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Fig. 2 Relationship between phase sensitivity and loss difference A7 under
asymmetric loss conditions. (a) Average transmission efficiency 77 =0.50; (b)
Average transmission efficiency 7 =0.70.

M An=0 (RISEEXFRFE) B, PSEHIb T RS E 2 —BUFA R 2450
PREFA T HIBRAIUIRES . 2R, 24 A W2 i, WARGLA A T 2 200 2
FHIR A Kb — ST RBUERRINGEE, 15— SR 8
JFEMBRGHGAL o X5 T AR IR IR 1 2 AR A S S A A R L5,
BB A PRI AT oA R pra 2808 TE T AR Tk . A, XFEE
2(a) A1 (b) &I, HARGMTEERPCEN 050 F2THE 0.70 B, WERGE
B An BORCHURS BE B S TP 22 . IR, PRIR ARG R SUE, AMUBETR
Tha R 40 R , SR o A X 28 A AR X AR SN 3R TH & e < B HIL 1)

e, JAT M BRAL R AR R Gk REBUE BRI RN, 5 AR T
BB HLREAT XS L. B 3 (a) A1 (b) 70l fEon TAEARDE TECE CBIR)E 73
o' =5 58 T4 |af =101), PiHIGL T+ R bR 4 2 r AR . 1B
LS N SQL, BEELN RGN M QCRB, # X X4y T FE AR
THOLT ARG R M4, W0 4 SR s RN o il 0 AR i 3 = 0.90
51 =070 FIFEFA T AL vF REEE, EHadE8BOR 7 r X 0.80~1.00 [X

[ FR) pH 28 =3 T o



(@ 030

Lossless —SQL
e =5 —--—5n=0.70 - - QCRB
- =0.90

e
(]
h

Phase sensitivity
s o °
— - [
(-] n (=]

Phase sensitivity

e
e
h

0.00
0.00 050 100 : 150 200 2.50 3.00 000 050 100 150 2.00 2.50 3.00
Squeczing parameter Squeezing parameter 7

Bl 3 REDE TR PRI fG  RGERE R4 SR r (021 (@) |of =5; (b)
|| =102,
Fig. 3 The phase sensitivity of the two-parameter estimation system varies with the
squeezing parameter r under different optical photons. (a) |a|2 =5:(b) |a|2 =10".
1E =L BAR I 25 AN, B0l & i) it 1F R B X B8 TR 4 2 B 1O 4
M, AT SQL. Rl RAEMICHFKM T, BT AT FREMN TS 7ML
Wi SR 52, BBk N P R Bh £ 5 3@ L 7 48 QCRB. I H., FEXS FRARH A #E
FAN, RERGRIM T REBEEAEARE A8 XAIBE r A3 I0 M0 oss , ABAE & R 4
X IGZ e T AN . 2 B SR AN 3% EU B 32 3 1 w080 e Ak, B8 IF] R GEE
AN THNREZMERE, BERGSE r K, wiiakqeSnr sl %, it
IS R A FR A5 A 5N B I P A B 1 O 22 b o i A, X R R AEAF A
PREHI LB R GE T, AR EESET I TG IR B 4 5 0I5 SE IS T RBUE Y
ToFR A LA o

NEMEARTT FE TR, SIAERLILIRTHERS (SNRI), & X NA

IR R AR A S2FR A 1 R B 15 SQL KA L fE SNRI = —20IogloAA—¢[29]o

SQL

S5 AT SERABOR AT, AN [ S B AR A RCR 5 SR T T I IR A R AT



W, SRICETE L.
R 1RSSR S KA ST RS SNRI,
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parameters.
e E45S50r JE4E¥ (dB) SNRI (dB)
0.50 4.34 7.04
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0.70 1.00 8.69 10.63
1.50 13.03 15.60
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Abstract

Multi-parameter quantum estimation serves as the core of precision

metrology and distributed quantum sensing networks, enabling the

simultaneous acquisition of multidimensional physical quantities.

However, quantum resources are extremely sensitive to environmental

decoherence. In practical open systems, unavoidable photon losses not

only degrade the quantum entanglement but also disrupt the resource

allocation structures within multi-parameter networks. This severely

restricts the robustness and practical applications of guantum sensing

technologies. To address this structural vulnerability, we propose a

two-parameter joint estimation scheme utilizing continuous-variable

three-mode Greenberger-Horne-Zeilinger (GHZ) entangled states.

Global multipartite entanglement is generated using independent

optical parametric amplifiers (OPAs) and specifically designed linear

beam-splitter networks, coupled with a tailored joint homodyne

detection strategy. We establish a comprehensive linear environment

coupling model incorporating both channel transmission and terminal




detection losses. Quantitative evaluations demonstrate that under

ideal lossless conditions, the estimation sensitivities for both

parameters simultaneously surpass the Standard Quantum Limit (SOL)

and saturate the Quantum Cramér-Rao Bound (QCRB). Notably, the

signal-to-noise ratio of phase estimation achieves a significant

enhancement of 19.62 dB with an input squeezing parameter of 1.50

even in lossy environments. Crucially, our in-depth analysis reveals

the distinct underlying mechanisms of different loss types. While

symmetric loss uniformly introduces vacuum noise that gradually

attenuates quantum correlation and limits the sensitivity gain from

high initial squeezing, asymmetric loss fundamentally destroys the

symmetric distribution of global entanglement resources. This

destruction triggers a sharp divergence in the two-parameter

estimation sensitivities, causing the precision of specific parameters

to deqgrade drastically below the classical limit. This study elucidates

the intrinsic restriction mechanism of quantum resource distribution

on multi-parameter sensing performance. We conclude that

maintaining channel symmetry is as vital as improving transmittance,

thereby providing a comprehensive theoretical basis and optimization

guidelines for designing next-generation distributed quantum sensing

networks under practical non-ideal conditions.
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