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Eccentricity fluctuations are not the only source of elliptic flow

fluctuations in a multiphase transport model *
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Abstract: Sources of event-by-event elliptic flow fluctuations in relativistic heavy-ion collisions are investigated in

a multiphase parton transport model (AMPT). Besides the well-known initial eccentricity fluctuations, several other

sources of elliptic flow dynamical fluctuations are identified. One is fluctuations in initial parton configurations at a

given eccentricity. Configuration fluctuations are found to be as important as eccentricity fluctuations in elliptic flow

development. A second is quantum fluctuations in parton-parton interactions during system evolution. A third is

fluctuations caused by hadronization and final-state hadronic scatterings. The magnitudes of these fluctuations are

investigated relative to the eccentricity fluctuations and the average elliptic flow magnitude. The fluctuations from

the latter two sources are found to be negative. The results may have important implications for the interpretation

of elliptic flow data.
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1 Introduction

A strongly interacting quark-gluon plasma (sQGP)
is believed to be created in relativistic heavy-ion colli-
sions [1]. At nonzero impact parameter, the transverse
overlap region of colliding nuclei is anisotropic. Due
to interactions among constituents, the produced mat-
ter undergoes a rapid anisotropic expansion resulting in
an anisotropic distribution of final-state hadrons in mo-
mentum [2]. The elliptic anisotropy can be quantified
by the second coefficient (v2) of the Fourier expansion
of the final-state particle azimuthal distribution, called
elliptic flow [3]. Because the anisotropy in configuration
space is quickly transferred into momentum space due to
anisotropic expansion, elliptic flow is primarily sensitive
to the early stage of sQGP evolution. Shear viscosity
is known to damp the development of elliptic flow. El-
liptic flow data, in comparison to hydrodynamical cal-
culations, may therefore constrain the shear viscosity to

entropy density ratio (η/s) [4].
Elliptic flow has been extensively studied experimen-

tally [1] and theoretically [5]. Because the details of
initial-state geometry are not experimentally accessible,
elliptic flow is often measured by two-particle correla-
tions [6]. The measured quantity is the mean square,
〈v2

2〉, where 〈...〉 is the average over all the events. Event-
by-event elliptic flow fluctuations are therefore critical
and the understanding of these fluctuations is essential
in extracting physics information from elliptic flow mea-
surements utilizing correlation techniques.

At a given impact parameter (b), the interacting nu-
cleons are not identically distributed event-by-event due
to fluctuations in nucleon distribution in a nucleus and
due to the quantum nature of nucleon-nucleon interac-
tions. As a consequence, elliptic flow develops relative
to the so-called participant plane [7, 8], not the reac-
tion plane defined by the beam and impact parameter
directions. It is believed that elliptic flow fluctuations
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are determined by fluctuations in the initial-state geom-
etry configurations [9]. The initial-state geometry con-
figuration is often quantified by eccentricities. In many
elliptic flow studies, the final-state anisotropy is assumed
to be proportional to the eccentricity. This proportion-
ality, under the assumption of Gaussian fluctuations in
the x and y components of eccentricity, leads to a Bessel-
Gaussian form in the final-state elliptic flow coefficient
v2 [8]. However, at a given eccentricity and impact pa-
rameter, there can still be fluctuating distributions of
interacting nucleons [7, 9]. Are these fluctuations impor-
tant for elliptic flow development? This article tries to
answer this question.

Given a fixed initial condition of participant config-
urations (x, y), not simply eccentricities, the hydrody-
namical evolution is determined. Subsequently, the fi-
nal state anisotropy from hydrodynamical calculations
is fixed. However, there may be still other sources of dy-
namical fluctuations during the stages of system evolu-
tion, e.g. parton-parton interactions and hadronic scat-
terings, which could lead to additional elliptic flow fluc-
tuations. Several authors have studied the fluctuations
in the initial conditions and the consequent fluctuations
in the final-state harmonic flows [10, 11]. This article fur-
ther attempts to address this question by employing A
Multi-Phase Transport (AMPT) [12] model with string
melting, because transport models inherit all quantum
(stochastic) fluctuations in the interactions among con-
stituents.

2 Analysis method

AMPT describes many experimental data reasonably
well, particularly the elliptic flow measurements [13]. It
consists of four main parts: the initial condition, parton-
parton interactions, hadronization, and hadronic scatter-
ings. The initial condition is obtained from the HIJING
model [14], which includes the spatial and momentum
information of minijet partons from hard processes and
strings from soft processes. The time evolution of par-
tons is then treated according to the ZPC parton cascade
model [15]. After parton interactions cease, a combined
coalescence and string fragmentation model is used for
the hadronization of partons. The subsequent scatter-
ings among the resulting hadrons are described by the
ART model [16], which includes both elastic and inelas-
tic scatterings.

