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We present a study of charm and beauty isolation based on a data-driven method with recent 
measurements on heavy flavor hadrons and their decay electrons in Au+Au collisions at √sNN = 200 GeV 
at RHIC. The individual electron pT spectra, RAA and v2 distributions from charmed and beauty hadron 
decays are obtained. We find that the electron RAA from beauty hadron decays (Rb→e

AA ) is suppressed in 
minimum bias Au+Au collisions but less suppressed compared with that from charmed hadron decays at 
pT > 3.5 GeV/c, which indicates that beauty quark interacts with the hot-dense medium with depositing 
its energy and is consistent with the mass-dependent energy loss scenario. For the first time, the non-
zero electron v2 from beauty hadron decays (vb→e

2 ) at pT > 3.0 GeV/c is observed and shows smaller 
elliptic flow compared with that from charmed hadron decays at pT < 4.0 GeV/c. At 2.5 GeV/c < pT < 4.5 
GeV/c, vb→e

2 is smaller than a number-of-constituent-quark (NCQ) scaling hypothesis. This suggests that 
beauty quark is unlikely thermalized and too heavy to be moved in a partonic collectivity in heavy-ion 
collisions at the RHIC energy.

© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

The pursuit of Quark-Gluon Plasma (QGP) is one of the most 
interesting topics in strong interaction physics [1–3]. Recent ex-
perimental results from Relativistic Heavy-Ion Collider (RHIC) and 
Large Hadron Collider (LHC) support that a strongly coupled QGP 
matter (sQGP) has been created in ultra-relativistic heavy-ion col-
lisions [4–7]. Studying the properties of the QGP matter and un-
derstanding its evolution in the early stage of the collisions are 
particularly helpful for broadening our knowledge of the early born 
of the universe.

Heavy quark (charm and beauty) masses, different from those 
of light quarks, are mostly coming from initial Higgs field cou-
pling, which is hardly affected by the strong interactions [8]. Thus 
heavy quarks are believed to be produced predominantly via hard 
scatterings in the early stage of the collisions and sensitive to the 
initial gluon density. And their total production yields can be cal-
culated by perturbative-QCD (pQCD) [9] and are number of binary 
nucleon-nucleon collisions (Ncoll) scaled. Theoretical calculations 

* Corresponding author.
E-mail address: ephy@ustc.edu.cn (Y.-F. Zhang).
https://doi.org/10.1016/j.physletb.2020.135465
0370-2693/© 2020 The Author(s). Published by Elsevier B.V. This is an open access artic
SCOAP3.
predict that the heavy quark energy loss is less than that of light 
quarks due to suppression of the gluon radiation at small angles 
due to the quark mass. The beauty quark mass is a factor of three 
larger than the charm quark mass, thus one would expect less 
beauty quark energy loss than charm quark when they traverse 
the hot-dense medium created in the heavy-ion collisions [10–12]. 
Experimentally, the nuclear modification factor (RAA), which is de-
fined as the ratio of the production yield in A+A collisions divided 
by the yield in p+p collisions scaled by 〈Ncoll〉, is used to extract 
the information of the medium effect, such as the parton energy 
loss [13]. Recent measurements on the RAA of open charm hadrons 
and leptons from heavy flavor (HF) hadron decays show strong 
suppression at high transverse momenta (pT), and with a similar 
magnitude as light flavor hadrons, which indicates strong inter-
actions between charm quark and the medium [14–17]. However, 
due to technique challenges, most of the electron measurements 
are the sum of the products from HF hadron decays without charm 
and beauty contributions isolated. Recently, with the help of ver-
tex detectors, some of the experiments at RHIC have extracted 
the charm and beauty contributions from the heavy flavor elec-
tron (HFE) measurements but with large uncertainties [18,19]. The 
beauty quark production from semileptonic decay channels has 
been measured at higher energies at LHC [20]. However, due to the 
le under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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different temperature and system density, the behavior of beauty 
quark could be different at the RHIC energy. It is also worthy of 
observing the collision energy dependence of the beauty quark 
production.

