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Abstract

The chiral magnetic effect (CME) refers to charge separation along a strong magnetic field between left- and right-1

handed quarks, caused by interactions with topological gluon fields from QCD vacuum fluctuations. We present two2

approaches to handle the dominant elliptic flow (v2) background in the three-particle correlator, ∆γ112, sensitive to CME.3

In the first approach, we present the ∆γ112 and ∆γ123 measurements in U+U and Au+Au collisions. While hydrody-4

namic simulations including resonance decays and local charge conservation predict that ∆γ112 scaled by Npart/v2 will5

be similar in U+U and Au+Au collisions, the projected B-field exhibits a distinct difference between the two systems6

and with varying Npart. Therefore, U+U and Au+Au collisions provide configurations with different expectations for7

both CME signal and background. Moreover, the three-particle observable ∆γ123 scaled by Npart/v3 provide baseline8

measurement for only the background.9

In the second approach, we handle the v2 background by measuring ∆γ112 with respect to the planes of spectators10

measured by Zero Degree Calorimeters and participants measured by Time Projection Chamber. These measurements11

contain different amounts of contributions from CME signal (along B-field, due to spectators) and v2 background (de-12

termined by the participant geometry). With the two ∆γ112 measurements, the possible CME signal and the background13

contribution can be determined. We report such a measurement at Au+Au 27 GeV with the newly installed event plane14

detector, and report the new findings in U+U system where the spectator-participant plane correlations are expected to15

differ from those in Au+Au collisions.16

Keywords: QCD, heavy-ion collisions, chiral magnetic effect, spectators plane, participant plane

1. Introduction17

Quark interactions with fluctuating topological gluon field can induce chirality imbalance and local18

parity violation in quantum chromodynamics (QCD) [1, 2, 3]. This can lead to electric charge separation in19

the presence of a strong magnetic field (B), a phenomenon known as the chiral magnetic effect (CME) [4, 5].20

Such a strong B may be present in non-central heavy-ion collisions, generated by the spectator protons at21

early times [6, 7]. Extensive theoretical and experimental efforts have been devoted to the search for the22

CME-induced charge separation along B in heavy-ion collisions [8, 9, 10, 11].23
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2. Results24

We present two approaches to handle the dominant elliptic flow (v2) background in the observable, ∆γ11225

(charge separation across second-order event plane), sensitive to CME.26

In the first approach, we present the ∆γ112, ∆γ123 and ∆γ132 measurements in U+U and Au+Au colli-27

sions. The systematic studies of the ∆γ112, ∆γ123 and ∆γ132 in those two systems can provide insights on28

the CME signal and background behaviors. Figure 1 left upper panel show the expected B-field from MC-29

Glauber calculations [12], which indicate that U+U and Au+Au have large B-field difference at large Npart.30

Charge separation driven by CME should be sensitive to such difference. On the other hand, background31

model studies using hydrodynamic simulations [13] indicate background to be similar between U+U and32

Au+Au as seen in Fig. 1 left lower panel. Furthermore, the third harmonic event-plane (ψ3) is not expected33

to be correlated with the magnetic field. One thus does not expect CME contribute to ∆γ123.34

1
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Figure 7 & 8: model comparison
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Background models capture most of the observed trends, γ112 going to zero in 
ultra-central events in not unique signature of B~0 as it is also seen in case of γ123
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Motivation & Figure.1
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FIG. 1. (color online) (a) Predictions from MC-Glauber
model for projected magnetic field at the center of participant
zone at the time of collisions (⌧ = 0) in Au+Au and U+U
collisions. The quantity is scaled the ellipticity to take the
shape di↵erence between the two systems. (b) Predictions for
flow driven background using IP-Glasma+MUSIC+UrQMD
(Hydro) simulations with and without including maximum
possible e↵ects of local charge conservation (maxLCC). The
quantity plotted on the y-axis is scaled by elliptic anisotropy
to scale out the shape di↵erence between the models.

