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Fig. 1. In the resonant case 6 =0, quantum Fisher information Fj as a function of dimensionless time -t conditioned on
the null-result monitoring of the reservoir for different z and widths of spectral density A, namely the variation from the Markovian
((a) A =107 ) to non-Markovian ((b) A = 0.1yp regimes; (¢) A = 0.01vp ). In panels (a)—(c), the red-solid and blue-solid lines
represent the curves obtained from the analytical expression (20) for h™(7); the green-dashed and black-dashed lines indicate the

curves calculated from the numerical calculation of h™(7) based on Eq. (14); the black-solid line shows the curve plotted without

any measurements, other parameter is k= 1.
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Fig. 2. In the non-resonant case, quantum Fisher information Fj as a function of dimensionless time 7ot conditioned on the null-

result monitoring of the reservoir for different z and widths of spectral density A, namely the variation from the Markovian

((a) A =10v0) to non-Markovian ((b) A = 0.1y regimes; (c
represent the curves obtained from the analytical expression (2

the curves calculated from the numerical calculation of h™(7

without any measurements, other parameter is k =1 — 27 .
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Protection of phase estimation precision based on
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continuous null-result measurements
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Abstract

Quantum Fisher information plays a central role in the fields of quantum metrology and quantum precision
measurement. However, quantum systems are vulnerable to the influence of noisy environments, which degrades
the precision of parameter estimation (as measured by quantum Fisher information). Therefore, overcoming the
influence of environmental noise has become an important scientific issue in quantum precision measurement to
enhance the quantum Fisher information of parameters. In this work, we investigate the enhancement of phase
estimation precision for a two-level atom subjected to a zero-temperature bosonic environment, using a
continuous null-result measurement scheme. We derive an analytical expression for the final state of the atomic
system after n null-result measurements. To emphasize the crucial role of continuous measurement in the
dynamics of a two-level atom, the core amplitude coefficient in the final state is reformulated into a specific
form, resulting in a concise mathematical expression. Interestingly, we find that the dynamics of the two-level
atom under continuous measurements are closely related to a scaling parameter—the product of the
environmental spectral width and the measurement time interval. In certain special cases, this formulation
reduces to known results such as the quantum Zeno effect and Markovian approximations. Furthermore, we
demonstrate that under both Markovian and non-Markovian conditions, the quantum Fisher information for the
atomic phase estimation can be significantly enhanced by adjusting this scaling parameter. Using an exactly
solvable model, we also provide an explanation for the quantum Zeno effect without explicitly using the
projection postulate. We find that in certain limits a concise formula for h(t) = h"(7) accurately captures the
numerical results across a broad range of parameters. In summary, the proposed frequent null-result
measurement scheme for post-selection of the environment effectively mitigates the adverse effects of
decoherence on quantum Fisher information, providing a novel theoretical approach for achieving high-precision

measurements in open quantum systems.
Keywords: open quantum systems, quantum Fisher information, continuous null-result measurements

DOI: 10.7498 /aps.75.20251341 CSTR: 32037.14.aps.75.20251341

* Project supported by the Natural Science Foundation of Hunan Province, China (Grant No. 2020JJ4443) and the Innovation
and Entrepreneurship Training Program for College Students of Hubei University of Automotive Technology, China (Grant
Nos. DC2025010, 202510525010).

1 Corresponding author. E-mail: hz9209@126.com

030603-10


http://doi.org/10.7498/aps.75.20251341
https://cstr.cn/32037.14.aps.75.20251341
mailto:hz9209@126.com
mailto:hz9209@126.com
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BT s 4 RN E 7 RIEAL A THE R RS
"E FHEE Fi

Protection of phase estimation precision based on continuous null-result measurements

HE Zhi  LUO Jiatao  WEI He

5] Fi{% B Citation: Acta Physica Sinica, 75, 030603 (2026) DOI: 10.7498/aps.75.20251341
CSTR: 32037.14.aps.75.20251341

TELR T2 View online: https://doi.org/10.7498/aps.75.20251341

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

ST Fisherfs B ) S50 20 PR 21 28 2]

Experimentally characterizing multiparticle entanglement based on measuring quantum Fisher information

PyFEEEAR. 2023, 72(11): 110305 hitps:/doi.ore/10.7498/aps.72.20230356

PR oK WAk A i T Fisher 5 8 5 2801
Quantum Fisher information and parameter estimation in non—Hermitian Hamiltonians

PIBR2A4R. 2023, 72(20): 200601  hitps:/doi.org/10.7498/aps.72.20230862

BIZ% Z PR T Fisher[5 B
Quantum Fisher information in moving reference frame

YIBR2A 4. 2024, 73(5): 050601  https://doi.org/10.7498/aps.73.20231394

LA F AW VA i 45 7F Lipkin—Meshkov—Glick 575 T (14 f F Fisher{ 4.
Quantum Fisher information of multi—qubit WV entangled state under Lipkin-Meshkov—Glick model
YrH2A 4. 2023, 72(22): 220302  hitps://doi.org/10.7498/aps.72.20231179

LT BT Fisher (s B BOFEBAREAEHD - Bl & F RO A4 1T

Estimation of light—matter coupling constant under dispersive interaction based on quantum Fisher information

YA, 2022, 71(9): 090601  https:/doi.org/10.7498/aps.71.20212029

— R S IR G TE AR SRR B
Non—-Markovian measure independent of initial states of open systems

WAL 2022, 71(21): 210303 https://doi.org/10.7498/aps.71.20221053


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20251341
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230356
https://doi.org/10.7498/aps.72.20230356
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230862
https://doi.org/10.7498/aps.72.20230862
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231394
https://doi.org/10.7498/aps.73.20231394
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20231179
https://doi.org/10.7498/aps.72.20231179
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212029
https://doi.org/10.7498/aps.71.20212029
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221053
https://doi.org/10.7498/aps.71.20221053

	1 引　言
	2 理论模型及连续测量方案
	3 量子Fisher信息
	4 数值结果与理论分析
	5 结　论
	参考文献

