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The behavior of bottomonium state correlators at non-zengperature, 148(3 = 6.664) <

T < 221(B = 7.280) (MeV), where the transition temperature is 184(MeV), is studied, using
lattice NRQCD on 48 x 12 HotQCD HiSQ action configurations with light dynamidéd =
2+ 1 (mys/ms = 0.05) staggered quarks. In order to understand finite temyreraffects on
quarkonium states, zero temperature behavior of bottounogbrrelators is compared based on
32 (B = 6.664,6.800 and 850) and 48 x 64 (8 = 7.280) lattices. We find that temperature
effects on S-wave bottomonium states are small but P-waterhonium states show a noticeable
temperature dependence above the transition temperature.
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Figure 1: S-wave ) channel (left) and P-wavehf) channel (right) correlator at ~ O temperature for
B =6.664,6.800 6.950, and 7280 from lattice NRQCD correlator

1. Introduction

Studying the properties of the Quark-Gluon Plasma (QGRJires|us to compare high energy
hadron- and nuclear collisions. In understanding the idiffees between the two, we can shed light
on the question, how the presence of a hot medium modifiestinedance of measured patrticles.
Quarkonium physics offers an excellent opportunity forrseccomparison [1] because inclusive
productions and decays of these quark anti-quark pairsedterlunderstood than those involving
light hadrons. The heavy quark mass of the quarkonium daestis provides a “factorization” of
the short distance perturbative physics from the long digtanon-perturbative effects, which can
be discussed by applying various effective field theorie@@D [2, 3].

Recent studies of in-medium quarkonium behavior, basedttind NRQCD at finite temper-
ature, show a survival of S-wave bottomonium up~t@T; and melting of P-wave bottomonium
above the transition temperaturg)([4, 5], sequential suppression of excited states S-wate bo
tomonium abovel; [6], heavy quark mass dependence of S-wave bottomoniumnid valocity
dependence of S-wave bottomonium moving in a thermal emviemt [7, 8]. In these studies,
temperature is changed by varying the number of time-dieat lattice slices at a fixed lattice
spacing T = ﬁ i.e. a; is fixed andN; is an integer (= 16, 18, 20, 24, 28, 32, and 80)). Due
to the common renormalization scale this makes it easieonopare the temperature dependent
behavior of lattice NRQCD bottomonium correlators andrtispiectral functions at different tem-
peratures. On the other hand, the discreteness of the daeassnperatures hampers a detailed
study neaf.. In addition, in these studies, the spectral functions areprted using the standard
Maximum Entropy Method (MEM) [9] on NRQCD bottomonium cdatrs with NRQCD ker-
nel K(1,w) = e 7). It will be interesting to calculate the spectral funcgBonith methods other
than the MEM. Here, we report preliminary results from outide NRQCD study of in-medium
bottomonium behavior ol = 2+ 1 (myq4/ms = 0.05) HotQCD configurations, generated with
HiSQ fermions on 48x 12 [10]. Unlike previous lattice NRQCD studies [4, 6, 7, &riperature is
varied continuouslyN; = 12 =fixed, a; is changed by varying the coupling constant) and a novel
improved Bayesian method is used for the computation oftsgdeianctions [11, 12, 13].
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2. Zero Temperature

Since the lattice spacing in our study is changed to vary é&atpre, a comparison of NRQCD
correlators at different temperatures is more complicatédequiresT ~ O simulations, which
supplement the finite temperature simulations at the samgegeoupling constant. We determine
the quarkonium mass from an exponential fit to the NRQCD tatoes, i.e. an “energy offset”
needs to be obtained [14]. Also the performance of the imrgdd¥ayesian method used in this
work can be assessed using the zero temperature featuresarhbnium spectral functions. Thus,
we first carry out a lattice NRQCD analysis on low temperallm€QCD configurations. The list of
parameters for these lattice configurations is given in {BhwhereMpais chosen foMEXp: 4.65
(GeV) for a givera.

B Volume | T(MeV) a(fm) | Mpa | analyzed Ncfg
6.664| 322x 32| 52.65 0.1169| 2.759 100
6.800| 322 x 32| 59.93 0.1027| 2.424 100
6.950| 322x 32| 68.98 | 0.08925| 2.107 100
7.280| 48 x 64 | 46.62 | 0.06603| 1.559 100

Table 1: Parameter list for th& ~ 0 configurations

Fig. (1) shows the typical behavior of S-wave and P-wavedbatinium correlators, which are
computed from NRQCD bottom quark propagator§ at 0, as a function of the Euclidean time
(7). Exponential function fits to the quarkonium correlatoilg/ the energy of the corresponding
quarkonium states (e.gky(1S) for the Upsilon channel anfy, (1P) for the h, channel, respec-
tively). Here, fromMy®® = Eg + Ey(1g) at eachB, we determine the constant energy offset for the
simulatedB.
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Figure 2: “Energy offset constant” fof = 6.664,6.800,6.950 and 7280 from 1-exponential fit t&" cor-
relator (blue circle)

Fig. (2) shows the energy offset constakt4) at each. The blue circles in the figure
are the energy offset determined from the fitted energy ofz#hve temperatur&(1S) state at
B = 6.664 6.800,6.950,7.280 (the horizontal axis is the lattice spacimg! (GeV) for eachB).
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The green line is the linear interpolation among the blueleidata points. The red crosses are
the energy offset which will be used for non-zero tempegatuns. In addition, the computed
spectral functions foff = 6.664,6.800,6.950,7.280 atT ~ O temperature are shown in Fig. (3).
The position of the first peak agrees with the result of a leaeptial function fit to the respective
Y correlators within errors. The shapes of the spectral fonstare quite similar to each other as
expected and may be matched to each other by accommodagirapristant energy offset effect
(constant amount shift along the horizontal axis for theespéfunctions) and by considering the
normalization difference in the spectral function betw8&hlattices and 48x 64 lattice (rescale
along the vertical axis for the spectral functions).
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Figure 3: Un-normalized Y spectral functions from the improved Bayesian method fbr=
6.664,6.800,6.950, and 7280