grounds. On the other hand, the validity of the assump-94

tions made in these analyses are sometimes unclear. It95

has also been di�cult to account for all observations with96

background models. The comparison of di↵erent collid-97

ing systems, however such as U+U and Au+Au may help98

distinguish background from CME.99

Since we expect the measurements of ��, more specif-100

ically ��1,1,2 to be a↵ected by B-field driven e↵ects and101

a dominant flow-driven background, we demonstrate the102

motivation of this work using Fig. 1. In top panel of Fig. 1103

we show model calculations of projections of the mag-104

netic field on to the participant-plane that determines105

the elliptic flow axis hB2 cos(2( B � 2))i divided by the106

ellipticity of the initial overlap region " that drives the107

magnitude of elliptic flow. In the lower panel we show hy-108

drodynamic predictions for the flow related background109

with and without charge conservation enforced for U+U110

and Au+Au collisions as a function of the collision cen-111

trality represented by Npart – the number of nucleons112

participating in the collision. In the hydrodynamic cal-113

culation, the correlation length between charge pairs is114

set to zero leading to the largest possible e↵ect of local115

charge conservation within this model. As expected, the116

case where local charge conservation is enforced shows117

a much larger charge separation than without. While118

the background model predicts that the charge separa-119

tion ��112 scaled by Npart/v2 will be similar in U+U120

and Au+Au collisions and roughly independent of Npart,121

the projected magnetic field exhibits a distinct variation122

with collision system and with varying Npart. For values123

of Npart above 100, owing to the larger number of spec-124

tators in the U+U collisions at a given Npart, U+U col-125

lisions exhibit a larger projected magnetic (B) field than126

Au+Au collisions. Therefore, if ��112 has a large con-127

tribution from CME, when compared at the same Npart128

there should be a di↵erence between Au+Au collisions129

and U+U collisions. This provides two generic expecta-130

tions with which to compare our measurements. It must131

be noted that apart from B-field and flow-driven back-132

ground, ��112 measurements are a↵ected by non-flow133

backgrounds that are not correlated to a global event-134

plane, dominant in peripheral events – we assume that135

at a fixed Npart such background will have weak system136

dependence. In this work we explore such non-flow back-137

grounds in detail. Apart from the system dependence138

we expect some general features of ��112 measurements139

based on Fig. 1. Owing to a decorrelation between the140

direction of the B-field and the flow axis, the projected B-141

field is sharply reduced in both very peripheral and very142

central Au+Au and U+U collisions. Although very pe-143

ripheral collisions will have large three-particle non-flow144

backgrounds, very central collisions may be particularly145

useful for disentangling B-field driven e↵ects from flow146

related background – while the flow-related background147

remains large in these collisions the projected B-field is148

highly suppressed. If measurements are dominated by149

background the correlations should remain large in ultra-150

central collisions while if they are dominated by signal,151

they should be suppressed [28, 31–34].152

In this paper, we present measurements of an observ-153

able similar to but more general than � and investigate154

its centrality dependence in U+U and Au+Au collisions155

including ultra-central collisions. We extend our analysis156

to higher harmonics in order to 1) provide a more detailed157

and complete picture of the two-particle correlations rela-158

tive to the reaction plane, 2) to provide an experimental159

baseline for background expectations, 3) to cross-check160

our conclusions, and 4) to allow for tests of symmetry and161

factorization assumptions that will be described further162

below. We analyze mixed-harmonic, charge-dependent163

three-particle azimuthal correlations using the observ-164

able [17, 35–37]165

C↵,�
m,n,m+n = hhcos(m�↵

a + n��
b � (m + n)�c)ii (1)