Naively, heavy quarks are too heavy to be pushed moving to-
gether with the collective flow during the expansion of the par-
tonic matter unless the interactions between heavy quarks and 
surrounding dense light quarks are strong and frequent enough. 
After sufficient energy exchange, the system could reach thermal 
equilibrium. Therefore, heavy quark collectivity could be an evi-
dence of heavy quark thermalization. The heavy quark elliptic flow, 
defined as a second harmonic Fourier coefficient (v2) of the az-
imuthal distribution of particle momenta [21], is proposed to be 
an ideal probe to the properties of the partonic matter, such as the 
thermalization, intrinsic transport parameters, drag constant and 
entropy [9,22–28]. Apparently, measuring the charm and beauty 
quark v2 separately is crucial to constrain the diffusion param-
eters extracted from quenched lattice QCD [29,30]. In particular, 
the beauty quark mass is about three times larger than the charm 
quark mass and the final state behaviors of the two quarks could 
be different. Unfortunately we are very ignorant of that. Up to 
date, there are many measurements of HF hadron spectra and v2, 
but most of them are for charmed hadrons or electrons from HF 
hadron decays. Some attempts on the separation of charm and 
beauty contributions in HF decay electrons are only for their mo-
mentum distributions. There is no measurement on the beauty 
quark v2 either in hadronic decays or indirect electron channels 
at RHIC.

2. Analysis technique and results

2.1. Spectra and RAA

We have developed a data-driven method to isolate charm and 
beauty contributions from the inclusive HFE spectrum based on 
the most recent open charm hadron measurements in minimum 
bias (Min Bias) Au+Au collisions at 

√
sNN = 200 GeV at RHIC. Tak-

ing the advantage of the Heavy Flavor Tracker (HFT), the STAR 
experiment has achieved precision measurements at mid-rapidity 
(|y| < 1) on pT spectra of inclusive (prompt and non-prompt) D0-
mesons [14,15] at 0 < pT < 10 GeV/c, as well as other charmed 
hadrons (D± [31], Ds [31] and �c [32]) at 2 GeV/c � pT < 8 GeV/c. 
Non-prompt D0 (from beauty hadron decays) contributes about 5% 
at pT < 8 GeV/c [33] and at higher pT where there is no measure-
ment, the fixed-order next-to-leading log (FONLL) prediction was 
applied for extrapolation and to be about 10% [9]. The parameter-
ized D0 spectrum is extrapolated up to pT = 20 GeV/c due to the 
negligible electron yield from D0 decays at pD0

T > 20 GeV/c. The 
parameterized uncertainties include three parts: a) 1-σ band of 
the D0 spectrum by fitting with a Levy [34] function with uncor-
related statistical uncertainties; b) Half of the difference between 
Levy and power-law [35] fits; c) For correlated systematic uncer-
tainties the spectrum is scaled to upper and lower limits. The total 
uncertainty is then quadratically summed from above three com-
ponents. The Ds spectrum at 10−40% centrality is parameterized 
in the same way, since there is no clear centrality dependence ob-
served based on the current precision. The uncertainty of D0 (Ds) 
pT spectrum within 0 − 10 GeV/c is 10.7% (15.7%) at low pT up to 
44.2% (49.1%) at pT = 10 GeV/c. The D± spectrum is obtained by 
scaling the D0 spectrum with a constant (0.429 ± 0.038), which 
is fitted from the yield ratio of D± [31] divided by D0 [15], since 
there is no clear pT dependence observed. The �c spectrum at 
10−80% centrality is fitted and extrapolated down to zero pT and 
up to pT = 10 GeV/c with the measured D0 spectrum multiplying 
different model calculations on the yield ratio of �c/D0 [36–39]. 
Fig. 1. Electron spectra from charmed hadrons (D0 [14,15], D± [31], Ds [31], �c [32]
and the sum of them (c → e)) and the inclusive HFE spectrum [43] at mid-rapidity 
(|η| < 0.7) in minimum bias Au+Au collisions at √sNN = 200 GeV. The spectrum of 
beauty hadron decay electrons (b → e) is obtained by subtracting the c → e contri-
butions from the HFE data. Uncertainties are shown as shaded bands.

The uncertainty of �c is 29.7%−77.7%, which is mainly from the 
average of the four models.

