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Classical Baker Map

Transformation in ¢, p € [0, 1]

git1 = 2¢; — |2q;]
piv1 = (pi+2¢:])/2

Symbolic Dynamics
g =0.c0€1..., p=0.e6_1€6_9...

(p,q) = ...€_o6_1 ®¢€pereges. ..
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(p 7Q) — ...€_92€_1€) ®€1€2€3...




Quantum Baker Map

® Prequantization
» D-dimensional Hilbert space

» Imposing periodicities:

__Jtm. k+/<;
d; = D Pk —

‘hD—lj,k—O D —1
°n,k€|0,1) — Floquet angles




Quantum Baker Map

® Prequantization
» D-dimensional Hilbert space

» Imposing periodicities:

__ Jtnm. k+/<c
d; = D Pk —

'hD—lj,k_() D —1
°n,k€|0,1) — Floquet angles

® Quantization
Converting MSB((]) — MSB(p) (M ost Significative Bit)
n,K
Bevs = B — (k1 [ 15 )
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Quantum Baker Map Families

- QBM families on N qubits, forn =1,..., N

A

BN,n = C?n—l O Sn O égl — (an—l X B N—-n+1, 1) o .Sy

77— Quantum Chaos Group 77—
7 oratorio TANDAR, Departamento de Fisica. /4 /) )

[# oomutrncas W
£ e b
7)) Lab J | g
Z / Comisién Nacional de Energia Atémica P — \ oy 3
= = z Ny y

e B




Quantum Baker Map Families

QBM families on N qubits, forn=1,... N

A A A

BN,n = CA¥71—1 o .S, o égl — ([2n—1 X E N—-n+1, 1) o .Sy

S,.: Shift operator acting only on the first n qubits

A

G.,,—1: Partial Fourier Transform
én5f2n®ﬁm,n n=20,...,1

2N—n’
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Quantum Baker Map Families

QBM families on N qubits, forn=1,..., N

A A AN

EN,n = én—l oSy © é;l — ([Qn—l & B N—n+1, 1) oSy,

S,.: Shift operator acting only on the first n qubits

Snlzi)|ze) .. |zn) .. zn) = |z2) .. |zn)|z1) . .z

A

G, —1: Partial Fourier Transform
én5f2n®ﬁm,m n=20,...,1

2N—n7

& Circuit Representation —




Quantum Walk

® Hilbert space: H = Hp ® He
» Particle: Hp, {|7);7 € Z} (line)
» Coin: Hc, {|0),|1)}
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A
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Quantum Walk

® Hilbert space: H ="Hp ® Hc
» Particle: Hp, {|7);7 € Z} (line)
» Coin: He, {]0),]1)}

® Evolution: |U(t + 1)) = U= o (f ® 0) W (#))

» U Translation operator in particle’s space U |7) = |7 + 1)

A

» 0., C incoin’s space

Hadamard Walk

c=a=+("
R N |
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QW coupled to QBM

. ® Hilbert space: H = Hp ® Hg, dim(Hp) =D =2V
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QW coupled to QBM
® Hilbert space: H = Hp ® Hp, dim(Hp) =D =2V
® Evolution: |¥(t+ 1)) = M|¥(t))

> §1= (0@ Pywsa+ U1 ® Prusa) (1@ By.)
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QW coupled to QBM

® Hilbert space: H = Hp ® Hp, dim(Hg) =D =2"
® Evolution: |U(t+1)) = M|¥(¢t))
> M — (U®p0M8Q+U—1®P1 MSQ) (f®BNn>

» Circuit Representation of M
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QW coupled to QBM

® Hilbert space: H = Hp ® Hp, dim(Hg) =D =2"
® Evolution: |U(t+1)) = M|¥(¢t))
> M — (U®p0M8Q+U—1®P1 MSQ) (f®BNn>

» Circuit Representation of M

» Momentum Representation: (k|n k') = 6, 1/ My

. e Pk 0 . k in a line
0 e¥k =7 Inacycle

® Probabilty distribution for |v,) = |0) @ |®0)

p(x,t) = [ 2 [ dk'e==E=F) (D] (M) (M )t|®o)




Standard Deviation

CRW — O/t
QW —  0O(t)

o= /@®) — (@) ~
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Standard Deviation

CRW — O(V3)
QwWw — O(t)

o= /@?) — (@) ~

Classical: (0 <t < N), Transition: (N <t < D), Quantum: (t > D = 2%)




Standard Deviation

CRW — O(V3)
QwWw — O(t)

o= /@?) — (@) ~

c's slope




Entanglement

S L= — In (TT [p%)]) entanglement between Particle and Environment.

16 t 32 64 128 256 512

Sat. time " - (N) Sat. value " = 0 (log )
n#Z#N — t~O(D) n#*#N — So ~ O(N)




Distance in phase-space

Wigner function — W (q,p) = =Tr[pA(q, p)]
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Distance in phase-space

Wigner function — W (q,p) = +1Tr[pA(q, p)]

A(q,p) = UIRV P exp (impg/M);
Un)=1|n+1), Rn)=|—mn), V]k)=|k+1)

® Weh
® Wiscomplete p=) Wi(q p)A(g,p)
® Marginal probabilities = > ;. . W

Distance to QRW (A):
A =3 oWerw(g,p) = Wig,p)]? o< Trl(perw — p)?]
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Distance in phase-space

Wigner function — W (q,p) = +1Tr[pA(q, p)]

=N significant) least decoherent
" — (89 ) (in coincidence with Sy, and o).

n~&8 - (fine) most decoherent
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Spectrum

Consecutive level spacing
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Spectrum
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Spectrum

Consecutive level spacing

I 1 T I I O O O O O
Al e e e

0.5
o/n

By ., differs with RMT prediction because of

the dimension (D = 2%) and the simmetries

“most chaotic maps” (middle members) —
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Conclusions

® Exact numerical simulation for a system and its chaotic
environment.
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Conclusions

® Exact numerical simulation for a system and its chaotic
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Conclusions

Exact numerical simulation for a system and its chaotic
environment.

Analysis of decoherence and recoherence of the particle
studying o, Sy, and A.

Recoherence time for By, withn = N is O(N), and with n # N
is O(D = 2V).

Saturation value of entanglement for By ,, withn = N is

O(log N), and with n # N is O(N).

By n (Many Coins map) does not produce entanglement
between qubits, and for this reason differs significatively with the
rest of QBMs.

Middle members of QBM are the best environments and the
most chaotic maps.
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