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v Introduction:
ü Anomalous Transport in the QGP

D.E. Kharzeev et al.
Prog.Part.Nucl.Phys. 88 (2016) 1-28D.E. Kharzeev

Prog.Part.Nucl.Phys. 75 (2014) 133-151

Ø In non-central collisions a 
strong magnetic field is 

created ⊥ to Ψ!"

Ø Magnetic field acts on the chiral fermions with 𝜇# ≠ 0 leads to an 
electric current along the magnetic field which leads to a charge 

separation

Chiral Chemical
potential

Can we identify & characterize this dipole moment?

CME-driven charge separation leads to a dipole term in the azimuthal distribution of the 
produced charged hadrons:

𝑑𝑁$%

𝑑𝜙
∝ 1 ± 2 𝑎&$% sin 𝜙 +⋯ 𝑎&$% ∝ 𝜇# 𝐵
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The background complicates
signal extraction

𝚿𝑹𝒙𝒏

background

Ø Background can account for a sizeable part of the observed 
charge separation

AM
PT

Ma, Zhang
Phys.Lett. B700 (2011) 39-43

OS

SS

v Dipole charge separation measurements correlators: 
A well-known approach is to use the 𝛾 correlator to measure the dipole charge separation
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v Dipole charge separation measurements correlators: 
A well-known approach is to use the 𝛾 correlator to measure the dipole charge separation
Ø Constraining the background effect on the 𝛾 correlator: 
Ø Comparing and contrasting the:

ü 𝛾&&/ vs. 𝛾&/0
• B-field and Ψ0 are uncorrelated

ü 𝛾&&/ for small and large systems
• B-field and Ψ/ are uncorrelated

ü 𝛾&&/ for different event shape selections 
• Constraining the v1 background 

ü 𝛾&&/ with pair invariant mass cut
• Constraining the resonances contributions

ü 𝛾&&/ along the participant and the spectators E-P
• PKG is large (small) in measurements relative to PP (SP),  

CME signal is opposite

Voloshin, Phys. Rev. C 98, 054911 (2018)
H-J. Xu, et al, CPC 42, 084103 (2018)

STAR collaboration,
Phys.Lett.B 798 (2019) 134975

J. Zhao, H. Li and F. Wang,
Eur. Phys. J. C79 168 (2019)

Fufang Wen , et al, 
CPC 42, 014001 (2018)
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A new approach is to use the signed balance function to measure the dipole charge separation

Ø Count pair’s momentum ordering in py

Ø Count net-ordering (e.g. excess of pos. leading neg.) for each event

𝐵",3 𝑆3 = 𝑁45 𝑆3 − 𝑁44 𝑆3 /𝑁4

𝐵6,3 𝑆3 = 𝑁54 𝑆3 − 𝑁55 𝑆3 /𝑁5

𝛿𝐵3 ±1 = 𝐵",3 ±1 − 𝐵6,3 ±1 ∆𝐵3 = 𝛿𝐵3 +1 − 𝛿𝐵3 −1

where Nαβ denotes the number of 
positive/negative pairs with a sign of 
𝑆3 in an event. 𝑆3 is labeled as +1 if  

𝑝3α > 𝑝3
β, and -1 if vice versa.

𝑟 = ∆𝐵3/∆𝐵:

𝑅; = 𝑟<=>?/𝑟@AB

𝑝3α = 𝑝3
β

Lab frame

𝑝3α > 𝑝3
β

Rest frame

Rest frame has the best sensitivity to 
momentum ordering

A. Tang,  Chinese Phys. C 44 054101 (2020)
Yufu Lin (QM-2019)v Dipole charge separation measurements correlators: 
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A. Tang,  Chinese Phys. C 44 054101 (2020)
Yufu Lin (QM-2019)

∆𝐵3/∆𝐵:

𝑟<=>?/𝑟@AB
Ø In AVFD: 

ü LCC shifts both rrest and RB
upwards.

ü Limited response to LCC, when 
changing from 0% to 33%.

Ø In Toy model
ü rrest and RB responds in 

opposite directions to the 
change of resonance v2

A new approach is to use the signed balance function to measure the dipole charge separation

v Dipole charge separation measurements correlators: 

Sensitivity to the CME input signal?
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A recent approach is to use the 𝑅DE correlator to measure the dipole charge separation

N. Magdy, et. al, e-Print: 2003.02396
N. Magdy, et. al, e-Print: 2002.07934
N. Magdy, et al, Phys.Rev.C 98 (2018) 6, 061902
N. Magdy, et al, Phys.Rev.C 97 (2018) 6, 061901

Ø The correlator is constructed for a given event plane ΨF via a ratio of two correlation functions

𝐶D/ ∆𝑆 quantifies charge separation of along the B-field

x
y

Reaction
Plane Ψ!

𝐶D/H ∆𝑆 quantifies charge separation perpendicular 
to the B-field (only background)

𝑅DI ∆𝑆 =
𝐶DE ∆𝑆
𝐶DE
H ∆𝑆

thm  order
event plane

The 𝑅DE ∆𝑆 correlator measures the magnitude of charge separation parallel to the B-field, 
relative to that for charge separation perpendicular to the B-field

Note that 𝑅DJ ∆𝑆 is insensitive to the CME-driven  charge separation 
(but sensitive to background)

v Dipole charge separation measurements correlators: 

https://arxiv.org/abs/2003.02396
https://arxiv.org/abs/2002.07934
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RΨ3
(∆S) distributions. Note as well, that such pat-

terns could be convex- or concave-shaped [? ], depending
on the detailed nature of the background-driven correla-
tions. Therefore, in addition to an observed concave-
shaped distribution for RΨ2

(∆S), an observed difference
between the distributions for RΨ2

(∆S) and RΨ3
(∆S) is

essential for CME identification and characterization.
The magnitude of a CME-driven charge separation is

reflected in the width of the concave-shaped distribution
for RΨ2

(∆S), which is also influenced by particle number
fluctuations and the resolution of Ψ2. That is, stronger
CME-driven signals lead to narrower concave-shaped dis-
tributions (smaller widths), which are made broader by
particle number fluctuations and poorer event-plane reso-
lutions. The influence of the particle number fluctuations
can be minimized by scaling ∆S by the width σ∆Sh

of
the distribution for Nshuffled(∆S) i.e., ∆S

′

= ∆S/σ∆Sh
.

