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Appendix A

Perturbation methods for

calculation of H g

A.1 Van Vleck expansion based method

We use the following identities in the expression of Heg = > winH ™),

0<n<o

CHe ¢ — H 4+ i|G,H] — 5

and
) &\ e [0G] 1[.0G] i aG
(at ) [at] [G at] 6[(;,[@,(%”,

and consider terms upto (’)(ﬁ) which gives

w w

W2 Ot Wl w w? w Ot w?

1 [GW <1> 10G"
+6{w’{w aﬁtH

E[Gv G, H]] — = [G,[G,[G, H]]] + oo

1 0G@® 1 aG i {G(l G? 19GY 1 9G

(1) (1) 1) 1
ot ][ 22 ] 2%
w w w Ot

(2) ]
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Here, G™ is periodic G™ (t+T) = G (t), and have zero mean over a time period
T. Therefore (G™) = 0. At each order of perturbation, the time independent
average is retained in H.g and G is designed to nullify the time dependent part.

For order w°

1 0GM
m+vw—;at

HO — <H0 V() - éag:)>
= o+ V() - (2297

w Ot
Hy [T 1 (7 1 [ToGgW
= — dt + = V(t)dt — — dt.
T/O +T/0 (t) wl' Jo Ot

Potential V' (¢) is periodic; V(t + T) = V(t) and may be expanded in a Fourier

series as

V(t) =V, + Z Vneinwt+ Z V_ne—inwt.

1<n<oo 1<<oo

Similarly G'(¢) can be expanded as Fourier series and has zero mean therefore

8%551) also has zero mean. Therefore HYyy = Hy+ Vp, where Vo = 7 fOT V(t)dt. Time

dependent part can be written as

1 0GM 1 0GM
Hy+V(t)—— —(Hy+V(t) — —
w Ot w Ot (A4)
10GM '
=V V-

. . . . o 1 G
By equating this time dependent part with zero, we have V(t) = Vi + ~“5—.

Here V(t) = Vo + > Vpe™' + > Vo,e ™ therefore Y. V,e™" +

1<n<oo 1<n<oo 1<n<oo
» 1)
S Vet = %%. As a result at order wy
1<n<oco
Heg = Ho + Vg
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Similarly, for order O(w™!)

1
1 _
Heff - ; E[Vna an}

and
1 1 inw
G2 — - EH: = ([Vn, Hy+ Vo]e - h'C') (A.6)

1 & 1 '
1 N i(n4+m)wt

5 = n(n+m) ([Vn’ Ve ! h'C')

LS L (v e ).
22 n#m=1 n(n T m) o

Following the same procedure, finally we obtain

11 1 &
Heﬂ = HO + % + 5 ; E[Vny V_n] + ﬁ ; < {[Vn, H0i| s V—'rL:| -+ hC)
I «— 1
+ ﬁ n;I % ( |:Vn7 [Vm; V(n+m)]:| - 2 |:Vn, [V_n, ‘/(nm)}:| + hC) ceeey

(A7)

[e.9]

1 = 1 inwt —tnwt 1 1 inwt
G(t) :EZE<Vn€ —V_,e ) +M—2;E([Vn,]‘10+‘/@]€ —h.C.)

1 «— 1 ‘
Vi, Vel — e
MR n;1 n(n+m) ([ Vinle ¢

(A.8)

Now, we consider a system with periodic Dirac ¢ driving and calculate the effective
time independent Hamiltonian for the same. The Hamiltonian for the correspond-

ing periodically driven system can be written as: H(t) = Ho+ V> d(t —nT).
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A.1.1 General expression of effective Hamiltonian for a pe-
riodically driven system with Dirac ¢ kick

A time dependent Hamiltonian for a system with periodic d-function kick potential

1S written as

H(t) = Hy+ V (1), (A.9)

where V' (t) =V > 0(t —nT) can be expressed as Fourier series in terms of Fourier

coefficients as V (t) = Vo + > (V, ™t + V_,, e where Vp, V,, and V_,, can be

obtained as

I v o[r %
=_ tdt=— | S(t—nT)dt = —
Vom g [ VO =5 [ de—nTya =
S v o 1%
= — —inw (St— Tdt:_—mwT:_ A]_O
v T/Oe Vo(t —nT) e T ( )
I vV, %
V—n:_ inwt St — Tdt:—mwT:—.
T/Oe Vi(t —nT) Te T