The initial geometric anisotropy of the transverse
overlap region of a heavy-ion collision is often described
by the eccentricity [17]:

εn=

√

〈rncos(nφr)〉2+〈rn sin(nφr)〉2
〈rn〉 , (1)

where r and φr are the polar coordinate positions of each

parton liberated by the initial encounter of the colliding
nuclei, n refers to the nth harmonic, and 〈...〉 is the av-
erage over all the partons in an event. Note that various
radial weights (e.g. r2 vs rn) are used in the literature to
quantify the initial geometry eccentricities [18, 19]. For
the elliptic flow we focus on in this study, we use Eq. (1),
which is the most common definition.

As the system evolves, the initial configuration
anisotropy is transferred to momentum anisotropy by
the hydrodynamical pressure gradient or strong inter-
actions among constituents. The momentum anisotropy
is widely characterized by the Fourier coefficients [6]:

vn=〈cos[n(φ−Ψn)]〉, (2)

where φ is the particle azimuthal angle and Ψn is the nth

harmonic plane angle. In AMPT, Ψn can be calculated
in coordinate space by [17]

Ψ r

n
=

atan2(〈rn sin(nφr)〉,〈rncos(nφr)〉)+π

n
. (3)

Here the superscript r in Ψ r

n
means Ψ r

n
is reconstructed

by the initial parton distributions in coordinate space.
We often call Ψ r

n
the participant plane. Note Ψ r

n
is not

necessarily the reaction plane due to event-by-event ge-
ometry fluctuations. Due to the finite multiplicity of
constituents, the estimated harmonic plane is smeared
from the true one – the geometric harmonic plane of the
participant partons in configuration space in the limit of
infinite parton multiplicity – by a resolution factor. The
resolution factor is calculated with an iterative procedure
by the subevent method, dividing the constituents ran-
domly into two subevents [6]. Because of the large initial
parton multiplicity (averages 16220, 12520 and 5703 for
b = 0 fm, 4 fm and 8 fm, respectively), the calculated
resolution is nearly unity [20].

Experimentally, the configuration space harmonic
plane is inaccessible. Used as a proxy is the event plane
reconstructed from final-state particle momenta. How-
ever, the event plane is contaminated by nonflow (par-
ticle correlations unrelated to the symmetry harmonic
plane). In order to study only the collective anisotropic
flow, not contaminated by nonflow, we use the config-
uration space harmonic plane in AMPT to obtain the
elliptic flow as our main result.

However, we also use the 2-particle and 4-particle cu-
mulant methods, as same as in experimental data anal-
ysis, to calculate elliptic flow. Because of their different
sensitivities to v2 fluctuations, the 2- and 4-particle cu-
mulants can be used to estimate v2 fluctuations.

3 Results and discussion

Figure 1(a)–(c) shows the event-by-event correlations
between v2 of partons after parton interactions cease
and before hadronization occurs, and ε2 from the ini-
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tial collision geometry at three fixed impact parame-
ters. Figure 1(d)–(f) shows event-by-event correlations
between v2 of final-state charged hadrons after hadronic
scatterings and the same ε2. The relation between ε2

and v2 has been investigated by hydrodynamical calcu-
lations [10, 11, 18, 19, 21], which provides a foundation
for the understanding of v2 data. Studies of how event-
by-event fluctuations in the initial stages manifest in the
final state correlations have been reviewed in Ref. [22].
Before studying v2 fluctuations, it is useful to first exam-
ine the behavior of average 〈v2〉 vs. ε2. This is shown in
Fig. 1 by the solid dots. As ε2 increases, the magnitude
of average 〈v2〉 increases linearly. The conversion coeffi-
cient (k), the slope of 〈v2〉 vs. ε2 from a linear fit to the
data, appears compatible between b = 0 and 4 fm and
smaller for b = 8 fm. Interestingly, at a given b, almost
the same k is observed for parton and hadron v2 vs. ε2.
This indicates that the final-stage hadronic scatterings
in AMPT do not generate significant additional v2.