Above open charm hadrons are simulated to decay to electrons 
via semileptonic decay channels with their parameterized pT spec-
tra and the Gaussian rapidity distribution (μ = 0 and σ = 1.7) 
checked by the PYTHIA [40] event generator as inputs. The de-
cay formfactors in the hadron rest frame are sampled from the 
measured distribution [41]. As another check, the input charmed 
hadron rapidity distributions with scanning the standard devia-
tion in a range of 1.4 ≤ σ ≤ 2.0 result in little variation (�
1%) of the decay electron pT spectra. Fig. 1 shows the electron 
spectra from D0 (blue dashed curve), D± (brown dot-dot-dashed 
curve, scaled by 1/10), Ds (green dot-dashed curve) and �c (cyan 
long-dot-dashed curve) decays and the summed charm contribu-
tions (c → e, black solid curve) at mid-rapidity (|η| < 0.7) in 
minimum bias Au+Au collisions at 

√
sNN = 200 GeV. The electron 

spectra from charmed hadron decays are normalized by measured 
parent particle cross sections and semileptonic decay branching 
ratios [42]. The uncertainties of the charmed hadron pT inputs 
are propagated into the decay electron spectra. The uncertainties 
of branching ratios are also taken into account. In particular, the 
uncertainty of D±/D0 ratio is propagated into the D± → e spec-
trum. Electron spectra from Ds and �c decays are scaled by Ncoll
to 0−80% centrality from 10−40% and 10−80%, respectively, and 
the normalization uncertainties are counted. The total uncertain-
ties of electron spectra from individual charmed hadron decays are 
shown as shaded bands in Fig. 1. Uncertainty components of c → e
within 0 − 10 GeV/c are summarized in Table 1. As an example, 
with δ (σ ) representing the relative (absolute) uncertainty, δDs→e
contributes σDs→e

/
(c → e) = δDs→e [(Ds → e)/ (c → e)]. Other un-

certainty components are obtained in the same way. The total 
uncertainty of c → e (11.0%−54.7%) is quadratically summed from 
all uncorrelated components. The black open squares denote the 
inclusive HFE spectrum (|η| < 0.7) measured by STAR [43]. The 
electron spectrum from beauty hadron decays (b → e), shown as 
red solid circles, is then calculated by subtracting the c → e contri-
bution from the inclusive HFE spectrum from pT = 1.2 GeV/c to 8.0 
GeV/c. In this and all of the following uncertainty calculations, sta-
tistical and systematic uncertainties are quadratically summed into 
total uncertainties, unless otherwise specified. The yield of D0 → e
at pe

T = 7.5 GeV/c from D0 decays at pD0

T > 10 GeV/c contributes 
52.8% to the total electron yield in this pe

T bin. This fraction de-
creases to 26.2% at pe

T = 6.5 GeV/c and becomes negligible at lower 
pe

T. Based on this, the uncertainty of the last point of b → e at pT
= 7.5 GeV/c is quoted conservatively with the 2-σ uncertainty from 
c → e due to higher pT extrapolation.
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Table 1
Uncertainty components of the c → e spectrum (0 − 10 GeV/c) from electron 
spectra from individual charmed hadron decays.

from input branching ratio Ncoll ratio D±/D0

δ
(
D0 → e

)
3.9%−23.3%* 0.5%−0.7% × ×

δ
(
D± → e

)
4.0%−24.2%* 0.6%−0.8% × 3.0%−3.7%

δ (Ds → e) 2.1%−27.1% 0.7%−1.8% 1.2%−3.0% ×
δ (�c → e) < 11.0% < 6.9% < 2.9% ×
* correlated

Fig. 2. Beauty hadron decay electron fractions ( f b→e) at mid-rapidity (|η| < 0.7) 
in minimum bias Au+Au collisions compared with FONLL theoretical calculation [9], 
STAR (|η| < 0.7) [44] and PHENIX (|η| < 0.35) [45] in p+p collisions at √sNN = 
200 GeV. f b→e

pp is the average of the parameterized STAR p+p and the PHENIX p+p
data.

The beauty contribution fraction in the inclusive HFE spectrum 
in Au+Au collisions ( f b→e

AA ) can be obtained by taking the ratio of 
the b → e and HFE spectra, shown as solid circles in Fig. 2. The 
relative uncertainty (δ) of f b→e