Similarly, the effects of the event plane resolution can
be accounted for by scaling ∆S

′

by the resolution factor
δRes, i.e., ∆S

′′

= ∆S
′

/δRes, where δRes is the event plane
resolution. The efficacy of these scaling factors have been
confirmed via detailed simulation studies, as well as with
actual data.
Simulated events from both the AMPT and AVFD

models were used to study the response, as well as the
efficacy of the RΨm

(∆S) correlators. Representative re-
sults from these studies are summarized in Figs. 1 - 5.
The response of the correlator to background- and

CME-driven charge separation is illustrated in Fig. 1.
Panel (a) indicates that the RΨ2

(∆S) correlator exhibits
a convex-shaped distribution for the background-driven
(a1 = 0) charge separation in both models, albeit with
some model dependence for the magnitudes. Note that
these background-driven distributions are not required
to be convex-shaped [? ] and are specific to these mod-
els. Panel (b) shows that the introduction of a mod-
est input CME-driven charge separation (a1 = 1.0%) in
the same AVFD events, results in a change from convex-
shaped to a concave-shaped distribution for RΨ2

(∆S).
This change reflects the influence of the CME-driven
charge separation in the AVFD model. These patterns
contrast with those of the the γαβ correlator, which was
observed to give the same qualitative response to both
background-driven and CME-driven charge separation in
AMPT model simulations [? ].
Figure 2 show background-driven charge separation

distributions for both RΨ2
(∆S) and RΨ3

(∆S), obtained
with the AMPT model. Panels (a) and (b) show dis-
tributions which are corrected for number fluctuations
(∆S

′

) and the combined effects of number fluctuations
and event plane resolution (∆S

′′

) respectively. Fig. 2(b)
indicate the expected similarity between the shape and
widths for RΨ2

(∆S
′′

) and RΨ3
(∆S

′′

). This similarity
is especially important since RΨ3

(∆S) is insensitive to
CME-driven charge separation. Thus, a discernible dif-
ference in the response for RΨ2

(∆S
′′

) and RΨ3
(∆S

′′

)
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FIG. 1. Comparison of the R(∆S) correlators for (a)
background-driven charge separation (a1 = 0) in 30-40%
Au+Au collisions (

√

sNN = 200 GeV) obtained with the
AMPT and AVFD models, and (b) the combined effects of
background- and CME-driven (a1 = 1.0%) charge separation
in Au+Au collisions obtained with the AVFD model at the
same centrality and beam energy.
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(a) Au+Au AMPT 200 GeV
30-50%

R
Ψ

m
(Δ

S)

ΔSʹ

 0.92

 0.94
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(b)

ΔSʺ

a1 = 0

m = 2
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FIG. 2. Comparison of the RΨm
(∆S

′

) (a) and RΨm
(∆S

′′

)
(b) correlators for background-driven charge separation (a1 =
0) in 30-50% Au+Au collisions (

√

sNN = 200 GeV) obtained
with the AMPT model.

constitutes a crucial and necessary requirement for un-
ambiguous identification and characterization of CME-
driven charge separation. In the same vein, RΨ2

(∆S)
would not be expected to show a significant concave-
shaped response in p(d)+A collisions, due to the absence
of a strong correlation between the orientation of the Ψ2

plane and the B⃗-field in these collisions [30, 36, 37].
The sensitivity of the RΨ2

(∆S) correlator to varying
degrees of input CME-driven charge separation (charac-
terized by a1) at a fixed collision centrality, is shown in
Fig. 3. Note that for a fixed centrality, a change in the

v Dipole charge separation measurements correlators: 

ü The 𝑅DKand 𝑅DJgive similar response to the 
background irrespective of the correlator shape 
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FIG. 1. (color online) The correlator R(�S) (Eq. 4) for
Pb+Pb collisions at

p
s = 2760 GeV with 0� 5% (panel (a)),

30�40% (panel (b)), and 70�80% centrality (panel (c)). The
dotted lines denote the results for primordial particles only,
with no charge dependent correlations. The dashed lines rep-
resent the results of the simulations including particles from
resonance decays. The solid lines represent the results of the
model with local charge conservation and resonance decays
included. For clarity, in all figures statistical errors are shown
only for one of the calculations.

Au+Au collisions at
p
s = 200 GeV using a nucleon

Glauber model for initial conditions [22]. All the cal-
culations are performed in two versions, one with charge
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FIG. 2. (color online) Same as in Fig. 1 but for p+Pb colli-
sions at

p
s = 5020 GeV with centrality 0� 3%.

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

1

1.1

1.2

1.3

1.4
Au+Au   200GeV   30-40%

hydro+LCC+resonance

hydro+resonance

hydro

 SΔ

 S
)

Δ
R

(

FIG. 3. (color online) Same as in Fig 1 but for Au-Au colli-
sions at

p
s = 200 GeV and centrality 30� 40%.

correlations from resonance decays only and the other
including also the local charge conservation e↵ect. The
details of the initial conditions and of the hydrodynamic
modeling are not essential for the present study as long
long as the spectra and the average harmonic flow coe�-
cients are reproduced. The charge splitting background
e↵ects discussed in this paper involve phenomena hap-
pening at the freeze-out and after. The hydrodynamic
evolution is needed to obtain a realistic freeze-out hy-
persurface and flow. Alternatively, a simple blast-wave
ansatz has been successfully used instead [12].
The chiral magnetic e↵ect leads to a charge separation

along the direction of the magnetic field. As the direction
of the magnetic field is perpendicular to the direction of
the second order event plane  2, the presence of topolog-
ical e↵ects should lead to an increase of the magnitude
of the charge splitting projected on a direction perpen-
dicular to  2 [18]

�S =

Pp
i=1 sin(�i � 2)

p
�

Pm
i=1 sin(�i � 2)

m
. (1)
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FIG. 5. (color online) Same as in Fig. 1 but for the third
order event plane (Eq. 10).

should exhibit a modulation with respect to the angle of
the third order flow component  3. The directions of the
minimal flow are located at  3± ⇡

3 and  3+⇡. The pro-
jection of the charge splitting on the direction of minimal
flow can be defined as

�S3 =

Pp
i=1 sin

�
3
2 (�i � 3)

�

p
�

Pm
i=1 sin

�
3
2 (�i � 3)

�

m
(8)
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FIG. 6. (color online) Same as in Fig. 5 but for p+Pb colli-
sions at

p
s = 5020 GeV with centrality 0� 3%.
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FIG. 7. (color online) Same as in Fig 5 but for Au+Au colli-
sions at

p
s = 200 GeV and centrality 30� 40%.

and analogously for the directions along the flow

�S?,3 =

Pp
i=1 cos

�
3
2 (�i � 3)

�

p
�
Pm

i=1 cos
�
3
2 (�i � 3)

�

m
.

