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Generation of coherence in an exactly
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S-I Matrix elements in G_, Gy and G, regions

The matrix elements corresponding to Eq. (2.22) in the region G _:
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+{g<_322 H >+ ZBZ?jll 22r++31)(l)}]500505, (A.11)

QT (40 ¢ (n1) g 2]
Az = 2[{2 (A ' > Tr ZA%L 2r13 o

(2n+1) (2n+1) (2n+1 1.
(=5 ) - x B B 085 ) sine, A1)

4 n " "
A41=9H—(A52“ )MZA;J‘ DASED (1))

n 1‘
5 (-BF) s LB 0B ) sine 13

Q T 2n (2n (2n
=515 (2 @) xS a0y

r n n n 1
_{5 <_B§2 H > —HTZBer:ll 22r+§1)(l)}]§(—00506), (A.14)
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Q. T [ (2n+1) (2n+1) (2n+1
A43:E[{E (AE ) > +TCZA2H—+1 2r++3)(l>}

Hg (_Bgz o ) T ZBgﬂl gﬁsl)(l)}]isma, (A.15)
2n (2n+1) gy 4 (20
Avs = Eal1) — an/2+ 215 (4P )’ MZAQ,;I DALV (1))
n n n 1
s ( B )+ 2323:11 zi++31)(l)}]§(—cosa), (A.16)

The matrix elements corresponding to Eq. (2.22) in the region Gy:

A= (1) + o0/2+ 0l (AP (1)

2

+7rZA22rT11 AR ()] cos (A.17)
T n n n 1 .

An=0l{5 (Af iy ) +7rZA22r++ll frg‘)(l)}]isma, (A.18)
T/ (2 1 (2n+1) (2n+1 1.

An=0l(% (AP 1)’ +7rZA2,’it AT (DY sina, (A19)

T n n n 1
Az = an(1) = @ /2+0[{5 (A7 )+nzA;j1‘ A5 (D)5 (—cos a),

(A.20)

The matrix elements corresponding to Eq. (2.22)in the region G.:

An=E0) +ov/2+ 205 (A ) )+nZAzi’fJf DAy (1)

(2 +2 (2n+2 1
+{n ZBZrZQ z/l4 )(l)}]gcosa, (A.21)
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Q T n n n
An=73135 (Agz i > T ZAzzr:ll 23++31)(l)}

(2n+2 (2n+2 1 .
ks ZBQJJ 1By (DY) sina, (A22)

Q T 2n+1) (2n+1) (2n+1
A13:§[{§ (AE o > ‘HTZAzr:l 2r+_;)(l)}

—{r Z BS D (1)BSY (l)}]icos a, (A.23)
Q. T [ (2nt+1) 2n+1),p , (2n+1
Alg = 5[{5 (Ag s > Tr ZAzr’jjl 2r’:l|—+3 ')}
n n 1 )
—{= Z B2 (1) zzrif)(l)}]z sina, (A.24)

Q. T/, (2n 1 (2n+1) (2n
AleE[{E (Ag o > —HTZAer: 2r+—;1)(l)}

+{ﬂZB§’i§2 B0 sina (A25)

Ap =Ey(I) —an/2+ [{2( P )+7EZA22,1+11 )ALV (1))

n n n 1
+Hy (B )MZBZ?EZ B (D} 5(—cosa),  (A26)

Q T 2n+1) (2n+1) (2n+1
A23:§[{§ (AE o > "‘”ZAzr:l 2r++3)(l)}

(2 +2 (2n+2) .
e LB OB ) sine (A27)
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hs=Z10G (A 0) r R ag

(2n+2
—z Z By (

2"+1 2n+1
A31——[{ ( ) —}—erAzr_H

2+2 (2n+2 1
-%EZBﬁQ B (D} cosa,

QT (qlant) (2n+1)
A32=E[{5 (AE ) ) +EZA2F”:1

2n+2 2n+2 .
—{71' Z BZH—Z 2r+4 (l)}] 5 s a,

2n+2 1
DBy ()] (~cos ),

DAZED (1))

)AS V()

2r+?