AA (7.4%−39.2%) is propagated from 
those of the c → e and HFE spectra with

δ2
f b→e
AA

= f 2
cb

(
δ2

c→e + δ2
HFE

)
, (1)

where fcb =
(

1 − f b→e
AA

)/
f b→e
AA , and the uncertainty of the last 

point at pT = 7.5 GeV/c is quoted with the 2-σ uncertainty 
from c → e with the same approach as the uncertainty propa-
gation of b → e. As a result, δc→e (δHFE) contributes 6.1%−30.5% 
(1.9%−24.7%). Here we compare the results with previous mea-
surements in p+p collisions by STAR (|η| < 0.7) via an electron-
hadron correlation approach (red open squares) [44] and by 
PHENIX (|η| < 0.35) with recent built-in vertex detector (green 
crosses) [45]. The FONLL calculation [9] is presented as the gray 
dashed curve. The STAR p+p data are fitted with the fixed FONLL 
function multiplied by a free parameter, which is shown as the 
cyan dashed curve with the band representing the uncertainty 
of the parameter given by the fit. The averaged f b→e

pp (blue solid 
squares) denotes the average of the parameterized STAR p+p and 
the PHENIX p+p data with half of their difference (contributes 
8.1%−15.1%) and halves of their individual uncertainties (con-
tribute 3.1%−3.5% and 6.0%−9.5%) quadratically summed into the 
uncertainty bars (12.8%−16.5%). The beauty contribution in the in-
clusive HFE spectrum in Au+Au collisions is clearly modified com-
pared with that in p+p collisions. At pT ∼ 3.5 GeV/c, beauty and 
charm contributions are comparable, and at pT ∼ 7.5 GeV/c the 
beauty contribution is up to 90%, which is significantly higher than 
that in p+p collisions. Since charm quark is strongly suppressed, 
the enhanced beauty fraction is consistent with less beauty quark 
suppression compared to charm quark in Au+Au collisions at 

√
sNN

= 200 GeV.
The RAA of electrons from individual charmed and beauty 

hadron decays (Rc→e and Rb→e) can be extracted by
AA AA
Fig. 3. The nuclear modification factors (RAA) of c → e and b → e at mid-rapidity 
(|η| < 0.7) in minimum bias Au+Au collisions at √sNN = 200 GeV. The solid bars 
represent the total uncertainties in Au+Au collisions and brackets denote those in 
p+p collisions. Ratios of b(c) → e/FONLL represented by dashed curves are obtained 
directly by the definition of RAA. Results from DUKE model predictions [47] are 
shown for comparison.

Table 2
Uncertainty components of Rc→e

AA and Rb→e
AA .

f b→e
AA f b→e

pp R ince
AA total

δ
(

Rc→e
AA

)
16.4%−80.8% 5.7%−22.3%

12.4%−22.1%
27.8%−85.1%

δ
(

Rb→e
AA

)
7.4%−23.1% 12.8%−16.5% 20.8%−34.5%

Rc→e
AA =1 − f b→e

AA

1 − f b→e
pp

R ince
AA , (2)

Rb→e
AA = f b→e

AA

f b→e
pp

R ince
AA , (3)

where f b→e
AA is the beauty fraction in Au+Au collisions and f b→e

pp
is the averaged beauty fraction of the parameterized STAR and the 
PHENIX data in p+p collisions in Fig. 2. The R ince

AA is the RAA of 
inclusive electrons from HF hadron decays (|η| < 0.7) measured 
by STAR (Run 14) [46]. Fig. 3 shows the Rc→e

AA and Rb→e
AA as func-

tions of pT extracted from Eq. (2) and (3) as blue squares and red 
circles, respectively. The Rb→e

AA result is roughly consistent with 
the DUKE model prediction [47], and the latter predicts higher 
value than the Rc→e

AA data at higher pT. Two dashed curves rep-
resenting b(c) → e/FONLL are obtained directly by the definition 
of RAA as the parameterized spectra of b(c) → e in Fig. 1 divided 
by their respective spectra from FONLL calculations [9] scaled by 
〈Ncoll〉 as a crosscheck, which shows a good agreement with data. 
Clear suppression at pT � 3.5 GeV/c is observed for both Rc→e

AA
and Rb→e

AA , which indicates that charm and beauty quarks strongly 
interact with the hot-dense medium and lose energy. However, 
Rb→e

AA shows less suppression compared with Rc→e
AA at pT > 3.5 

GeV/c, which is consistent with the mass-dependent energy loss 
prediction that beauty quark loses less energy due to the sup-
pressed gluon radiation and smaller collisional energy exchange 
with the medium by its three-time larger mass compared to charm 
quark [10–12].

