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A Unified Picture of Decoherence Control
{quant-ph/0501109)

Robert Alicks

[nstitute of Theoretical Physics and Astrophysics
University of Gdansk, Poland

Unified point of view based on the energy comservation principle and ™ for-
bidden transitions™ on :

a) minimal decoherence model,
b)"bang-bang” techniques,
c) Zeno effect,
d) decoherence-free subspaces.
Fermi Golden Rule
H=Ho+V, Hylk>=Elk>

Transition probability per unit time |m >~ |jn >

=
P = 71 <nlVim > |26(Ex — Ex) -

No decoherence for {jm >} :

| = - 2 -
L EL = E, - ENergy conservation cannot be satisfied
or
5 i e - -
=) <n¥Vim>=0- forbidden transitions.
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No decoherence for {im>}:

1)E... # E, - energy conservation cannot be satisfed
or
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=) <n|Vim >=0 - forbidden transitions.










Kubo-type formula

L [ vo@ov..0)a

Pﬂ"izﬁ :
i -0

where Vom(t) =< n|V(t)jm >= exp{i(E. — E.Jt/A} < n|V]jm >
Hat Kyre—iHot/N

Vit) = ¢

For a general time-dependent perturbation V(¢) (interaction picture

= 1 1 T =

=) —... = = - r s r ]

Fam =— _hm — ds ;‘ Vaml(t + 5)Vaal(s) dt
IT—oa 14 —T J—

il




Open system in weak coupling regime
Open system S weakly coupled to a large reservoir B

H=Hs+Hp+ H

L34 4

Hl!:l = SR "GFZS., Z.R.-,'I

Spectrum : discrete for Hs, continuous for Hp

Hz:lk >= el | Hpl|E. v >=E|E.~ -

Transition probabilities (Fermi Golden Rule)

> %0y - E —ep — E

T\£.7)- describes the initial state of the reservoir.

Equrralent

limit.

to Markovian Master Egquation in

weak coupling (ran Hove)




MMinimal decoherence maodel

coupled to a quantum bosonic field (quantum harmonic oscilla-
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< E,7|R|E",v" > |* > 0 for states which differ by a single boson .

Energy conservation
E—E|=8Ra—=|e, — e

Py; ~ density of bosonic states
W, >

4 1A LR

at w=|ep — g /1L

Minimal deroherence strateqy:
and apply slow gates producmyg suffi-

Use almast degenerated en oy lerels
crently small energy level splitting - max e — o]

Naturol restrictions:
slone gates = low frequency external fields for the system’s control = [ong
wraves = difficult mdividual control of “qubits ™

=, - e 1
scaliering processes with different knematics (leg — ;) = 0. But density of

oulcoming scattered states = () )




Bang-bang techniques

Crt-off at high energes
< E.7|RIE',7 >=0 if EE—E>> Bl

Rapidly varying Hamiltonian Hs(t) — time-dependent effective Hamilto-

Oan
Hine(t) = 5(t) @ R{z)

where S(t). R(t) - sclutions of Heisenberg eqs

d_. i, SN B ;
Fo¢) = E_H-ur.-,.,_t._ . ER“' = E[HR.REE_I_ ]

Transition probability

P = i—i?[df’fﬁfd[f.‘ )| < E'.7|RIE,7 > :SulliE—E‘:-_ fi)
.t_::_'__-

Siilw) - power spectrum of the autocorrelation function

I. T

< HES[E+s) >< l|S[s)|k > ds=
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Hamiltonian periodic in time Hs(t +7) = Hs(t]-

{|E =} eigenvectors of Floguet operator

Ulry=U[{r0) . Ulr)lk >=exp wd

where










Representation of the evolution

Oklt) - periodic funetion of ¢
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Bang-bang technique

ral

Select = << B/E : H
SER< AL oy and the pro ] FE
. per shape [
feems to work for V) s e of Hs(2),
Jor NWR and engineered noises~
ey 1LsEs

Howerers
the sirmsl -, T i
€ stnuar effect Jor fast Jates -

Frwseres
4 "EQUETICIEY agfrafor y & . =
' e B e - Dl ;
i1 the model.




Zeno effect

Zeno effect - von Nenmann measurements combined with umtary evolution
—+ efective dynamics

pl(t) = W;(t)pW] (2)

;
where

W;(t) = Em [P;U(t/n)F;]" = P;exp{—(i/R)F; HF;t} .
Stahilization of a quantum state © £ F;(H).