Following the expression of H.g given in Eq. (A.7), and also from the above equa-
tion [V,,, V_,,] = 0 and [[V;,, Ho|, V_,.] = %[[V, Hy|, V], the effective Hamiltonian for

the d-kicked system becomes

1% 1 1 1
Heff:HO"i_T—i_WHV:HO]aV] (;ﬁ>+0<ﬁ)’ (A.ll)

where > n—12 = %2. Finally we obtain the general expression of effective Hamiltonian
n=1

H.g as

Vo1 1
Heg = Ho + i ﬁ[[v, Hyl, V] + O(F) (A.12)
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A.2 Brillouin-Wigner Method

According to Brillouin-Wigner theory effective Hamiltonian can be obtained by
Hyw = PHQgwP, where P is the Projection operator and the wave operator Qpw

is obtained by substituting the series of 1/w in Qpw as

Qpw = Y Qs (A.13)

n=0

where Q](g”@v corresponds to (1/w™) coefficient in the iterative solution to Qgw, in the
recursion relation of Qgw. Similarly, effective Hamiltonian can also be expanded

in a series of (1/w) as

Hyw = Hyy, (A.14)
n=0
and
HYY = PHQGP. (A.15)

Here H = (H — M) plays the role of effective Hamiltonian in model space. Now,

apply this method to the wave operator as

Z o =P+ Z v = H + Z Z —Q(”) PHOT. (A.16)

nOmO

Now, by comparing the terms of same order of (1/w), we obtain

Qb =P
o _ 2L =
Qpw = /\THP (A.17)
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from Hg{;)v = PFQ](%?VP, we obtain

HY) = PHPP = Hy,,

Q9 Hop, Hp,
HY) = PHA%HPP =) —moma

w = mw
1 Hy.. H H Hy.,,, H, o H (A.18)
H(2) = PHQ@) 7) = ( 0,n1 ni,n2 n2,0 _ 0,n1 n1,0 0,0) ’
BW BW m%:ﬂ) ny Ng w n? w?

Hijye = PHQGP.

from above results we conclude that using the above expansion coefficients one
can expand the effective Hamiltonian to various order of (1/w). Thus for the high
frequency range the w® order term for wave operator become, Qg)\),v = P and for
effective Hamiltonian it becomes H](gov)v = Hy, which ensure that the eigen values
of effective Hamiltonian are present in the first Brillouin zone, as the contribution

from higher order terms in the series is very small to transport the eigen value to

the higher photon number sectors.
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Appendix B

Floquet operator of DK'T model and

Farey Sequence

B.1 Compact form of Floquet Operator

Floquet time evolution operator for the DKT model can be written as

F = exp(—iaJ,)exp (—'LQEJZQ) exp(—iaJ,) exp (zgjf) : (B.1)
J J

Above Floquet operator is a product of four unitary operators which can also be

written into compact form as

F = exp(—iaJ,) exp (—z%Jf) (1 —iad, + ...)exp (Z%Jf)

= exp(—iaJ,) |1 —icexp —ilJf J exp ziJz2 + .
27 2j
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Here J, = J_+ J_, where J_ and J_ are ladder operators therefore

F = exp(—iad,) |1 —ia(m, s\e_i%‘]g (J+ + J)ei;f]g\m’, sy + }

= exp(—iaJ,) |1 — ice 2™ (m, s|(Jy + J_)|m/, S/>€i%m/2 + }

= exp(—iaJ,) |1 — iaei%‘(mﬂ_m%{C’m/ mom/+1 + Cor Oy -1 + ]

= exp(—iaJ,) |1 — ia{ei?(mu“l/g)Cm/ moam'+1 + hee} + }

= exp(—iaJ,) |1 — ia(m, s|J e MCTAD2 L e |m!, s') + }

— exp(—iaJy) |1 — ia{JpeMP=HD/2 L e} + }

Finally we obtained the time evolution operator as a product of two unitary oper-
ators:

F = exp(—iad,) exp{—ionJrei"(Q‘]ZH)/Qj +h.c.}. (B.2)

