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The search for the chiral magnetic effect (CME) in relativistic heavy-ion collisions helps us understand
the CP symmetry breaking in strong interactions and the topological nature of the QCD vacuum. Since the
background and signal of the CME have different correlations with the spectator and participant planes, a
two-plane method has been proposed to extract the fraction of the CME signal inside the CME observable
of �γ from the experimental measurements relative to the two planes. Using a multiphase transport model with
different strengths of the CME, we reexamine the two-plane method in isobar collisions at

√
sNN = 200 GeV.

The ratios of the CME signals and the elliptic flow backgrounds relative to the two different planes are found to
be different, which is inconsistent with the assumptions made in the current experimental measurements. This
difference arises from the decorrelation effect of the chiral magnetic effect relative to the spectator and participant
planes caused by final-state interactions. Our finding suggests that the current experimental measurements may
overestimate the fraction of the CME signal in the CME observable in the final state of relativistic heavy-ion
collisions.
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I. INTRODUCTION

Relativistic heavy-ion collisions not only produce the
quark-gluon plasma with strong collectivity [1–9], but also
generate the strongest magnetic field as the spectator protons
from the target and the projectile pass through each other at
almost the speed of light [10–15]. This provides a unique ex-
perimental way to study the topological properties of the QCD
vacuum and the anomalous chiral transport phenomena under
the strong magnetic field [16–20]. One of the possible exper-
imental probes is through the chiral magnetic effect (CME),
which would lead to charge separation along the direction of
the magnetic field in a system with chiral imbalance [21–23].

The charge-dependent azimuthal correlation was first pro-
posed as a possible observable for detecting the CME [24],
i.e., γαβ = 〈cos(φα + φβ − 2�RP)〉, where φα(β ) is the az-
imuthal angle of a charged particle α(β ), and �RP is the angle
of the reaction plane, and �γ denotes the difference between
opposite-charged and same-charged correlations. The early
measurements of the charge-dependent azimuthal correlations
by the STAR Collaboration [25–28] at the BNL Relativistic
Heavy Ion Collider (RHIC) and the ALICE Collaboration [29]
at the CERN Large Hadron Collider (LHC) were consistent
with the CME expectations. Unfortunately, the background
effect significantly affects the measured correlations due
to the presence of strong collective flow, especially from
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elliptical flow [30–35]. The recent RHIC-STAR measure-
ments gave a strict constraint that the CME fraction extracted
in Au+Au 200 GeV is very small, less than 10% [36–39]. In
order to distinguish the possible CME signal from the dom-
inant background, many different methods or schemes have
been proposed [38–41]. One of the most important schemes
is to use isobar collisions because the two isobar systems
(96
44Ru + 96

44Ru and 96
40Zr + 96

40Zr) have the same nucleon num-
ber, but different proton numbers [42]. Theoretically, it was
expected that in a similar elliptical flow-induced background
there might be a 20% difference in their CME observables
[43–46]. This led the RHIC-STAR Collaboration to per-
form the isobar collision experiments on 96

44Ru + 96
44Ru and

96
40Zr + 96

40Zr collisions at
√

sNN = 200 GeV [47,48].
Since the CME signal is positively correlated with the

magnetic field strength, the ratio of the CME observable from
Ru+Ru collisions to that from Zr+Zr collisions is theoret-
ically predicted to be greater than 1. However, the recent
experimental results published by STAR observed that the
ratios of the various CME observables are less than unity [48].
This suggests that the background effect is more dominant
than the CME signal, and that the CME signal is either absent
or very small in isobaric collisions. How to understand the
results of the isobar collision experiment has recently become
a research direction of great interest. Different nuclear de-
formations or nuclear structures [49–53] have been used to
explain the differences in multiplicity and harmonic flows
between the two isobar systems [54–61]. Taking into account
both the halo-type neutron skin structure and CME-like charge
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separation, we have shown that it is difficult to use CME ob-
servables to distinguish the presence or absence of the CME if
the CME strength is weak in isobar collisions [62,63]. Mean-
while, based on the recent finding from the anomalous viscous
fluid dynamics (AVFD) model, the STAR results favor a lim-
ited CME signal contribution of about (6.8 ± 2.6)% [64]. The
latest STAR evaluation of the CME signal extracts an upper
limit for the CME fraction in the �γ measurement of approx-
imately 10% at a 95% confidence level in isobar collisions
at