From Eq. (2) and (3), the relative uncertainties (δ) of Rc→e
AA and 

Rb→e
AA can be calculated by

δ2
Rc→e

AA
= f 2

bc,AAδ2
f b→e
AA

+ f 2
bc,ppδ2

f b→e
pp

+ δ2
R ince

AA
, (4)

δ2
Rb→e

AA
=δ2

f b→e
AA

+ δ2
f b→e
pp

+ δ2
R ince

AA
, (5)

respectively, where fbc = f b→e
/(

1 − f b→e
)

in Au+Au or p+p col-
lisions. Table 2 summarizes the uncertainty components of Rc→e

AA
and Rb→e.
AA
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2.2. Elliptic flow v2

The v2 of D0 in 0−80% Au+Au collisions at 
√

sNN = 200 GeV 
measured by STAR [48] is parameterized and extrapolated up to 
pT = 10 GeV/c with a semi-empirical function as Eq. (6), which 
is modified from [49] with adding a linear term forced to pass 
through the origin according to the natural properties of v2 and 
follow the number-of-constituent-quark (NCQ) scaling [49,50] as 
v2/n vs. (mT − m0)/n ,

v2 = p0n

1 + exp
(

p1− (mT−m0)/n
p2

) − p0n

1 + exp
(

p1
p2

) + p3 (mT − m0) ,

(6)

where mT =
√

p2
T + m2

0 and m0 denote the transverse and rest 
masses of the particle, n is the number of constituent quarks and 
pi (i = 0, 1, 2, 3) are free parameters. At pT above 10 GeV/c, the 
D0 v2 is assumed as zero since due to the known effect of en-
ergy loss at high pT, the particle v2 drops quickly close to zero 
which has been observed in light particle [51] and D meson [52]
v2 measurements in 200 GeV Au+Au and 2.76 TeV Pb+Pb colli-
sions, respectively. Assuming �c (n = 3) also follows NCQ scaling 
as D-mesons (n = 2), the v2 of charmed mesons and baryons as 
functions of pT can be obtained from Eq. (6). The azimuthal an-
gle (φ) distributions of charmed hadrons in each pT bin follow the 
function [49]

dN

dφ
= 1 + 2v2cos(2φ). (7)

Then the azimuthal distributions of electrons can be obtained by 
semileptonic decay simulations of charmed hadrons with their pT
spectra and azimuthal distributions as inputs. The v2 of D → e
(vD→e

2 ) and the v2 of �c → e (v�c→e
2 ) can be obtained by fitting 

their azimuthal distributions with Eq. (7) in each electron pT bin.
The v2 of c → e (vc→e

2 ) is an average of vD→e
2 and v�c→e

2 with 
their relative yields as weights. In a similar way, the v2 of b → e
(vb→e

2 ) can be extracted from

vb→e
2 =

v ince
2 −

(
1 − f b→e

AA

)
vc→e

2

f b→e
AA

, (8)

where v ince
2 denotes the v2 of inclusive HFE from the parameter-

ized average of the measurements by STAR [53] and PHENIX [54]
with Eq. (6). Note that the centralities for the STAR D0 v2 input (0-
80%), the STAR HFE v2 (0-60%) and the PHENIX HFE v2 (0-92%) are 
different. Since the v2 in minimum bias collisions is an average of 
v2 values weighted by the particle yield in each centrality interval, 
one would expect the v2 in minimum bias collisions should not be 
affected by the most peripheral collisions due to most of the par-
ticle yields coming from 0-60% centrality. In fact, within current 
precision, HFE v2 results measured from both STAR and PHENIX 
are consistent with each other.

The uncertainty from the parameterization of the D0 v2 with 
the quadratic sum of statistical and systematic uncertainties, in-
cluding the high pT extrapolation, is propagated into the uncer-
tainties of vD→e

2 and v�c→e
2 through the decay simulations. The 

absolute uncertainty (σ ) of vc→e
2 with four components from v2

and pT spectra of D → e and �c → e can be obtained with the 
variant of the differentiated vc→e

2 calculation formula as

σ 2
vc→e

2
=

(
fDcσvD→e

2
+ f�ccσv�c→e

2

)2

+
(

�v2
)2 (

f 2
�ccσ

2
D→e + f 2

Dcσ
2
�c→e

)
,

(9)
c → e
Fig. 4. The elliptic flows (v2) of c → e and b → e at mid-rapidity (|η| < 0.7) in 
minimum bias Au+Au collisions at √sNN = 200 GeV. The major contributions to the 
uncertainty of vb→e

2 are from v ince
2 (bars), vc→e

2 (brackets) and f b→e
AA (grey bands). 

