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INTRODUCTION
RAA for Quarkonia for medium-induced dis-
sociation has been traditionally calculated in a
classical- rate-equation kind of approach. We
implement a quantum-evolution which takes
into account the complete color-structure of QQ̄
pair and the transitions between different an-
gular momentum states by means of stochastic-
hamiltonian evolution, while assuming that small
~r expansion is justified [Pineda 1998, Brambilla
2000]. We also compare our result with tradition-
ally used rate-equation approaches,
RAA = e−

∫ t
0
dt′Γ(t′).

SETUP:
We treat quarkonia as an open quantum system,
interacting with medium as it evolve in time. The
main equation we implement in our calculation is

H(t) =


HS

0 (~r) 0 0 1√
2Nc

~r · ~θc(t)δac
0 HS

1 (~r) 1√
2Nc

~r · ~θc(t)δac 0

0 1√
2Nc

~r · ~θc(t)δac HO,a
0 (~r) + fabcθc(t) dabc

2 ~r · ~θ(t)
1√
2Nc

~r · ~θa(t)δac 0 dabc

2 ~r · ~θ(t) HO,a
1 (~r) + fabcθc(t)


Where,

• ‘S’ and ‘O’ denotes color-state of QQ̄ pair,
singlet and octet respectively. The indices
‘a, b, c’ runs from 1 to N2

C − 1.

• l = 0, 1 denotes angular momentum states S
and P respectively.

• VS(t) = −CFα
r e−mDr, VO(t) = α

2NCr
e−mDr

• T (t) = T0( t0
t0+t )

(1/3), where
T0 = 0.475GeV, t0 = 0.6fm

Where the noise ‘θa(t)’ is generated using the fol-
lowing correlation functions

〈~θai (t)〉 = 0

〈~θai (t)~θbj(t
′)〉 = δabδijδ(t− t′)κ (1)

for decoherence [Akamatsu 2015] and

〈~θai (t)〉 = 0

〈~θai (t)~θbj(t
′)〉 = δabδijC(t, t′) (2)

for gluo-dissociation.

CHECK OF SMALL ~r APPX.:
To justify the small ~r approximation we do a check
for a one-dimensional system, for which results
are available in [Akamatsu et al., 2018]. Initial
states were chosen to be first three Cornell states,
with a Bjorken expanding medium. The noise cor-
relation function and others parameters were kept
same as in [Akamatsu et al., 2018].
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Figure 1: 1D Bjorken, Cornell states

We find that, for wavefunction which satisfies
〈r〉 � 1/T , T is temperature, small ~r expansion is
reliable.

RAA: CLASSICAL VS QUANTUM
For a rate-equation approach, RAA is given by

dNψ(t)

dt
= −Γψ(t)Nψ(t)

RAA(t) = e−
∫ t
0
dt′Γ(t′) (3)

For the two different cases we calculated, the
width in leading-order in perturbation theory is

ΓDC(ψ0) =

∫
ψf

| 〈ψf | r̂ | ψ0〉 |2 κ(T )

ΓGD(ψ0) =

∫
ψf

| 〈ψf | r̂ | ψ0〉 |2 F̃ (δE, T )(4)

where, F̃ (ω, T ) =

∫
dt〈 ~E(t) ~E(0)〉e−iωt

‘GD’-gluo-dissociation, ‘DC’-decoherence and κ
is momentum-diffusion cof. at LO in perturbation
theory [Huot et al., 2008]. For quantum calcula-
tion, it is given by

RAA(t) =| 〈ψ0 | ψ0(t)〉 |2

At t = 0fm the value of width for 1S states is

ΓDC(1S,Coulomb) = 0.16GeV (5)
ΓDC(1S,Cornell) = 0.3GeV (6)
ΓGD(1S,Coulomb) = 0.12GeV (7)
ΓGD(1S,Cornell) = 0.33GeV (8)

RESULTS: I
We compare the RAA for a classical calculation vs
a quantum calculation, for 1S state.
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Figure 2: RAA Decoherence, 1S Coulomb and Cornell,
Quantum vs Classical

0 1 2 3 4 5
t(fm)

0.0

0.2

0.4

0.6

0.8

1.0

P(t)

Coulomb,1S-Classical
Coulomb,1S-Quantum
Cornell,1S-Classical
Cornell,1S-Quantum

Figure 3: RAA Gluo-dissociation, 1S Coulomb and Cor-
nell, Quantum vs Classical

RESULTS:II
Results for both 1S and 2S states, for comparison.
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Figure 4: RAA Decoherence, Cornell and Coulomb, 1S
and 2S
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Figure 5: RAA gluo-dissociation, Cornell and Coulomb
1S and 2S

SUMMARY:
• We compare RAA for quarkonia between

quantum and classical approaches. Quan-
tum evolution is done for three-dimension
case with complete color-structure of QQ̄
pair. Potential depends on time via its tem-
perature dependence.

• Decoherence and gluo-dissociation can be
distinguished by finite vs zero energy trans-
fer processes.

• With same initial conditions, gluo-
dissociation is a much stronger effect
than decoherence. Calculations need to
be checked against results from higher-
order gluonic-spectral functions and lattice
eventually.

• For very narrow states, quantum calcula-
tions gives similar results, except for early
times where effects of potential change are
important.

• Medium induced dissociation has much
stronger effects compared to potential ef-
fects.

• For 1S Cornell states, classical and quan-
tum calculation gives similar results. For 1S
Coulomb states, they differ significantly.

• 2S states are highly suppressed in both
cases, both for Coulomb and Cornell case.

• For 2S states, we found that the results
are not reasonable. It seems that classical
and quantum calculations defer in an unpre-
dictable manner.