√
sNN = 200 GeV after considering nonflow contamination

[65,66]. Many experimental observables have been used to
probe the CME in Au+Au and isobar collisions. A two-
plane measurement method that utilizes the charge-dependent
azimuthal correlations relative to the spectator plane (SP) and
participant plane (PP) has been proposed in Refs. [60,67],
because the background and the CME signal have differ-
ent sensitivities or correlations to the two planes [68]. The
STAR Collaboration has used the method to detect the fraction
of the CME signal inside the inclusive �γ correlation in
both Au+Au and isobar collisions. For Au+Au collision at√

sNN = 200 GeV, the STAR results indicate that the frac-
tion of the CME signal is consistent with zero in peripheral
centrality bins, but that there may be a finite CME signal in
mid-central centrality bins [69]. This method is believed to
eliminate most of the contribution from the collective flow in
the background effect, but further study is needed regarding
how to deduct some of the nonflow background effects [70].

Regarding the spectator and participant plane methodol-
ogy, it is assumed that the ratio a of elliptic flow relative to
different reaction planes is as same as the ratio b of CME
signals relative to different reaction planes [69–71]. However,
it is possible that the two ratios are different. It is thus essential
to theoretically study the ratio between the CME signals rela-
tive to different reaction planes. This motivates us to calculate
the ratios of a and b in isobar collisions at

√
sNN = 200 GeV

using a multiphase transport (AMPT) model with an initial
CME signal, in order to provide some theoretical support for
experimental measurements of the CME.

The paper is organized as follows. In Sec. II, we introduce
the framework of the AMPT model with an initial CME signal
for isobar collisions and how we extract the fraction of the
CME signal contained in the inclusive �γ using the two-plane
method. In Sec. III, we compare our model results with the
measurements from the STAR experiment and discuss the im-
plications of our findings for interpreting experimental data,
as well as the physical sources from which our results arise.
Finally, a summary is provided in Sec. IV.

II. MODEL AND METHOD

A. The AMPT model with initial CME signal

The AMPT model is a hybrid transport model that contains
the following four packages for modeling the four main stages
of relativistic heavy-ion collisions [72–74]. (1) The HIJING
model provides the following initial conditions. The trans-
verse density distribution of colliding nuclei is considered as
a Woods-Saxon distribution. The multiple scatterings between
participating nuclei produce the spatial and momentum space
distributions of minijet partons and soft excited strings. With

the help of a string melting mechanism, the quark plasma is
produced by melting the parent hadrons. (2) Zhang’s parton
cascade model is used to simulate the stage of parton cascade.
The ZPC model describes Parton interactions for two-body
elastic scatterings, where the parton cross section is computed
from the leading-order perturbative QCD (pQCD) calculation
for gluon-gluon elastic scatterings. (3) A quark coalescence
model combines two or three nearest partons into hadrons
in order to simulate the hadronization. (4) A relativistic
transport (ART) model simulates the stage of hadronic rescat-
terings, including all hadronic reaction channels for elastic
and inelastic scatterings of baryon-baryon, baryon-meson, and
meson-meson interactions, as well as resonance decays. Many
previous studies have shown that the AMPT model provides a
good description of a wide range of experimental observables
in both large and small colliding systems at RHIC and the
LHC [72–81].

To simulate isobar collisions, the spatial distributions of
nucleons inside 96

44Ru and 96
40Zr in the rest frame are sampled

according to the following Woods-Saxon form in the spherical
coordinate system:

ρ(r, θ ) = ρ0/{1 + exp[(r − R(θ, φ))/a0]}, (1)

R(θ, φ) = R0[1 + β2Y2,0(θ, φ) + β3Y3,0(θ, φ)], (2)

where ρ0 is the normal nuclear density, a0 is the surface
diffuseness parameter, R0 is the nucleus radius, and β2 and β3

are the quadrupole and octupole deformities for the nucleus.
In our previous work [62], we found that the halo-type neutron
skin case [54] is the best of the eighteen cases because it
can simultaneously the experimental ratio of charged-particle
multiplicity distributions, the average number of charged
particles, and elliptic flow. Therefore, we also choose the
halo-type neutron skin case in this study. In this case, i.e.,
no deformation for both 96

44Ru and 96
40Zr (β2 = β3 = 0), R0 =

5.085 and a0 = 0.523 for both protons and neutrons inside
96
44Ru, but R0 = 5.021 and a0 = 0.523 for protons and R0 =
5.021 and a0 = 0.592 for neutrons inside 96

