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Why study bottomonium melting from screening masses?

Fate of bottomonia i.e. bound states of bottom and its anti-particle in
the Quark-Gluon plasma is one of the most widely studied problems.

At finite temperature, the bottomonium states are expected to be
suppressed due to screening [Matsui & Satz, 86].

The bottomonium spectral functions should know it all! However
extracting the spectral function from Euclidean correlation function
has its own systematic uncertainties! [Asakawa & Hatsuda, 03, S. Datta et. al., 04]

Within the Non-Relativistic QCD (NRQCD), it is now known from
lattice studies that ground state ηb(1s) melt at T > 400 MeV
whereas the fate of 1P-bottomonia states is not yet completely
settled. [G. Aarts et. al. 10, 14, S. Kim et. al., 14, 18, R. Larsen et. al., 18, 19.]
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The temporal extent Nτ of the lattice becomes smaller at higher
temperature in the fixed scale approach → the number of data points
for the Euclidean temporal correlator limited.

It is thus better to look at the spatial correlators. Screening masses
for the meson operator J = ψ̄Γψ are defined as [De Tar & Kogut, 87],

C (z) =

∫ β

0
dτ

∫
dxdy 〈J(x)J(0)〉 ∼ e−Mscrz + ..

Has a more complicated relation to the spectral function at finite
momenta. The screening mass are related to the meson excitations
in the plasma.

When there are well-defined bound state peaks in the spectral
function the Mscr is simply the pole mass of the corresponding meson

channel. At high T , the Mscr = 2
√
m2

q + (πT )2.
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Lattice set-up

We use 2 + 1 flavor QCD ensembles @HotQCD in the temperature
range 350-1000 MeV.

Bottom quarks are quenched. Use Highly Improved Staggered quark
(HISQ) action, crucial more so for the bottom quarks to maintain
correct dispersion relation on the lattice [Follana et. al. 06].

Results for 3 lattice spacings at each temperature which correspond
to Nτ = 8, 10, 12 such that amb < 1. Furthermore the spatial sites
Nσ = 4Nτ .

The bottom quark mass tuned close to physical value mb = 52.5 ms .
The ms is close but not very precisely tuned to its physical values.

Systematic uncertainty of ∼ 1% in extracting bottomonium mass at
zero-T through interpolation from earlier data of ηb vs
mb [Petreczky & Weber, 19]. Cut-off effects are much smaller than these
systematic +scale setting+stat. errors!
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Results: ηb(1s) screening mass
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Approaches NLO results at T > 500 MeV

Close to zero-T PDG values !
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Diff. between pseudo-scalar and vector Mscr
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This observable insensitive to the quark mass effects.

Spin-splitting, consistent with PDG

Departure from NLO perturbation theory!

Effective spin-potential*?

[*V. Koch et. al., 92]
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Diff. between scalar and pseudo-scalar Mscr

 150

 200

 250

 300

 350

 400

 450

 500

 550

 300  400  500  600  700  800  900  1000

M
S

C
s
c
r 
- 

M
P

S
s
c
r 
[M

e
V

]

T [MeV]

N
τ
=12

N
τ
=10

N
τ
=8

Scalar melts earlier than the vector states

further suppression ∼ 2mb

Spin-spitting ∼ 0.3T
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Conclusions

Bottomonium screening correlators gave us many new insights about
the fate of these states in QGP.

We observe that the scalar screening mass show significant thermal
modification already at T > 350 MeV.

For vector (Υ) and pseudo-scalar (ηb) screening masses thermal
modifications show up at relatively higher temperatures T > 500
MeV, consistent with earlier lattice results using NRQCD.

After the bottomonium states receive significant thermal broadening,
b − b̄ pairs remains correlated through a spin-dependent
non-perturbative potential.
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