Scalar Glueball as the “Color-Singlet Monopole” in the DGL Theory

Y. Koma^∗, H. Suganuma and H. Toki

Research Center for Nuclear Physics, Osaka University

Recent studies of the lattice QCD in the maximally abelian (MA) gauge suggests that the QCD-vacuum can be regarded as the dual superconductor[1], which is well-described by the dual Ginzburg-Landau (DGL) theory[2]. In this vacuum, as a result of the dual Higgs mechanism, monopole condensation ⟨0|χ_α|0⟩=v is occurred and the color-electric field between the quarks is forced to form the flux-tube configuration due to the dual Meissner effect. The color confinement is understood in consequence of the flux-tube formation since it earns constant energy per unit length, which leads the linear inter-quark potential. Then, the various hadronic objects are understood as the flux-tube excitations intuitively. The flux-tube ring that we have studied as the glueball is one of the application of this flux-tube picture of the hadrons [3, 4].

In this report, we consider another aspect of the scalar glueball in the DGL theory which is closely related to the dual Higgs mechanism. Taking monopole condensation into account, the monopole field can be defined as χ_α ≡ ( v + 1 √ 2 χ̃_α ) e^{iηα/v}, (1) where χ̃_α and η_α are real variables denoting the magnitude of the vacuum fluctuation and the phase, respectively. Here, α=1, 2, 3 labels the color-magnetic charge of the monopole field, red(R), blue(B) and green(G). Since the origin of the monopole field is the off-diagonal gluon field in the MA-gauge in QCD, this new field χ̃_α would present the scalar gluonic excitation corresponding to the dual Higgs particle. Especially, the Weyl symmetric field defined by χ̃^{(0)} ≡ (χ̃_1 + χ̃_2 + χ̃_3)/ √ 3 is the color-singlet field, so it can be identified with the scalar glueball. Although the relation between the flux-tube ring is not clear, it can be considered as one of the feature of the scalar glueball. Therefore, the study of the color-singlet monopole may tell us the properties of the scalar glueball.

Here, we concentrate on the calculation of the χ̃^{(0)}qq̄ vertex function, which plays an important role to understand how the scalar glueball interacts with the quarks. We rewrite the DGL lagrangian in terms of the color-singlet monopole χ̃^{(0)}, and obtain

L_{DGL} = − 1 4 ( ∂_μ ⃗B_ν − ∂_ν ⃗B_μ )_2 + 1 2 m^2_B ⃗B^2_μ +q̄ (i/∂ − m_q) q + 1 2 (∂_μχ̃^{(0)})^2 − 1 2 m^2_χχ̃^{(0) 2}

+ √ 3 2 g^2vχ̃^{(0)} ⃗B^2_μ − ε^{μναβ} ∂_μ ⃗B_ν n_α 1 n · ∂ ⃗j_β + · · ·. (2) Here, we find that the dual gauge field ⃗B_μ and the monopole field χ̃^{(0)} acquire the mass m_B≡ √ 3gv=0.5 GeV, m_χ≡2 √ λv=1.6 GeV, thus, they behave as the massive vector field and real scalar field, respectively. Since the interaction lagrangian is quite complicated, we write

∗e-mail: koma@rcnp.osaka-u.ac.jp

only two terms giving the lowest diagram as shown in Fig.1. The vertex function is given by

Γ_{χ̃}(0)_{qq̄} = 1 (2π)^4 ∫ d^4p · 2i √ 3 2 g^2vδ^{ij} g^{ρ1ρ2} ×iδ^{ik} −g_{ρ1ν2} + (k − p)_{ρ1} (k − p)_{ν2} /m^2_B (k − p)^2 − m^2_B + iϵ ( ε^{μ2ν2 α2β2} (k − p)_{μ2} n_{α2} e n · (k − p) γ_{β2} H^k )

×iδ^{jl} −g_{ρ2ν3} + p_{ρ2} p_{ν3} /m^2_B

p^2 − m^2_B + iϵ ( ε^{μ3 ν3 α3β3} p_{μ3} n_{α3} e n · p γ_{β3} H^l ) i (p/ − q/) + m_q (p − q)^2 − m^2_q + iϵ

, (3)

which includes various channels, scalar, vector, tensor, and so on. Each channel is extracted by using the traceless of γ-matrix. It is interesting to note that this vertex function contains the 1-loop integral which consists of the propagator of the massive vector boson, so one may expect it includes the ultra-violet divergence. Thanks to the ε-tensor in the ⃗B_μqq̄ vertex, however, all such divergent terms disappear.

We show the typical behavior of the vertex function in the scalar channel, Γ_S ≡tr[Γ_{χ̃}(0)_{qq̄}], as a function of the coupled quark momentum in Fig.2. Here, we have set p·q=0 for simplicity. We find that the heavy quark (c∼1.6 GeV) interacts with the scalar glueball about four times stronger than the light quarks (u,d,s∼0.3-0.5 GeV). It seems to indicate the flavor dependence of the interaction of the scalar glueball. Although we must also consider other channel contributions, it is interesting to investigate how this interaction property reflects on the scalar glueball decay into the two pseudo-scalar mesons and the glueball-quarkonium mixing states.

Fig.1(upper) : χ̃^{(0)}qq̄ vertex Fig.2(right) : The vertex function in the scalar channel as a function of coupled quark momentum.

References

[1] A. Tanaka and H. Suganuma, Proc. of Int. Symp. on Innovative Computational Methods in Nuclear Many-Body Problems (INNOCOM 97), Osaka, Nov. 1997, (World Scientific) p.281. ; hep-lat/9901022. K. Amemiya and H. Suganuma, p.284.; hep-lat/9811035.

[2] H. Suganuma, S. Sasaki and H. Toki, Nucl. Phys. B 435, 207 (1995). [3] Y. Koma, H. Suganuma and H. Toki, Proc. of Int. Symp. on “INNOCOM97”, Osaka, Nov. 1997, (World Scientific) p.315 ; hep-ph/9902441.

[4] Y. Koma, H. Suganuma and H. Toki, Annual Report 1998, “Scalar Glueball as the Flux- Tube Ring in the DGL theory”