DAZED (1))

Ay = Ea(D) + 002+ 515 (470 0) 4 7 ZAS"Jl

2°°2

(2 +2 (2n+2) 1
Hx 232,12 2&4 (1)}]§COS «,

S

4 (2n+1
34=7 { 5 (Al

Z By (1)

(2 +1
) +EZA2}’3-1
(2n+1) .
2r13 (l)}]§ sIn,
=25 (aP )+xz (2i1)

(2 +2 (2n+2) .
_{ Z BZrZ—2 2rr—l|—4 (l)}]i s,

DAZED (1))

JAS V()

2r+3

(2n+1)
A2r+3

(A.28)

(A.29)

(A.30)

@)}

(A.31)

(A.32)

(A.33)
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Q. T/ (2 +1 2 +1 (2n+1
Ay = 5[{5 (Ag ! ) +7 ZA2r’—1H 2ri3 )(l)}
(2n+2 (2n+2 1
~{m 282:12) By (D)5 (~cosa),
Q. (T (,(nt1) 2n+1) 4 (201
A= 205 (aP ) +nZA2r’it O}
(2n42)  » p(2n42) .
At ZBzr'fz B (l)}]isma, (A.34)
Q. T [ (2n+1) (2n+1) /gy 4 (2n+1
Aws=En(D) —on/2+ 215 (AP 0)) +nZA2,’.ﬁ A5 ()
(2n+2) (2n+2)
+{ ZBZH—Z 2r—|jl ()}] ( COS(X)7
(A.35)
S-II Eigenvectors in G_ region
Eigenvectors of Hamiltonian corresponding to G_ region in Eq. (2.27) is given as:-
(b1 —c1 £/ (b1 —c1)*+ (di —e1)?)
V20d— 22201 —c1 £ /(b1 — 1+ (d1 —en)?)?
B (d—e1)
V2(di — )2 £2(by — 1+ /(br — 1+ (d) —e1)?)?
(=b1+c1 F V(b1 —c1)* + (di —e1)?)
\/2(611 —61)2 +2(by—c1 £ \/(bl —01)2 +(d; — 81)2)2
di —
i —e) (A.36)

\/2(611 — 61)2 +2(by—c1 £ \/(bl —61)2 +(d; — 61)2)2
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(bi+ci /(b1 +c1)>+(di +e1)?)
V20+e)2 4251+ o1 £/ (b1 T e+ (dr +er)?)
(d1+er)
V2(di 1) +2(by + 1+ /(b1 Fer P+ (dr e
(b1 +ci1 £/ (bi+c1)* +(di +e1)?)
\/2(d1 +e1)2+2(b1 +c1 /(b1 +c1)?+ (di +e1)?)?
(di+er)

Y

’

(A37)
V2(di )2+ 2061+ £ /(o1 Fer 2+ (dr e
S-III  Coefficients of density matrix in G_ region
Ci(t) = e it { % cos(tA) + %cos(tlz) - %ibl (Sin/({l}“) + Singjtz) )
1. (sin(tA)) sin(ry)
+51c1< L )} (A38)

61 = e—ialt{ B liel (sin (tA1) N sin (t?tz)) N lidl (sin (rA1)  sin(thy) ) }’

2 M A 2 M A2
(A.39)
Cia 1. /[sin(tA sin (1A, 1 1
Cg(l‘):e 1[{—5101( )(Ll ) + ;2 )) +ECOS (MQ)_ECOS (l‘ll)
1. /sin (tll) sin (tlz)
Ly (B i) wn

) e_ialt{ L, (sin (th) _sin (Mz)) e (sin (t2) sin(122) ) }

Al A 2 M A
(A41)
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The following notations are used:

Mo = \/(bl Fci)2+(dy Fet)? (A.42)

S-IV  Calculation of d|c(¢)|/dt

F=da®l_ _TTIH(I)H% <<COSh (%/t) o (%>

N K] ,h(K’t> K”t) K h(K’t) ) (K’"l‘))
—sinh (— )cos (— ) — —=-cosh ( — ) sin ( —
|12 2 2 |k 2 2

t

(K’( . h(K’t) <K‘” n K1 h(K"l‘) (K‘”l‘)

