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Fig. 1. The model of 2-level atom coupled with reservoir.
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a=b=1/V2(c) Ay =1, fy,=2,a=b=1/v2; (d) Ay =1, f, =2, m=0.1
Fig. 2. (color online) The impact of external field, environment and initial state on the evolution of coherence: (a) Ay =1,
m=01,a=b=1/V2;(b) fy=2,m=01,a=b=1/v2;(c) Ay =1, f, =2, a=b=1/v/2; (d) A, =1, f, =2, m =0.1.
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Fig. 3. (color online) Relation between the final state poo and parameters of external field: (a) n = 0; (b) n = 1;
(e)n=0;(d) n=1.
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Fig. 4. (color online) The impacts of field strength f and frequency difference A on the dynamic evolution of C;f,
CPW: (@) Ay =0,n=0,a=b=1/v2; (b) [Ay|=4,n=0,a=b=1/v2; (c) |[Ay| =8, n=0,a=b=1/2.
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[ 1 3411 5% F] Wotters 42 Hi () concurrence [ 3k
B qubit 2] g8, (33) b % R BE p?(0)
55 p? (0) #AA “ X7 548, b X 5 AR AL A2
HHRERE PR FE A AR, (R B AH B [ concurrence H W F
(R = N

¢ = 2Maz {0, |pas(0)] = VonDpaa®) }

Cy = 2Maz {0, o4 ()] = Vo Bpss(®) ) (34)
BRIZS (33) ARN (26) BRI AT 15 21 % B H F7F 10,
mEA M (34) KRIATERIC? 5 CF. BATK CP 5
CF 22T B 4 U5 & 2 HO0 2N AL I 520, 155
WEFAINASHL f R TE A% CF R CY 52

K4 BoR, SMAAAAE S B CRHEEE 1 P To R
A qubit KA AL R, MR TE A = 04 Hhg
PR ST SR BRI, CF (¢) R CY () #5132 9
HEaH N R f B KTEN, H f # 0¥t
HAYEIET (entanglement sudden death, ESD) Hi
R BRIV C2(t) > CF (t); AR EA+0
I, C2(t) 5 CF (t) MRS HILRIE T8 BOE
ABH JE 7= 3% HI 1 O, [ 3RATTL 5% 3] 45 — £ [X 3
C2(t) B CY (t) P30 BRIV A 2 28, T i S =B
HILAM gE G L, BIAE T A 2858 T (ESD) M4
1 4|28 5 35 (entanglement sudden birth, ESB) #i

B5  (MTIR) REWARILENGERE C2, CF BRI () [A] =1, f, =1/2,n = 0; (b) [Ay| =4, f, = 1/2,

n=0;(c) [Ay] =4, fy=1,n=0

Fig. 5. (color online) The impacts of initial state on the dynamic evolution of C’f, CPW: (a) |44 =1, fy = 1/2,
n=0;(b) [Ay| =4, f1 =1/2,n=0; (¢) |[Ay] =4, fy =1, n=0.
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U ghAh, SR 2 98 I R AN S | A| 2 IEAR
x, H CY(t) MR OF (t) WM. Lo
AFAERINE U, A 2 90 5 B 35 )R] 48 Hep 1 5
R, IE M IE T 4 HBLESD, {EAR A g KA A
28 £ (72 % S L ESB, X BB M7 23 51 e St A 2]
FEEAG I FE R % BESD X ESBILR, 458
FLEAE AR b BARI A5 15 32— B IO RIE 5.

THMAHAEAERT, YFE TR IR AES REEH
VIGE B GIIRR, N AR I 2 95
FEHEACIIFE I, ¥ C2 (t), CF () i, WIS .

