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Dynamical control of decay and decoherence: Universal

formula

A. G. Kofman and G. Kurizki, Nature 405, 546 (2000),

PRL 87, 270405 (2001).
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Weak coupling to environment: V, = 3, 1,;]e) (j| + h.c..
Amplitude/phase modulation/perturbation: V (¢) = ¢({)V.
Exact (reversible) evolution:
d o
6= (e|V(t)) = —/O dt’ Ot — e = (t)),

Ot —t') =5 |pe;[?e =) (reservoir memory function),
a(t) decays slower than ®(t) = a(t’) = a(t).
—> Coherent or random €(t) obeys universal modified decay

rate:
R(t) =27 /_Ozo dwG(w + wy)

Overlap of reservoir coupling spectrum
G(w)=7'Re /OOO dte™' d(t) — p(w)|pu(w)]?

and the spectral intensity of modulation

Overlap of G(w) and determines either suppressed or enhanced

coupling to environment: Quantum Zeno effect (QZE) or anti-zeno

effect (AZE).



Tunneling - barrier modulation: “a-decay” control
Fischer, Gutierrez and Raizen, PRL 87, 040402 ('01):

Optical potential
“Washboard” potential on — 7, off — 75 > 7.

G(w) does not change over 27 /15 =>
Fi(w) ~ measurement-induced broadening. v ~ 1/7: MHz,
QZE conditions: v > I'p 2 1/7..
AZE conditions: 1/7. < v < I'g

G, R T2 (kHz)

1, 4 — no modulation. 2 — QZE (compared 09

0.8

to curve 1) 74 = 0.8 pus. 3 — AZE (compared 5
o

to curve 4) 7 = 2 us, 19 =~ 50 ps. 8'2

Lattice tilt (acceleration) — 15 km/s?, 0.4

0.3

Na atoms barrier w, ~ 100 kHz. 0 1 2 3 4 5
Coupling time  (us)



Josephson junction with bias-current (GHz) modulation:

”Washboard” potential control.

Barone, Kurizki, Kofman, PRL 92, 200403 (2004).

(a) Gpeio(w) and Fy_yp (w) with

7 =1/wyg~ 0.1ns, 7o =57 (wy —

fundamental frequency in the well).
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(a) R (in units of Golden-Rule rate Rgr) for n = 12, as a function
of interruption time 7y (in units of 1/wy) for 7y = 57y (curve 1) and
19 = 507y (curve 2).

(b) for n = 15, R exhibits QZE behavior. Upper inset—P vs. total
time ¢, showing impulsive jumps: I, = 0.9928 + 2 x 107*1..



Dynamic (coherent) control of qubit decoherence

A. G. Kofman and G. Kurizki, PRL 87, 270405 (2001)

a) Resonant field can dynamically

reduce proper dephasing (€(t) fluctuations).
e(t
|e> _J;()

T~ correlation time 0
Q> 1/1. — Ty 2 To(Q1)> g> L

CW dynamical decoupling simpler than an echo (“bang-bang”) pulse

sequence. For spectrally-biased fluctuations: usual ”bang-bang” fails,

tailor €2(¢).

b) Phase modulation (PM): control of vibrational decay.

AC Stark modulation:

Ta_ "

PM/random
or regular

R~2n) G(waﬂuk)
k

Phase jumps by ¢

at 7,27, .. ..

Periodic PM with ¢ < 1 —
most effective near band edge. 08 QZE -
Random PM (QZE) — ineffective.

Periodic PM with ¢ = 7 (Agarwal, 3 P

ve 0021 1 (=
Scully, Walther,2001)- most effective ~ Q Y-4f 1 @=T1
for lorentzi | 0l
or lorentzian bands 0 1 2 3 4 5
Modulation period




Dynamical control of qubit decoherence at finite T'

A. Kofman and G. Kurizki, PRL (2004)

Zwanzig’s method used to write most general Master Eq. for driven/modulated
systems, coupled to bath B, without RWA:

B memory func. B—S coupling
—_—— = — 50
p= —ﬁ[HS / dt'{ Ot t) [SWH,)pS(t) —S(t)S(t,t)p] + H.c).

