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Fig. 1. Schematic diagram of the physical model. Bob prepares two V-type three-level atoms, A and B, and sends atom A to Alice.

During transmission, atom A interacts with a bimodal dissipative cavity, where the transition between energy levels |0) and

|1)(]2)) is resonantly coupled to cavity mode a(b) with coupling strengths g1(g2), and the decay rates of the cavity modes are

Ka(kp) . By monitoring photons leaking from the cavity field with a photodetector D, a local quantum feedback control Uy, is ap-

plied to atom A whenever a photon is detected. Meanwhile, atom B, held by Bob, serves as a quantum memory and remains isol-

ated from the noisy environment.
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Fig. 2. (a) Graph of the entropic uncertainty U as a func-
tion of the feedback parameter Ao and time when the ini-
tial state is an excited state; (b) the evolution of the en-
tropic uncertainty U and its lower bound U, over time

when the initial state is the excited state.

K34 T RENIRAE TR A 1/V3
(J00) + [11) + |22)) , BI¥IESH a=8=7=1/V3
B, AN 3 BT BRAE AN ] R 5 S 0T 1 s [
HALEMG. WA TIRET A BRARES 12) 2 0) 1Y
BRAE, B BEG (1) £ |0) MU BRIE, T DL 15t R4
U M Uno #HEFIFERSGE L. K 3 FTLIE ), 4%
AR, B TSRS, RGN
T B S F S R B e () S 320 8 b TP B, ek
RENFEARCEME. YA RIBHE SIS, WA E
JIE R HR BRAERREAS B AR FRAR, H B8 A, Al
Ao FOAS TR BRUAEL 7= A AN [R) A PR AIR AR . X BB 2 IR 3R
B, BRI AT DA SO i R GR AT, SIS
S S e T A M AT R AE T, R AN B
HORBR. 0 T 4R B BARIE AN o i B T BR A e e

030604-4


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

Y B ¥ R Acta Phys. Sin.

Vol. 75, No. 3 (2026) 030604

RS, 4 BT ¢ = 10, WA ERE X TR
BRESE N TN I = HE IR, ATRUR IR, SRS
A F o RIS B /2 5, AN 2 FEE SIS, P PR
e B N BRAE AL SR E BE RIS, FTRA N =\ =
/2 SR AR AN 2 FE T FR AL S s S 48

2.5
M=X=0 A=n/3 A=m/2
—U —U
2.0 [ - U Uy

1.5F

U, Uy

1.0 ,

0.5

3 Ay dm KO A IR0 L U KCH T IR U, B
P[] 4935 £

Fig. 3. Evolution of the entropic uncertainty U and its
lower bound Uy over time when the initial state is a max-
imally entangled state.
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Fig. 4. Entropic uncertainty U as a function of the feed-
back parameter A; and A2 when the initial state is a

maximally entangled state. The time t = 1.
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Fig. 5. Evolution of purity P of the system: (a) The initial

state is a excited state; (b) the initial state is a maximally
entangled state.
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Abstract

Uncertainty principle, a cornerstone of quantum mechanics, has evolved from a fundamental limitation into
a manageable resource in quantum information science. Precise control over quantum uncertainty is crucial for
ensuring the security of quantum cryptography and the advantage of quantum computation. In this work, we
investigate the control of the quantum-memory-assisted entropic uncertainty relation in a noisy two-particle
qutrit system under quantum feedback control. In our model, Bob prepares a system AB composed of two V-
type three-level atoms and sends atom A to Alice. Atom A interacts with a bimodal dissipative cavity. To
suppress decoherence, a photodetector is used to monitor the dissipative cavity. Once a photon is detected, a
local quantum feedback control is applied to atom A. Meanwhile, Bob’s atom B is assumed to be isolated from
the noisy environment. The uncertainty is quantified by two incompatible observables, S, and S., correspon-
ding to the spin-1 components.

We analyze the evolution of the entropic uncertainty and its lower bound, with the system initialized in
two distinct states: an excited state and a maximally entangled state. Our findings demonstrate that the
appropriate quantum feedback control can significantly suppress decoherence, leading to a marked reduction in
both the entropic uncertainty and its lower bound. Through numerical simulations, we identify the optimal
feedback strength for minimizing the entropic uncertainty and its lower bound to be w/2 for both initial states.
By examining the system’s steady-state behavior after prolonged evolution, we find a key insight: under optimal
feedback, the initial maximally entangled state evolves into a state with maximal classical correlation. Although
no quantum correlation exists in this steady state, the strong classical correlation provides Bob with partial
information about atom A, thereby enhancing his prediction accuracy for the measurement outcomes and
leading to the observed reduction in the entropic uncertainty. Additionally, we explore the dynamics of the
system's purity. The results show a clear negative correlation, indicating that the reduction in entropic
uncertainty is directly attributable to the purification of the system effected by the feedback control. In
conclusion, the quantum feedback control established in this work may serve as an effective theoretical protocol
for suppressing the entropic uncertainty in realistic noisy environments. It provides a viable pathway for
manipulating quantum uncertainty to enhance the robustness and performance of quantum information

processing tasks.
Keywords: entropic uncertainty relation, feedback control, noisy environment
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