where the inner average is taken over all sets of unique166

triplets, and the outer average is taken over all events167

weighted by the number of triplets in each event. The168

azimuthal angles of the momenta of particles “a”,“b”,169

3

and“c” are represented by �a,b,c, “m”, and “n” are in-170

teger harmonics, and the indices ↵,� refer to the charge171

selection applied to particles “a” and “b”. The combina-172

tion ↵,� = ±, ± is referred to as same-sign (SS) particle173

pairs and ↵,� = ±,⌥ is referred to as opposite-sign (OS)174

particle pairs. Typically, the charge selections are made175

on particle “a” and “b” while the third particle “c” in-176

cludes both positive and negative charges. When analyz-177

ing higher, mixed harmonics however, we will also apply178

the charge selection to particle “c”. In the case where179

m = n = 1, the �-correlator (more explicitly written as180

�1,1,2) is related to C1,1,2 by181

�↵,�
1,1,2 = hhcos(�↵

a + ��
b � 2 2)ii ⇡

C↵,�
1,1,2

v2{2} , (2)

where  2 is the second harmonic event plane and182

v2{2}2 = hhcos(�i � �j)ii is the two-particle elliptic183

anisotropy coe�cient. Clearly, we use the ratio of two184

cumulants C↵,�
1,1,2 and v2{2} to determine the �↵,�

1,1,2 corre-185

lator in oppose to directly measuring it using an event-186

plane method. We argue that this method has its advan-187

tage of being independent of the event-plane resolution188

and correspond to a well-defined limit (the low-resolution189

limit) [? ] of the measurement. The �↵,�
1,1,2 correlator de-190

fined in Eq.2 approximates the �-correlator with respect191

to the reaction plane  RP , i.e. hcos(�a + �b � 2 RP )i,192

where the proxy for  RP is the second harmonic event193

plane  2 of the inclusive charged particles. Therefore,194

�↵,�
1,1,2 measures any possible e↵ects of charge separation195

driven by the component of ~B along  2 [16, 20]. Some196

short-range background e↵ects such as those due to HBT,197

Coulomb and di-jets can be quantified and removed from198

this observable by studying its di↵erential dependence on199

the relative pseudo-rapidity of two of the three particles:200

�⌘.201

In this paper we also study the two following higher202

order charge dependent correlations,203

�↵,�
1,2,3 =

hhcos(�↵
a +2��

b �3�c)ii
v3{2} ⇡ hhcos(�↵

a + 2��
b � 3 3)ii,

�↵,�
1,3,2 =

hhcos(�↵
a�3��

b +2�c)ii
v2{2} ⇡ hhcos(�↵

a � 3��
b + 2 2)ii.

(3)