—( sinh [ — ) cos [ — cosh (| — ) cos ([ —

2 2 2 ) k2 2 2
K

/ 7

K . K't\ . Tt K K't\ . k't
_W sinh (7) sin (T) + 5 < —cosh (7> sin (7)
K. Kt . k't o) K't K"t
Tl sinh <7> sin (7) Tl cosh <7> cos (7»)
+(sinh (K—/t> sin (K—t) + ﬁcosh (K—/t) sin (ﬁ>
2 2 | x| 2 2 2

K /

2 inh (55 cos (1)) (£ (cosh (X1 sin (K1)
—_— ] —_— —_— —_— —_— —_—
| K |2 2 2 2 2 2
K k't K"t K: k't K"t
Hapsinh (5 ) sin (5) + oot () eos ()
X X
/! /

+K‘ ( 'h(K/t) <K‘”t> Ki h(K‘t) (K‘”t)
—( —sinh ( — ) cos (— ) — —= cosh | — ) cos [ —
2 2 2 ) [l 2 2

K. K't\ . k't
() an ()

(A.43)

Where i — \/\/(72—2Ng—5)2+(§’E§)2+(T2—2Ng—5) o \/\/(7:2—2Ng—5)2+(§‘56)2—(12—2Ng—6))

are real (imaginary) part of k. k; = (tk’' 4+ k"), K» = (6k’ — 7K”).
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S-V  Reduced density matrix p(z)

The reduced density matrix of the system in G region coupled to N bosonic reservoirs can

be obtained from the total state [ (0)) = |yp(0)) ® [T\, |0) which evolves in time as:

¥ (1)) = [c0(0)[0) +c1(1)[1)] ®H|0 -+10) ®Zchk

n=1 k

N
10)n,r = [ T10)nr> [ T(OkIOk)n, H (0/0),,
k=1

k=1 n=1

Normalization condition is:

N
(M) = (GO00+d @l [T 0+ 0\®21;cnk
N N
+ e [10n+10)© ¥ ens)l1n

which comes out to be

oOP+ler P + L ¥ lensl)P = 1.

n=1 k

The state of the system at any time ¢ can be written in the form

N N
0O = [0 [[TT100n+ 7 X Yensl16)nr| ©10)
N

+ CI<Z)’1>®HH‘Ok>nr

n=1k=1

(A.44)

(A.45)

(Lir|w )]

(A.47)

(A.48)

0(0)0)

(A.46)
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and corresponding density matrix can be written as

p(t) = [¥()(¥()]
il N
— [CO(O) X ’0k>nr+<ﬁ® Z chk |1k> ] [ 6(0) X H <Ok’|n’,r
n=1k=1 n=1 k it
Al N
+ IeY) c,*;/7k/(t)<1k/|n/,] 0Y(0] + [CO(O)®r11k 1|ok>n7,
n'=1 k' =1 ke

N
kO] (0 ®HH (Ol r10) (11 +1(6) & TT TT 106}

_|_
S
®
M=
E?

n=1 k n’ k= n=1k=1
N
[c;;(())@H (Ol +7 @ Z Y ¢ (0) (Tl ]|1><0|
n=1k'=1 =1k

—1=

+ Ja@)f®

N
H H (Og | | 1) (A.49)

S
i
I
\T

Now, tracing out the reservoir part, we get reduced density matrix in terms of Probability

amplitude c((0),c;(¢) as:

ps(t) = 1r([PO)F()]) = (1= |e1(1)[*)|0)(0] +co(0)cT (1) |0) (1]

+ () (0)[1)(0] 4|1 (0)]*|1) (1. (A.50)

S-VI Eigenvalues and eigenvectors related to section 2.7

Eigenvalues corresponding to Hamiltonian Eq.2.85

Epial) =5 (El,n(w + Esa(1) + /42 (B n(D) — Ea (1) + w) ,

Ep,,(l) = % (El,n(l) +Eyu(l) — \/4Y2+ (E1n(l) = Ex (1) +2J)2> . (A1)

1<y

The coefficient of eigenvectors represented in Eq.2.87 are:

& =

L 1
=sin®,and (, =
L2+1 = VI2+1

=cos®, (A.52)
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where,

L
2Y

and

J=—Aay(of — B}), Y = —2Amp04 By

_Ena(l)—Ean(1)+2J N VAYZ+ (E1p(1) — Ex (1) +2J)?

