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INTRODUCTION

 The heavy-ion collision programs of current and past experiments, aim to
identify and characterize the properties of strongly interacting matter at high
temperature with high density (QGP).

 One of their goals is to produce de-confined quark matter (QGP).

 QGP generated in heavy ion collision at high relativistic energies provides us
a laboratory to study both the high energy regime of perturbative QCD and
the low energy regimes (as it cools) where non-perturbative effects dominates.

 Energetic partons (jets), EM signals, suppression of heavy flavour, etc., are
the experimental signatures of the de-confined state.

 Suppression of heavy flavour is one of the most striking characteristic due to
the formation of QGP.

 H.Satz and T.Matsui were the first to present an idea to probe QGP via
colour screening.

 The de-confinement occurs when colour screening shields a quark from the
binding potential of any other quark or antiquark.



 Because of this colour screening the attraction between the quarks is finite and it is

characterized by Debye radius (rD).

 When the distance between quarks is more than the Debye radius, (i.e. rD << rQQ) then

it will no longer represent a bound system in a medium.

 Hence, it can be used as a probe, to find whether plasma of colour charges has been

produced in an extended volume beyond the size of hadronic state or not.

 Assuming an electric dipole whose length is longer than Debye radius (rD) then it will

no longer be a dipole rather will dissociate and become a part of the medium.

 The similar kind of effect has been expected in Quark-Gluon Plasma where the

particles carry colour charge and are in random motion. Instead of an electric dipole, a

colour dipole in de-confined medium.

 Quarks and gluons are screened in similar way the electric charges experiences the

Debye screening in ordinary plasma.

 Though there exist Effective Field Theory methods and lattice simulations to study the

de-confinement mechanisms, study based on phenomenological model is very simple

and an important tool to understand the screening effects on the binding energy of

quarkonium.



QUANTUM MECHANICAL APPROACH

 The two body Schrodinger eqn. with spherically symmetric potential can 
be reduced to simple particle Schrodinger eqn. for the reduced wave 
function ɸn,l(r) given by

[
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2µ
−

𝑑2

𝑑𝑟2
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𝑙 𝑙+1

𝑟2
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Where, µ is reduce mass and the potential used here is

𝑉 𝑟, µ 𝑇 = −
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 Spin average mass      Mn,CM = 
 𝐽 2𝐽+1 𝑀𝑛

,
𝑗

 𝐽 (2𝐽+1)

Here, we have determine the confinement strength (σ) corresponding to the 
spin average masses of charmonia and bottomonia (1s, 2s and 1p) states for 
the different choices of power exponent ʋ.

 Mean square radii

<𝑟2>n,l =  0
∞
𝑟4 𝑅n,l 𝑟

2 dr



THE BEHAVIOR OF CONFINEMENT POTENTIAL STRENGTH (SIGMA) WITH RESPECT TO

POTENTIAL EXPONENT Ʋ (WITHOUT SCREENING EFFECTS) HAS BEEN GIVEN BY
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PROPERTIES OF QUARKONIA STATE WITH SCREENING (Μ≠
0)

 The energy eigenvalue En,l (µ) as a function of µ and using the 
corresponding radial wave function ɸn,l(r), we have calculated the 
bound state radii. 

 The binding energy is  𝐸𝑛𝑙 r, µ(T) = 𝑀 +
𝑝2

2 𝑀
1

+ V(r, T)

𝐸𝑒𝑓𝑓 r, µ(T) = 2𝑚 +
σ

µ(𝑇)
+ 𝐸𝑛𝑙

The above eqn. provides a positive value for the bound states and as µ 
increases to become zero and goes to the negative value for the 
continuum

 Hence 𝐸𝑒𝑓𝑓 µ=µ𝑐 = 0 defines beyond the critical value of the 
screening mass parameter µ𝑐, no more binding is possible and hence 
bound states will not exists for the given quantum numbers (n, l).

 The effective binding energy as a function of µ for charmonia and 
bottomonia has been described graphically for these figs for the 
different choices of power potential ʋ.
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Vacuum Screening Mass

 At T=0, i.e. no medium effects (µ=0) the light quarks are absent. In the 

presence of light quark, the quark-antiquark binding connected by a 

gluonic flux tube or string gets broken if its binding energy exceeds 

and spontaneously there will be a creation of a light-quark antiquark 

state out of vacuum.

 So if we try to separate them, then two heavy-light pair get created 

which can be pulled apart without applying any further energy.

 The breaking of string due to the creation of heavy-light pair of quarks 

is not exactly due to the colour screening although its effects are quite 

similar, the newly created triplet light quark-antiquark (q) screens 

heavy quark-antiquark (Q).

 But these requires a virtual quark-antiquark pair from the environment. 

Hence µ(T=0) ≠ 0 exactly.

 It is expected that corresponding vacuum screening length to be the 

order of a fermimeter which is also confirmed by lattice studies. 



 For charmonia and bottomonia system at T=0, vacuum screening 
implies its breakup when sufficient amount of energy is applied 
and created the light quark q= u, d.

 The vacuum screening binding energy

𝐸𝑣𝑠 𝑇 = 0 = 2𝑚𝑄
𝑄−
−𝑚 𝑄𝑄−

𝐸𝑒𝑓𝑓 µ 𝑇 = 2𝑚 +
σ

µ
− 𝐸(µ 𝑇 )

(Previously)
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Dissociation energy for the 1s,2s and 1p-state of charmonia, the line 

µ(T=0) indicates the vacuum screening limit at T=0 for the case of 

potential exponent ʋ=1.0
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Dissociation energy for the 1s, 2s and 1p-state of bottomonia, the 

line µ(T=0) indicates the vacuum screening limit at T=0 for the case 

of potential exponent ʋ=1.0



FOR 

CHARMONIA

Here,  plot of rms
radii at µc ,  colour
screening radii 
(rD=1/µc) and 
vaccum screening 
radii (rVS=1/µVS) 
as a fuction of 
power exponent ν. 
The states of 
charmonia gets 
screened under 
vacuum screening 
effect, except the 
1s-state of 
charmonia.



FOR 

BOTTOMONIA

Here, plot of rms
radii at µc ,  colour
screening radii 
(rD=1/µc) and 
vaccum screening 
radii (rVS=1/µVS) 
as a fuction of 
power exponent ν. 
The states of 
bottomonia gets 
screened under 
vacuum screening 
and medium 
screening effects. 
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