B.2 Farey sequence

A Farey sequence F), is the set of rational numbers p/q with p and q, with 0 <

p < q < n, ordered by size. Each Farey sequence start with value 0 , denoted by

the fraction %, and ends with the value 1, denoted by the fraction % If we have

two fractions § and 5 with the properties that § < < and bc — gd = 1. Then the

fractions are known as Farey neighbours, they appear next to each other in some

Farey sequence. The mediant of these two fractions is given by:

_are (B.3)

S

SalES
o

The Farey sequences of order 1 to 8 are given as:
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Appendix C

Dynamics of Periodically Driven

HCB System

C.1 Current operator in momentum space

The current operator in momentum space for a system of hard core bosons (HCB)

for each k-mode is written as:

=1
: L _iwarngt iy L oimzt ()7
:ZZZ{ZG k(+1)bzle b — e b,ie D,
I kK
= l le"(k’k,)le’ik?r be — Z le’i(k’k/)leikl;Tl;
= L L 1Ok L [RY
kk' ol !

. . (L 1.0 il
here in above equation + 3 eik—F)l — LN™ o—ik=k)l — §,, therefore
q L L )
Kk Kk

oL e~ bl by, — e*bib,| = ‘ blb(e ™ — %) = 2 b by sin k.
L - L A k

h
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Now k£ can be divided into two regions as:

w/2

<)

k=—m/2

3m/2

k=m/2

Z l;Ll;ksink + Z Elgksink

In the second term of RHS of above the equation we replace k — k + 7, then we

have

w/2

k=—m/2

5m/2

k=3m/2

here k = 37/2 = —n/2 and k = 57/2 = 7/2, therefore

Z INDLi)k sink + Z Bhﬂlgﬂﬂ sin(k +7) |,

/2 /2
j=2= Z blbsink — Z 5L+ﬂ5k+ﬂ sin(k)
k=-m/2 k=—7/2
/2 :
9 o sin k 0
SRR |
k=—m/2 0 —sink
w/2 7
o) 2 b
= | i) gk |
k=—m/2 bk+7r

Here 5 is current operator for all possible values of k and 2/Lsink o, is current

operator for a defined value of k and denoted as jk
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C.2 Floquet operator into 2 x 2 matrix form for

SKHCB system.

Floquet operator Fi(7T) can be written into 2 x 2 matrix form as: Fp(T) =

gi2coskos giaoe — oikT(1) which can be written as:

A,

Fi(T) = cos T + i(7.0) sin i T’

= 1 cos(2T cosk) cos o + i(o,l, + oyly, + o.l,)sin(pugT).

Now by substituting the expression of [,,1, and [, from Eq. (4.38)

Fi(T) = cos(2T cos k) cos a + i | o, sin accos(2T cos k) — oy, sin(27 cos k) sin a+

o, sin(27 cosk) cosa .

If 05,0, and o, can be written into matrix form then

COS v ezQT cosk ssin o 612Tcosk

Fi(T) = . (C.2)

isin o 6—i2Tcosk CoSs o e—i2Tcosk

2T cos k 2T cos k

Now let cosae = a and isinae = b, then Floquet time evolution

operator can be written in 2 x 2 matrix form as

Fir(T) = : (C.3)
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C.3 Current in SKHCB
Current flow throught the system is defined as

JnT) = J(nT) = 5 3 sin k(W4 (0)| 7 0. L 04(0)) (C4)

k

Here first we solve the central part as

-F;gnTsz]? _ ez,uknT(a'.l)O,ZefzuknT(a.l)

= {]1 cos(penT) + i(a.1) sin(,uknT)} o, {]1 cos(penT) — i(3.0) Sin(,uknT)}

A

= [az cos(ppnT’) + i(&’.[)az Sin(uknT)} (IL cos(pnT’) —i(d.1) sin(uknT)>

A~

= 0, cos?(upnT) — io,(3.1) cos(pupnT) sin(upnT)

A, A A

+i(&.1) o, sin(upnT) cos(pupnT) + (6.1)0,(.1) sin® (punT)

= 0, cos*(pnT) + (3.1)0.(3.1) sin® (junT) — i{o.(¢.1) — (3.1)0.}

sin(unT’) cos(pnT)