(A.53)

(A.54)

4

Eua(l) =a(l)+ \/ 103+ 30 cen(D)| cos20]cen (1) + S0vQcos at(cen(l) cos 29 een 1))

1

Ex (1) = all) - ¢ 103+ 30 cen(D)| cos20]cen ()2 + 5 0nQcos tcen(l) cos 2 een 1))

4

The coefficient of eigenvectors of p(¢) represented in Eq.2.89 are:

_ tan(®)exp(—iwi2?)
tan(®)2 + 1
1

V)= ————,
tan(@)% + 1

Vi =

Y

and the eigenvalues of p(r) are

Ei(p(t)) = p1, E2(p(t)) = pa.

2

A =

Osino{ce,(l)|cos2¢|ce,(1))

(A.56)

(A.57)

(A.58)

a)o+%Qcos(x(cen(mc052q)|cen(l))

+ \/la)g + iQ2(cen(l)|cosZ(p|cen(l)>2 + %a)chos oc(cen(l)|c052(p|cen(l)>}.

4

(A.59)

(A.55)



S-VI Eigenvalues and eigenvectors related to section 2.7 167

The value of the integral:

T n 2 — n n
(cesnir(1)|V]cezi1(1)) = Al {5 (4P 0) +m L AS ”<Z>A§3:3”<z>} ,
r=0

(cean(D)|V|cean(l)) = Al {nAff”) AP (1) +7 Y AT AL, (1) } .
r=0

(A.60)
Parameters for small barrier limit:
) 1, 1 5 1
E\,(I)=n"+ é_lw0+é_lQ +§Qa)ocosoc, (A.61)
) 1, 1 5 1
E27n(l) =n — Z(DO +ZQ +§Q(D()COS(X, (A62)

2 1 1 1 1 1
= — — w2402 A
A Qsina{2w0+2Qcosa+\/4w0+4Q +2Qa)0cosoc}. (A.63)






Appendix B

Hybrid quantum-classical chaotic NEMS

S-I Normalization condition for the wave function repre-

sented in Eq.(3.16) when G, {¢} is diagonal.

The eigenstates and eigenvalues of the nth Floquet operator have the form:

|(Pr_t‘—> = nn’0>+§n‘1>a

|(Pn_> :§n|0>_nn|1>v (B.1)
where
B 1
Mn = l—l—k%’
kn
én:_ma
k, = Bl ‘Xf’%+wg. (B.2)

ko =k, son, =n,f and &, = £. The normalization condition of the wave function after

N kickes, i. e. , att = NT has the form:
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(it =TN)lw(t=TN)) = [AuP{Im (vl + &)} + AT A{Im P (Evy
—Evnw) }+ AT A2 {7 & exp(2ign) (I [ + &)}

+AT AN & (Evny — Eymw)} +AnAl {Im P (—=Evny + Eynv) }

AP LMl (nvl? +18n17)} + AT A2 {7 &1 exp(Rigr) (—Evny +Exmv) }
+ATAR{N] Erexpign) (16w > + v [*)} + A3 A1 {mi &} exp(—2igr ) (|En?

)} +A3 A {m & exp(=2ig) (Evny —vER)}

A2t P{IE (I + 1En1%)} + A% A {]& P (M3 v — Evmw)}

+A 1AL {MET exp(—2ipr) (Mvéy — Mvén)} +AAL {mi&] exp(—2ip1) 1Sy [ + nv]*)}

+A21A5 {181 P (MvEy — nyéw) + A {1E (Il + IEn1%) -

In the particular case, A1; = A3, and Ajp = A3,

after simplification one can get the form:

(y(t=TN)|y(t =TN)) = [A11|* + |A12|* + A} Ao {n Er exp(2ign) }
+AT AR {N;E1exp(2iQr)} + A5 A {m &l exp(—2i@1) } +A12A5 {1 &} exp(2igy)}.