40Zr because of the
possible presence of a neutron halo in 96

40Zr.
We introduce a CME-like charge separation in the initial

partonic stage of the AMPT model using the approach in
Ref. [82]. By adjusting the percentage p that defines the
percentage of quarks joining the charge separation, we can
control the signal strength of the CME. The p is defined as

p = N+(−)
↑(↓) − N+(−)

↓(↑)

N+(−)
↑(↓) + N+(−)

↓(↑)

, (3)

where N is the number of quarks of a given species (u or
d or s), + and − denote positive and negative charges of
quarks, and ↑ and ↓ denote the directions in which the quarks
move along the magnetic field. Considering that the magnetic
fields of Ru+Ru and Zr+Zr collisions differ at the event
level [68], we actually perform the initial charge separation
based on the magnitude and direction of the magnetic field
for each event. To simplify the expression, we denote p as the
CME strength in Ru+Ru collisions, e.g., p = 2% means that
pRu+Ru = 2% and pZr+Zr = 2%/1.15 = 1.74% since we keep
pRu+Ru/pZr+Zr = 1.15.
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B. Spectator and participant planes

In the two-plane method, the elliptic flow-driven back-
ground is believed to be more correlated with the participant
plane (PP), but the CME signal is more correlated with the
spectator plane (SP) [60,67]. We reconstruct the spectator and
participant planes, respectively, using the two equations

ψSP = atan 2
(〈

r2
n sin (2φn )

〉
,
〈
r2

n cos (2φn )
〉)

2
, (4)

ψPP = atan 2
(〈

r2
p sin

(
2φp

)〉
,
〈
r2

p cos(2φp )
〉) + π

2
, (5)

where rn and φn are the displacement and azimuthal angle of
spectator neutrons in the transverse plane, and rp and φp are
the displacement and azimuthal angle of participating partons
in the transverse plane, respectively. All spatial information
on the displacements and azimuthal angles is obtained from
the initial state of the AMPT model. Note that the PP can
be experimentally assessed by the event plane reconstructed
from final-state hadrons. To avoid the nonflow effect in the
reconstructed �EP [70], we have chosen PP for our calcu-
lations in this study. However, we have verified that our
conclusions do not change in the EP case. With the two
different planes, the corresponding elliptic flows v2{SP} and
v2{PP} can be calculated, respectively, as

v2{SP} = 〈cos 2(φ − ψSP)〉, (6)

v2{PP} = 〈cos 2(φ − ψPP)〉. (7)

The upper panel in Fig. 1 shows the centrality dependences
of v2{PP} and v2{SP} of charged hadrons with 0.2 < pT <

2.0 GeV/c and |η| < 1 from the AMPT model with different
strengths of the CME in Ru+Ru and Zr+Zr collisions at√

sNN = 200 GeV. We can see that v2{PP} is greater than
v2{SP} in all cases, since elliptic flow is more correlated
with the participant plane than with the spectator plane. On
the other hand, for the central and mid-central centrality of
0–50%, both v2{PP} and v2{SP} decrease slightly as the CME
signal strength increases. The v2{PP} and v2{SP} are insen-
sitive to the strength of the CME signal for the peripheral
centrality bin of 50–80%. The lower panel in Fig. 1 shows
the v2{PP} and v2{SP} ratios of Ru+Ru to Zr+Zr. The ratio
of v2{SP} is greater than that of v2{PP}. The trend in the ratio
results is caused by the nuclear structures of Ru and Zr [62].

C. Two-plane method to extract fCME

This subsection will first introduce the two-plane method
for detecting CME signals and then discuss how the two-
plane method can be improved using the AMPT model.
The experimentally measured CME observable �γ includes
the CME signal and the background effect mainly arising
from the contributions of elliptical flow and nonflow effects.
Therefore, the experimentally measured CME observations
�γ relative to a plane ψ can be divided into two parts, as

�γ {ψ} = �γBkg{ψ} + �γCME{ψ}, (8)

where ψ can be ψPP or ψSP. The ratios of the elliptic flows
and the measured observables relative to two different planes

FIG. 1. Upper panel: AMPT results on centrality dependences
of elliptic flow v2{PP} (solid symbols) and v2{SP} (open symbols)
in isobar collisions at

√
sNN = 200 GeV from the AMPT model

with different strengths of the CME. Lower panel: AMPT results
on v2{PP} ratios and v2{SP} ratios of Ru+Ru collisions to Zr+Zr
collisions as a function of centrality bin.

can be defined by a and A, respectively, as

a = v2{SP}/v2{PP}, (9)

A = �γ {SP}/�γ {PP}. (10)

