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Fig. 1. Schematic diagram of the weak measurement of the
n qubit system. The initial state of the system is |Sj), and
the initial state of the pointer is |T"). The evolution operator
is U between the system and the pointer. After the evolu-
tion, the system is selected to |Sf). The final state of the
pointer is |T}) .
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Fig. 2. (a) Post-selection probability Py as a function of
and ¢; (b) total Fisher information Fiot as a function of 6
and ¢. The red line represent 6 + ¢ = n/2. Parameters se-
lection: n =2, § =4 x 10* m~1, £ = 0.01, g = 0.88 um .
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Fig. 3. Entanglement E’s(p) of the entangled pure states of
GHZ-like states as a function of the parameter 6. we have
plotted the range of 6 = {0,n/2}.
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Fig. 4. Blue curve represents the post-selection probability
as a function of entanglement E‘S(p), and the orange curve
represents the Fisher information of the coupling paramet-
er g as a function of entanglement ES(p )
tion: § =4 x10*m~!, e=0.01, g=0.88um, n =2.
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Fig. 5. Entanglement Es<m> of the initial state of the sys-

tem as a function of the purity parameter ). Parameter se-

lection: n = 2.
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Fig. 6. Blue curve represents the post-selection probability
as a function of entanglement Es(m), and the orange curve
represents the Fisher information of the parameter g as a
function of entanglement Es(m>. Parameter selection:
§=4x10*m~! £=0.01, g=0.88 um.
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Table 1.  Comparison of the post-selection probability and the post-selection pointer distribution of the two schemes.
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Fig. 7. Light blue curve represents Fisher information of the
parameter g as a function of the coupling parameter g when
the initial state is entangled, and dark blue curve repre-
sents Fisher information of the parameter ¢ as a function of
the coupling parameter g when the initial state is product
state. Parameter selection: n =2, § =4 x 104 m—!
0.01.
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Fiot = 26%[1 + e*29252(1 — 4g%6?) cose]. (22)

3 HLATS SR AT FH X AR 67 2 28K B o 3R 8RR 22 [
(LG5, IR T RGERET R S 25 By BES5K
g AT Z DL e S48 g 1) Fisher {5 B b By 1978
fEhgk, iniEl 8 iR,

ME 8(a) FTLATE Hh, S Y8 Eg B &G S5
g SR, oAl A U 2R 8 A P b
REAERET Z [l 2 i BB K. 1 AAIET 8(b) AT LA
i, ZHUR Fisher {5 B2 28 By i3 K ek
NG, TR TE S A EAE IS, BT R
S AF ECAE AR, T EL7E 5500 R v R G AR
Z A RBAARSS, tE 8(a) A AT R S8R5 5T
Z AP g BAR . i FREAX — BT LUE Y, B
E RSB 4 48 B 35 K B8 g 1) Fisher
wERME/DN, BYR S SHRE Z R 2] 250 S 40T
ARG B S EA IV Y. BRAR SR [16] 383 R4
FIET TR & T AR R RS, (AR R AR 2
T () TR B 2> 45 R S MR AT e ol i ke, SR
2t S EAE L, X FE S RS AR Z ] 2
WK, REUEIRIFSEL g BY Fisher {5 B&H /N, A
FIFHE B SEUTAG RS

1.0
(a)
0.8 |
.06
5
0.4}
0.2}
0 1 1 1 1 1 1 1
0 05 1.0 15 20 25 3.0 35 4.0
g/(1075 m)
7
(b)
6 gé>1,
strong interaction
s b
= /
~ 4} g0 < 1, weak interaction
3
3
2
1 . . . . . . . . .
0 0.2 0.4 0.6 0.8 1.0
Eq

8 (a) RGIRET Z MM G L Eq BERE S S8 g Y72
felie; (b) 2% g 84 Fisher {5 5B 2 GEIR B 2 1) 59 21 482
Eq A Ll 2. SHGERCH 6 = 4 x 102 m™1, e = 0.01
Fig. 8. (a) Entanglement FEg between system and pointers
as a function of the coupling parameter g; (b) the Fisher in-
formation of the parameter g as a function of the entangle-
ment Fg between system and pointers. Parameter selec-
tion: § =4 x 10* m~— !, & = 0.01.
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Abstract

An appropriate weak value can be used to amplify weak physical parameters and improve the precision of
parameter estimation in the process of quantum weak measurement. The increase of the precision of such a
parameter estimation may originate from the entanglement in the system. This paper uses Fisher information to
study the influence of the entanglement in the system and the entanglement between the system and the
pointer on the estimation precision of the coupling parameters between the system and the pointer in the
process of weak measurement. The entanglement of the entangled pure state of the GHZ-like state and the
entangled mixed state affected by the depolarization noise and the influence of the entanglement between the
system and the pointer on the parameter estimation are analyzed. The results show that the Fisher information
quantity increases with the increase of the initial state entanglement degree of the system when the initial state
of the system is an entangled pure state or an entangled mixed state affected by depolarization noise, and both
the Fisher information quantity and the post-selection probability reach their maximum values when the initial
and final state of the system are both the maximum entangled states; but the weaker the entanglement between
the system and the pointer, the more the Fisher information obtained in the measurement will be and the
higher the accuracy of parameter estimation. These research results show that the entanglement in the system
will improve the precision of parameter estimation, while the entanglement between the system and the pointer

will reduce the precision of parameter estimation.

Keywords: weak measurement, weak value, entanglement, Fisher information

PACS: 03.65.Ta, 03.65.Ud, 06.20.—f DOI: 10.7498 /aps.70.20210796

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61941501, 61775062, 62075129).
1 Corresponding author. E-mail: yuyafei@m.scnu.edu.cn

1 Corresponding author. E-mail: zhangzhiming@m.scnu.edu.cn

240302-8


http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.94.053843
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevA.100.012125
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.114.170801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.117.230801
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevLett.113.030401
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevA.99.032120
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.114.210801
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1103/PhysRevLett.95.090503
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.1364/OE.386017
http://doi.org/10.7498/aps.70.20210796
http://doi.org/10.7498/aps.70.20210796
mailto:yuyafei@m.scnu.edu.cn
mailto:yuyafei@m.scnu.edu.cn
mailto:zhangzhiming@m.scnu.edu.cn
mailto:zhangzhiming@m.scnu.edu.cn
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