(9)
The events-by-event distributions of �S3 and �S?,3 are
constructed for the real and reshu✏ed events to obtain
the distributions C3(�S3) and C?,3(�S?,3). Finally the
correlator for the charge splitting with respect to the
third order flow is calculated

R3(�S3) =
C3(�S3)

C?,3(�S3)
. (10)

The results for the third order correlator are shown in
Figs. 5, 6, and 7. The convex deviation of the third order
correlator R3(�S3) from 1 is visible for semi-central and
peripheral collisions of heavy ions, although the e↵ect
is less pronounced than for the second order correlator
R(�S). For central Pb+Pb collisions and for p+Pb col-
lisions no significant deviation of the correlator from 1
can be evidenced.
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90

7 
(2

01
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ü Validation of the expected concave-shaped 
response of 𝑅DK ∆𝑆 to the CME-driven charge 
separation input in CME-events

N. Magdy, et. al, e-Print: 2003.02396
N. Magdy, et. al, e-Print: 2002.07934
N. Magdy, et al, Phys.Rev.C 98 (2018) 6, 061902
N. Magdy, et al, Phys.Rev.C 97 (2018) 6, 061901

A recent approach is to use the 𝑅DE correlator to measure the dipole charge separation
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m
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(b)
m = 3
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      = 0.5 %
      = 1.0 %
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 1.1

 1.2

-3 -2 -1  0  1  2  3
∆S″

Data Au+Au 200 GeV 
30-50%

(c)

m = 2
m = 3

𝐿𝐶𝐶 = 33%

https://arxiv.org/abs/2003.02396
https://arxiv.org/abs/2002.07934
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v Experimental Measurements

B-field and Ψ/ ~ uncorrelated
plane

d+Au, p+Au, …
Ø Leverage Small systems

ØBench-mark measurements: 

ØConstraining the CME-signal to background via:
ü Different event shape selections

ü Pair invariant mass cut

ü Correlation along PP and SP

ü Using the signed balance function

ü Using the 𝑅DE correlator

B-field and Ψ0 ~ uncorrelated

Ø Leverage 𝛹0 measurments

Ψ0

B
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v Experimental Measurements:
Measurements for small and large systems: 

STAR collaboration,
PLB 798 (2019) 134975
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FIG. 1. Comparison of the RΨm(∆S
′′
) distributions for charged particles in Au+Au collisions (

√
sNN = 200 GeV). Results are

shown for (a) purely background-driven charge separation for 30-50% central events obtained with the AMPT model; (b) same
as (a) but with resonance decays suppressed; (c) the combined effects of background- and CME-driven (ã1 = 1.0%) charge
separation obtained for 30-50% central events with the AVFD model and (d) data for 30-50% central events from this study.

 1

 1.04

-2 -1  0  1  2

(a)
Au+Au 200 GeV

20-50% 

R
Ψ

2(∆
S″  )

∆S″

q2% = 0-20% 
         20-40%
         40-60%

         40-100%
 0.06

 0.08

 0.1

 0  20  40  60  80

 0.06

 0.08

 0.1(b)

v 2
{2
}

 0.1

 0.2

 0  20  40  60  80

 0.1

 0.2(c)

q2%

σ
-1 R
Ψ

2

FIG. 2. (a) Comparison of the RΨ2(∆S
′′
) correlators for

q2 selected events in 20 − 50% central, Au+Au collisions at√
sNN = 200 GeV; (b) v2(q2) vs. q2 for the same q2-selected

events; (c) comparison of the inverse widths σ−1
RΨ2

for the

RΨ2(∆S
′′
) distributions shown in panel (a).

centralities at
√
sNN = 200 GeV; note that the statis-

tics for p(d)+Au collisions precluded the extraction of
RΨ3(∆S) for these systems. Representative distribu-
tions are shown in Figs. 1(d), 2, 3 and 4. The sys-
tematic uncertainties associated with these extractions
were estimated from variations in the extracted values
of RΨm(∆S) after varying the vertex position, DCA and
|∆η| over the ranges ± 30 cm, 2-3 cm and 0.2-0.6 respec-
tively. The resulting relative uncertainties which roughly
cancel (cf. Eq. 3), are much smaller than the statistical
uncertainties and do not exceed 1%.

 0.95
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FIG. 3. Comparison of theRΨ2(∆S
′′
) correlators obtained for

charged particles in peripheral Au+Au and central p(d)+Au
collisions (⟨Nch⟩ ∼ 20) at

√
sNN = 200 GeV.

To aid the interpretation of the experimental mea-
surements, RΨm(∆S) correlators were similarly obtained
[36] for Au+Au collisions simulated with the Multi-
Phase Transport (AMPT) Model (v1.26t5-v2.26t5) [43]
and the first generation Anomalous Viscous Fluid Dy-
namics (AVFD) model [9]; the latter does not incor-
porate event-by-event fluctuations but the former does.
Both models include flow and resonance decays, but do
not incorporate Local charge conservation (LCC) as a
background. This LCC background can influence both
the magnitude and the shape of the RΨ2(∆S) and the
RΨ3(∆S) correlators [36, 41], depending on its precise
nature. However, it can be discerned from CME-driven
charge separation via a comparison of RΨ2(∆S) and
RΨ3(∆S) [36, 41] as discussed earlier. The simulated
correlators, shown in Figs. 1(a)-(c), provide insight, as
well as important benchmarks for qualitative compar-
isons between the measured correlators and those simu-
lated for background- and background plus CME-driven
charge separation.

The AMPT results shown in Fig. 1(a) indicates that,
for background-driven charge separation (a1 = 0), sim-
ilar magnitudes and widths are to be expected for the
RΨ2(∆S

′′
) and RΨ3(∆S

′′
) distributions. This similarity,

albeit with different shaped correlators, is borne out in
hydrodynamical model calculations which incorporates
the LCC background [41]. Fig. 1(b) shows that the sup-
pression of resonance decays in the AMPT events (by
switching them off), results in relatively flat distribu-
tions for RΨm(∆S

′′
), confirming that, in the absence of

resonance decays, RΨ2(∆S
′′
) is insensitive to the back-

ground which results from flow fluctuations. This re-
sponse contrasts with that for the γ correlator [34, 35].
Fig. 1(c) shows that the introduction of an input CME
signal (a1 = 1.0%) in single-shot AVFD events, leads to
the concave-shaped RΨ2(∆S

′′
) distribution expected for

CME-driven charge separation along the B⃗-field.

