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Motivation and Aim

It is now understood that the strongly inter-
acting matter in the presence of strong magnetic
field affects the properties of heavy quarkonia dif-
ferently than its absence because both magnetic
field and heavy quarkonia are simultaneously pro-
duced at the very early stages of collisions at
RHIC or LHC. Our works are of three folds: first
we calculate both the real and imaginary parts of
retarded and advanced gluon self energies, using
the Keldysh representation in real-time formal-
ism, which, in turn, give the resummed retarded
and symmetric gluon propagators. Secondly the
resummed propagators in the static limit give
complex permittivities, which embody the effect
of a strongly magnetized hot QCD medium in
terms of real- and imaginary-parts of heavy quark
potential, manifested as (Debye) color screening
and Landau damping, respectively. Finally we
investigate the effect of strong magnetic field on
the average sizes, binding energies and thermal
widths of different QQ̄ resonance states and then
study its dissociation due to the Landau-damping
mechanism.

Complex heavy-quark potential

First we calculate the resummed retarded and
symmetric gluon propagators from the respective
self energies for a hot QCD medium in a strong
magnetic field, which, in turn, in the static limit
give the real and imaginary part of dielectric per-
mittivities,
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where the screening masses (mD) for massless and
realistic flavour masses are calculated
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respectively.
Since the QCD with realistic flavours at finite
temperature is not a sharp phase transition rather
a crossover so the string term does not vanish at
the deconfined medium so the medium in pres-
ence of strong magnetic field affects both the lin-
ear and Coulomb terms in a nontrivial manner [1]
(with r̂ = rmD)
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In addition, in the medium the potential develops
an imaginary part due to an artifact of Landau
damping as
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where the functions are Si(kr) =
∫ kr
0

sin x
x dx and

χ(zr̂) = 1− sin zr̂
zr̂ .

Proceedings of the DAE Symp. on Nucl. Phys. 63 (2018) 952

Available online at www.sympnp.org/proceedings



Average size, Binding energy and
Thermal width

We now solve numerically the Schrödinger
equation with the real part of medium-modified
potential (5) to obtain the wavefunction (Φ) and
binding energy of different QQ̄ states immersed
in a hot QCD medium in presence of strong
magnetic field. Hence the wavefunctions thus
obtained from the in-medium Hamiltonian es-

timates the size,
√
ri2 (=(

∫
dτ r2 | Φi(r) |2)

1/2
)

of a particular quarkonia (i) in a magnetized
medium, which is found to increase slightly with
the magnetic field (Fig.1). On the other hand,
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FIG. 1: Variation of average size (
√
r2) of QQ̄ states

in a medium with magnetic field.

the binding energies are found to decrease with
the increase of strong magnetic field. However
the decrease for J/ψ with magnetic field is faster
as compared to the slower decrease of ψ′ and χc
(Fig.2).
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FIG. 2: Variation of binding energies of QQ̄ states in
a medium with magnetic field.

Since the imaginary part of the potential (6)
is a small perturbation to the real part, thus
the first-order perturbation theory evaluates the
width, Γi (=−2

∫∞
0

Im V(r; B,T)|Φi(r)|2dτ) of
a specific quarkonium state by convoluting its

eigenstate in the deconfined medium in the pres-
ence of magnetic field. We notice that the width
is found to increase with the increasing value of
magnetic field (Fig.3).
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FIG. 3: Variation of thermal width of QQ̄ states in a
medium with magnetic field.

Finally we study how the presence of strong
magnetic field affects the dissociation of quarko-
nia, by calculating the dissociation temperature
(T iD) of a quarkonium state (i) from the criterion:
Γi ≥ 2BEi in Table I, where the TD’s in presence
of magnetic field are found to increase compared
to the thermal medium in absence of magnetic
field, whereas on increasing the value of magnetic
field the TD starts decreasing. The J/ψ’s and χc’s
are dissociated at higher temperatures at 2 Tc and
1.1 Tc at a magnetic field eB ≈ 6 m2

π and 4 m2
π,

respectively, compared to the values 1.60 Tc and
0.8 Tc in the absence of magnetic field [1], respec-
tively.

State TD (in Tc) TD (in Tc) (eB (m2
π))

J/ψ 1.60 2.0 (6.50)
1.8 (27.0)
1.5 (68.0)

χc 0.80 1.1 (3.7)
1.0 (12)

ψ(2S) 0.70 < 1(< m2
π)

TABLE I: Dissociation temperatures.

In the present study, the effect of strong mag-
netic field has been investigated on the various
properties of quarkonia and its dissociation due
to Landau-damping.
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