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Stabilization of the Constructive Control of Quantum Two-level Systems

YE Bin KONG Xiao-hong XU Wen-bo
School of Information Technology Southern Yangtze University Wuxi 214122 China

Abstract To the problem that due to the unitary invariance of the Hilbert-space overlap of quantum states classical stability concepts make
little sense in the quantum dynamics the linear response formalism of fidelity decay is employed to measure the stability of constructive control
of quantum systems with respect to static perturbations. By analysing the fidelity decay of the constructive control of the quantum two-level sys-
tems the stability of the control system is enhanced when more control pulses have radial coordinates equal to /2. The simulation results of two
different constructive control schemes show the theoretical predictions. The methodology can be applied to design more robust quantum control
systems.
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Table 1 a, b, for the two cases of factorizations

ay, b;; lb} i, o, id} a#7/2
ay by _%Smal %00501 %&_% 0
ay by —%sin@z %00502 — cosa %sina
az bs a 0 %ﬂ 0
ay by —%sin% %COS@} %ﬁ +— 0
as bs —%sim% %cos@;; N.A.
e ¢ a su?2 S Cayley-
Klein
S exp i€ cosa exp iy sina
exp | T—p sina exp — € cosa
1 A=io, B=1io,
5 4
/2 A=ic, B=1o,
/2 a, b,
su 2
1
=k .'*_ g i 5
Lo ; .\___\-.___-."I-III .H'III__
el W Y =
Eafr e F
= A=l U=t -:"\
oy
b 43 o
Lo 4 E i

‘ =} g 4 ii
i
Gt ER HEH rRREIASMM S LERET

. — .
o S A=t H=lar 4
- " -
. - -
e s - ‘1‘—1-
= A=ler E=-iw -
r r L -
| -t £
=
LED . p 4 i

(b radtids T2 FEHETS

Fig.1 Fidelity decay curve

12

13

14

15

References

. J.

2003 20 1 1-9. Cong Shuang Zheng Yisong Ji Beichen
et al . Survey of progress in quantum control system J . Chinese Jour-
nal of Quantum Electronics 2003 20 1 1-9.

. - J.
2002 17 5 513-516. Cheng Daizhan. Quantum control-a new aca-
demic field J . Control and Decision 2002 17 5 513-516.
Khaneja N Glaser S J. Cartan decomposition of SU 2 and control of
spin systems J . Chemical Physics 2001 267 1 11-23.
Raedt HD Michielsen M. Quantum spin dynamics as a model for qua-
ntum computer operation J . The European Physical Journal B 2002
27 1 15-28.
Rabitz H de Vivie-Riedle R Motzkus M et al . Whither the future of
controlling quantum phenomena ] . Science 2000 288 5 824-
828.
Turinici G Rabitz H. Quantum wavefunction controllability J .
Chemical Physics 2001 267 1 1-9.
Doherty A C Habib S. Quantum feedback control and classical control
theory J . Physical Review A 2000 62 1 12105-12118.
Mabuchi H Khaneja N. Principles and applications of control in quan-
tum systems J . International Journal of Robust and Nonlinear Control
2005 15 1 647-667.
Schirmer S G Greentree A D. Constructive control of quantum systems
using factorization of unitary operators J . Journal of Physics A Math-
ematical and General 2002 35 9 8315-8339.
D’Alessandro D. Controllability of one spin and two interacting spins
J . Mathematics of Control Signals and Systems 2003 16 1 1-
25.
Ramakrishna V- Ober R. Explicit generation of unitary transformations
in a single atom or molecule J . Physical Review A 2000 61 2
32106-32122.
Ramakrishna V- Flores K L. Quantum control by decompositions of
SU 2 ] . Physics Review A 2000 62 10 53409-53420.
Ramakrishna V. Control of molecular systems with very few phases J .
Chemical Physics 2001 267 1 25-32.
Peres A. Stability of quantum motion in chaotic and regular systems
J . Physical Review A 1984 30 4 1610-1615.
Prosen T Znidaric M. Stability of quantum motion and correlation de-
cay J . Journal of Physics A Mathematical and General 2002 35
2 1455-1481.
Prosen T Znidarc M. Can quantum chaos enhance the stability of qun-
tum computation J . Journal of Physics A Mathematical and General
2001 34 11 681-687.