The RΨ2,3(∆S
′′
) correlators for 30-50% Au+Au colli-

sions are shown in Fig. 1(d); they indicate characteris-
tic patterns which contrast with the expected similarity
between RΨ2(∆S

′′
) and RΨ3(∆S

′′
) when background-

STAR Collaboration
e-Print:2006.04251

Ø Measurements for 𝑅D/ show: 
Different response for small (p(d)+Au) 
and large (Au+Au) systems

Ø Depending on the ∆𝜂 the ∆𝛾 show:
Similar response for small (p(d)+Au) 
and large (Au+Au) systems

Ø𝑅D/ and ∆𝛾 responded differently for small systems 
ü Back-ground driven charge separation?

B-field and Ψ/ ~ uncorrelated
plane

d+Au, p+Au, …
Ø Leverage Small systems

ü Excellent bench-mark 
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v Experimental Measurements:
Measurements for different event planes: 

P.Tribedy, 
WWND 2020

Ø γ123 (100% background) provides 
data-driven baseline
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FIG. 1. Comparison of the RΨm(∆S
′′

) distributions for charged particles in Au+Au collisions (
√
sNN = 200 GeV). Results are

shown for (a) purely background-driven charge separation for 30-50% central events obtained with the AMPT model; (b) same
as (a) but with resonance decays suppressed; (c) the combined effects of background- and CME-driven (ã1 = 1.0%) charge
separation obtained for 30-50% central events with the AVFD model and (d) data for 30-50% central events from this study.
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FIG. 2. (a) Comparison of the RΨ2(∆S
′′

) correlators for
q2 selected events in 20 − 50% central, Au+Au collisions at√
sNN = 200 GeV; (b) v2(q2) vs. q2 for the same q2-selected

events; (c) comparison of the inverse widths σ−1

RΨ2
for the

RΨ2(∆S
′′

) distributions shown in panel (a).

within the range −1.0 < η < −0.1, to avoid possible
self-correlations. The latter pT cut was chosen to mini-
mize the influence of acceptance effects at low pT while
optimizing the statistics.

The values of RΨm
(∆S) were obtained for central

p(d)+Au collisions and for Au+Au collisions at several
centralities at

√
sNN = 200 GeV; note that the statis-

tics for p(d)+Au collisions precluded the extraction of
RΨ3

(∆S) for these systems. Representative distribu-
tions are shown in Figs. 1(d), 2, 3 and 4. The sys-
tematic uncertainties associated with these extractions
were estimated from variations in the extracted values
of RΨm

(∆S) after varying the vertex position, DCA and
|∆η| over the ranges ±30 cm, 2-3 cm and 0.2-0.6 respec-
tively. The resulting relative uncertainties which roughly
cancel (cf. Eq. 3), are much smaller than the statistical
uncertainties and do not exceed 1%.

To aid the interpretation of the experimental mea-
surements, RΨm

(∆S) correlators were similarly obtained
[36] for Au+Au collisions simulated with the Multi-
Phase Transport (AMPT) Model (v1.26t5-v2.26t5) [43]
and the first generation Anomalous Viscous Fluid Dy-
namics (AVFD) model [9]; the latter does not incor-
porate event-by-event fluctuations but the former does.
Both models include flow and resonance decays, but do
not incorporate Local charge conservation (LCC) as a
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FIG. 3. Comparison of theRΨ2(∆S
′′

) correlators obtained for
charged particles in peripheral Au+Au and central p(d)+Au
collisions (⟨Nch⟩ ∼ 20) at

√
sNN = 200 GeV.

background. This LCC background can influence both
the magnitude and the shape of the RΨ2

(∆S) and the
RΨ3

(∆S) correlators [36, 41], depending on its precise
nature. However, it can be discerned from CME-driven
charge separation via a comparison of RΨ2

(∆S) and
RΨ3

(∆S) [36, 41] as discussed earlier. The simulated
correlators, shown in Figs. 1(a)-(c), provide insight, as
well as important benchmarks for qualitative compar-
isons between the measured correlators and those simu-
lated for background- and background plus CME-driven
charge separation.
The AMPT results shown in Fig. 1(a) indicates that,

for background-driven charge separation (a1 = 0), sim-
ilar magnitudes and widths are to be expected for the
RΨ2

(∆S
′′

) and RΨ3
(∆S

′′

) distributions. This similarity,
albeit with different shaped correlators, is borne out in
hydrodynamical model calculations which incorporates
the LCC background [41]. Fig. 1(b) shows that the sup-
pression of resonance decays in the AMPT events (by
switching them off), results in relatively flat distribu-
tions for RΨm

(∆S
′′

), confirming that, in the absence of
resonance decays, RΨ2

(∆S
′′

) is insensitive to the back-
ground which results from flow fluctuations. This re-
sponse contrasts with that for the γ correlator [34, 35].
Fig. 1(c) shows that the introduction of an input CME
signal (a1 = 1.0%) in single-shot AVFD events, leads to
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FIG. 1. Comparison of the RΨm(∆S
′′

) distributions for charged particles in Au+Au collisions (
√
sNN = 200 GeV). Results are

shown for (a) purely background-driven charge separation for 30-50% central events obtained with the AMPT model; (b) same
as (a) but with resonance decays suppressed; (c) the combined effects of background- and CME-driven (ã1 = 1.0%) charge
separation obtained for 30-50% central events with the AVFD model and (d) data for 30-50% central events from this study.
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) correlators for
q2 selected events in 20 − 50% central, Au+Au collisions at√
sNN = 200 GeV; (b) v2(q2) vs. q2 for the same q2-selected

events; (c) comparison of the inverse widths σ−1

RΨ2
for the

RΨ2(∆S
′′

) distributions shown in panel (a).

within the range −1.0 < η < −0.1, to avoid possible
self-correlations. The latter pT cut was chosen to mini-
mize the influence of acceptance effects at low pT while
optimizing the statistics.

The values of RΨm
(∆S) were obtained for central

p(d)+Au collisions and for Au+Au collisions at several
centralities at

√
sNN = 200 GeV; note that the statis-

tics for p(d)+Au collisions precluded the extraction of
RΨ3

(∆S) for these systems. Representative distribu-
tions are shown in Figs. 1(d), 2, 3 and 4. The sys-
tematic uncertainties associated with these extractions
were estimated from variations in the extracted values
of RΨm

(∆S) after varying the vertex position, DCA and
|∆η| over the ranges ±30 cm, 2-3 cm and 0.2-0.6 respec-
tively. The resulting relative uncertainties which roughly
cancel (cf. Eq. 3), are much smaller than the statistical
uncertainties and do not exceed 1%.