The measurement of these higher, mixed-harmonic cor-204

relations provides several tests for CME. Owing to sym-205

metry for example, the correlation of the third harmonic206

event-plane ( 3) with the magnetic field is expected to207

cancel. In this case, one expects that CME should not208

contribute to a measurement of �1,2,3 where  3 is used209

instead of  2. Any non-zero result should therefore be210

related to background. Under certain assumptions of211

symmetry and factorization, one can relate background212

estimates from the third harmonic plane to the measure-213

ments using  2 which should contain any CME related214

signal. Previous works have argued based on these com-215

parisons that backgrounds can be shown to account for216

all of the observed ��1,1,2 [24]. Those arguments how-217

ever rely on assumptions related to the symmetry of the218

system: i.e. that hsin(�↵���) sin(n���n�c)i = 0 and to219

factorization: i.e. that hcos(�↵ � ��) cos(n�� � n�c)i =220

hcos(�↵ � ��)ihcos(n�� � n�c)i.221

In this paper, we will use charge-dependent, two-222

particle correlations �↵,�
n =

DD
cos(n�↵

i � n��
j )
EE

,223

charge-independent two-particle harmonic coe�cients224

v2
n{2} = hhcos(n�i � n�j)ii and a full suite of mixed-225

harmonic correlations C↵,�
m,n,m+n to provide tests of sym-226

metry and factorization assumptions. We will present our227

analysis for Au+Au and U+U collisions, quantify some228

of the known short-range background contributions and229

compare our data to background calculations based on230

a hydrodynamic model coupled with global momentum231

conservation, resonance decays and local charge conser-232

vation. Finally, we will make use of the mixed-harmonic233

correlations to extract the contribution from correlations234

in the reaction plane and those perpendicular to it. In235

addition to improving our understanding of charge sep-236

aration in heavy ion collisions, these data provide a rich237

source of information for future model comparisons.238

Experiment and Analysis : We present measurements239

of C↵,�
m,n,m+n and �↵,� in 200 GeV Au+Au and U+U col-240

lisions with the data collected in the year 2011 and 2012241

respectively by the STAR detector [38] at RHIC. The cur-242

rent work is an extension of our previous work on charge243

inclusive three-particle correlation (Cm,n,m+n) measure-244

ments [37? ]. We detect charged particles within the245

range |⌘| < 1 and for transverse momentum of pT > 0.2246

GeV/c using the STAR Time Projection Chamber [39]247

situated inside a 0.5 Tesla solenoidal magnetic field. We248

use track-by-track weights [40, 41] to account for im-249

perfections in the detector acceptance and momentum250

dependence of the detector e�ciency. Additionally, we251

correct our measurements from the e↵ects of two-track252

merging that is dominant in central collisions [36]. We es-253

timate systematic uncertainties by comparing data from254

di↵erent time periods within a given year and from dif-255

ferent years for which di↵erent tracking algorithms have256

been used. We vary our e�ciency estimates, the z-vertex257

position of the collision, and the track selection criteria.258

We also study the variation of observables with the lumi-259

nosity as quantified by the coincidence rate measured by260

ZDCs. In relevant figures, systematic uncertainties will261

be shown as shaded boxes while statistic uncertainties262

are shown as vertical lines. Table I shows a break-down263

of the systematic uncertainties for ��1,1,2/v2 in U+U264

collisions.265

We define centralities (0�5%, 5�10%, 10�20%, ..., 70�266

80%) using the probability distribution of uncorrected267

tracks from TPC within |⌘| < 0.5. For each of our268

centrality intervals, we use a Monte Carlo Glauber269

model [42, 43] to estimate the average number of par-270

ticipating nucleons Npart for plotting our results. See271

1) System dependence of B-field & hydro 

2) Measure γ123 which is 100% Bkg.
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The measurement of these higher, mixed-harmonic cor-204

relations provides several tests for CME. Owing to sym-205

metry for example, the correlation of the third harmonic206

event-plane ( 3) with the magnetic field is expected to207

cancel. In this case, one expects that CME should not208

contribute to a measurement of �1,2,3 where  3 is used209

instead of  2. The systematics of �1,2,3, such as mag-210

nitude, system and centrality dependence will be en-211

tirely driven by background that can be contrasted with212

�1,1,2. Under certain assumptions of symmetry and fac-213

torization, one can directly relate background estimates214

from the third harmonic plane to the measurements us-215

ing  2 which should contain any CME related signal.216

Previous works have argued based on these comparisons217
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a hydrodynamic model coupled with global momentum233
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correlations to extract the contribution from correlations236
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range |⌘| < 1 and for transverse momentum of pT > 0.2248
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use track-by-track weights [40, 41] to account for im-251
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dependence of the detector e�ciency. Additionally, we253
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FIG. 1. (color online) (a) Predictions from MC-Glauber
model for projected magnetic field at the center of participant
zone at the time of collisions (⌧ = 0) in Au+Au and U+U
collisions. The quantity is scaled the ellipticity to take the
shape di↵erence between the two systems. (b) Predictions for
flow driven background using IP-Glasma+MUSIC+UrQMD
(Hydro) simulations with and without including maximum
possible e↵ects of local charge conservation (maxLCC). The
quantity plotted on the y-axis is scaled by elliptic anisotropy
to scale out the shape di↵erence between the models.

