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Abstract
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We report our lattice QCD study on quarkonium properties at finite temperature. We perform numerical simulations on large and fine isotropic lattices by using quenched gauge field
configurations. To Investigate differences between charmonium and bottomonium states, we vary the guark masses In the range between the charm and bottom masses. Spatial and temporal
meson correlation functions are computed at temperatures in a range from about 0.7T. to 1.4T.. We discuss the change and dissociation of various quarkonium states in the QGP by showing
the temperature and quark mass dependence of the quarkonium correlation functions as well as some preliminary results of related physical quantities: the screening masse, the quark number

susceptibility and the heavy quark diffusion constant.

1. Introduction

* Suppression of yields of the quarkonium such as J/¥ 1n
relativistic heavy ion collision experiments at RHIC and LHC
IS an important signal of QGP formation [1].

* Sequential Y suppression reported by the CMS collaboration
In LHC [2] Inspires theoretical interest of not only the
charmonium but also the bottomonium in-medium behavior.

e Theoretical understanding of the quarkonium behavior at
finite temperature plays important role to explain
experimental data.

e The meson spectral function can tell information about
dissoclation of bound states as well as transport properties,
e.g. the heavy quark diffusion constant.

 [n this study we investigate the quarkonium properties at
finite temperature by first principle lattice QCD calculations.

e \We perform numerical simulations with several quark masses
to understand the difference between the charmonium and
bottomonium.

2. Simulation setup

o Standard Wilson gauge & O(a)-improved Wilson fermion
actions

* Inquenched QCD

 Gauge coupling: B =7.544

— lattice spacing: a = 0.0127 fm (a* = 15.5 GeV)

e On 1443 X N_isotropic lattices (See Table 1.)

 With 6 quark masses (See Table 2.)

Table 1 Table 2
N, TJ/T, 4+ confs. K moa  myrg(m) |[GeV] my [GeV]
72 0.71 246 0.13236 0.031135 0.92168 3.092(4)
48  1.07 462 0.13220 0.035707 1.0047 3.274(4)
42  1.22 660 0.13180 0.047186 1.2082 3.734(4)
36 1.42 288 0.13100 0.070353 1.6045 4.641(3)
. N.a 0.12950 0.11456 2.3095 6.282(3)
! 0.12641 0.20894 3.6302 9.450(3)
T =303 MeV |
( 1 1 N )
Mo = 5o = 5 - - bare quark mass  k.: critical k¥ value my : Vector meson mass

kmmg(m): quark mass renormalized by MS scheme at p=m |

3. Meson correlation and
spectral functions

Euclidian meson correlation function

Gy(r) = / Bx (1 (7. %) T (0, 0)) — 7?) %pﬂ(w)x(fr,w)

<

Meson spectral function
having all information about in-medium guarkonium properties

Table 3
Channel I'gy Jre¢ cC bb (JH(T, X) _ Q;(Ta X)FHT,D(T, X) A
PS s 07F  me my
V v, 17 Jlp T K(rw) = cosh(w(r —1/2T))
S 1 0™ oo Xuo . O sinh(w/2T)
AV V5 1 1+ Xel  Xbl
4. Screening mass
o Spatial meson correlation function
f T R
Gy(z) = /dxdy/ dr(Jg (7,%)J(0,0)) —1Meerp
. 0 z>>1/T P

<«

Screening mass

- If there 1s a lowest lying bound state: M., = M

: bound state mass

- High T limit (free quark case) : M., = 2,/(x )2 + m
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Fig. 1: Temperature and quark mass dependence of the screening masses M., for
PS (a), V (b), S (c) and AV (d) channels. Values In the free quark case are also
shown by dashed and dotted curves with the MS quark masses for the charm and
bottom, respectively. M., monotonically increases as temperature increases for
the S-wave channels while data for the P-wave channels decrease at T, then
Increase. Heavier quark data have smaller temperature dependence.

5. Quark number susceptibility
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1 Fig. 2: Temperature dependence of the
{ quark number susceptibility y,,.

i Similarly to the screening mass in the

1 S-wave case, Y, iNCreases

1 monotonically as temperature increases
i and heavier quark data have smaller

1 temperature dependence.
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6. Reconstructed correlator and
diffusion constant
» Expected modification of the spectral function above T,

4 p(w,p=0)/w?
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C

Transport peak (V, S and AV)
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VAR

- Smearing of the bound state peaks
- Appearance of the transport peak around ©w=0 (V, S and AV)

e Reconstructed correlator

~

Grec(T, T; T

"

) =

Grec (7_7 T; T/) —

dw

N,:_—NT—FT

2

T'=17;AT'=N

G(r', T

—p(w, T"K (1,w,T)
-
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a useful tool to Iinvestigate temperature dependence of the
spectral function
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Fig. 4: Quark mass dependence of the ratio G(z,T)/G,..(t,T;T’) for PS (a), V(b),
S (c) and AV(d) channels. The ratio deviates from 1 at long distance, which
suggests the modification of the spectral function in the low frequency region.
Especially for V, S and AV channels there Is strong enhancement at the long
distance, which indicates the appearance of the transport peak around zero
frequency.

e Diffusion constant

4 3y h

py; (w) : spatial component of vector spectral function

related to the vector spectral function around zero frequency

- If the transport peak Is most dominant part of the difference
G(1/2T,T)-G,..(1/2T,T;T") at 1.42T_, one can roughly
estimate the diffusion constant.
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Fig. 5:The difference G(t,T)-G,..(t,T;T’) (a) and its value at the midpoint
1=1/2T (b). The midpoint value decreases as the quark mass increases.

Assuming an Ansatz [3],
I wn T

vV _
pii (W <<T)_2X00Mw2+772 =7 M=mga

1—3 (my=1—2 GeV) for charm,

21D =
{0.3—0.8 (my = 3.5—5 GeV) for bottom.

7. Conclusion and outlook

o Quarkonium properties at finite temperature are studied In
guenched QCD on large and fine isotropic lattices.

* To Investigate the difference between the charmonium and
bottomonium, quark mass Is varied In the range between the
charm and bottom masses.

e The screening mass and the quark number susceptibility have
smaller temperature dependence for the heavier quark.

e The analysis using the reconstructed correlator suggests the
thermal modification of the spectral function in the low frequency
region as well as the appearance of the transport peak for V, S, AV
channels.

* The difference between the measured and reconstructed
correlators gives a rough estimation of the heavy quark diffusion
constant 2xTD = 1—3 for charm and 0.3—0.8 for bottom, where
further investigation Is needed to check the uncertainty.

e |nvestigating the spectral function directly and taking the
continuum limit are our future plan.
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