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Fig. 4. Evolution of uncertainty U and its lower bound U,
of the system which is initially in a separated state. The

channel is Markovian, where v = 0.1.

U—— U—

1.84 Ub____n=0 Ub____n=0.8
U U
L =0.5 =1.0
1.82 Uy, n Ub,,,,'rl
2 1.80 F PO
- IAVAUAY AT
=)
1.78 Fvmih
[
Iy
176 oA
a v
r
IR e e L e e L L L LT L et

Bl5 WAl g A, ARSI UKRLT IR Uy B
A il A Ak, B S A v = 10, IR T REN M

Fig. 5. Evolution of uncertainty U and its lower bound U,
of the system which is initially in a separated state. The

channel is non-Markovian, where v = 10.

T AN o JE AR A b i BB Z0 P LR B B T
PR, ANXEGS IEAE X SR 2 R GESHEURT . Ca(t) =
—C1()C3(t) . BLAh, MIE 4 FIE 5 BT UL, 5
e R GRS, KA , WA E B R
HF B RA R e, HbRoe (i H 5iEiE
B IR 3 B A O, L TE ) IR B, RS N
B 3 TR BTG, BEAR AR A

4.3 YEBESITE

IR I S Y OCIR M 5 AR SRR A
AT LI R GE R IR AR T, DT AT AN o B2 S H:
TER. RGN g ] LI A 2 S5 O E(pap) =
max{0, VA — VA2 — VA3 — VM E R, H )
paB(02 ® 02)ph (o2 @ o) FIFEFHEFIAEE. 24
RGEVIRAE T R M JEZS (C1, Cs, Cs) = (1,-1,1)
B, RGEHIEA LGN A%(t) (1 — n) +n. WAF
FEAN G BN ) A A A XE A B, 228 H Ak #Aar

220301-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 220301

U SR ANf o B SO FR AT AR AR . B R G4
QR WEANEA A B ST FRAIR. 2 AR
FE BB ST A A B ZEREE T ST A B9
HEERE R, M TR EIES (C1, Co, C3) = (0.2,
—0.3,0.5) , RGHFAE LA max {0, —0.75 + 0.05
[A2(t)(1 —n) + 7], —0.25+0.25[A%(t)(1 —n) +n]}.
BT A2(t) € [0,1) Hp € [0,1], FrLk

—0.75 +0.05[A%(t)(1 —n) + 7] <0,

—0.25 4 0.25[A%(¢)(1 —n) +n] < 0,

RIS ZR 8 i A g E A B b — B . dWate
Ui, A2 BRI 00 H IR AN o B SR BRI REATR
(18 4 FE 5) ATV T R GG SE . AR &
M, A TOEE T R G T OCHK,
JIT LA T R R 2R P (62 B 4 T b 5 i R G
) £ OB,

RGN TR IME SO R GRS 2 81 5C
KA 22 1H:

Q(paB) = I(pas) — C(pag), (17)

H Iyp = S(pa) + S(ps) — S(pap) = T R4 A
B ZEMEAR R, ICRRGEREKER. Cpan) =
S(pp) —minga S(B{E ) AR & 4L 1y 2 it 5
¢, Jf B S(BH{ER}) = Zk peS(PBk) X T AR50
A 4T POVM I i J5 HF 3% £ 0 & & ppjp =
Tra(ELpag)/pr, vk = Tr(Ef pap) WAFRIAHS
K 6 R REVIRLE TR 53 B38 (C1, Ca, C3)
=(0.2,—-0.3,0.5) B}, RE W& F R (FF LB
Q(pap)) XTI AL EME. Kl 6(a) S5 6(b)
S3 RN By R BR R 1 5 R B R R E 1S,
BRI DA 1, A R A T, R
ORI 23562 T (1) P e A T s 0. 3 P DI AP
R, RGO, XK 6(a) FIE 6(b)
AL B, I AR S R BHER AR T E R B R
FEHEBC ZI AT DL = R G H i R, SRR E
ARG T R I 4 S50 A0 B LR
AL (&1 4 FE 5) AH R, BI3E TE G 5 R H /R
BEREAE T R0 CH 3 B T B AN
FE BE SRR,
FREmiEE (1) s K, B FAAAE S B A
FERF N LIS Ny
S(Q|B)+S(R|B) =logy(1/c)+S(pa) — Lap, (18)