(B.3)

If all kicks are identical, the off-diagonal elements of the matrix .27 are zero. Therefore:

A > =1,]A1)* =0, A2 > =0, |An|> =1

(Wt = TN) (= TN)) = 1. (B.4)
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S-II Normalization condition for the wave function repre-

sented in Eq.(3.16) when G, { ¢} is non-diagonal.

We prove the normalization of the evolved wave function in the general case of three N =3

different kicks. The elements of the G matrix in Eq.(3.16) have the form:

Galo) = exp(—ig2)(mni +&81) exp(—ig2)(m261 — Eami) | B.5)

| exp(i@2)(Sam —m8i)  expli@2) (Mami +&261)

Glo) = exp(—ig3)(mm2+8382) exp(—igs)(n362 — E3m2) | B6)

| exp(igs)(&3m2—m3&2)  explis)(n3m2 +6362)

Therefore for .« matrix we deduce

3
A = HGn{(P}7 (B7)
n=2

A = exp(—igy —i@3)(Mmn1 +&&1)(nsm + &3862)

+exp(—igx +i@3)(M281 — &am1)(&312 — M362), (B.8)

Ay =exp(—ipx —ip3)(Man1 +&281)(M&2 — &3m2)

+exp(—i@r +i@3)(M&1 — &am) (mn2 + &3&), (B.9)

Az = exp(ip2 —i@3)(m3M2 +&283) (M & — Eim2)

+exp(igx +1i@3)(M2n1 +8261) (&3 — M382), (B.10)
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Ap = exp(ipa —i@3)(Eami +M281)(M382 — E3m2)

+exp (i@ +iQ3) (Man1 +&61) (MM + &), (B.11)

(y(t =TN)|y(t =TN)) = |Au | >+ A Im]?
A2 P|E1F + AT A2 {7 E1exp(2i1) } +ATh A {n &1 exp(2igr)}
+|An IE P 4+ A A {m &S exp(—2i@))}

+A AL {Mm &S exp(2ipr)}, (B.12)

A1 ’2 = ((m&1 — m&) (=382 + M2&3) cos[@r — @3] + (M M2+ §182) (M2m3
+&&3) cos[@2 + 93))* + ((2&1 — M &) (—m3&2 + 1M2E3) sin[@ — 3]

+H(Mmime +&1&) (23 + E63) sin[@x + ¢3])?, (B.13)

Ar2* = (& — m&) (M3 +&E3) cos[@ — 3] + (MM + &1&) (3 &
—1m2&3) cos[@2 + 93])* + (M€ — m&E) (M3 + &E3) sin[@ — @3]

—(Mmm+&&)(—m3E + més)sin[er + ¢3])%, (B.14)

421> = ((—m2&1 + M &) (Man3 + E83) cos[@r — 3] + (MM + E1&) (-3
+12E3) cos[@r + 93])% + ((—m2&1 + M &) (Mens + E:E3) sin[@r — 93]

+H(Mmm+&1&)(—n3 & +m&s) sin[@r + @3])?, (B.15)
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An|? = (M€ — m&E)(—m& +m&s) cos[@r — @3]+ (MM +E1&) (M3
+&:&3) cos[@r + 3])° + ((M2&1 — M &) (—M3&2 + M2&s) sin[@ — 3]

+(Mmma+&&) (mns + &&) sin[@r + 93])?, (B.16)

AnAT) = —exp(2ig) (N3 +&3)(M3&1 — mi&3) cos[@s] —i(n3 (M3& + M &)
—E(M& +M&E) +2m&(—mms + E1&3)) sinf@s])) (M3 + &) (mims
+&1&3) cos[@3] +i(M (N33 — MEF +2Mm26&3) + & (2mamséa — n3&3