2ioyl, — 2i0,l,. Therefore

(C.5)

Flo, Fi = o, cos®(upnT) + {o.(1> — 12 — 12) 4 204141 + 2011 } sin® (puenT’) —

i{2ioyl, — 2io,l, } sin(penT) cos(pgnT)
= 0. [cos®(uenT) + (12 — 12 — I2) sin® (unT))
+ 04 [2l1, sin(penT) — 21, sin(penT)]

+ 0y [2L,1, sin® (unT) + 21, sin(uenT) cos(uenT)] .
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Here in the expression of current only o, term appear because |¥(0)) is eigen
sate of HY, which is the eigen state of pseudospin operator o,. [ is the unit vector
therefore 12 + 12 412 = 1. As a result current flow through the system of SKHCB

1S written as

(\]

- Z cos?(upnT) + (12 — 12 — lz) sin®(uenT)] (U (0)|0-| V1 (0)) sink

Iwh

=7 Zk: 0)|o.| ¥, (0)) sin &,

(C.7)

where f(k) = [1 — 2(1 — I?) sin?(uenT)).

C.4 Floquet time evolution operator for DKHCB

According to the following identity for Pauli spin matrices, if:

ia(3.n)

ib(Em) _ ic(@.]) (C.8)

where (a, b, ¢) are scalars and (7,7, 1) are unit vectors then ¢ and [ can be found

in terms of a, b,n and m using the following relation:

cosc = cosa cosb—n.m sina sinb

(C.9)
> L L I ,
| = —— (nsina cosb + m sinb cosa — n X m sina sinb)
sin g
Floquet operator for DKHCB system is written as:
Fi(T) = exp[iT(1 — A)o, cos k] expliao,] exp[i2T Ao, cos k|
exp|—iao,|exp[iT(1 — A)o, cos k] (C.10)

— eiT(l—A)Uz cosk eiQTA cos k(oy sin(2a)+0 cos(2a)) eiT(l—A)az cosk
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To write Floquet operator in more compact form we consider first

two terms for which a = T(1 — A)o,cosk, n = z, b = 2TAcosk,

and m = gsin2a + Zcos2a then according to above mention iden-

tity eiT(l—A)az cosk ,i2T'A cos k(oy sin(2a)+o cos(2ar)) — eicT(c‘r’.[) then cosc —
Y

cos(T'(1 — A)cosk)cos(2T'Acosk) — cos(2a)sin(T(1 — A)cosk)sin(2TA cos k)

and vector [ is written as:

-
= e [2 sin(7'(1 — A) cos k) cos(2T'A cos k) + (y sin(2a) + 2 cos 2«)

sin(2T'A cos k) cos(T(1 — A) cos k) — {2 x (ysin(2a) + 2 cos(2a)) }
sin(T'(1 — A) cos k) sin(2T'A cos k)

. [(sin(Za) sin(T(1 — A) cos k) sin(2T'A cos k))&

~ sinec
+ (sin(2a) sin(2T°A cos k) cos(T(1 — A) cos k))y

+ (cos(2T'A cos k) sin(T'(1 — A) cos k) + cos(2a) sin(2T'A cos k) cos(T(1 — A) cosk))z|.
Now, Fi(t) can be written as

]:k(t) _ eic(a.[) oT(1=A)cosko. _ ezka(ai)’ (C.ll)
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then again using the identity

cos(pu,T) = cos ccos(T(1 — A) cos k) — (1.2) sinesin(T(1 — A) cos k)

= (cos(T(1 — A) cos k) cos(2TA cos k) — cos(2a) sin(T(1 — A) cos k) sin(2T'A cos k)
cos(T(1 — A) cos k) — (cos(2TA cos k) sin(T(1 — A) cos k) + cos(2a) sin(2T A cos k)
cos(T(1 — A) cos k) sin(T(1 — A) cos k)

= cos*(T(1 — A) cos k) cos(2T A cos k) — cos(2a)sin(T(1 — A) cos k)

cos(T(1 — A) cos k) sin(2T'A cos k) — cos(2TA cos k) sin®(T(1 — A) cos k) —

cos(2a) sin(2T°A cos k) cos(T(1 — A) cos k) sin(T(1 — A) cos k)

= cos(27(1 — A) cos k) cos(2T'A cos k) — cos(2a) sin(27(1 — A) cos k) sin(2T' A cos k).

