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Abstract

√
We present the latest measurements of Υ production in Au+Au collisions at sNN = 200 GeV via both di-muon
and di-electron decay channels by the STAR experiment at RHIC. With the addition of the 2016 data set to those taken
in 2011 and 2014, the precision of Υ measurements is signiﬁcantly improved compared to previous preliminary results,
especially for the excited Υ states. The nuclear modiﬁcation factors for the ground and excited Υ states are shown as
a functions of transverse momentum or centrality, and are compared to results from the LHC as well as to theoretical
calculations.
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1. Introduction
Measurements of quarkonium production play an important role in understanding the properties of the
Quark-Gluon Plasma (QGP) created in relativistic heavy-ion collisions. J/ψ suppression in the medium due
to the color screening eﬀect was proposed as a direct signature of the QGP formation [1]. Moreover, different quarkonium states may dissociate at diﬀerent temperatures due to diﬀerent binding energies [2], and
thus measurement of this so-called “sequential melting” can help constrain the thermodynamic properties of
the medium. However, other eﬀects, such as cold nuclear matter (CNM) eﬀects and regeneration, need to be
taken into account when interpreting the experimental results on quarkonium suppression in heavy-ion collisions. Compared to charmonia, the bottomonia Υ states are a cleaner probe at the RHIC collision energies:
1) the regeneration contribution is smaller compared to J/ψ due to the much smaller bb production cross
section than the cc [3, 4]; 2) the cross section for inelastic interactions between Υ(1S) and other hadrons
is small, hence the co-mover absorption is predicted to be minimal [5]. However, the Υ measurements are
statistically challenging at RHIC and require dedicated triggers to sample large amounts of luminosities.
The Υ production has been studied at RHIC in diﬀerent collision systems via the di-electron decay chan√
√
nel, including p+p, d+Au and Au+Au collisions at sNN = 200 GeV [6] and U+U collisions at sNN =
193 GeV [7]. In this article, we present the combined results via the di-electron channel using 2011 data
and the di-muon channel using 2014 and 2016 data.
https://doi.org/10.1016/j.nuclphysa.2018.09.025
0375-9474/© 2018 Published by Elsevier B.V.
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2. Detector and data sample
The Solenoidal Tracker At RHIC (STAR) [8, 9] can reconstruct Υ from both the di-electron and di-muon
decay channels. The Time Projection Chamber (TPC) is used in track reconstruction and precise momentum
measurement with full azimuthal coverage over the pseudorapidity range |η| < 1. It also measures the
ionization energy loss for particle identiﬁcation. The Barrel Electromagnetic Calorimeter (BEMC) is used
to identify and trigger on electrons with high transverse momenta (pT ) within 0 < φ < 2π and |η| < 1. The
Muon Telescope Detector (MTD) [10], which has been fully installed since 2014 and covers about 45% in
azimuth within |η| < 0.5, is designed to identify and trigger on muons with high pT . Compared to electrons,
muons have less bremsstrahlung, which can facilitate the separation of excited Υ states from the ground
state. The BEMC trigger in 2011 run and the MTD trigger in 2014 and 2016 runs sampled 1.1 nb−1 , 14.2
nb−1 and 12.8 nb−1 , respectively.
3. Results
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Fig. 1: Left: invariant mass distribution of Υ candidates (unlike-sign electron pair distribution with like-sign distribution subtracted)
reconstructed via the di-electron channel. Middle: invariant mass distribution of Υ candidates reconstructed via the di-muon channel,
where the unlike-sign distribution is ﬁtted with Υ, bb and Drell-Yan templates from simulation and the combinatorial background is
determined by ﬁtting the like-sign distribution. Right: Υ(1S) RAA from di-electron (blue) and di-muon (red) channels are shown as a
function of N part for pT > 0 GeV/c. The statistical and systematic uncertainties are shown as vertical bars and open boxes. The light
grey band around each marker represents the uncertainty on Ncoll . The red band at unity on the right side shows the global uncertainty
from the p+p reference [11].

