=1 m = F, = F._1 + Fpp, m> 2
>

Time evolution: [¢p(m)) = U™ |p(0)), UM = Fy & U = Fr 7y
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Fibonacci sequence

_ T=T1+Ty
> fl _ eflfo twl )dt - wy, ]:'2 —e lel H(t,w,)dt

» Recursion relation: ™ = glm=2gIm=1] > 2

{m:1—>n:F1:1: M = F o=y }

— Wo

m=2—->n=FL=2: LA{[Z]:}A}ﬁl =W, Wi

m=3—-n=F=3: Ukl = giigh .= w1, W2, Wi
m=4—>n=F,=5: a¥ = ylPghl .= Wy, Wi, Wi, W, Wi
m>1-— nzﬁ(r}n: Z/?[m] = W, W2, Wi, W2, Wi, Wi, W2, W1

> (Sutherland invariant: I = x2_, + x2_1 + X2 + 2Xm_2Xm—1Xm — 1]

Xm = Tr Yyt
Condition: Z™ — SU(2) matrices. il sutherland, PRL 57, 770 (1986)
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Driven spin under transverse field

» A spin-S particle under kicking:

[I:I(t) = woS, + AS Y L (t-3, T,,)}

wo — magnetic field strength along 2, A — kicking from transverse
magnetic field along X.

> Choice of Tp: Tp = To(1F €) = Ty, € =1 — Ty =0 (2To)
> Unitary evolution: [¢p(m)) = U™ |4(0))

» Fibonacci recursion: UM = gflm=2g4Im=11 > 2

Lz;{[l] _ LriAs”X7 7l — e7i2TgSAZefi)\SAXJ

> Stroboscopic steps: |14(n)) = Fo[1(0)), £, = e~ iTnSee=irS
» Fibonacci sequence: T,:=---Ty1, To, T1, To, Ty, T1, To, T3
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Classical dynamics

» Map of spin operators: A,,H = ﬁ,fA,,]t',, — Heisenberg eqn. for A
%QH %’f cosT, —sinT, cosA sin Tpsin A
S}’,”'1 = Jy 5;’ , Jdn = sin Tp, cos T, cos A —cos Tpsin A
St Sn 0 sin A cos ),

> Classical limit: 8 = §;/S — [&, 8] = iejuék/S, S — 00 = § = {s;}

> Classical map: (sft,s)t, s2* )T = J,(s7,s),s7)T

Geodesic distance

= wi00
=50
“ =m0

2 — h=m10 ]

Sy Y w00 »=n/10

(Eigenvalue of J,: 1,e*®, d = cos™1(5} - 5¢) o« n — Lyapunov exponent = Oj
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Strange non-chaotic attractor

N )
» Power spectrum: Xo =", Xme?2™m x. =5, Q — frequency.
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» Classification of dynamics: |Xq|? ~ N?, [,8 =1.16,Q= 1/,8(;]

B =1(2) — random (regular), 1 < 8 < 2 — fractal path.
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Spectral properties of Floquet operator

> Eigenmodes: U™|x,) = e’ |y,) (m >> 1)

eigenphase: ¢, € [—m, 7] and eigenvector: |x,) of v-th eigenmode.

[Moments of eigenstates: Ig = 4>, Zi,szfs Ixw(ms)[?9 ~ N‘T‘?}

Xv(ms) = (xvlam,), |am,) — spin basis, N'=2S + 1 — dimension.

42 48 52 56 6 64 0 1 2 3 4 5

log NV q

» Fractal dimension Dg: 74 = Dg(q — 1)

[Dq =1 — ergodic, 0 < Dy < 1 — non-ergodic extended]
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Interaction vs. fractality

(A = Aot 8BS 5(t -5, 7). Ao =80+ 88— 18057
» Floquet operators: ull = e”'T’:’Oe*")‘gf7 12 = e~ iTHog=iAS?

> Level spacings: §, =¢&,41 —¢,, [P(6)dd =1 and [JP(6)dd =1

1 T T T T 1

J=0.01 (a) | sk \ J=5 (b) ]

5 55 6 6.5
2Log(28+1)

[P(é) — Wigner-Surmise, Dy = 1: Interaction — onset of ergodicity!
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Microcanonical thermalization

> Initial state: |1ap(0)) = |0, P)s ® |©, P)p — spin coherent state
> Reduced density matrix: p3 gy = Tre(a)|tas(m))(Yas(m)|
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» Microcanonical thermalization to infinite temperature
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Conclusion and outlook

» Fibonacci driving — fractal dynamics, non-ergodic extended states.

» Interaction — crossover to ergodicity.

» Other metallic mean vs. fractal dimension <> role of Sutherland
invariant.

» Connection between fractal dimension (quantum vs. classical) and
SNA spectrum.

» Quasi-periodically driven MBL systems, Quasi-time-crystalline state.

THANK YOU
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