To aid the interpretation of the experimental mea-
surements, RΨm

(∆S) correlators were similarly obtained
[36] for Au+Au collisions simulated with the Multi-
Phase Transport (AMPT) Model (v1.26t5-v2.26t5) [43]
and the first generation Anomalous Viscous Fluid Dy-
namics (AVFD) model [9]; the latter does not incor-
porate event-by-event fluctuations but the former does.
Both models include flow and resonance decays, but do
not incorporate Local charge conservation (LCC) as a
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FIG. 3. Comparison of theRΨ2(∆S
′′

) correlators obtained for
charged particles in peripheral Au+Au and central p(d)+Au
collisions (⟨Nch⟩ ∼ 20) at

√
sNN = 200 GeV.

background. This LCC background can influence both
the magnitude and the shape of the RΨ2

(∆S) and the
RΨ3

(∆S) correlators [36, 41], depending on its precise
nature. However, it can be discerned from CME-driven
charge separation via a comparison of RΨ2

(∆S) and
RΨ3

(∆S) [36, 41] as discussed earlier. The simulated
correlators, shown in Figs. 1(a)-(c), provide insight, as
well as important benchmarks for qualitative compar-
isons between the measured correlators and those simu-
lated for background- and background plus CME-driven
charge separation.
The AMPT results shown in Fig. 1(a) indicates that,

for background-driven charge separation (a1 = 0), sim-
ilar magnitudes and widths are to be expected for the
RΨ2

(∆S
′′

) and RΨ3
(∆S

′′

) distributions. This similarity,
albeit with different shaped correlators, is borne out in
hydrodynamical model calculations which incorporates
the LCC background [41]. Fig. 1(b) shows that the sup-
pression of resonance decays in the AMPT events (by
switching them off), results in relatively flat distribu-
tions for RΨm

(∆S
′′

), confirming that, in the absence of
resonance decays, RΨ2

(∆S
′′

) is insensitive to the back-
ground which results from flow fluctuations. This re-
sponse contrasts with that for the γ correlator [34, 35].
Fig. 1(c) shows that the introduction of an input CME
signal (a1 = 1.0%) in single-shot AVFD events, leads to
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FIG. 1. Comparison of the RΨm(∆S
′′

) distributions for charged particles in Au+Au collisions (
√
sNN = 200 GeV). Results are

shown for (a) purely background-driven charge separation for 30-50% central events obtained with the AMPT model; (b) same
as (a) but with resonance decays suppressed; (c) the combined effects of background- and CME-driven (ã1 = 1.0%) charge
separation obtained for 30-50% central events with the AVFD model and (d) data for 30-50% central events from this study.
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FIG. 2. (a) Comparison of the RΨ2(∆S
′′

) correlators for
q2 selected events in 20 − 50% central, Au+Au collisions at√
sNN = 200 GeV; (b) v2(q2) vs. q2 for the same q2-selected

events; (c) comparison of the inverse widths σ−1

RΨ2
for the

RΨ2(∆S
′′

) distributions shown in panel (a).

within the range −1.0 < η < −0.1, to avoid possible
self-correlations. The latter pT cut was chosen to mini-
mize the influence of acceptance effects at low pT while
optimizing the statistics.

The values of RΨm
(∆S) were obtained for central

p(d)+Au collisions and for Au+Au collisions at several
centralities at

√
sNN = 200 GeV; note that the statis-

tics for p(d)+Au collisions precluded the extraction of
RΨ3

(∆S) for these systems. Representative distribu-
tions are shown in Figs. 1(d), 2, 3 and 4. The sys-
tematic uncertainties associated with these extractions
were estimated from variations in the extracted values
of RΨm

(∆S) after varying the vertex position, DCA and
|∆η| over the ranges ±30 cm, 2-3 cm and 0.2-0.6 respec-
tively. The resulting relative uncertainties which roughly
cancel (cf. Eq. 3), are much smaller than the statistical
uncertainties and do not exceed 1%.

To aid the interpretation of the experimental mea-
surements, RΨm

(∆S) correlators were similarly obtained
[36] for Au+Au collisions simulated with the Multi-
Phase Transport (AMPT) Model (v1.26t5-v2.26t5) [43]
and the first generation Anomalous Viscous Fluid Dy-
namics (AVFD) model [9]; the latter does not incor-
porate event-by-event fluctuations but the former does.
Both models include flow and resonance decays, but do
not incorporate Local charge conservation (LCC) as a
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FIG. 3. Comparison of theRΨ2(∆S
′′

) correlators obtained for
charged particles in peripheral Au+Au and central p(d)+Au
collisions (⟨Nch⟩ ∼ 20) at

√
sNN = 200 GeV.

background. This LCC background can influence both
the magnitude and the shape of the RΨ2

(∆S) and the
RΨ3

(∆S) correlators [36, 41], depending on its precise
nature. However, it can be discerned from CME-driven
charge separation via a comparison of RΨ2

(∆S) and
RΨ3

(∆S) [36, 41] as discussed earlier. The simulated
correlators, shown in Figs. 1(a)-(c), provide insight, as
well as important benchmarks for qualitative compar-
isons between the measured correlators and those simu-
lated for background- and background plus CME-driven
charge separation.
The AMPT results shown in Fig. 1(a) indicates that,

for background-driven charge separation (a1 = 0), sim-
ilar magnitudes and widths are to be expected for the
RΨ2

(∆S
′′

) and RΨ3
(∆S

′′

) distributions. This similarity,
albeit with different shaped correlators, is borne out in
hydrodynamical model calculations which incorporates
the LCC background [41]. Fig. 1(b) shows that the sup-
pression of resonance decays in the AMPT events (by
switching them off), results in relatively flat distribu-
tions for RΨm

(∆S
′′

), confirming that, in the absence of
resonance decays, RΨ2

(∆S
′′

) is insensitive to the back-
ground which results from flow fluctuations. This re-
sponse contrasts with that for the γ correlator [34, 35].
Fig. 1(c) shows that the introduction of an input CME
signal (a1 = 1.0%) in single-shot AVFD events, leads to

STAR Collaboration
e-Print:2006.04251

Ø 𝑅D/ for Au+Au collisions is concave-shaped 
(𝑅D0 is flat-shaped)

ü Difference shape between 𝑅DK ∆𝑆 & 𝑅DJ ∆𝑆
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v Experimental Measurements:
Measurements for different event shape selections: 