+E5&3)) sin[@s)), (B.17)

A5 A1 = exp(=2i@2) ((—m2&1 +m&) (MM +E8182)(E2(—13 +E3)
+M2(M3 +63)) (M2(N3 — &) + (M3 + 83)) + (1362 — M283) (1213 + &283)
(=(G1(=m+&) +m(Mm+&)) (M (N2 — &) + &1 (N2 + &) cos[2¢3]

+i(nF + &) (3 + &) sin2¢3])), (B.18)

AlpAr = exp(2ig2) (05 +&5) (1361 — M &) cos[@s] — i(n3 (31 +mi&3)

—& (M8 +M&) +2m&(—mins +&163)) sin[@s]) (03 + &) (mins

+&183) cos[@3] +i(m(M3M3 — &3 +2m&a&s) + &1 (2mams&a — 13
+&785)) sin[g3)), (B.19)
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ApAry = exp(=2i2) (M€ — m &) (Mmm2+§182) (&2 (—13+ &)

+12(M3 4 83)) (1M2(N3 — &3) + &2(M3 + &3)) + (1382 — M283) (1213
+6263)((G1 (=12 +&2) + M (M2 + 62)) (M (M2 — G2) + G1 (M2 + &2)) cos (23]
—i(n} +&7)(n3 +&3) sin[2¢3))).

(B.20)

The normalization equation takes the form:

(Wt =TN)ly(t =TN)) = (i +&{)*(n3 +&)* (15 +&3).

(B.21)
The normalization condition holds

(W(t=TN)|y(t=TN)) = 1. (B.22)
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S-III  Expectation value of (c,), o = x,y,z

The analytical expressions for expectation values of the spin components used in calcula-

tions:

(o) = [An PIm I (M + Evnw) + AT A m P (= (v + 16n1%)

+AT A1 §1exp(2i1) (NN + MvEn) +AT1 A2 &1 exp(2igr ) (— |1 ]

+HEN ) + AT AL P (=[nn )+ 16n17) + AP Im P (—nyén — Evnw)

+AL AN E1exp(2ign) (—|mn|* + & [7) +AT2A20n] & exp(2ip) (—nyén

—NEN) + A5 AL ES exp(—2i@1) (NN + EXTIN) + A5 A & exp(—2igy) (—|nw[?
+EnI?) + A2 P81 P (vEy + Enmiv) + A3 A2 &1 (v + [En])

+ASANMET exp(—2in) (=1 [* + [En17) + A% A 1M &S exp(—2ip1) (— Ny
—1nEN) +A214%| &1 P (= 1wl + 1En 1) + [A2PIE 1P (—véx — Evniw),

(B.23)

(o) = lAnPIm P (—inyéy + i) + AT Al m (i) + il én )

+AT1 A2 &1 exp (i) (—inyEn +invER) +AT1A2nT & exp(2ien) iy

+ilEv[?) + AL AN M P (=il |* = ilén]?) + [A vl [mi | (—iny &y + i&ymw)

+AAN N & exp (i) (—ilnn|* — i[En ) + AT, 217 &1 exp(2igr ) (—inyEw + innéy)
+AS Al & exp(—=2igy ) (—inyEn +iExnv) + A5 A & exp(—2igq) (il |* + i1 En]?)
+|A21 P16 [P (innéy — iEny) +A51 A2 &1 (i]nv ] +ilEn )

+ASANMES exp(—2iy) (—i|n]* — i[En|?) + A% A 1M & exp(—2ign ) (—inyén
+HinvEy) + A2 A% 6 P (—iln|* — ilEn 1) + [An P 1§ (invEy — iEnmv),

(B.24)
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(o) = [AnlPIm P(Inn > = 1En?) + AT 1A w2lm|* (Evng + Evnw)

+AT1 A2 &1 exp(ign ) (|| — [6n1%) +AT1A22n &1 exp (i) (Eny + Evnv)
+ARAN M Enny + Evnw) + AP [m P (16n]* = [nv]?)