Predictive power of ~Zeno effect™ =0

Example Stability or instability of & nucleon in a nuclens

Open system in strong coupling regime

H= H:"' _HFI.-_H'TTIT L le:l -_-5;-, R

New basis from spectral resolution of 5§




Eigenvectors and eigenvalnes

B |E. 77 >=E|E, 77§ >

For any 7 , E > E7’ - ground state energy of Hg .

Holi > @IE, 733 >=(e; + E)li > @|E, 725>, E> EP

- = 1 {I 3 =
Initial (ground} state |E; " >) (zero temperature reservoir)

Transition probahility

Pu=—|<HVil> >3 | dE| < E.4|RIE® > Pé(ex+E—a—ED)
i L s I

Threshold condition for P, = 0 [~ Zeno efect™)

EM te> ED + o

¥

Energy conservation forbids transitions |[ >—s k>

Remark
! The system S becomes "dressed system” due to strong interaction with BY




A model of Zeno effect
Experimental test of Zeno effect
(WAL Itano etal: Phys.Rev,A 41, 2295 (1990))
3 level atom (1.2.3),
1 — 3 sirong laser field (Fz).
1 <> 7- Rabhi oscillations with a frequency 2
Model Hamiltonian

E__ = - - -
H = fn3|3 >< 3;—'-;‘.:‘![;1 > L1251 J—:-ﬁz_‘;__aT—Fg_[ai-—.F—”
= k

+aua(ll >< 3l +3><1) @Y (fuas + feap) -

New basis
Ei
— —,31-1}:'3}3. :2}, ﬁt=a|.—Fk
W o=

H=Hg+V
H-]=F-Eigim'l-l._I—-—F_Ejﬂ"_m’._'_,_'_,_rP:-I; giem)

|2 o — Z_;if,-;&k

=R - =
e —— ::-'.3‘}_-'.!:}_&_;:-52'
3 3
Ry
=<t <=
LA
d = |--1.--"l--—)-:'_3_.__:|::.:__'_-]}{_._




Ground state energies of Hi=™)_ Hz'_"

o
E;=0, E57 =E :_E :J-‘k.'.

Corresponding coherent ground states |F > | F¥

F _
}."Ig.F:.-‘——L-I,E.'J,F: }-—.:r" | Fi=# =
FL g

For g133 4 (feFi + feFi) > 0 and large |F;
(energy |- > @|F1)) << (energy of [2 > g|F >)

Hence the transition |— >— |2 > drjven by the Rabi term is forbidden by
the energy conservation principle.

"Zeno effect”™ cansed by "continuous mensurements™ performed on the lepels
I and 3 by strong laser field.

Remarik
The maein difficulty in applications: 5 becomes a dressed S¥ystem,
individual qubits™ with their own confrolled unitary dynamics are not wel]-




Decoherence free subspaces

Open system 5 weakly interacting with a reservoir B

>=0 for all [l > HPF* and |k >:< Kl >= 0 (forbidden transi-

Symmetries and forbidden transitions

Symmetries = representation of semi-simple Lie algebra (group) given by

a basis of operators X, = X with the Casimir operator C

C=3 X2

-
Hy - eigenspace of C to the eigemalue zero

forallo = Hy , 0 =< 8|C]é >= T' X ol =X a6=0.

Therefore, for agv

—— 4 -

g s DFS.
Typical exam ples:
s¥stems with rotational (or isospin) symmetey

I r = T E 7 T

ks Chlm~m K, L, —]1 23

=.]'=.l"-.f"~J:-'r"-':..r=—-'—[ =0.1/21

Sinrlet states — = = 2§ T
ST 2L ) =U) span _:lf'f"}": F o = :‘__q_ I i ‘I':l-:




Collective decoherence

Callective interaction for 2N qubits ( superradiance and subradiance phe-
Domens )

¥ A

e — Z E’_z';l o Hy

J=1k=1

Caollective spin operators
S =
Jo= ;Z:;’ )

generate a reducible representation of ST7(2).

2N -qubit singiet states span the DFS of the dimension (2N1) /(¥ = 1)}INL

DSF <+ symmetry of H;.; with respect to qubit permutatinns

Hemarks

The engmeering of collective H..; in real s

terns 15 g very difficult task

The permutation mrariance can be only approrimative.

All qubits should be placed within g space region of a small linear dimension

i 3 =
<1 ETLESE DMICKTTIg O

aniied mterociions - nol permutation

mrariant