Gang Wang, 
Chirality 2018

STAR preliminary

STAR preliminary

Ø The ESE signals are similar for 
γ112 and γ123.
ü Origin of these finite 

intercepts: residue nonflow? 
implicit v2? CME?
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FIG. 1. Comparison of the RΨm(∆S
′′
) distributions for charged particles in Au+Au collisions (

√
sNN = 200 GeV). Results are

shown for (a) purely background-driven charge separation for 30-50% central events obtained with the AMPT model; (b) same
as (a) but with resonance decays suppressed; (c) the combined effects of background- and CME-driven (ã1 = 1.0%) charge
separation obtained for 30-50% central events with the AVFD model and (d) data for 30-50% central events from this study.
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FIG. 2. (a) Comparison of the RΨ2(∆S
′′
) correlators for

q2 selected events in 20 − 50% central, Au+Au collisions at√
sNN = 200 GeV; (b) v2(q2) vs. q2 for the same q2-selected

events; (c) comparison of the inverse widths σ−1
RΨ2

for the

RΨ2(∆S
′′
) distributions shown in panel (a).

centralities at
√
sNN = 200 GeV; note that the statis-

tics for p(d)+Au collisions precluded the extraction of
RΨ3(∆S) for these systems. Representative distribu-
tions are shown in Figs. 1(d), 2, 3 and 4. The sys-
tematic uncertainties associated with these extractions
were estimated from variations in the extracted values
of RΨm(∆S) after varying the vertex position, DCA and
|∆η| over the ranges ± 30 cm, 2-3 cm and 0.2-0.6 respec-
tively. The resulting relative uncertainties which roughly
cancel (cf. Eq. 3), are much smaller than the statistical
uncertainties and do not exceed 1%.
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FIG. 3. Comparison of theRΨ2(∆S
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) correlators obtained for

charged particles in peripheral Au+Au and central p(d)+Au
collisions (⟨Nch⟩ ∼ 20) at

√
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To aid the interpretation of the experimental mea-
surements, RΨm(∆S) correlators were similarly obtained
[36] for Au+Au collisions simulated with the Multi-
Phase Transport (AMPT) Model (v1.26t5-v2.26t5) [43]
and the first generation Anomalous Viscous Fluid Dy-
namics (AVFD) model [9]; the latter does not incor-
porate event-by-event fluctuations but the former does.
Both models include flow and resonance decays, but do
not incorporate Local charge conservation (LCC) as a
background. This LCC background can influence both
the magnitude and the shape of the RΨ2(∆S) and the
RΨ3(∆S) correlators [36, 41], depending on its precise
nature. However, it can be discerned from CME-driven
charge separation via a comparison of RΨ2(∆S) and
RΨ3(∆S) [36, 41] as discussed earlier. The simulated
correlators, shown in Figs. 1(a)-(c), provide insight, as
well as important benchmarks for qualitative compar-
isons between the measured correlators and those simu-
lated for background- and background plus CME-driven
charge separation.

The AMPT results shown in Fig. 1(a) indicates that,
for background-driven charge separation (a1 = 0), sim-
ilar magnitudes and widths are to be expected for the
RΨ2(∆S

′′
) and RΨ3(∆S

′′
) distributions. This similarity,

albeit with different shaped correlators, is borne out in
hydrodynamical model calculations which incorporates
the LCC background [41]. Fig. 1(b) shows that the sup-
pression of resonance decays in the AMPT events (by
switching them off), results in relatively flat distribu-
tions for RΨm(∆S

′′
), confirming that, in the absence of

resonance decays, RΨ2(∆S
′′
) is insensitive to the back-

ground which results from flow fluctuations. This re-
sponse contrasts with that for the γ correlator [34, 35].
Fig. 1(c) shows that the introduction of an input CME
signal (a1 = 1.0%) in single-shot AVFD events, leads to
the concave-shaped RΨ2(∆S

′′
) distribution expected for

CME-driven charge separation along the B⃗-field.

The RΨ2,3(∆S
′′
) correlators for 30-50% Au+Au colli-

sions are shown in Fig. 1(d); they indicate characteris-
tic patterns which contrast with the expected similarity
between RΨ2(∆S

′′
) and RΨ3(∆S

′′
) when background-

STAR Collaboration
e-Print:2006.04251

Ø The 𝑅DK ∆𝑆 are not strongly influenced by 
the q/-selections
ü Not strongly influenced by the v2 -driven 

background charge separation?
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v Experimental Measurements:
The pair invariant mass to isolate the CME background:

STAR collaboration, e-Print: 2006.05035
J. Zhao, H. Li and F. Wang, Eur. Phys. J. C79 168 (2019)

Ø ESE select events with diff. v2 by q2 class (A, B)
ü CME the same for events from different q2 classes
ü Bkg Δγ mass shape: ΔγA-ΔγB

Ø The results indicate that the possible CME signal is small in 
the inclusive Δ𝛾, consistent with zero with current precision. 
This presents an upper limit of 15% of the inclusive result at 

95% confidence level.
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v Experimental Measurements:
Correlation along participant vs. spectators planes:

Voloshin, Phys. Rev. C 98, 054911 (2018)
H-J. Xu, et al, CPC 42, 084103 (2018)

Ø Fraction of CME-like signals can be 
extracted based on:

P.Tribedy, 
WWND 2020

J.Zhao, 
QM 2019

Ø CME fractions are extracted with Δ𝛾 using ΨPP/ΨRP in U+U 
and Au+Au:
ü The combined result is (8±4±8)%

Ø At 27 GeV no significant difference in the scaled charge separation 
w.r.t. spectator proton & produced particle event planes.

Ø Unique advantage of EPD at 27 GeV
2.1<|η|<5.1
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v Experimental Measurements:
Measurements using the signed balance function: 

Ø Data points are not EP resolution 
corrected. Instead, they smeared 
reaction plane in AVFD with measured 
EP resolution in order to compare with 
data.

Ø The efficiency is also applied on 
AVFD events for a fair comparison.

Both rrest and RB are larger than unity in all centralities, and larger than model calculation 
with no CME.