It is expected that a follows a two-plane correlation factor,
i.e., a = 〈cos 2(�PP − �SP)〉 [67,83,84]. Since the CME sig-
nal cannot be measured directly in experiments, one usually
assumes that the ratio of the CME signals relative to different
reaction planes is the inverse of a. Thus the following relation
can be obtained:

�γ {SP} = a�γBkg{PP} + �γCME{PP}/a. (11)

Upon simple solving, the percentage of the CME signal
within the measured CME observable (denoted as fCME) is
obtained by the equation

fCME = �γCME{PP}
�γ {PP} = A/a − 1

1/a2 − 1
. (12)

Equation (12) shows that the percentage of the CME signal
within the measured CME observable can be obtained by
measuring A and a. However, the assumption made above
may not be valid due to a possible difference between the
ratio of the CME signals and the inverse ratio of elliptical
flows [70,71]. Thus, in the more general case the following

024909-3



CHEN, ZHAO, AND MA PHYSICAL REVIEW C 109, 024909 (2024)

FIG. 2. Upper panel: The centrality dependences of �γ {PP}
(solid symbols) and �γ {SP} (open symbols) in isobar collisions at√

sNN = 200 GeV from the AMPT model with different strengths
of the CME, in comparison with the STAR data [48]. Lower panel:
The centrality dependences of �γ/v2 ratios of Ru+Ru collisions to
Zr+Zr collisions. The data points are shifted along the x axis for
clarity.

relationship holds:

�γCME{PP} = b�γCME{SP}. (13)

where b represents the ratio of the CME signals relative to
the two different planes. A more generalized equation can be
obtained by replacing the corresponding part of Eq. (11) as

�γ {SP} = a�γBkg{PP} + �γCME{PP}/b. (14)

Therefore, a more realistic percentage after taking b into
account ( fCME{b}) can be calculated as

fCME{b} = �γCME{PP}
�γ {PP} = A/a − 1

1/ab − 1
. (15)

The remaining important question is how to calculate b,
which can be done theoretically. For example, within the
theoretical framework of our AMPT model, the value of b can
be obtained by the equation

b = �γ {PP}(p �= 0) − �γ {PP}(p = 0)

�γ {SP}(p �= 0) − �γ {SP}(p = 0)
, (16)

where the numerator and denominator are the CME signals
inside the measured CME observables relative to participant
and spectator planes, respectively. They can be obtained by

FIG. 3. The centrality dependences of A and a in isobar collisions
at

√
sNN = 200 GeV from the AMPT model with different strengths

of the CME, in comparison with the STAR data [48]. The solid and
open symbols represent the results for A and a, respectively. The data
points are shifted along the x axis for clarity.

taking the differences in the results with and without the
imported CME signal.

III. RESULTS AND DISCUSSIONS

In this section, we present the AMPT results on charge-
dependent azimuthal correlations for charged particles relative
to spectator and participant planes, and compare them with
the results from the STAR isobar experiment. We keep the
same kinetic cuts as the STAR experiment, i.e., 0.2 < pT <

2.0 GeV/c and |η| < 1.
The upper panel of Fig. 2 shows the centrality dependences

of �γ {PP} and �γ {SP} in Ru+Ru and Zr+Zr collisions
at

√
sNN = 200 GeV from the AMPT model with different

strengths of the CME. Compared to the STAR data, our
results favor a small percentage of CME signal, which is also
consistent with our recent study [62]. The �γ {SP} is greater
than �γ {PP}, which indicates that �γ {SP} is more sensitive
to the CME than �γ {PP} because the spectator plane is more
strongly correlated with the direction of the magnetic field
than the participant plane. The lower panel in Fig. 2 shows
the �γ/v2 ratios of Ru+Ru to Zr+Zr, which are consistent
with unity within our statistical errors.

Figure 3 shows the centrality dependences of A and a
from the AMPT model with different strengths of the CME,
compared with the STAR experimental data [48]. As the CME
strength increases, the value of a hardly changes and is always
less than unity. We have checked that a satisfies the expecta-
tion relation of a = 〈cos 2(�PP − �SP)〉, which indicates that
the CME has the same effect on the elliptic flows relative to
different planes. On the other hand, when p = 0 and p = 2%,
the value of A is almost identical and less than unity. However,
in the other cases, the value of A is greater than unity and
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FIG. 4. The centrality dependences of A/a in isobar collisions at√
sNN = 200 GeV from the AMPT model with different strengths of

the CME, in comparison with the STAR data [48]. The data points
are shifted along the x axis for clarity.

increases with increasing p. This indicates that the CME has
different effects on �γ relative to different planes.