The invariant mass distribution of Υ candidates reconstructed via the di-electron channel is shown in the
left panel of Fig. 1. The signal distribution (red circles) is obtained by subtracting the distribution of likesign electron pairs from the unlike-sign one. It is then ﬁtted with three crystal ball functions representing
the three Υ states respectively, as well as a polynomial function describing the residual background from bb
and Drell-Yan processes. The middle panel of Fig. 1 shows the invariant mass distributions of unlike-sign
(red circles) and like-sign (blue circles) muon pairs. The like-sign distribution is used as an estimate of
the combinatorial background, and is ﬁtted with an exponential function whose parameters are fed into the
ﬁtting of the unlike-sign distribution. The unlike-sign distribution is ﬁtted with templates from simulation
for both the Υ signals and the residual background. For both the di-electron and di-muon channels, the
excited Υ states are taken as a whole, and the relative abundance of Υ(2S) and Υ(3S) is ﬁxed to the worldwide value [12].
3.2. Υ suppression
Since the measured nuclear modiﬁcation factors (RAA ) of Υ(1S) and Υ(2S+3S) are consistent between
the di-electron and di-muon channels (see the right panel of Fig. 1), they are combined to further increase
√
the precision. In the left panel of Fig. 2, the Υ(1S) and Υ(2S+3S) RAA in Au+Au collisions at sNN =
200 GeV are shown as a function of number of participants (N part ) using the p+p reference measured with
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Fig. 2: Left: Υ(1S) (black) and Υ(2S+3S) (red) RAA combined from di-electron and di-muon channels are shown as a function of
N part for pT > 0 GeV/c. The R pA of Υ(1S+2S+3S) for |y| < 0.5 measured through the di-electron channel is shown as the blue star.
√
Right: Υ(1S) and Υ(2S+3S) RAA as a function of pT in 0-60% Au+Au collisions at sNN = 200 GeV. The red band at unity includes
the uncertainties from p+p reference and Ncoll .

2015 data through the di-electron channel [11]. For comparison, R pA of Υ(1S+2S+3S) measured via the dielectron channel in 200 GeV p+Au collisions is also shown [11]. The suppression of Υ(2S+3S) in peripheral
Au+Au collisions is comparable to the Υ(1S+2S+3S) suppression observed in p+Au collisions, and gets
larger towards more central collisions. The suppression of Υ(1S) shows a similar trend. Compared to Υ(1S),
Υ(2S+3S) is more suppressed in the 0-10% most central collisions, which is consistent with the sequential
melting scenario. In the right panel of Fig. 2, Υ(1S) and Υ(2S+3S) RAA measured via the di-muon channel
are shown as a function of pT . No signiﬁcant pT dependence is observed.
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Fig. 3: Left: comparison of Υ(1S) RAA for Au+Au collisions at sNN = 200 GeV (red stars) from STAR and for Pb+Pb collisions at
√
sNN = 2.76 TeV (grey diamonds) from CMS [13]. The red and grey bands at unity show the global uncertainties for the STAR and
CMS measurements, respectively. Right: comparison of excited states RAA between STAR and CMS measurements.

The STAR results are compared to similar measurements by the CMS experiment at the LHC in Pb+Pb
√
collisions at sNN = 2.76 TeV [13]. In the left panel of Fig. 3, one can see that the Υ(1S) suppression is
similar between RHIC and the LHC. It is plausible that the suppression of inclusive Υ(1S) arises mainly
from the CNM eﬀects as well as the suppression of excited states that feed down to Υ(1S), while the direct
Υ(1S) remains largely unaﬀected by the QGP in both 200 GeV Au+Au and 2.76 TeV Pb+Pb collisions. On
the other hand, the Υ(2S+3S) seems to be less suppressed at RHIC than at the LHC, especially in peripheral
collisions as shown in the right panel of Fig. 3.
Υ measurements at RHIC are also compared to two model calculations, which are shown in Fig. 4. The
model of Krouppa, Rothkopf and Strickland [14] uses a lattice-vetted heavy-quark potential with an initial
temperature of about 440 MeV for the QGP in most central collisions. The model of Du, He and Rapp
[4] employs in-medium binding energies predicted by thermodynamic T-matrix calculations using internalenergy potentials from lattice QCD. The initial temperature of the QGP is about 310 MeV in the most central
collisions. The regeneration and CNM eﬀects are only included in the Rapp model. Both model calculations
are consistent with experimental data within experimental and theoretical uncertainties.
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Fig. 4: Left: Υ(1S) RAA compared to diﬀerent model calculations. Right: Υ(2S+3S) RAA compared to diﬀerent model calculations.

4. Summary
√
We present the latest Υ measurements in Au+Au collisions at sNN = 200 GeV via both the di-electron
and di-muon channels with the STAR experiment. The Υ(1S) RAA as a function of centrality has a similar
√
suppression as observed in Pb+Pb collisions at sNN = 2.76 TeV with no signiﬁcant pT dependence in
0-60% centrality class. Υ(2S+3S) is more suppressed than Υ(1S) in 0-10% most central collisions, which is
consistent with the sequential melting picture. Two theory models, both incorporating diﬀerent dissociation
temperatures for diﬀerent Υ states, are consistent with the experimental measurements.
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