3. Around the Transition Temperature
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Figure 4: The ratio of Y channel correlators at non-zero temperature to the carnglipg correlators at
T ~ 0 temperature (left) and that bf (right) at3 = 6.664,6.800,6.950 and 7280

The list of parameters for the non-zero temperature lattordigurations used in our lattice
NRQCD analysis is given in Tab. (2). Fig. (4) shows the ratibhe non-zero temperature quarko-
nium correlators (48x 12) to theT ~ 0 temperature quarkonium correlators {3d 48 x 64)
at those values g8 at whichT ~ 0 configurations are availabl&”@ndh, channel). In these ra-
tios, the energy offset effect cancels, since it is a fumctib lattice spacing and is independent
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B T T/Tc a(fm) | Mpa | analyzed Ncfg
6.664 | 140.40| 0.911| 0.1169| 2.759 100
6.700| 145.32| 0.944| 0.1130]| 2.667 100
6.740| 150.97| 0.980| 0.1087| 2.566 100
6.770| 155.33| 1.008| 0.1057| 2.495 100
6.800| 159.80| 1.038| 0.1027| 2.424 100
6.840| 165.95| 1.078| 0.09893| 2.335 100
6.880| 172.30| 1.119| 0.09528| 2.249 100
6.910| 177.21| 1.151| 0.09264| 2.187 100
6.950| 183.94| 1.194| 0.08925| 2.107 100
6.990| 190.89| 1.240| 0.086| 2.030 100
7.030| 198.08| 1.286| 0.08288| 1.956 100
7.100| 211.23| 1.371| 0.07772| 1.835 100
7.150| 221.08| 1.436| 0.07426| 1.753 100
7.280| 248.63| 1.614| 0.06603| 1.559 100

Table 2: Parameter list for th& # 0 configurations

of the temperature. Similar to the results from previouslissi[4, 6, 7, 8], the S-wave ratios ex-
hibit only small changes with temperature, while the P-waatéos show a largd dependence.
In contrast, the advantage of continuously changing teatper becomes clear, when we com-
pare the ratios from all the temperatures. The temperatifeet én the P-wave increases as
surpassed.. Interestingly however the temperature effect in the Senatvi = 0.911T. is more

or less similar to that af = 1.038T; begins to increase only dt > 1.194T.. In Fig. (5) we plot
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Figure5: Effective mass for th& channel correlators (left) and that flay

merr(T) = —IN[G(1+a)/G(1)]. Instead of showing the effective mass data from all 14 tempe
tures in Tab. (2), we chose five temperatures for a clear pratsen. None of the effective mass
plots contain a clear plateau. Similar to Fig. (4), the S-avaffective mass plot exhibits a small
effect belowT; and shows an increasing temperature dependence ahdvecontrast, the P-wave

effective mass plot shows an decrease in the values for tlidevibmperature range. We also
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applied the new Bayesian method to non-zero temperatuterbohium correlators to obtain the
spectral functions for each channel. In Fig. (6), we showfitlsé peak position of the S-wavé')
channel spectral function and the width of the first peak eh@emperature. Fig. (7) contains the
values for the P-wavehg). The error bars in each figure are estimated from the Jazkpifead of
measured values (peak position and its width) on 5 sets ob26lators for each channels. Similar
to the observations from Fig. (4,5), the S-wave spectrattfans behave differently from the P-
wave spectral functions. The first peaks of the S-wave sgdctnctions stay at the same position
below T, and begin to move upward aboV¥gasT increases. The position of the first peak of the
P-wave spectral functions appears to rise linearly iacrossl.. Also, the width of the first peak
of the P-wave spectral functions seems to haVedependence albeit large Jackknife error bar.

4. Conclusion
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Figure6: Y': the first peak (1S) position of channel spectral function vs. temperature (left) and trdtwi
of the first peak of"channel spectral function vs. temperature

We have investigated the non-zero temperature behavioma@ and P-wave bottomonium
by computing lattice NRQCD correlators &h = 2+ 1(my 4 /ms = 0.05) flavor HotQCD configu-
rations and analyzing their spectral functions using araved Bayesian method [11, 12, 13]. The
studied temperature is 140(MeV) < T < 221 (MeV), where the cross-over transition temperature
is 1549) MeV. Compared to the previous lattice NRQCD studies on quatkn in-media, where
the lattice spacing is fixed and the temperature can only bagdd discretely by changing the
number of the time slices [4, 6, 7, 8], temperature can beglarontinuously in this study. Hence
the modification of quarkonium across the transition terapee can be investigated in detalil.

Preliminary results show that the behavior of S-wave botiiomm (Upsilon andj, states) is
distinctly different from that of P-wave bottomoniurhy(state) acros3.. The ratio of thelT > 0
correlator to theT ~ 0 temperature correlator, as well as the effective masshier-wave is
more or less unchanged beldly and begins to increase only aboVe The temperature effect
in the ratio and in the effective mass for the P-wave appeabe{] T. Spectral functions from
the improved Bayesian method show a very similar picturee filst peak position of S-wave
bottomonium spectral functions stays more or less the satoe/d; and begins to increase above
T.. On the other hand, the first peak position of P-wave bottanmorspectral functions appears
to move proportional t@ acrossl;. Further analysis with increased statistics and systenaator
analysis of the improved Bayesian method will follow in n&#ure.
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