Figure 4 shows the A/a ratio as a function of the cen-
trality bin from the AMPT model with different strengths of
the CME. A value of A/a greater than 1 corresponds to the
presence of a CME signal within the CME observable �γ ,
according to Eq. (12) or Eq. (15). Let us focus on mid-central
centrality bins (20–50%), where it is believed that the CME
effect is more likely to be measured compared to other cen-
trality bins. For the centrality bins of 20-50%, we can clearly
see that A/a is greater than 1, except for the cases of p = 0
and p = 2%. We also observe that the value of A/a increases
as the CME strength increases, suggesting that A/a can reflect
the strength of the CME signal.

Next, we use Eq. (16) to calculate b and compare it with
a. Figure 5 shows the centrality dependences of a and b from
the AMPT model with different strengths of the CME. We
observe that the values of a and b are different, where the value
of b is smaller than the value of a for the centrality bins of
20–50%. The a value is almost independent of CME strength,
consistent with that shown in Fig. 3. The value of b indicates
the relative ability of the PP method to carry the CME signal
relative to the SP method. The value of b does not vary much
with the CME strength within the statistical errors. Note that
we do not show the case where the CME strength is 2% due
to the huge statistical errors.

Figure 6 further shows the centrality dependences of the
b/a ratios from the AMPT model with different strengths of
the CME. For the centrality bins of 20–50%, an approximate
relation of b/a = 0.65(±0.18) can be obtained by using a
constant function fitting. It means that the relative ratio of the
CME signals relative to different planes is not equal to the
inverse of the ratio of the elliptic flows relative to different
planes. Next, we will demonstrate the significance of this

FIG. 5. The centrality dependences of a and b in isobar collisions
at

√
sNN = 200 GeV from the AMPT model with different strengths

of the CME. The open and solid symbols represent the results for a
and b, respectively. The data points are shifted along the x axis for
clarity.

finding in determining the fraction of the CME signal within
the �γ observable.

The upper panel in Fig. 7 shows two types of fCME as a
function of centrality from the AMPT model with different
strengths of the CME, where the solid and open symbols
represent fCME calculated according to Eq. (12) and fCME{b}
calculated according to Eq. (15), respectively. Compared to
the STAR experimental data [48], the results of fCME from
p = 0% or p = 2% are favored. For the centrality bins of 20–
50%, fCME{b} is less than fCME when p is not equal to zero.
The lower panel in Fig. 7 shows the centrality dependence
of the ratio of fCME{b} to fCME. For the centrality bins of

FIG. 6. The centrality dependences of b/a in isobar collisions at√
sNN = 200 GeV from the AMPT model with different strengths of

the CME. The data points are shifted along the x axis for clarity.
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FIG. 7. Upper panel: The centrality dependences of fCME{b} and
fCME in isobar collisions at

√
sNN = 200 GeV from the AMPT model

with different strengths of the CME, in comparison with the STAR
data [48]. The solid and open symbols represent the results for
fCME{b} and fCME, respectively. Lower panel: The centrality depen-
dences of the ratio of fCME{b} to fCME corresponding to the upper
panel. The data points are shifted along the x axis for clarity.

20–50%, the ratio is less than unity, which suggests that the
fraction of the CME signal within the �γ observable will be
overestimated if the relation of b = a is assumed.

To discern which of the two above fCME is closer to the real
situation, we can theoretically use another method to obtain
the true fCME, namely fCME{p}, as a criterion. It is defined as

fCME{p} = �γCME{PP}(p �= 0)

�γ {PP}(p �= 0)
, (17)

where

�γCME{PP}(p �= 0) = �γ {PP}(p �= 0)

−�γ {PP}(p = 0).
(18)

The observables of �γ {PP}(p = 0) and �γ {PP}(p �= 0) can
be obtained from the AMPT model without the CME and
with different strengths of the CME, respectively. Figure 8
shows that fCME{b} is closer to fCME{p} than fCME for the
centrality bins of 10–50%. This suggests that it is necessary to
consider b to obtain a more reliable fCME. We also calculated
the fCME{p} relative to the SP, which is slightly larger than that
relative to the PP.