Yufu Lin 
(QM-2019)
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v Experimental Measurements:
Measurements using the 𝑅DE correlator: 6
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FIG. 4. Comparison of the RΨ2,3(∆S
′′
) correlators obtained for charged particles in (a) 0 − 20%, (b) 20− 30%, (c) 40− 50%

and (d) 60− 70% central Au+Au collisions at
√
sNN = 200 GeV. The dashed curves represent Gaussian fits to RΨ2(∆S

′′
) (see

text). (e) Centrality dependence of the inverse widths σ−1
RΨ2

∝ ã1, extracted from the RΨ2(∆S
′′
) correlators.

driven charge separation dominates (cf. Fig. 1(a)).
That is, RΨ3(∆S

′′
) shows a flat or slightly convex-

shaped distribution analogous to the one observed in the
AMPT simulations for background-driven charge sepa-
ration (Figs. 1(a) and (b)), while the concave-shaped
RΨ2(∆S

′′
) distribution is analogous to the one ob-

tained in AVFD simulations with an input CME signal
(Fig. 1(c)). These observations are incompatible with the
dominance of background-driven contributions.

The sensitivity of RΨ2(∆S
′′
) to the influence of possi-

ble background contributions can be further studied with
event-shape selection, via fractional cuts on the distribu-
tion of the magnitude of the q2 flow vector [44]. Here,
the rationale is that elliptic flow v2 , which is a major
driver of background correlations, is strongly correlated
with q2 [26, 45]. Thus, the influence of the background
correlations can be increased(decreased) by selecting on
events with larger(smaller) q2 magnitudes.

The analysis with event-shape selection was performed
with three sub-events; A[η < −0.3], B[|η| < 0.3], and
C[η > 0.3], following the procedures outlined earlier, and
with q2 selections in sub-event B. Fig. 2 compares the
q2 -selected RΨ2(∆S

′′
) distributions (a) and v2 values (b)

obtained for 20-50% central Au+Au collisions. They in-
dicate that while v2 shows a sizable increase with q2 ,
the corresponding widths for the RΨ2(∆S

′′
) correlators

(Fig. 2(c)) show little, if any, change. This contrasts
with the q2 -dependent widths observed for background-
driven charge separation in AMPT simulations. Note
that the B-field is a weak function of q2 but a strong func-
tion of centrality [26]. The observed insensitivity of the
data to q2 , is incompatible with a dominating influence
of background-driven contributions [26] to RΨ2(∆S

′′
).

Further benchmarking can be achieved by comparing
the RΨ2(∆S

′′
) correlators for p+Au, d+Au and Au+Au

collisions at similar ⟨Nch⟩ ∼ 20. Note that for this value
of ⟨Nch⟩, the difference between the event plane reso-
lution for d+Au and Au+Au collisions is about 30%.
The statistical significance of the data for p+Au and
d+Au precluded the extraction of RΨ3(∆S

′′
) for these

systems. The convex-shaped to flat RΨ2(∆S
′′
) distribu-

tions shown for p(d)+Au collisions in Fig. 3 are reminis-
cent of the RΨ3(∆S

′′
) correlators observed for Au+Au

collisions (cf. Fig. 1(d) and Fig. 4), and are consistent
with the reduced magnetic field strength and the approx-
imately random B⃗-field orientations [relative to Ψ2 ] ex-
pected in these collisions. In contrast, the RΨ2(∆S

′′
)

correlator for Au+Au collisions, also shown in Fig. 3, is
decidedly concave-shaped, which is incompatible with the
dominance of background-driven charge separation indi-
cated by RΨ3(∆S

′′
). The observed system-dependent

patterns for RΨ2(∆S
′′
) are compatible with the domi-

nance of background-driven charge separation in p/d+Au
collisions but not in the corresponding Au+Au collisions.
This contrasts with the background-dominated measure-
ments observed with the γ correlator for similar ⟨Nch⟩
selections in p+Pb and Pb+Pb collisions [25] and in
p(d)+Au and Au+Au collisions [45].

The RΨm(∆S
′′
) correlators, extracted for several cen-

trality selections in Au+Au collisions at
√
sNN =

200 GeV, are shown in Figs. 4(a) - (d). The qualita-
tive patterns of a convex-shaped to an essentially flat
distribution for RΨ3(∆S

′′
) and a concave-shaped distri-

bution for RΨ2(∆S
′′
) are similar to those shown earlier in

Figs. 1(d), 2(a) and 3; the dashed curves represent Gaus-

sian fits (f(x) = Ae0 .5(x/σRΨ2
)2) to these distributions.

A centrality-dependent change in σRΨ2
is apparent from

the distributions. This dependence is made more trans-
parent in Fig. 4(e) where σ−1

RΨ2
∝ ã1 [for CME dominated

signal] [36] is plotted vs. centrality.

The convex to flat distributions observed for
RΨ3(∆S

′′
) at all centrality intervals and the sizable

RΨ2(∆S
′′
) centrality dependence indicated in Fig. 4(e),

cannot be reconciled with any of the background-driven
charge separation models. Here, it is important to recall
that Fig. 2(a) gives a strong indication that RΨ2(∆S

′′
)

is relatively insensitive to v2 , which also increases as col-
lisions become more peripheral.

In summary, we have used the charge-sensitive cor-
relators RΨ2,3(∆S), constructed relative to the 2nd and
3rd-order event planes, to perform charge separation mea-
surements in p(d)+Au and Au+Au collisions at

√
sNN =

200 GeV. The correlators indicate convex-shaped to flat
RΨm(∆S

′′
) distributions for the measurements relative

to Ψ3 and those relative to Ψ2 for the p(d)+Au systems.
In contrast, the Au+Au measurements relative to Ψ2 ,
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driven charge separation dominates (cf. Fig. 1(a)).
That is, RΨ3(∆S

′′
) shows a flat or slightly convex-

shaped distribution analogous to the one observed in the
AMPT simulations for background-driven charge sepa-
ration (Figs. 1(a) and (b)), while the concave-shaped
RΨ2(∆S

′′
) distribution is analogous to the one ob-

tained in AVFD simulations with an input CME signal
(Fig. 1(c)). These observations are incompatible with the
dominance of background-driven contributions.

The sensitivity of RΨ2(∆S
′′
) to the influence of possi-

ble background contributions can be further studied with
event-shape selection, via fractional cuts on the distribu-
tion of the magnitude of the q2 flow vector [44]. Here,
the rationale is that elliptic flow v2 , which is a major
driver of background correlations, is strongly correlated
with q2 [26, 45]. Thus, the influence of the background
correlations can be increased(decreased) by selecting on
events with larger(smaller) q2 magnitudes.