BEHEBCT () KT a® = 1/2 50 FREIE L,
X H T YR KAEFTE K ) = al01) + b[10)
Ha?+ [b]? =1, Bla?, b2 KT 1/2 b5 Fx; C¥ (1)
U] AN KBRS, e® > 128 AR GR
A A K T a? < 120, XER NP =
a)00) 4+ b[11), Ha® > 1/20F KRG H /NGR4T
|11), BRI 1) B RS 32 21— (4], (64544
gRYERy T EAE (). dhAh, FATERERBIBEE f 8L
ARG R LA 2N G R G AN A VLR

XoF T A 85 il B B T 359 % - B ke S AR 2 4
BRI, 2 EAB AT O 7T, SR T 70 45 R B
BEAE C2(t), CY (1) #5 n 2 RAHK, BEH n HIHEK
ARG o PRHB 209, X5 TCA g — Mt o 1)
FFTRRKAN, SASCAFREAT 7347

6 &

KICESMIEN D T AEE R T
PIR T E RS, HET A 4 Ket-Bra HJE S TT 5 5
S FF T2 A0 b, Ket-Bra 24 28245 7772 5 FHE T
RAFILREIE W 7 ETH SN R SC DL RE R A
PR E v T RS, AT Ket-Bra 2 282575 1%
RIS 17y 5 3R B ) — BE 2 qubit () 37
R, FRAERTIT 1 IR AR T BEJE it — 25 e W
AN TEHE A qubit B AL, BFFT TR A 3 A 21 g
B WHR4IRER, (EEEINAE f 5
B ABIEFTE, A 25 B AL R B T A
WtEE G, B TAFEYIS RS A — 2
PEANE RS T MR IR, KR TN T
FITSAT 1. 0 AR R PR BE e 45 2R 8 7 B S 2R St ) A

AR AR, RGV0AH T AE LA JE R A
PR, XA LLRTATE A KDL, % T 0, AT A
S8 REE A R R G IAR T A IR AL S5 R,
AT A Bt — B E i n sh i k3t & 7 RS
FEACEAT 2, AT AR AR T AR 2 255 7, HE
e RS AR E L.
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Abstract

In this paper, we first make a brief review of the general method of solving master equation of density operator,
which includes the C-number method method and the super-operator method. The C-number can transform quantum
master equation into Fokker-Plank equation or the differential equation of density matrix elements, and this method
has a wide applicable range but the Fokker-Plank equation and differential equation are difficult to solve. Besides, the
solution is not always applicable for any initial condition. The super-operator method can solve master equation effi-
ciently compared with C-number method, however the solving process of super-operator method mostly depends on the
characteristics of Lie algebra. For instance, if the corresponding Lindblad operator can be divided into the generators of
Su(2) or Su(1,1) Lie group, the super-operator is no longer applicable. Thus although super-operator is more efficiently
than C-number method, it has a narrow applicable range. Furthermore, other researchers have made much effort to
develop super-operator method, for instance, S.J. Wang proposed the left and right action operator, the left operator
is the same as the general operator, while the right action operator from the right side acts on other general operator,
thus the explicit formation of super-operator can be given by this method. Fan proposed the thermal entangled state
representation which can convert operator between real mode and fictitious mode. All these developments depend on
Lie algebra, thus they all have a narrow applicable range just like super-operator method.

We introduce a new Ket-Bra entangled state (KBES) method in this paper, which can transform master equa-
tion into Schrodinger-like equation with the corresponding Ket-Bra entangled state. Then one can use the method of
Schrodinger equation such as time evolution method, perturbation method, etc. to solve the master equation. Compared
with C-number method and super-operator method, the KBES method has several merits. 1) A wide applicable range,
KBES method is applicable for any master equation of finite-level system in theory. 2) Compatibility with computer
programming, the most crucial procedure is to calculate the exponent of Lindblad operator eZ* which needs the diago-
nalization of .%#, and all this can be finished by computer. 3) Most mature methods of Schrodinger equation can be used
to solve master equation because of the KBES method can transform master equation into Schrodinger-like equation.

Then we study the model which two-level qubit is coupled with reservoir under time-varying external field, the
corresponding master equation is deduced and solved by KBES method. Furthermore, we analyze the decoherence evo-
lution of density operator and we consider the entanglement evolutions of two uncoupled qubit cases. We find that the
external field seriously influences the decoherence process. The off-diagonal elements p1o(t) become damply oscillated
when the external field exists, and the frequency of oscillate keeps growing along with A,. Besides, the dynamic evolution
of concurrence is also influenced by the external field, which leads to the occurrence of both entanglement sudden death
and entanglement sudden birth, while the last ESB phenomenon only happens under the external field. Thus, we thought
that one can suppress the decoherence and disentanglement process by exerting suitable time-varying external field on
the open system, of course, the suitable external field can also be obtained by our KBES method in theory.
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