grounds. On the other hand, the validity of the assump-94

tions made in these analyses are sometimes unclear. It95

has also been di�cult to account for all observations with96

background models. The comparison of di↵erent collid-97

ing systems, however such as U+U and Au+Au may help98

distinguish background from CME.99

Since we expect the measurements of ��, more specif-100

ically ��1,1,2 to be a↵ected by B-field driven e↵ects and101

a dominant flow-driven background, we demonstrate the102

motivation of this work using Fig. 1. In top panel of Fig. 1103

we show model calculations of projections of the mag-104

netic field on to the participant-plane that determines105

the elliptic flow axis hB2 cos(2( B � 2))i divided by the106

ellipticity of the initial overlap region " that drives the107

magnitude of elliptic flow. In the lower panel we show hy-108

drodynamic predictions for the flow related background109

with and without charge conservation enforced for U+U110

and Au+Au collisions as a function of the collision cen-111

trality represented by Npart – the number of nucleons112

participating in the collision. In the hydrodynamic cal-113

culation, the correlation length between charge pairs is114

set to zero leading to the largest possible e↵ect of local115

charge conservation within this model. As expected, the116

case where local charge conservation is enforced shows117

a much larger charge separation than without. While118

the background model predicts that the charge separa-119

tion ��112 scaled by Npart/v2 will be similar in U+U120

and Au+Au collisions and roughly independent of Npart,121

the projected magnetic field exhibits a distinct variation122

with collision system and with varying Npart. For values123

of Npart above 100, owing to the larger number of spec-124

tators in the U+U collisions at a given Npart, U+U col-125

lisions exhibit a larger projected magnetic (B) field than126

Au+Au collisions. Therefore, if ��112 has a large con-127

tribution from CME, when compared at the same Npart128

there should be a di↵erence between Au+Au collisions129

and U+U collisions. This provides two generic expecta-130

tions with which to compare our measurements. It must131

be noted that apart from B-field and flow-driven back-132

ground, ��112 measurements are a↵ected by non-flow133

backgrounds that are not correlated to a global event-134

plane, dominant in peripheral events – we assume that135

at a fixed Npart such background will have weak system136

dependence. In this work we explore such non-flow back-137

grounds in detail. Apart from the system dependence138

we expect some general features of ��112 measurements139

based on Fig. 1. Owing to a decorrelation between the140

direction of the B-field and the flow axis, the projected B-141

field is sharply reduced in both very peripheral and very142

central Au+Au and U+U collisions. Although very pe-143

ripheral collisions will have large three-particle non-flow144

backgrounds, very central collisions may be particularly145

useful for disentangling B-field driven e↵ects from flow146

related background – while the flow-related background147

remains large in these collisions the projected B-field is148

highly suppressed. If measurements are dominated by149

background the correlations should remain large in ultra-150

central collisions while if they are dominated by signal,151

they should be suppressed [28, 31–34].152

In this paper, we present measurements of an observ-153

able similar to but more general than � and investigate154

its centrality dependence in U+U and Au+Au collisions155

including ultra-central collisions. We extend our analysis156

to higher harmonics in order to 1) provide a more detailed157

and complete picture of the two-particle correlations rela-158

tive to the reaction plane, 2) to provide an experimental159

baseline for background expectations, 3) to cross-check160

our conclusions, and 4) to allow for tests of symmetry and161

factorization assumptions that will be described further162

below. We analyze mixed-harmonic, charge-dependent163

three-particle azimuthal correlations using the observ-164

able [17, 35–37]165

C↵,�
m,n,m+n = hhcos(m�↵

a + n��
b � (m + n)�c)ii (1)

where the inner average is taken over all sets of unique166

triplets, and the outer average is taken over all events167

weighted by the number of triplets in each event. The168

azimuthal angles of the momenta of particles “a”,“b”,169

3) Test symmetry and factorization 
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Figure 7 & 8: model comparison
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Fig. 1. (Left upper) Predictions from MC-Glauber model [12] for projected magnetic field in Au+Au and U+U collisions. (Left bottom)
Predictions for flow driven background using hydrodynamic simulations [13]. (Right) The ∆γ112, ∆γ123 and ∆γ132 measurements in
U+U and Au+Au collisions.