XFFARSCHT LR Bell XA, FE bl f

pa=1/2, B0 S(pa)=1. HikBEELT A AT

Wi oy Ml oz B, logy, 1/e=1. HILAT L, BLAT R

GUIRANIRE BE TR (S ANI @ B R 25 ) 1103

RS RGEREOCHK Tap A K. A STIE RG]

BEEOHIL |C3| = |C1], |Ca| , LM BRI TN
C(pap) =

1-0C4 1+0Cs

log, (1 — Cs) +

M (19) K FTLUF H, Poit 28 106 H R 5414
S Cy A7 5 ), gl 2, B 3R 5 1 48 L OG BK
Rt (198 Ak, AN A2 308 e S 3R SRRk
PRI, DR E PTG (E. AT, RGER AT
JE B T R A Ak L H - O H Y A R
PE. AR R E B NS, RGN R T OB L
fiir & Bob A FHE A7 LAY B 3RBUE T LA A 1Y
5. DL RGBS KT, Bob 3RHK
THZETE T ARG, X255
TP MM b 48 1, R B AN R TR
BEAIR. T 2248 2, AT B AN B G &R
B g ORI Z [ B DG AR T AR ST e 1Y

log,(1+ Cs).  (19)

0.10

(@ - n=0 ------ n=0.8
0.08 n=0.5 n=1.0
N
3 0.06
S AT
< o0o04p Ty
l\
0.02 \
ol Y- N
0 2 4 6 8
t
0.10
) n=0 ------ n=0.8
0.08 n=0.5 n=1.0
— [\
3 0061
< .
~ \
S 0.041 ¢ I .
! [ I\
\ I
02 i \ \‘ I\
0.0 [ [ I \
\ \ N \ oA /
oL / ' “
0 2 4 6 8

K6 I o B A T R Q(pap) BEI ] 7 AL
() BHEZH v=01, 2L /RE R, (b)ill il 35
v =10, 2 AL DIRBF A

Fig. 6. Evolution of quantum correlations Q(pap) of the
system which is initially in a separated state: (a) The chan-
nel is Markovian, where v =0.1; (b) the channel is non-

Markovian, where v = 10.
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Abstract

The uncertainty principle limits the ability for observer to precisely measure two incompatible observables,

and plays a crucial role in quantum precision measurement in the quantum information science. When quantum

systems interact with their surroundings, they inevitably result in decoherence, which increases the uncertainty

of the system. In the process of quantum information processing, the effective regulation of uncertainty becomes

a key problem that needs to be solved. In this work, we investigate the quantum-memory-assisted entropic

uncertainty relation of a two-qubit system under correlated channels with dephasing colored noise. We

demonstrate that it is possible to control the entropic uncertainty, U, and its lower bound, U, by combining

correlations between successive uses of channels and the non-Markovianity of the dynamical evolution. Firstly,

the evolutionary characteristics of the trace distance are employed to distinguish between Markovianity and

non-Markovianity of the channel. Subsequently, the system is selected to be either a maximally entangled state
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or separated state initially. By adjusting the strength 7 of the correlations, we find that with the increase of 7,
the entropic uncertainty and its lower bound decrease. Especially, if the channel is fully correlated (n = 1), the
entropic uncertainty and its lower bound remain constant under the channel, indicating that decoherence is
completely suppressed. A comparison of Markovian channel with non-Markovian channel reveals that the
entropic uncertainty and its lower bound exhibit oscillatory behaviour under non-Markovian channels. The
combination of correlations and non-Markovianity of the channel demonstrates that the entropic uncertainty
and its lower bound can be reduced under fully correlated channels where the non-Markovianity has no effect.
This is because fully correlated channels suppress decoherence to a greatest extent. Under partially correlated
channels, the combination of correlations and non-Markovianity can more effectively reduce the entropic
uncertainty and its lower bound. Under such channels, correlations of the channel reduce the entropic
uncertainty and its lower bound during the whole evolution, while the non-Markovianity contributes to their
oscillations and reduce them in some specific time. Furthermore, the results show that the entropic uncertainty
and its lower bound reach steady values that depend only on the strength of the correlations after long-time
evolution. In other words, the stronger the correlations, the lower the entropy uncertainty and its lower bound
of steady states will be. Finally, we analyse the physical nature of the decrease of the entropic uncertainty and
its lower bound, and it is found that the decrease of the entropic uncertainty and its lower bound originate from

the increase of the quantum correlations in the system.
Keywords: uncertainty relation, correlated channel, non-Markovianity, quantum correlation
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