Using the relations 2 cos a cos b = cos(a + b) 4 cos(a — b) and 2sinasinb = cos(a —

b) — cos(a + b) in the above equation we have:

cos(puxT) = % [{008(2 cos kT') + cos (2 cos kT(1 — 2A))}
— cos2a{cos (2cos kKT (1 —2A)) — cos(2cos kT)}

[(1 + cos2a) cos(2cos kT) + (1 — cos 2ar) cos(2 cos kT (1 — 2A))] .

N | —

Finally,

cos(upT) = cos® acos(2T cos k) + sin® avcos(2T cos k(1 — 2A)) (C.12)
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and

= —— [isinccos(T(l — A)cosk) + zZcosesin(T'(1 — A) cosk)—

(I x 2)sine sin(T'(1 — A) cos k)

- — (;k 7 [Sirll : [(sin(za) Sin(T(1 — A) cos k) sin(2TA cos k)i

+ (sin(2a) sin(2T'A cos k) cos(T'(1 — A) cos k) ) §+

(cos(2T'A cos k) sin(T'(1 — A) cos k) + cos(2a) sin(2T°A cos k) cos(T'(1 — A) cos k))é}
sinccos(T(1 — A) cosk) + {(COS(T(l — A)cosk)cos(2T'A cos k)

— cos(2a) sin(T'(1 — A) cos k) sin(2T' A cos k)) sin(T'(1 — A) cos k) }2 -

L (sin(2a) sin(2T'A cos k) cos(T'(1 — A) cos k))& —

sin ¢

(sin(2a) sin(T'(1 — A) cos k) sin(2T'A cos k))g} sinesin(7'(1 — A) cos k)] :

Here [ is a unit vector, therefore [ =10+ lyg+ 1.2, and

1
sin(pT)

—sin(2a) sin(T'(1 — A) cos k) cos(T(1 — A) cos k) sin(2T' A cos k) | & +

[ = {sin(Za) sin(T'(1 — A) cos k) cos(T(1 — A) cos k) sin(2T°A cos k)

1

— s ; 2 _ . .
() {sm(?a) sin(2T'A cos k) cos®(T(1 — A) cos k) + sin(2a) sin(2TA cos k)

sin?(T(1 — A) cos k)} g+
(o) [COS(ZT& cosk)sin(27(1 — A) cosk) + cos(2T(1 — A) cos k)

cos(2a) sin(2T'A cos k‘)] z.
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From above expression z,y, z component of [ are

sin(2a) sin(2T'A cos k)

l pu—
! [1 — {cos? acos(2T cos k) + sin® o cos 2T (1 — 2A) cos k}?] 2 (C.13)

cos? asin(27 cos k) + sin? asin(27(1 — 2A) cos k)
[1 — {cos? acos(2T cos k) + sin® o cos(2T'(1 — 2A) cos k) }?] 12

C.5 Current low in DKHCB

According to Floquet theory, FI(T) = e~#nT(@D and current flow through double

kicked HCB system is obtained as:
2 ) I . I
J(nT) = T sin k(W (0)|en @ g _e=imnT @D g, (0)). (C.14)
First we calculate F,’ To, Fp as:

JT_‘IZTO.ZJE']’: — 6iuknT(6’.Z)O_Ze—iuknT(c?.i)
= {Il cos(puenT) +i(.1) sin(,uknT)} o {IL cos(pupnT) — i(a.1) sin(,uknT)}

= [02 cos(unT) + (3 1), sin(uknT)} (]1 cos(pnT) — i(5.1) Sin(ﬂk”T))

A~

= 0, cos*(uunT) — io.(3.1) cos(penT) sin(penT) + i(3.1)o sin(penT)

A A~

cos(uxnT) + (.1)0.(5.1) sin® (pupnT)

