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Abstract7

Experiments conducted in the last decade to search for the Chiral Magnetic8

Effect (CME) in heavy-ion collisions have been inconclusive. Isobar program9

at RHIC was conducted to address this problem. Also, in order to study the10

CME, a new approach known as the Sliding Dumbbell Method (SDM) has11

been developed. This method searches for the back-to-back charge separa-12

tion on an event-by-event basis. The SDM facilitates the selection of events13

corresponding to various charge separations (fDbCS) across the dumbbell. A14

partitioning of the charge separation distributions for each collision centrality15

into 10 percentile bins is done in order to find potential CME-like events that16

correspond to the highest charge separation across the dumbbell. Results for17

two- and three-particle correlators for isobar (Ru+Ru and Zr+Zr) collisions at18

√
sNN = 200 GeV will be presented for each bin of fDbCS in each collision cen-19

trality. The background contribution due to statistical fluctuations is obtained20

by randomly shuffling the charges of the particles in a particular collision cen-21

trality. Correlated backgrounds are calculated for each fDbCS bin of charged22

shuffled events using their corresponding original events.23
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1 Introduction24

In non-central heavy-ion collisions, P-odd meta-stable states and the strong mag-25

netic field generated by highly energetic spectator protons lead to the separation26

of oppositely charged particles along the system’s angular momentum direction and27

perpendicular to the reaction plane, known as the Chiral Magnetic Effect (CME) [1,28

2]. Isobaric collisions of 96
44Ru+96

44Ru and 96
40Zr+96

40Zr nuclei, had been proposed as29

a promising approach to address the challenges associated with the detection of the30

CME in heavy-ion collisions [3]. The larger atomic number of Ruthenium (9644Ru) com-31

pared to Zirconium (9640Zr) leads to an increase of approximately 15% in the squared32

magnetic field in Ru+Ru collisions. This enhanced magnetic field is expected to33

lead to a proportional increase in the CME contribution in Ru+Ru collisions, while34

the similarity in mass numbers of the colliding nuclei ensures comparable flow-driven35

backgrounds [4].36

2 Analysis Technique and Details37

A novel technique, the Sliding Dumbbell Method (SDM) [5] is developed to isolate38

and extract an enriched sample of CME-like events within each collision centrality.39

In the SDM, the azimuthal plane in each event is scanned by sliding the dumbbell of40

∆φ = 90◦ in steps of δφ = 1◦ while calculating Db+− for each region. The maximum41

values of Db+− (Dbmax
+− ) is selected in each event with a condition that | Dbasy |<42

0.25. Db+− is the sum of positive and negative charge fractions on “a” and “b” side43

of dumbbell, defined as:44

Db+− =
na
+

(na
+ + na

−)
+

nb
−

(nb
+ + nb

−)
, (1)

where na
+ and na

− (nb
+ and nb

−) are numbers of positive and negative charged particles45

on “a” (“b”) side of the dumbbell. The SDM calculates Dbmax
+− using the charge excess46

asymmetry across the dumbbell, denoted as Dbasy.47

Dbasy =
Posaex −Negbex
Posaex +Negbex

(2)
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Where Posaex = na
+ − na

− (Negbex = nb
− − nb

+ ) is the positive (negative) charged48

particle excess on side “a” (“b”) of the dumbbell. The charge separation across the49

dumbbell (fDbCS = Dbmax
+− − 1) distributions are obtained for each centrality class50

and subdivided into ten percentile bins, ranging from 0-10% to 90-100% for each51

collision centrality. Two- and three-particle correlators are computed for different52

charge combinations and for each fDbCS bin in each centrality. For the background53

estimation Charge Shuffle (ChS) and Correlated (Corr) backgrounds are used.54

Charge Shuffle background (ChS): This background is generated from the data55

(Ru+Ru and Zr+Zr) itself in which the the charges of particles are shuffled randomly56

while keeping their momenta (i.e., θ and φ) unchanged.57

Correlated background (Corr): To recover correlations amongst particles which58

were destroyed in charge shuffling, we obtain the correlations from the original events59

corresponding to the particular fDbCS bin of charge shuffled events.60

Analysis Details: We used the minimum bias events (∼50% of the available MB61

data) from the isobar collisions (9644Ru+96
44Ru and 96

40Zr+96
40Zr) at

√
sNN = 200 GeV.62

Events with -35 < Vz < 25 and tracks with | η |< 1, 0.2 < pT < 2.0 GeV/c and DCA63

< 3 cm are used for the analysis.64

3 Results and Discussions65

The fDbCS distributions for different collision centralities are compared in figure 1 for66

Ru+Ru and Zr+Zr collisions. It can be seen that fRu+Ru
DbCS distributions are almost
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Figure 1: Comparison of fDbCS distributions for Ru+Ru and Zr+Zr collisions at√
sNN = 200 GeV in different collision centralities.
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67

similar to fZr+Zr
DbCS distributions. Also, the distributions are moving towards higher68

values of fDbCS with decreasing collision centralities for both Ru+Ru and Zr+Zr col-69

lisions. Figure 2 (Left) presents the dependence of γ-correlator for opposite-sign (OS)
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Figure 2: γ (Left) and ∆γ (Right) in different fDbCS bins for different centrality bins
for Ru+Ru and Zr+Zr collisions at

√
sNN = 200 GeV. Boxes represent the systematic

errors while the statistical errors (represented by bars) are within the marker sizes.

70

and same-sign (SS) charge pairs, respectively, on fDbCS for 0-60% collision centralities71

for Ru+Ru (blue color) and Zr+Zr (red color) collisions. It can be seen that γOS > 072

and γSS < 0 for top fDbCS bins (i.e., for 0-20% (0-30%) fDbCS for 0-40% (40-60%)73

collision centralities), as expected for CME type events. Figure 2 (Right) displays
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Figure 3: fDbCS dependence on ∆γ for Ru+Ru (Left) and Zr+Zr (Right) collisions,
ChSRu(Zr) and CorrRu(Zr) background for 0-60% collision centralities.

74

the dependence of ∆γ on fDbCS for 0-60% collision centralities, indicating that ∆γ is75

smaller for Ru+Ru than those of Zr+Zr collisions. The values of ∆γ in the top fDbCS76

bins have increased many times than the average values [4]. The dependence of ∆γ77
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on fDbCS for Ru+Ru (Left) and Zr+Zr (Right) collisions and their respective back-78

grounds i.e., ChSRu/Zr and CorrRu/Zr background, for 0-60% collision centralities is79

displayed in figure 3. The data points (∆γdata) for the top 20% fDbCS bins are higher80

than the total background (∆γChS + ∆γCorr) for 30-50% collision centralities.81

4 Summary82

In summary, we obtained the three-particle (γ) correlator for isobar (Ru+Ru and83

Zr+Zr) collisions using the SDM to investigate the Chiral Magnetic Effect. The84

charge separation (fDbCS) distribution extends towards higher fDbCS values with de-85

creasing collision centrality. It is observed that γOS > 0 and γSS < 0 for top 20%86

(30%) fDbCS bins for 0-40% (40-60%) collision centralities. We obtained two different87

backgrounds, i.e., Charge Shuffle (ChS) due to statistical fluctuation and Correlated88

(Corr) background from the data itself. Additionaly, ∆γdata for the top 20% fDbCS89

bins are higher than the total background (∆γChS + ∆γCorr) for 30-50% collision cen-90

tralities for both isobaric collisions. We are conducting a detailed analysis with the91

full data set to explore a possible CME signal in the top 20% fDbCS bins.92
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