Large fluctuations in ε2 are observed in Fig. 1, which
are due to geometry fluctuations at a fixed b. The fluc-

tuations in ε2 are given by σε2
=

√

〈ε2
2〉−〈ε2〉2 and 〈...〉

indicates an average over all events. Because of the large
number of initial partons used to determine ε2, the sta-
tistical fluctuation effect on ε2 is negligible. For central
collisions (b = 0 fm), the magnitude of relative eccentric-
ity fluctuations (σε2

/〈ε2〉) is found to be 0.52, in agree-
ment with the finding in Ref. [23]. With increased b,
the ε2 fluctuations are larger. For a given ε2, however,
there still exist wide dispersions in v2. This indicates
that v2 fluctuations are not solely due to ε2 fluctuations;
there are additional fluctuation sources in v2. One source
is simply statistical fluctuations (and they are larger in
hadron v2 than parton v2 mainly due to the smaller num-
ber of hadrons than partons). We define the statistical
fluctuations of v2 as σv2

{sta}. Any fluctuation beyond
the statistical fluctuation is called dynamical fluctuation:

Wdyn=σ2
v2
−σ2

v2
{sta}, (4)

where σv2
is the total fluctuation. There may be sources

of dynamical fluctuations in v2.
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Fig. 1. (color online) Event-by-event correlations between elliptic flow v2 and initial configuration eccentricity ε2

for three different impact parameters (b=0 fm, 4 fm and 8 fm) in Au+Au collisions at
√

sNN = 200 GeV using
the AMPT model (3 mb parton-parton cross section). (a-c) and (d-f) show v2 of partons and charged hadrons,
respectively, both within a pseudo-rapidity of |η|<1.0 and pT <2.0 GeV/c. The solid dots show the behavior of
average 〈v2〉 vs. ε2 and the lines are one-parameter fits to v2= k×ε2. See the main text for the explanation of the
twelve stars in the panels.

We first investigate fluctuations in initial parton con-
figurations at fixed eccentricity. The same ε2 does not
necessarily mean the same initial configuration of par-
tons – two events of different initial configurations can
give identical ε2. This may cause fluctuations in v2, if v2

is sensitive to the initial configuration, not simply ε2. We

define this part of fluctuations as Wdyn{cfg}. The stars
in Fig. 1 show the averaged v2 with identical ε2 (we
take the eccentricities to be the same if they fall into the
same bin, with bin size 0.001) from two different sets of
events. Each set consists of 3000 events, starting from an
identical configuration of initial partons. That is, AMPT
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starts with exactly identical parton configuration (events
have the same initialization), and then evolves with dif-
ferent random number seeds. The different average 〈v2〉s
demonstrate that the fluctuations observed in Fig. 1 are
not due to statistical fluctuations only; fluctuations in
the initial conditions are important.

The spread of v2 in Fig. 1 at a given ε2 is made
up from spreads of event-by-event v2’s of the differ-
ent initial configurations about the corresponding aver-
age 〈v2〉’s. The spread of v2 for a fixed initial condi-
tion (identical parton configurations) comes from statis-
tical fluctuations and possibly other dynamical fluctu-
ations. One source of such dynamical fluctuations can
be quantum fluctuations in parton-parton interactions.
We define this part of the fluctuations as Wdyn{par}. In
the case of hadron v2, additional fluctuations can arise
from hadronization and final-state hadronic scattering
processes. We define this part of the fluctuations as
Wdyn{had}.

We now study quantitatively v2 fluctuations from the
various sources. AMPT is run with default settings and
with fixed initial conditions. The v2 fluctuations of par-
tons and hadrons, at a given eccentricity, are obtained
from these two ways of running. The fluctuations from
the default setting run are σv2

{par+cfg+staparton} and
σv2

{had+par+cfg+stahadron} for partons and hadrons,
respectively, and those from the fixed initial conditions

run are σv2
{par+staparton} and σv2

{had+par+stahadron}.
The fluctuations are calculated by

σv2
=

√

〈v2
2〉−〈v2〉2, (5)

where v2 is the magnitude of elliptic flow in a single event,
given by Eq. (2) and 〈...〉 indicates an average over all
events at a chosen ε2.