It is evident from the above results that b �= a has a sig-
nificant impact on the result of fCME in isobar collisions. In
order to understand the origin of this inequality, we calculated
a and b for different stages of Ru+Ru collisions for the AMPT

FIG. 8. The centrality dependences of fCME, fCME{b}, and
fCME{p} from three different methods in Ru+Ru collisions at√

sNN = 200 GeV from the AMPT model with two different
strengths of the CME. The data points are shifted along the x axis
for clarity.

model with the CME strength of p = 10%. According to the
framework of the AMPT model, we focus on four evolution
stages of heavy-ion collisions, which are the initial stage, after
parton cascade, after coalescence, and after hadron rescatter-
ings. In the upper panel of Fig. 9, we observe that the value
of a remains unchanged during the last three stages. Note that
we do not show a for the initial stage, since the elliptic flow
is initially zero. However, for a given evolutionary stage, the
value of b is always smaller than the value of a and decreases
stage by stage in the centrality bins of 10–50%. The lower
panel of Fig. 9 shows that the ratio of b/a also decreases with
the stage evolution. The main reason is of course due to the
change in b. The decrease of b indicates a decreasing corre-
lation between the CME signals relative to the two different
planes, which can be interpreted as a result of decorrelation
due to final-state interactions during the evolution of heavy-
ion collisions [62,82,85,86].

A possible explanation for the difference between the b
and a values is discussed below. In Ref. [82], the authors
demonstrated that the final-state interactions in relativistic
heavy-ion collisions can significantly reduce the initial charge
separation. The reduction factor can be as large as an order
of magnitude. Because of the anisotropic overlap zone, the
final-state interactions not only reduce the magnitude but also
alter the direction of the maximum CME current. As a result,
the direction of the maximum survived signal deviates from
the initial magnetic field direction (equivalently the spectator
plane) by an angle (denoted as η). We illustrate this process
with Fig. 10 [87]. Since angular decorrelation also applies
relative to the participant plane, one would naively expect
�γ {PP}
�γ {SP} = 〈cos 2(ψPP−ψSP+η)〉

〈cos 2η〉 ≈ 〈cos 2(ψPP − ψSP)〉 to still hold.
Our results indicate that this naive expectation does not seem
to hold in AMPT, whose mechanism warrants further inves-
tigation. If b is indeed smaller than a as our AMPT study
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FIG. 9. Upper panel: The centrality dependences of a and b in
Ru+Ru collisions at

√
sNN = 200 GeV for four different stages from

the AMPT model with the CME strength of p = 10%. The open and
solid symbols represent the results for a and b, respectively. Lower
panel: The centrality dependences of the ratio of b/a for the different
stages in Ru+Ru collisions corresponding to the upper panel. The
data points are shifted along the x axis for clarity.

suggests, then the fCME extracted from the SP/PP method
assuming b = a would be an overestimation of the final-state
CME fraction in the measured �γ observable. However, since
this decorrelation is a final-state reduction effect, the esti-
mated fCME would still be a lower limit of the initial CME
signal that is subsequently damped and washed in the final-
state evolution of relativistic heavy-ion collisions.

IV. SUMMARY

Using a multiphase transport model with different
strengths of the CME, we reexamine the proposed two-plane
method to determine the fraction of the CME signal within
the CME observable of �γ in isobar collisions at

√
sNN =

200 GeV. We first calculate the elliptic flow v2 and the CME
observables of �γ relative to the spectator plane and partici-
pant plane. The ratio b of the CME signal relative to the two
different planes is found to be different from the ratio a of the
background relative to the two different planes in isobar colli-
sions. If the difference between a and b is taken into account,

FIG. 10. An illustration of the change of the CME signal from
the initial state to the final state in relativistic heavy-ion collisions.
The initial CME signal is aligned with the magnetic field (black
dashed ellipse) but at a different angle to the participant plane
angle (blue ellipse). Final-state interactions change the magnitude
and direction of the CME signal, resulting in its reduction and ro-
tation away from the initial direction, as shown by the green solid
ellipse.

we demonstrate that it will lead to a smaller CME fraction
than the constraint obtained in the current experimental way.
We theoretically observe a decrease in the value of b during
the stage evolution in the AMPT model, which indicates the
decorrelation of the chiral magnetic effect relative to spectator
and participant planes is caused by final state interactions in
isobar collisions. Since a and b were assumed to be equal in
the current experimental study, the fraction of the final-state
CME signal in �γ measurement could be overestimated. We
are going to perform the calculations for Au+Au collisions at√

sNN = 200 GeV. We hope that our study will provide a the-
oretical reference for future measurements of the fraction of
the chiral magnetic effect inside the experimental observable
in relativistic heavy-ion collisions.
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