Quasiperiodic modulation of S(t)

Rog)(t = 00) = 21 [ dw GT(iw):%ij Gr(£(we +wy)) (1)

Gr(—w) = e *CGr(w) = (27)” / O (t)e “tdt (2)

Fast modulation, high w;: Non-RWA ¢g — e transitions even at T = 0!
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we = 0.94wp. 3: ¢ = —0.15; 4: ¢ = 7. Curve 3 is optimal. Dotted: RWA.



Qubit decoherence control: Conclusions

A. How to control state decay into energy continuum /reservoir? Per-

turb system on quasi-reversible memory time scale.

B. Our simple universal formula results in general criteria for dynami-
cal control of decay, decoherence, and quantum information (QI) /fidelity

loss.

C. We considered in detail various systems: tunneling in optical lat-

tices, Josephson junctions, entangled photon states.

D. Coherent (unitary) modulation of the coupling to the reservoir (con-

tinuum) can be designed for much more effective suppression of deco-
herence/QI loss than QZE.

E. We account for thermal and antiresonant (non-RWA) effects: reservoir-
induced excitation of the system at T' = 0(!) in the presence of phase

modulation.

F. Radiative decay requires different control: Subradiant two-atom in-

terference or sudden phase jumps near continuum edge.
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3 "Intuitive” sequence
of jumps

Excitation probability
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A. G. Kofman, G. Kurizki and B. Sherman,
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Fidelity and phase gates
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Eigenstates of the system:
G) = lg192), |E) = [erea), |&) = F=(]e1g2) + [gre2))

37 L
For ( € 1 — A%Z“C*E>>’Y, ---%_5“<<'Ya

'y =22y Pz By

|G) and |-) are the qubit states.

V2 /2
Single-qubit gate operation—rotation:
™ Ty
Thip = — =  Pdecay = ' _Thip =
e " o0 decay P 51/2Q

Take: { ~ 0.02,Q/v ~ 30 =
Pissay 223 % 1075, A 2 10°%, 4T, & 3.7



Dynamical Control of Multiparticle/Multilevel

Systems
G. Gordon, G. Kurizki, A. Kofman

| n,0 >

‘g{l;} >

« Common ground state and n excited states, energies o,
» Collection of reservoirs: partial or no-cross correlations.
 Modulating AC Stark shifts via en(t).

Matrix equation for the excited-states vector a={c.}

0,()=-I0a(t) -/t dYK(t,E)D(t-t)eiontionty(t)

—

Rabi matrix: Q= foy - E,(t) computing/ entanglement
Modulation matrix: K_.(t,t)=¢",(t)e,:(t"), F.(w): Spectral Density of K(t,t")

Relaxation matrix: G, (©)=2, 9 9n20(®-0;), 95 =HngCOSO,

cross-correlations: cos6,,c0s0,,

a(t)=e-RMa(0)

. o
R, (t) = 2rei(wn—wy)t /_ . dwG, (wtw, ) F, t,nn/ (w)

Minimize |R,.(t)|, by choosing appropriate ¢_(t)
Create quasi "decoherence-free subspaces" although G }#0

Compare: N n(n+1)
Zanardi&Rasetti control =~ 2
Lidar&Whaley no.of control  “———

parameters no.of egs.



Coherent quasi-periodic

modulation

— -l t
gn(t)_zk Kn,k evnk
Zk |Kn,k|2 =1
2nk degrees of freedom with n constraints.

For a given set of v,
Search for x,,, such that 2., |R,+(t)|— O

Long time modulation: oze oraze

Rnn'(t):2711:8n,n'zk|]<k,n|ZGnn((D n'l_V nk)

Ultrashort time modulation: ul reversibility

Rnn'(t):tzei(wn-wn')tfdme'nn'(m)zlen,kKn',l

No modulation: coiden rule

R =27 t elleren)t G (o)



Numerical examples

Relaxation matrix: Modulation frequencies:

— -02/212 — V=PI - reservoir
G, (w)=cos6, coso, e T e
— vV =pI+A
n=2

Znn‘ann’(t)l /znn‘erefnn’ |[dB]
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Conclusions

Efficient control of multi-qubit
decoherence (also chaos) by
multiple pulsed AC Stark shifts.
Pulse engineering replaces ancilla.

Works for both local and correlated
reservolirs.

Decoherence suppressed for AC
Stark shifts within bath spectrum
due to short-time multichannel
Interference.

Unified dynamical theory of driven
multipartite coupling to arbitrary
environments & unitary control of
their irreversibility & classicality.
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