The analysis with event-shape selection was performed
with three sub-events; A[η < −0.3], B[|η| < 0.3], and
C[η > 0.3], following the procedures outlined earlier, and
with q2 selections in sub-event B. Fig. 2 compares the
q2 -selected RΨ2(∆S

′′
) distributions (a) and v2 values (b)

obtained for 20-50% central Au+Au collisions. They in-
dicate that while v2 shows a sizable increase with q2 ,
the corresponding widths for the RΨ2(∆S

′′
) correlators

(Fig. 2(c)) show little, if any, change. This contrasts
with the q2 -dependent widths observed for background-
driven charge separation in AMPT simulations. Note
that the B-field is a weak function of q2 but a strong func-
tion of centrality [26]. The observed insensitivity of the
data to q2 , is incompatible with a dominating influence
of background-driven contributions [26] to RΨ2(∆S

′′
).

Further benchmarking can be achieved by comparing
the RΨ2(∆S

′′
) correlators for p+Au, d+Au and Au+Au

collisions at similar ⟨Nch⟩ ∼ 20. Note that for this value
of ⟨Nch⟩, the difference between the event plane reso-
lution for d+Au and Au+Au collisions is about 30%.
The statistical significance of the data for p+Au and
d+Au precluded the extraction of RΨ3(∆S

′′
) for these

systems. The convex-shaped to flat RΨ2(∆S
′′
) distribu-

tions shown for p(d)+Au collisions in Fig. 3 are reminis-
cent of the RΨ3(∆S

′′
) correlators observed for Au+Au

collisions (cf. Fig. 1(d) and Fig. 4), and are consistent
with the reduced magnetic field strength and the approx-
imately random B⃗-field orientations [relative to Ψ2 ] ex-
pected in these collisions. In contrast, the RΨ2(∆S

′′
)

correlator for Au+Au collisions, also shown in Fig. 3, is
decidedly concave-shaped, which is incompatible with the
dominance of background-driven charge separation indi-
cated by RΨ3(∆S

′′
). The observed system-dependent

patterns for RΨ2(∆S
′′
) are compatible with the domi-

nance of background-driven charge separation in p/d+Au
collisions but not in the corresponding Au+Au collisions.
This contrasts with the background-dominated measure-
ments observed with the γ correlator for similar ⟨Nch⟩
selections in p+Pb and Pb+Pb collisions [25] and in
p(d)+Au and Au+Au collisions [45].

The RΨm(∆S
′′
) correlators, extracted for several cen-

trality selections in Au+Au collisions at
√
sNN =

200 GeV, are shown in Figs. 4(a) - (d). The qualita-
tive patterns of a convex-shaped to an essentially flat
distribution for RΨ3(∆S

′′
) and a concave-shaped distri-

bution for RΨ2(∆S
′′
) are similar to those shown earlier in

Figs. 1(d), 2(a) and 3; the dashed curves represent Gaus-

sian fits (f(x) = Ae0 .5(x/σRΨ2
)2) to these distributions.

A centrality-dependent change in σRΨ2
is apparent from

the distributions. This dependence is made more trans-
parent in Fig. 4(e) where σ−1

RΨ2
∝ ã1 [for CME dominated

signal] [36] is plotted vs. centrality.

The convex to flat distributions observed for
RΨ3(∆S

′′
) at all centrality intervals and the sizable

RΨ2(∆S
′′
) centrality dependence indicated in Fig. 4(e),

cannot be reconciled with any of the background-driven
charge separation models. Here, it is important to recall
that Fig. 2(a) gives a strong indication that RΨ2(∆S

′′
)

is relatively insensitive to v2 , which also increases as col-
lisions become more peripheral.

In summary, we have used the charge-sensitive cor-
relators RΨ2,3(∆S), constructed relative to the 2nd and
3rd-order event planes, to perform charge separation mea-
surements in p(d)+Au and Au+Au collisions at

√
sNN =

200 GeV. The correlators indicate convex-shaped to flat
RΨm(∆S

′′
) distributions for the measurements relative

to Ψ3 and those relative to Ψ2 for the p(d)+Au systems.
In contrast, the Au+Au measurements relative to Ψ2 ,

ü 𝑅PK
& ∆𝑆& and 𝑅PJ

& ∆𝑆& measurements vs. centrality for Au+Au Collisions at 200 GeV

Ø 𝜎QRK
5& indicates a sizable centrality dependence, 

Ø The data trends are in line with the expected increase in the magnitude of 
CME-driven charge separation (from central to peripheral collisions)?

Ø 𝑅D/ for Au+Au collisions is concave-shaped 
ü Difference shape between 𝑅DK ∆𝑆 & 𝑅DJ ∆𝑆
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v Experimental Measurements:
Implications

Ø Major efforts to reduce the background effect on the inclusive Δ𝛾 using the pair invariant 
mass and f!"# methods,
ü The measurements, with large uncertainties, suggest that 15% of the inclusive result could 

be attributed to CME-signal?
Ø The 𝑅$S ∆𝑆 measurements show:

Ø Difference shape between 𝑅$K & 𝑅$J and between small and large systems
Ø The 𝑅$K ∆𝑆 are not strongly influenced by the q%-selections

ü Background scenarios cannot provide a simultaneous description of the 𝑅$Emeasurements.
• CME?

Ø The signed balance function measurements show:
ü Both rTUVW and RX are larger than unity and larger than AVFD with CME-signal

Ø Optimistic point of view:
The experimental measurements reflect a charge separation that 

could be CME-driven 
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v Isobar Analysis:
A large, collective effort

A. Tang
PAC meeting, Sept 2020

BNL, CCNU, Fudan, Huzhou, Purdue, SINAP, Stony Brook, Tsukuba, UCLA, UIC and Wayne State

Isobar Blind
Analysis

Analyzers

God Parent
Committee A Blinding

Committee

We are here

P. Tribedy
WWND 2020

5-Isobar Blind Analyses
Ø Δ𝛾, Δ𝛿 and 𝜅
Ø Δ𝛾, Δ𝛿 and Δ𝛾(Δ𝜂)
Ø Δ𝛾 in PP/SP and Δ𝛾(M!"#)
Ø Δ𝛾 in PP/SP 
Ø 𝑅(Δ𝑆) Correlator.

1-Isobar Unblinded Analysis
Ø The signed balance function

Case for CME:
Ø Δ𝛾 and its derivatives

Δ𝛾/v/(Ru/Zr)  > 1
Δ𝛾&&//v/(Ru/Zr) > Δ𝛾&/0/v0(Ru/Zr)
κ(Ru/Zr)  > 1
Δ𝛾Qe − ahrhΔ𝛾jT > 0

Ø 𝑅(Δ𝑆) (Ru/Zr) show concave shape

Ø 𝑓mno!p > 𝑓mnoq< > 0
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