Figure 2(a)–(c) shows the v2 fluctuations as a func-
tion of ε2. In order to obtain the dynamical fluctua-
tions, the statistical fluctuations due to finite multiplici-
ties need to be subtracted. The statistical smearing may
be determined by an unfolding procedure [24]. In our
study, the statistical fluctuations of v2 are calculated by

σv2
{sta}=

√

〈cos2(2φ)〉−〈cos(2φ)〉2
N

=

√

1−2〈υ2〉2
2N

. (6)

This is verified by a Monte Carlo toy model where N
particles are generated with φ angles between 0 and 2π

according to a v2 modulation [23, 25]. We also use the
AMPT data themselves to obtain the statistical fluctua-
tion effect by randomly discarding various fractions of
particles. The v2 fluctuations of the remaining frac-
tion (f) of particles are fit to the functional form of
√

Wdyn+σ2
v2
{sta}/f , where Wdyn and σv2

{sta} are two

free parameters. The fitted σv2
{sta} is found to be con-

sistent with Eq. (6).
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Fig. 2. (color online) v2 fluctuations versus ε2, before (a-c) and after (d-f) removal of statistical fluctuations. Red
points are from the default settings (from Fig. 1), while the blue points are from runs with identical parton
configuration (examples shown in stars in Fig. 1) in Au+Au collisions at

√
sNN = 200 GeV by the AMPT model.

(g-i) show the corresponding v2 fluctuations obtained by the 2- and 4-particle cumulant methods.
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We subtract the statistical fluctuations given by Eq.
(6) from the data in Fig. 2(a)–(c). The resulting dy-
namical fluctuations are shown in Fig. 2(d)–(f). It is
found that the dynamical fluctuations for the fixed ini-
tial condition data, corresponding to the Wdyn{par} and
Wdyn{had+par} in Eq. (4) and in the fit function men-
tioned above, are both negative. The latter is larger than
the former in terms of magnitude. This suggests that
parton-parton interactions and hadronization+hadronic
scatterings both introduce negative dynamical fluctua-
tions.

In order to gain more insights, we obtain the v2 fluc-
tuations, alternatively, from the 2- and 4-particle cumu-
lant methods. As mentioned in Section 2, the 2- and
4-particle cumulants have different sensitivities to v2 fluc-
tuations and can therefore yield information on v2 fluctu-
ations. One complication is that the 2-particle cumulant
is contaminated by nonflow although nonflow is strongly
suppressed in the 4-particle cumulant. However, when
nonflow effects are negligible for the 2-particle cumulant,
which is generally the case at low pT in AMPT, and if
v2 fluctuations are relatively small compared to the av-
erage v2 value, σv2

�〈v2〉, the 2-particle and 4-particle
cumulants up to the order σ2

v2
are given by

v2{2}2=〈v2〉2+W cum.

dyn , (7)

v2{4}2=〈v2〉2−W cum.

dyn , (8)

where W cum.

dyn is the dynamical v2 fluctuations. The dy-
namical v2 fluctuations can be obtained from the cumu-
lant method as

W cum.

dyn =σ2
v2,dyn=(v2{2}2−v2{4}2)/2 (9)

The fluctuations from the default setting run are
W cum.

dyn {par+cfg} and W cum.

dyn {had+par+cfg} for partons and
hadrons, respectively, and those from the fixed initial-
condition run are W cum.

dyn {par} and W cum.

dyn {had+par}.
They are shown in Fig. 2(g-i). The v2 fluctuations from
the cumulant method in Fig. 2(g-i) are consistent with
those obtained previously in Fig. 2(d-f). W cum.

dyn {par}
and W cum.

dyn {had+par} from the cumulant method are also
negative.

The negative dynamical v2 fluctuations due to
parton-parton interactions, hadronization and hadronic
rescatterings in AMPT are one of the interesting results
from our study. It is unexpected and the underlying
physics is intriguing. We refer the reader to the Ap-
pendix, where we make the analogy of particle fusion to
discuss what underlying physics might be responsible for
the negative v2 dynamical fluctuations from hadroniza-
tion and hadronic inelastic scatterings. For the nega-
tive fluctuations from parton-parton elastic scatterings
in AMPT, we speculate that under the extreme of an in-
finite number of scatterings, all particles should oriented
in the short-axis direction and v2 should be unity with

zero spread. This would give negative fluctuations. The
negative v2 dynamical fluctuations may also exist in vis-
cous hydrodynamic calculations, as shear viscosity could
reduce flow and flow fluctuations [26, 27]. We note that
all the v2’s are calculated relative to the same participant
plane in configuration space at the initial time (defined
by Eq. (3)). This follows the common practice in the
studies of initial geometry and subsequent flow develop-
ment [17], bearing in mind that initial geometry is the
driving force for flow. It is, however, possible that the
spatial distributions of constituents changes with time,
and that v2 could be defined with the instantaneous par-
ticipant plane. This could result in different v2 fluctua-
tions. In addition, η/s reduces both 〈v2〉 and σv2

, and
if the reductions are different, one could obtain negative
fluctuations.