The vb→e
2 with B-meson v2 NCQ scaling assumption and the vφ→e

2 are shown as 
the dashed curve and open squares, respectively. Results from DUKE [47] model 
predictions are shown for comparison.

where fDc = (D → e)/ (c → e) , f�cc = (�c → e)/ (c → e) and 
�v2 = vD→e

2 − v�c→e
2 . Uncertainties of vD→e

2 and v�c→e
2 are cor-

related, since both of them are propagated from the uncertainty of 
D0 v2. From Eq. (8), we can calculate three parts of the absolute 
uncertainty (σ ) of vb→e

2 with

σ 2
vb→e

2
= f 2

1bσ
2
v ince

2
+ f 2

cbσ
2
vc→e

2
+ f 4

1b

(
vc→e

2 − v ince
2

)2
σ 2

f b→e
AA

, (10)

where f1b = 1
/

f b→e
AA and fcb =

(
1 − f b→e

AA

)/
f b→e
AA . Each of the 

three parts is strongly controlled by f b→e
AA and the low values of 

f b→e
AA at low pT result in large uncertainties of vb→e

2 .
Fig. 4 shows the results of vc→e

2 and vb→e
2 as the blue solid 

curve with an uncertainty band and red circles, respectively. The 
v2 of φ → e (vφ→e

2 , red long-dashed curve with band) is obtained 
in the same way as vD→e

2 with the φ-meson spectrum [55] and 
v2 (0−80%) [56] as inputs. DUKE model predictions [47] are also 
shown as dot-dashed curves for comparison. The electron v2 from 
beauty hadron decays at pT > 3.0 GeV/c is observed with an aver-
age of 4-sigma significance (χ2/ndf = 29.7/6) deviating from zero. 
And it is consistent with electrons from charmed or strange hadron 
decays within uncertainties at pT > 4.5 GeV/c. This flavor inde-
pendent v2 at high pT could be attributed to the initial geometry 
anisotropy or the path length dependence of the energy loss in 
the medium. A smaller vb→e

2 compared with vc→e
2 is observed 

at pT < 4.0 GeV/c, which may be driven by the larger mass of 
beauty quark than that of charm quark. The black dashed curve 
represents the vb→e

2 assuming that B-meson v2 follows the NCQ 
scaling, which is from the same technique as vD→e

2 with a decay 
formfactor in the B-meson frame sampled from the distribution 
measured by CLEO [57]. The vb→e

2 presented here, as a mixture 
of v2 of beauty and light quarks via a coalescence hadronization, 
deviates from the curve at 2.5 GeV/c < pT < 4.5 GeV/c with a 
confidence level of 99% (χ2/ndf = 14.3/4), which favors that the 
beauty quark elliptic flow is smaller than that of light quarks, un-
like the D0 v2 scaled with that of light flavor hadrons by dividing 
number of constituent quarks in both v2 and (mT − m0) [48]. This 
suggests that beauty quark is unlikely thermalized and too heavy 
to be moved following the collective flow of lighter partons.

3. Summary

In summary, this paper reports the individual electron pT spec-
tra, RAA and v2 distributions from charmed and beauty hadron 
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decays in minimum bias Au+Au collisions at 
√

sNN = 200 GeV 
at RHIC. We find that the electron RAA from beauty hadron de-
cays is suppressed at high pT > 3.5 GeV/c, but less suppressed 
compared with that from charmed hadron decays, which indicates 
that beauty quark interacts with the hot-dense medium and loses 
energy and is consistent with the mass-dependent energy loss sce-
nario. For the first time, the non-zero electron v2 from beauty 
hadron decays at pT > 3.0 GeV/c is observed and consistent with 
hadrons containing charm or strangeness at pT > 4.5 GeV/c with 
large uncertainties, which could be mainly due to the initial ge-
ometry anisotropy or the path length dependence of the energy 
loss in the medium. And its smaller elliptic flow compared with 
that from charmed hadron decays at pT < 4.0 GeV/c is observed. 
At 2.5 GeV/c < pT < 4.5 GeV/c, vb→e

2 is smaller than a number-
of-constituent-quark scaling hypothesis, which suggests that the 
extremely heavy mass of beauty quark prevents itself participating 
in the partonic collectivity and the first non-thermalized particle 
(beauty quark) is observed in heavy-ion collisions at RHIC energy.
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