= 0, cos*(unT) + (3.1)0,(.1) sin?(upnT) — i{o.(¢.1) — (3.1)o.}

sin(pugnT) cos(uxnT),
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A, A

here (7.0)0.(0.1) = (04le + oyly + o.l){ioyly —iogly + 1.} = o.(I2 = 12 = 12) +

A A

20,11, + 20,0, and {0,(d.l) — (.1)o.} = 2i0o,l, — 2i0,l,. Therefore

Flo.Fp = 0. cos?(unT) + {0, (12 — 12 — 12) + 20,11, + 20,1, 1.} sin®(pnT) -
i{2ioyl, — 2io,l,} sin(penT) cos(ppnT)
= 0, [cos*(penT) + (12 — 12 — I2) sin®(nT) |
+ 0 (20,1, sin(penT’) — 21, sin(pnT)]

+ 0y [2,L, sin® (unT) + 21, sin(unT) cos(penT)] -
As a result current

Jnt) =73 (0 (0)|F . T (0))] sin b

= %Z cos (enT) + (12 — 12 — l2)s1n (uknT)] (U1(0)]o,|¥(0)) sin k,

here in the expression of current only o, term appear because |V (0)) is eigen sate
of H}/, which is the eigen state of pseudo-spin half operator o,. [ is the unit vector
therefore I2 412412 = 1. Finally current flow through the hard core bosonic system
under the presence of staggered on site potential in the form of double d-function

kick within one time period is written as:

J(nT) = %Z leos?(unT) + {2 — (1 — )} sin®(uunT)] (W4(0)]o.| W4 (0)) sin &
== Z 2(12 — 1) sin®(pnT) | (¥4 (0)|o.| T, (0)) sin k
=7 Zf 0)|o- |k (0)) sin k,

(C.15)

here f(k) = [1 + 2(12 — 1) sin®(uenT)].
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Appendix D

Calculations for Coupled Kicked Top

D.1 General formula for H.4 for periodically driven

system by BW method

According to BW method

_ E : (n)
HBW - HBW
n=0
0) _
Hpw = Hop
HO Hop, ., 0
BW E , W
n; 70
H(2) - HOy”l Hnl,ng HnQ,O . HO,m Hnl,() HO,O
BW nq Mg w2 n?w?
n;7#0 1

where
1 /7 ’ :
H,,=—= H(t) e!m=—mwt gy
) T /0 ( ) €

Here we consider a periodically kicked system with J-function kick. The time

dependent Hamiltonian for such a system is written as H(t) = Hy + V' > §(t—nT),



Appendix D. Calculations for Coupled Kicked Top 126

where H, contain time independent part and potential V(t) = V' Y d(t —nT) is

time dependent which is periodic. For this system

I Vv

Therefore

y
H = Hy + T (D.1)

For H](gl\;v we first calculate Hy,, and H,, o as:

H = —1 ! + V § —injw |
0,m1 T/(; {HO e 6(t_nT)}e 1 tdt——

n1,0 T 0 0 l En - .
Therefore

Ho,, H,
HSV)VZZM

120 nyw
V1 1

- (7) e (02)
V2l 1 &

= 7o n; ot _1n_@] —0

Here all the terms inside the bracket cancels each other. Now to calculate H1(32\3v we

first calculate H,, ,, and H,, o, other terms for H1(32v)v are already calculated. Here

V

1 [T .
_ . i(n1—n2)wt _
Hy, oy = T/o {HO 1 V§n:5(t nT)} e dt = Hobuyny +

H —l/T H, +VZ(5(t—nT) e""w'ﬁdt—K
ng,O_T 0 0 - _T
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Therefore

H](32\;V:ZH0711HTL1HQ TLQO_ZHOTU nloHOO

n; 70 1y w? n;#0 m fw?

_ Z (V/T)(Hodn, n, + ) (V/T) B Z (V/T)? (Hy+ %)
N1 Mo w2 n? w?

VHon n1nz 3 1 1 V2H0+ 174 3 12 1
- w2 oM n2w2 w? ”1 N T2 T an-7é0 n?
- (VH V- V2H Zi

T w2 0 0) =~ n?

=13 (VHOV V*Hy) .

(D.3)

By substituting Egs. (D.1), (D.2), (D.3) in expression of BW method then we
obtain
v

1
Hpw = Hy + 7 T 13 (VHoV — V?H,) . (D.4)