As seen in Fig. 2, the fluctuations, while impact pa-
rameter dependent, are approximately independent of ε2

at a given b. This is true for results both with and with-
out statistical fluctuations subtracted (the multiplicities
are found to be insensitive to the event-by-event ε2 at
a given b), as well as the cumulant results. We fit the
results in Fig. 2(d-i) to a constant at each b. From the
fitted values, we obtain the individual components of v2

fluctuations by assuming the different sources of fluctu-
ations are independent of each other, namely

Wdyn{A+B}=Wdyn{A}+Wdyn{B}, (10)

where A and B stand for two independent fluctuation
sources. There are redundancies in the data in Fig. 2.
For example, one can obtain Wdyn{cfg} by taking the dif-
ference either between Wdyn{par+cfg} and Wdyn{par} or
between Wdyn{had+par+cfg} and Wdyn{had+par}; simi-
larly for the W cum.

dyn fluctuations. They all give consistent
results. Conversely, this indicates that our independent
source assumption in Eq. (10) is reasonable.

Figure 3(a) shows v2 fluctuations due to initial con-
figuration fluctuations as a function of b. Wdyn{cfg}
and W cum.

dyn {cfg} are quantitatively consistent with each
other. The contributions from eccentricity fluctuations,
Wdyn{ε2} = σ2

v2
{ε2} = k2×σ2

ε2
, are also shown, where the

conversion power (multiplicative factor k) from ε2 to v2 is
obtained from the fits in Fig. 1. Wdyn{cfg} and Wdyn{ε2}
are comparable in magnitude. They are found to increase
with increasing b. The increase is nearly equally strong.
The results suggest that configuration fluctuations are
as important as eccentricity fluctuations. Figure 3(b)
shows v2 fluctuations due to parton-parton interactions
and hadronization and final-state hadronic scatterings as
a function of b. Again, Wdyn{par} and Wdyn{had} are
quantitatively consistent with the corresponding cumu-
lant results, W cum.

dyn {par} and W cum.

dyn {had}, respectively.
They are both negative and have weak dependence on b.
Our results indicate that parton-parton interactions and
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hadronization and final-state hadronic scatterings cause
negative dynamical v2 fluctuations.

Figure 4(a) shows the ratio of total v2 fluctuations to
σv2

{ε2}, the contribution from eccentricity fluctuations.
Clearly, the total v2 fluctuations in AMPT are larger
than eccentricity fluctuations, and there does not seem
to be a simple scaling between eccentricity fluctuations
and total v2 fluctuations. Figure 4(b) shows the nega-
tive dynamic fluctuations relative to 〈v2〉2 as a function
of b. The relative magnitudes decrease (smaller absolute
value) with increasing b, which is qualitatively consistent

with weaker interactions at larger b that yield smaller
negative relative fluctuations.

v2 is mainly proportional to ε2, though nonlinearity
is not zero [10]. It is often considered that v2 fluctua-
tions are dominated by ε2 fluctuations [11]. Our study
shows, within the framework of AMPT, that this may
not be the case. Those other v2 fluctuations can be im-
portant and they do not seem to scale with eccentricity
fluctuations. We note that these additional elliptic flow
fluctuations are not unique to AMPT, but should also
present in other transport models, such as UrQMD [28].
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Fig. 3. (color online) Impact parameter dependence of v2 fluctuations due to (a) eccentricity fluctuations and initial
configuration fluctuations and (b) parton-parton interactions and hadronization and final-state hadronic scatterings
in Au+Au collisions at

√
sNN = 200 GeV using the AMPT model. The fluctuations obtained from the cumulant

method are also shown. Three b values (0, 4, 8 fm) are studied but the data points are shifted in b for clarity.
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Hydrodynamical calculations of v2 do not have any
other fluctuations except initial geometry fluctuations
(the sum of eccentricity fluctuations and initial configu-
ration fluctuations). If our conclusion is correct that par-
ton interactions, hadronization and final-state hadronic
interactions introduce a negative dynamical v2 fluctua-
tion effect, and such an effect is relevant in real collision
data, then hydrodynamics should have overpredicted v2

data. Recently, fluctuations in hydrodynamics, governed
by the viscosities, have been investigated [26, 27] and
have been shown to be important and affect the ellip-
tic flow fluctuations besides the initial state fluctuations.
This source of fluctuations may be similar in nature to
that in parton-parton interactions studied in this work.