+AL AN §1exp(2i01) (Exnv + Ny En) + AT AN §1exp(2ign) (|&v ] — v ]?)
+A3 A& exp(—2in) (1] — En17) + A3 A1 &) exp(—2i@1) (M En + Ennw)
+HAn1&1 (1] — [6n1%) + A3 A% &1 > (M én + E3m)

+ASANMES exp(—2i1) (MvEy + NvEw) +A%A 1M E] exp(—2ie1)(|én|* — 1w )
+A21AS &1 (Ennv + Ny én) + A PIE P (1En 1% — [v]).

(B.25)

S-IV  Elements of density matrix for Eq.(3.19)

The elements of the reduced density matrix, analytical expressions used for calculation of

the coherence.

pi1 = [An P|mi P nwl? + AT A m Pniéy + AT A2im & exp (2igr) [ [
+AT AN Erexp (2i@1) &y + AT AL M Pny + AP |m P &)
+AT A1 §1exp (2i01) vy + ATr A2 &1 exp (2igr) | En [

+A3 A& exp (—2ig) |1y [* + A5 Alami&; exp (—2ig1)nyén

+ A2 P18 P ? + A3, A &1 [P Enn +A11AS exp (—2i01) vy
+A1RASMES exp (—2i01)|En]” +A2145 &1 | ey + 1A 1€ P [En 7,

(B.26)
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p12 = [An PmPnvéy + AT A |m P [En > + AT1A21 1 & exp (2i0n) vy
+AT AN & exp (2i01)[En [ — AL AL P[] — Azl mi [Pénny
—ATAn N &1exp (2i01)[ny]* — ATy A2 &1 exp (2i01) N3y

+AS ANME] exp (—2i1)Exmiv + A3 AamEf exp (=2ig) & ]

A2 [P[E1 PN ER +A51 A2 &1 [P [En > — AnASm & exp (=2ig1) |
—ARASMES exp (=2ip1)Nvén — AnAR &1 v ] — [Axal* 6117 8w Ny,

(B.27)

p21 = [An PIm P nyén — AT 1AM P Inn] + AT A2 1 &1 exp (2i91) nyén
—AT1AnN; E1exp (2i01) ] + AT AL M PIEn ] — AP Im PEymy
+AT A2 &1 exp (2i1)[En P — AT, AN &1 exp (2i91) v éy

+A3 A& exp (—2ig1)EnTy — A5 Ami & exp (=2i1) ||

A P|E PInEy — A3 A& [P |nv]* +A11As M &S exp (—2ipr) |Ev]?
—A1ASME] exp (=2ip1) vy +A21A% (6117 [Ev1” — [An*1&1 P68,

(B.28)



178 Hybrid quantum-classical chaotic NEMS

p22 = [An P Im P |&n]* — AT A2l m P nvéy + AT1 A2 &1 exp (2in) | En [
—AT1 AN &1 exp (2i@1) vy — A At M PNy én + [Awal?[m P[>
—ATAnN; §1exp (2i1) Ny En + AT AN &1 exp (2ig1) x|

+AS A& exp (—2ig1)|En]” — A5 Alami&; exp (—2ig1) gy

A2 [P[&117[6n1* — A% A &1 PEuny — AnASyexp (=2i@1) Ny én

+A AN ET exp (—=2i¢1) M| — An1 A | & [P niEn + [An?|E v
(B.29)

S-V Normalization constants for eigenstates of Floquet op-

erator for Eq.(3.26) and matrix elements for Eq.(3.28)

The eigenstates of Floquet operator for spin-1 is defined as:

|02) = —1a|0) +&u|1) + u]2), and |@7) = [0} +yu|1) +2n[2)and |@7) = 1n|0) +va|1) +
1

wy|2), where the normalization constants for above eigenstates is defined as: 1, = — 5=
_Cn én — 0 xn — d—n yl’l — bn Zn — Cn un — # vn —
' ’ V@bt V@b Va+bi+cl’ Vet
ey = o a4 = WaANQIQ? SR8V, 04202
V&t g Vaeter V21,40 =0
d. = 2a+220107 S+/Ax2+82+4v/2),Q+2Q2 £=1
" V22 0" V20 +Q S

Matrix elements of Eq.3.28 are given as.

