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Static vs dynamic imperfections

Benenti, Casati, Montangero, Shepelyansky 2001
“... static imperfections [...] are therefore more

dangerous for quantum computation.”

Montangero - Benasque (Spain) — Facchi

Meaning of static/dynamic: TIMESCALES ?



Static vs dynamic imperfections
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0;(t)’s uniformly distributed in interval [—4d/2,0/2] and J;;(t)’s in interval

[—J, J] (zero means and variances 0%0? and 4.J%02, respectively, o2 = 1/12)

Initial state:
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(central band)




Dynamics: definitions

Fidelity
F=(V(t)|¥(t=0))
Error
EFE=1-F . .
o contains static
Total (final) time . .
T=Nr=25 impertections!

Average (over time or realizations)
Hy = (H(t))

Evolution (theorem)!

U, (t) =5 g7 iHot (in probability)




Static case (memorandum)
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Fidelity vs t

F(t)
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Fidelity as a function of time for n = 14 qubits in the FGR regime (J =2-107%,§ =
4-107%) and from top to bottom 7 = 1,3,5,10,20, 25 (static impe I‘ff*rTlnll‘: [nset:
Fidelity as a function of time in the ergodic (J = d = 2- 1072, dashed line), and in
the FGR regime (full line): note the (common) short-time quadratic law.



Main result

Explicit calculation of the error to order J:

Ei(1) = 4J%0% (Ng(T) + g(Al)) , (3)

where t = N7 + At. |with N integer, 0 < At < 7, and

;o ~ 7 -“ N T ; \
giT) = E‘fu s /[.1 du sinc{du) [ny) + nyp cos(4Aou)]
= ny f(07)/0% 4+ ny1 Dsr f(2A07) a2 (4]
nyr (ng)) being the number of nearest-neighbor parallel (antiparallel) pairs in

the initial state, sinc(x) = (sinz)/x, D, f(zr) = [flr+y)=2f(z)+ f(x —y)]/2

and

a3 |

flr) = Ci(2x) + 2251 2x) — In(22) + cos(2x) — ~ — 1. (

-

Ci(z),Si(z) and v ~ 0.577.

Due to the convexity of g(7), the ervor| (1) < 4.J%0%tg(7)/7.|the inequality

is saturated when /7 = N, thus providing a simple interpolation of (3).



varying T

For 76 < 1

g(T) ~ 17 [H 1+ 7y |hiu{-glff'i.urfl] . (6)

which vields ¢(7) ~ n.7% for 7 S 7, = m/4Ag and g(7) = ny 7% (ergodic

regime) for 7 < 7,, where the total number of links n. = ny| + nq.

On the other hand. when 76 = 1.

=

0T — In(267) — v = 1]|. (

g(T) =

(limit 76 = 1 within the range of applicability of Eq. (3) only in the FGR

regimne. )
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Error vs T Ex)
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at 7, is shown onl ny /o T =1, J<o/n (FGR)



A few comments

 Error scales like t

» Threshold at t critical (def: dynamical vs static)

* In the static case fidelity 1s a good chaos
indicator

 In the dynamical case fidelity ceases to be a
chaos indicator



Error at t
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Error at time t = 50, for n = 10,J = 5- 1072 and different & values. The squares
represent the ergodic regime § = J. The FGR regime is plotted for d = 1,2,3,5- 1071
(empty, pointed, dashed, full circles respectively). Inset: 7, as a function of & for n =
10,12, 14 (circles, squares and diamonds respectively). The dashed line is proportional

to §72/3,



Theorem

General frameworls :

H(t) = Hy+ &(t)V, (11}

stochastic process with independent increments £(¢) = E;} | X fer—rfer) (1) &g
4 characteristic function of the set A and {&; }; independent and identically

distributed random variables, with expectations E[£] = 0, Var[&] = E[¢}] =

Time evolution operator over the total time t = 7N
t/T
Un(t) = [ exp[—i(Hy+ &V )7] (12)
k=1

(time-ordered product understood).
Hy and V' bounded operators, so that U{#) is a norm-continuous one-
parameter eroup of unitaries and all our subsequent estimates are valid in

11111,



Theorem

Consequence off weak law of large numbers

U(t) = P=lim Un(t) = exp(—2Hot), (14)

IV —ioc

in the following sense

T

= 2) =1, (15)

lim P (||Un(t) — exp(—iHyt)]|

N —
uniformly in each compact time interval. It the term &6V is viewed as ex-
crnplifving the effect of {dynamical) error-indncing disturbances, the above

result phvsically implies that the effects of the errors are wiped ont if their

characteristic frequency 7! is sufficiently fast. This defines the purely dyv-

namical regime.




Finite N ?

Central limit theorem: limiting random variable 1 = limy_ . X3 &/VN

el

exists and is Gaussian: Fn| = 0 and E[fjg] —= g2, |For N > 1

U (t) ~ exp (~iHt) exp (—inVt/ V) (16)

For fized 7. effective interaction strength e = o||V||/V N x o||V||\/T.

For |intermediate values of N| Eq. {(16) is no longer valid. However., by as-

suming Vo< My (e.g. in norm), perturbation Vo is replaced by

Vir) = < [ dt eHoty it (17)

T W+

so that. for T||”[|| Hf 27| the effective 1}1*1'T111‘}nl’ri{i11 becomes

Vir) —Vz =Y PVP,, (18)
.|t|'

where .” are the d‘ig“h]}l'njﬂ{ tions ot ”u If”[] — '}r_‘;\_.-',-f};-jl. This phd‘hi}lll{*ll{ 11

[

is reminiscent of the [quantum Zeno subspaces




Remark:

Extension to family of independent stochastic processes with zero mean

and finite variances: straightforward.

Hit) = Hy+0&l(t)- Vo +2JE(t)-V, (19)

Applications 1n solid state physics
(Josephson junctions, quantum dots)

Facchi, Montangero, Fazio, Pascazio,
Phys. Rev. A 71, 060306(R) (2005)



Z.eno subspaces

!

Different couplings yields different subspaces
and different noises



Y \g;)
%ZQZJ//@ Dynamical superselection sectors




Main lesson: optimize timescales
and...

Enhancement of Control of
decoherence decoherence

>

coupling K
frequency N



Understand and suppress decoherence
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