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About CeFEMA
Major breakthroughs in key-enabling technologies for sustainable development, such as efficient
renewable energy harvesting, energy storage, information and communication technologies, preservation
of oceans and water, rational use of raw materials, and improved and cost-efficient healthcare, require
critical materials advances based on a transdisciplinary approach where concepts, ideas, methods and
techniques originating from several scientific disciplines converge.

This high-level of transdisciplinarity is achieved by congregating theoretical and experimental physicists,
materials scientists and chemical engineers specialized in several aspects of condensed matter physics,
materials science and chemical engineering, which allows implementing an integrated approach to new
materials development, from first principles design and modeling to materials synthesis, testing and
application.

In order to ensure the cohesion of the Center, foster intergroup cooperation, fight the increasing tendency
for specialization imposed by world-level research, and create teams with critical dimension in topics of
the highest scientific, technical and economic relevance, Thematic Structuring Projects are periodically
created in topics where CeFEMA members have outstanding expertise.

Mission
CeFEMA aims at:

contributing to the advancement of materials science and engineering by carrying out theoretical
and experimental research to the highest international scientific standards
carrying out advanced education and training of young researchers at the highest scientific level
promoting knowledge transfer, and applying this knowledge to regional, national and
international development
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SPECTRUM OF VERY EXCITED FLUX TUBES
IN SU(3) GAUGE THEORY

ALIREZA SHARIFIAN
WITH: PEDRO BICUDO AND NUNO CARDOSO

ABSTRACT
As gluons, the force carriers of strong interactions, have color charge; the gluonic field is squeezed in space-time due to the self-
interaction and forms a flux tube in the vacuum; this is in contrast to the electromagnetic field spreading out in space. The flux
tube can be modeled as a relativistic string which its quantization leads to a tower of levels. The simplest model of a quantum
string is known as the Nambu-Goto string model. We used lattice QCD to study the spectrum of the flux tube with different
symmetries. We could get a significant number of excitations by using different types of action, smearing techniques, large
operator basis, and solving generalized eigenvalue problem. Moreover, we compare our results with the Nambu-Goto string
model to see its deviation, which could be a signal for novel phenomena beyond the model.

NAMBU-GOTO STRING MODEL
The Nambu-Goto string model, predict the tower of excitation
for flux tube energy
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√
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Modified ansatz to search for deviation:
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QUNATUM NAMBER OF FLUX TUBE
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Fig. 1: Action is sum over the smallest
close loop, called plaquatte
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Fig. 2: An example of
operators

C(t)ν = λ(t)C(t0)ν (4)

En = log
λn(t)

λn(t+ 1)
(5)

Generalized eigenvalue problem.

RESULTS
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Fig. 3: Σ+
g , W2, β = 5.9, lat = 243 × 48
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Fig. 4: Σ+
g , W4, β = 5.6, lat = 243 × 96
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Fig. 5: Σ+
g , S4, β = 4, lat = 243 × 96 0.5 1.0 1.5 2.0 2.5 3.0 3.5
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σ2 = 0.8825(42)

χ2/dof = 19.83
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Fig. 6: S4, Πu

W denotes to Wilson lattice action and S indicates tadpole improved action. The index of W and S show anisotropic factor ξ
where ξ =spatial lattice spacing/temporal lattice spacing

CONCLUSION

Λ+
η Σ+

g Σ−
g Σ+

u Σ−
u Πg Πu ∆g ∆u

SII 2 0 0 0 1 1 1 0
8 5 5 3 5 6 6 5

Table 1: First row: Number of excitations reported in the literature,
highlighted row: our result, with improved action S4
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σ2/ξR/σ, Eq.(3)

σ2/ξR/σ1, Eq.(3)

σ2, Eq.(2)

Fig. 7: Almost 10% deviation from the string tension σ of Nambu-
Goto string model
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