Figure 1 right panels show the ∆γ112, ∆γ123 and ∆γ132 measurements in U+U and Au+Au collisions.35

Background contribution based on hydrodynamic simulations with local charge conservation and global36

momentum conservation are included for comparison. The mixed-harmonic correlations do not follow37

signal-only or background-only expectations. Interesting features in ultra-central collisions are observed,38

which need further investigations.39

In the second approach, we study the ∆γ measurements with respect to participant plane (ψPP) and40

spectator plane (ψSP). The CME refers to charge separation along a strong magnetic field. The magnetic41

field is mainly produced by spectator protons in heavy ion collisions, strongest perpendicular to the ψSP. On42

the other hand, the major elliptic flow background is determined by the participant geometry, largest in the43

ψPP. The ψSP and the ψPP can be assessed, experimentally in STAR, by the spectator neutrons in zero degree44

calorimeters, ψZDC, and by mid-rapidity particles in the time projection chamber, ψTPC, respectively. The45

∆γ measurements with respect to ψZDC and ψTPC can therefore resolve the possible CME signal (and the46

background). Consider the measured ∆γ to be composed of the v2 background and the CME signal:47

∆γ{ψTPC} = ∆γCME{ψTPC} + ∆γBkg{ψTPC}, ∆γ{ψZDC} = ∆γCME{ψZDC} + ∆γBkg{ψZDC}. (1)

Assuming the CME is proportional to the magnetic field squared and background is proportional to v2 [14],48

both projected onto the ψ direction, we have49

∆γCME{ψTPC} = a∆γCME{ψZDC}, ∆γBkg{ψZDC} = a∆γBkg{ψTPC}, (2)
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where a = 〈cos2(ψZDC − ψTPC)〉. The parameter a can be readily obtained from the v2 measurements:50

a = v2{ψZDC}/v2{ψTPC}. (3)

The CME signal relative to the inclusive ∆γ{ψTPC} measurement is then given by51

fEP
CME = ∆γCME{ψTPC}/∆γ{ψTPC} = (A/a − 1)(1/a2 − 1), (4)

where52

A = ∆γ{ψZDC}/∆γ{ψTPC}. (5)

Note the only two free parameters a and A can be measured experimentally.53

Applying this method, we have previously reported the measurements of possible CME signal fraction in54

200 GeV Au+Au collisions, revealing dominant background contribution [15]. Here, we report our findings55

in U+U collisions where the spectator-participant plane correlations are expected to differ from those in56

Au+Au collisions. Figure 2 upper panels show the measured v2 (left) and ∆γ (right) with respect to the57

ψZDC and ψTPC, as functions of the collision centrality. Figure 2 bottom panels show the ratio of v2 (left)58

measured with respect to the ψZDC and that with respect to ψTPC, the a in Eq. 3, and the ratio of ∆γ (right),59

the A in Eq. 5, as functions of the collision centrality in Au+Au 200 GeV and U+U 193 GeV. Data indicate60

difference in v2 between central U+U and Au+Au. And the “a” and “A” are similar both in trend and61

magnitude, which indicate background contribution dominants in the ∆γ112 measurements.62
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Fig. 2. The centrality dependences of the v2 (Upper left) and ∆γ (Upper right) measured with respect to the ZDC and TPC event planes.
The corresponding ratios of the v2 (Bottom left) and ∆γ (Bottom right) measured with respect to that two planes.

