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Introduction
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Why are you making a gas of glueballs,
even if it cannot fully describe nature?
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Scalar glueball?
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Tensor glueball?
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Pseudoscalar Glueball?
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Can we get some information about
glueballs from thermodynamics?
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Motivation

▸ Only pure YM is not enough to describe the thermodynamics of
nature

▸ But it can be solved in lattice

▸ Lattice also predicts glueball states (light glueballs are stable)

▸ By using GRG, we can compare lattice to lattice and see which set of
states (with different LQCD masses) works better

▸ This model is also a good description of the pure YM part of QCD in
large NC limit
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Lattice to lattice comparison
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Hadron Resonance Gas (HRG) [Borsnayi et al.JHEP11(2010)077]
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n JPC M[MeV] n JPC M[MeV]

Chen et.al. Meyer A & T Chen et.al. Meyer A & T

1 0++ 1710(50)(80) 1475(30)(65) 1653(26) 1 1−− 3830(40)(190) 3240(330)(150) 4030(70)

2 0++ 2755(30)(120) 2842(40) 1 2−− 4010(45)(200) 3660(130)(170) 3920(90)

3 0++ 3370(100)(150) 2 2−− 3740(200)(170)

4 0++ 3990(210)(180) 1 3−− 4200(45)(200) 4330(260)(200)

1 2++ 2390(30)(120) 2150(30)(100) 2376(32) 1 0+− 4780(60)(230)

2 2++ 2880(100)(130) 3300(50) 1 1+− 2980(30)(140) 2670(65)(120) 2944(42)

1 3++ 3670(50)(180) 3385(90)(150) 3740(70) 2 1+− 3800(60)

1 4++ 3640(90)(160) 3690(80) 1 2+− 4230(50)(200) 4240(80)

1 6++ 4360(260)(200) 1 3+− 3600(40)(170) 3270(90)(150) 3530(80)

1 0−+ 2560(35)(120) 2250(60)(100) 2561(40) 2 3+− 3630(140)(160)

2 0−+ 3370(150)(150) 3540(80) 1 4+− 4380(80)

1 2−+ 3040(40)(150) 2780(50)(130) 3070(60) 1 5+− 4110(170)(190)

2 2−+ 3480(140)(160) 3970(70)

1 5−+ 3942(160)(180)

1 1−+ 4120(80)

2 1−+ 4160(80)

3 1−+ 4200(90)
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GRG compared to LQCD in [Borsnayi et al.JHEP07(2012)056]

▸ Pressure p̂ = ∑N
i=1 pi/T

4 and energy density ϵ̂ = ∑N
i=1 ϵi/T

4
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Glueball masses in [JHEP11(2020)172] follow M2
(n, JPC

) = a(n + J) + bJPC
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Inclusion of further glueball states

▸ We observe the small change in the thermodynamic quantities by
considering radially excited states
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GRG with DSE glueball mass spectra [2310.09606]

▸ Huber et al. [Eur.Phys.J.C 82(2022),38]

Borsányi et al.
A & T (pomeron only)

Huber et al. (pomeron only)
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Scalar Glueball Interaction

▸ Scalar field G that describes both the scalar glueball and the trace
anomaly [Migdal and Shifman Phys.Lett.B 114 (1982)]

Ldil =
1

2
(∂µG)

2
−
1

4

m2
G

Λ2
G

(G 4 ln ∣
G

ΛG
∣ −

G 4

4
)

0.0 0.1 0.2 0.3 0.4 0.5 0.6
-0.02

0.00

0.02

0.04

0.06

G[GeV]

V
[G
eV

4
]

Figure: Dilaton potential for mG = 1.65 GeV and ΛG = 0.35 GeV.
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▸ Amplitude can be decomposed in terms of the Legendre polynomials

A(s, cos θ) =
∞
∑
ℓ=0
(2ℓ + 1)Aℓ(s)Pℓ(cos θ)

▸ Partial waves in terms of phase shift

e2iδℓ(s) − 1
2i

=
k

16π
√
s
Aℓ(s)Ð→ δℓ(s) =

1

2
arg [1 + 2i

k

16π
√
s
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▸ Unitarized Amplitude AU
ℓ (s) = (A

−1
ℓ (s) −Σ(s))

−1
[Giacosa et.al.

Eur.Phys.J.C 82 (2022) 5, 487]
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▸ Change in Pressure [Samanta & Giacosa Phys.Rev.D 107 (2023) 3,

036001]
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Tensor glueballs

▸ Interaction of spin-2 glueballs

Veff (G ,G2) = Vdil(G) −
α

2
G 2G2,µνG

µν
2 ,

▸ One can extend it for G +G2 → G +G2, G +G → G2 +G2 and also the
scatterings contain the pseudoscalar glueball

Shahriyar Jafarzade (UJK) Glueball Resonance Gas Model XVI Polish Workshop 20 / 23



s-wave

d-wave

g-wave

0.20 0.22 0.24 0.26 0.28 0.30
0

2.×10-7

4.×10-7

6.×10-7

8.×10-7

T [GeV]

p
2+

+
2+

+
in
t

tensor interaction

Shahriyar Jafarzade (UJK) Glueball Resonance Gas Model XVI Polish Workshop 21 / 23



Conclusion

▸ Our simple model for the two lightest glueball interactions implies
that the GRG in which glueballs are free is a good approximation

▸ Our results support the glueball masses from A&T [JHEP11(2020)172]

▸ The contribution from the tensor glueball interaction is smaller than the scalar
interaction

▸ We expect the inclusion of other glueball interactions

▸ One needs to improve this first approximation by including the decays of the
glueballs
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Thank you for the attention!
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