4 Conclusions

Elliptic flow and fluctuations have been studied us-
ing the AMPT model with string melting at three fixed
impact parameters in Au+Au collisions at

√
sNN = 200

GeV. Both v2 of partons and hadrons with respect to
the initial participant plane were studied. The average
v2 is linearly correlated with the average ε2. There is a
wide dispersion in v2 for a given ε2; v2 is not solely deter-
mined by ε2. Several dynamical fluctuation sources have
been identified: initial configuration fluctuations at fixed
ε2, quantum fluctuations in parton-parton interactions,
and fluctuations in hadronization and hadronic scatter-
ings. The fluctuations were studied quantitatively by
comparing the v2 fluctuations from AMPT with default

settings and with identical parton configuration, after
subtraction of statistical fluctuations, as well as using
the 2- and 4-particle cumulant method. The v2 fluctu-
ations due to configuration fluctuations are as large as
those due to ε2 fluctuations. They appear independent
of ε2 for a given b, and increase with increasing b. The
dynamical fluctuations in v2 from parton-parton inter-
actions and hadronization and hadronic scatterings are
found to be negative; they reduce overall v2 fluctuations.
The total v2 fluctuations are larger than the eccentricity
fluctuations and they do not seem to scale.

Hydrodynamical models have been very successful in
describing experimental data. Most hydrodynamic cal-
culations are deterministic; given an initial configuration
space distribution, the final-state momentum anisotropy
is fixed. Experimental data seem to be well described by
eccentricity scaling and hydrodynamics. However, our
study suggests that the configuration fluctuations do
not seem to scale with eccentricity fluctuations, which
suggests that the total v2 fluctuations should not be
strictly proportional to eccentricity fluctuations. More-
over, there can be additional sources of fluctuations, such
as probabilistic parton-parton interactions, hadroniza-
tion and hadronic rescatterings, that hydrodynamics do
not take into account. Those other fluctuations poten-
tially break the eccentricity scaling further. Our finding
warrants further investigation of the physics mechanisms
of elliptic flow fluctuations.

The authors thank You Zhou for useful suggestions.

Appendix A

Discussion on the negative dynamical fluctuations

In order to gain insights into the negative dynamical fluc-
tuations, it is worth reminding ourselves that dynamical fluc-
tuations are caused by correlations. An intuitive example is
multiplicity fluctuation of a π gas from ρ0 resonance decays.
Suppose a system of N pairs of π+ and π− from N ρ0 decays.
The fluctuations of 2N π is 2

√
N because the fluctuations are

due to the random fluctuations of N ρ0. However, the final
number of particles is 2N and the statistical fluctuations of
2N particles, assuming they are uncorrelated, is

√
2N . The

dynamical fluctuation,
√

4N−2N =
√

2N , is therefore non-
zero and positive. From the positive dynamical fluctuation
we conclude that the particles are correlated, and the number
of independent constituents (in this case, the ρ0) is smaller.
That is, multi-particle production from a single parent tends
to introduce additional, i.e. positive, fluctuations (the par-
ticles are positively correlated). Taking this example in the
opposite way, we may understand how negative fluctuations

arise. Suppose a system of N particles are actually fused from
2N particles. The total fluctuation on N is

√
2N/2. The sta-

tistical fluctuation of the N particles, if all uncorrelated, is√
N . The dynamical fluctuation Wdyn is N/2−N = −N/2,

and negative.

The negative dynamical fluctuations in v2 is less obvious

than the simple multiplicity example. We used a toy model

of particle fusing to test negative v2 fluctuations. We gener-

ate 2N partons with an average v2 by the AMPT model and

group two adjacent partons (in φ) into one parton by adding

their px’s and py’s together to become the px and py of the

new parton. We then obtain the v2 of the final N combined

partons. We find the mean value and fluctuations of v2 are as

same as before; this is expected because the initial two parti-

cles of the same φ are now counted as just a single particle at

that φ. However, the number of particles has now changed,
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reduced by a factor of 2. The apparent statistical fluctua-

tion is now larger than before and the dynamical fluctuation

is negative. This is because now there are additional built-in

correlations in the event: the v2 fluctuation is really governed

by the original number of particles, but we only measure the

reduced number of particles in the final state. The negative

dynamical fluctuations observed in AMPT due to hadroniza-

tion and hadronic (inelastic) scatterings could be caused by

fusing processes. Those processes tend to fuse particles into

fewer ones. Indeed, hadronization in AMPT is modelled by

parton coalescence, where two or three partons are coalesced

into a hadron.
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