G = eXp(_i(Pyb(nnnn—l+én€n—l+nnnn—l)a (B.30)

Gia = exp(—ip))(—MnXn—1+Ent 4 Mzn_1), (B.31)
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Giz = exp(—i@,)(—Nuttn—1 + Evn—1 + MaWa1), (B.32)
Gy = exp(—igy)(—XaM1+YnEn 1 + 2T 1), (B.33)
Gn = exp(iQy)(XnXn_1+YnYn—1+ZnZn-1), (B.34)
Gy = exp(iQf)(Xnln—1-+YnVn—1-+ZuWn_1); (B.35)
Ga1 = exp(—ig)(—taThn1+Van 1 +Walln1), (B.36)
Gy = exp(iQy) (unXn—1 +Vn¥n—1+WnZn-1), (B.37)

Gy = exp(i(p,%)(unun,l+vnvn,1+wnwn,1). (B.38)






Appendix C

Scrambling and quantum feedback in a

nanomechanical system

S-I Appendix: Calculation of thermally averaged OTOC

Co

From Eq.(4.16) after re-scaling the total Hamiltonian will be written as:
Hior = (00r + Qo) (07 +05) + Qu(0, 0, +0] 0") (C.1)

or in the matrix form, in the standard basis,

2(Qo+awr) 0 0 0
0 0 Q, 0
, (C.2)
0 Q, 0 0
0 0 0 —2(Q+ wor)
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= ’2 :
where n = (a'a), wg = Ta_’ﬁl, and Qo = m, and Q,, = m The eigenstates
of the above Hamiltonian are
[¢1) =10,0), (C.3)
1
=—([1,0)+10,1)), C4
|¢2) ﬁ(l )+10,1)) (C4
1
=—([1,0) —|0,1)), C5
|¢3) \/5(\ )—10,1)) (C.5)
with corresponding eigenvalues:
E; =2(Q0+ aogr) (C.7)
E,=9Q, (C.3)
Ey=-Q, (C.9)
Ey = —2(Qo + ooR)- (C.10)

At a finite temperature, in the equilibrium state the density matrix p = Z e BHior of the

system in the diagonal basis of the Hamiltonian is

po= 27 (e PP 01 (01] +e7PE2|0) (9a] + e P g3) (g

+ e PEgy) (9ul) (C.10)
e 2B Qotoe) 0 0
o 0 e P 0 0
p = YA )
0 0 P 0
0 0 0 2B(Qo+wr)

Z =2coshB2(Qg + apr) +2cosh BQ,,. (C.10)
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Pauli operators 67 and o5 in the diagonal basis pf Hamiltonian are written as:

o = [01)(91]+193)(92] +[92) (93] — [94) (94] (C.11)

05 = |01)(01] — [93)(92] — [2) (@3] — [94) (4] (C.12)

Also the time evolution operators exp (—iH,t) in the diagonal basis can be given as:

exp(—iHut) = e T |01) (1] +e P 92) (9]

+ e 03) (93] + e |u) (94, (C.12)

We calculate o7 (t) as

oi(t) = eMoloie Mol = |¢1) (9] +e 2 |93) (o] + X [$2) (93] — |4) (94

(C.12)

By successive application of operators in the sequence o7} (t)0507 (1) 05 we get:

oi(t)o50(t)os = (|d1)(d1]— ™" |92) (Po] — e ¥ |03) (93] + [94) (@4]).
(C.12)

We can calculate poy(t)o507(t)05 as

poi(t)osoi(t)os = Z~' (e P10t gy) ()| — e Pt |gy) (]

ePPne =0 | 62) (5] + 2P (D0 TO0R) |6, (4] (C.12)
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Further, we calculate the thermally averaged OTOC C, (t) = 1 —Re(Tr{poj(t)0507(t)05})

as

~ 2cosh2f(Qo + wyr) +2cos4Q,t cosh fQ,
Z b

Co(t)=1

(C.12)