Figure 3 show the extracted CME fractions ( fCME) at Au+Au 200 GeV and U+U 193 GeV. The combined63

results is fCME = 8 ± 4 ± 8%.64

At Au+Au 27 GeV, the differential ∆γ measurements can be achieved by the newly installed Event Plane65

Detector (EPD) (2.1 < |η| < 5.1) [16]. At this energy, the rapidity of the colliding beam (ybeam=3.4) falls66

in the middle of acceptance of EPD. Therefore the EPD can provide an unique way to search for CME67

using both ψPP, by outer EPD, and ψSP, by inner EPD. Figure 4 upper panel shows the multiplicity and68

v2 scaled ∆γ measurements with respect to ψPP and ψSP from EPD [17]. The bottom panel show that the69

corresponding ratio of v2 or ∆γ measurements with ψSP over the one with ψPP is consistent with unity with70

large uncertainty, indicating CME fraction is consistent with zero. More quantitative studies are in progress.71
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Fig. 3. The extracted CME fractions ( fCME) from
Au+Au 200 GeV and U+U 193 GeV.
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❑ CME search with RHIC Beam Energy Scan-I data is limited by statistics and large
uncertainties in the determination event-plane

❑ In this study we show how the Au+Au 27 GeV data collected in year 2018 at RHIC
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Elliptic anisotropy w.r.to the plane of the produced 
particles |η|<Ybeam

Elliptic anisotropy w.r.to the plane of the spectator 
protons |η|>Ybeam

Elliptic anisotropy drops significantly w.r.to spectator 
proton plane due to decorrelation and difference in 
flow-fluctuations w.r.to two planes.

Charge separation w.r.to planes of the produced 
particles |η|<Ybeam

Charge separation w.r.to planes of the spectator 
protons |η|>Ybeam

No significant difference in the charge separation w.r.to 
spectator proton & produced particle event planes.

Charge separation normalized by elliptic anisotropy w.r.to 
planes at |η|<Ybeam and |η|>Ybeam

No significant difference in the scaled charge separation w.r.to 
spectator proton & produced particle event planes.
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Dominantly 
Produced 
particles v1

v2,2 ≡ cos 2𝜙 − 2ψ2
η <𝑌𝑏𝑒𝑎𝑚

v2,1,1 ≡ cos 2𝜙 − ψ1
η>𝑌𝑏𝑒𝑎𝑚 − ψ1

−η<−𝑌𝑏𝑒𝑎𝑚

𝛾1,1,2
𝛼,𝛽

= cos 𝜙𝑎
𝛼 + 𝜙𝑏

𝛽
− 2ψ2

η <𝑌𝑏𝑒𝑎𝑚

𝛾1,1,1,1
𝛼,𝛽

= cos 𝜙𝑎
𝛼 + 𝜙𝑏

𝛽
− ψ1

η>𝑌𝑏𝑒𝑎𝑚 − ψ1
−η<−𝑌𝑏𝑒𝑎𝑚

𝛾𝛼,𝛽 ≡ cos 𝜙𝑎
𝛼 + 𝜙𝑏

𝛽
− 2ψRP

∆𝛾 = 𝛾±,∓ − 𝛾++,−−

EPDW
EPDE

In part supported by

Fig. 4. (Upper) The multiplicity and v2 scaled ∆γ
measured with respect to participant and spectator
planes from EPD, (Bottom) the corresponding ratio
between participant and spectator planes.

3. Summary72

In summary, we report mixed-harmonic three-particle correlations studies in Au+Au 200 GeV and U+U73

193 GeV collisions. The results indicate that background models capture most of the observed trends.74

Meanwhile interesting features are observed in ultra-central Au+Au and U+U collisions, which need further75

investigations. We also report v2 and ∆γ measurements with respect to ψZDC and ψTPC, and extract the76

possible CME signal fraction assuming the proportionality of the CME and background to the projection77

onto the corresponding plane. The extracted possible CME fraction is (8 ± 4 ± 8)% averaged over 20-50%78

centrality in Au+Au 200 GeV and U+U 193 GeV collisions. We further explore the Au+Au 27 GeV data,79

where the newly installed EPD can be sensitive to both spectator and participant planes.80
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