arXiv:hep-ph/0509176v4 20 Apr 2008

Erratum: Dynamical Chiral Symmetry Breaking and Superconductivity in the Supersymmetric Nambu−Jona-Lasinio Model at finite Temperature and Density

Tadafumi Ohsaku Institute for Theoretical Physics, University of Cologne, Germany (Dated: April 22, 2008)

Some equations of the paper, T. Ohsaku, Dynamical Chiral Symmetry Breaking and Superconductivity in the Supersymmetric Nambu−Jona-Lasinio Model at finite Temperature and Density, Phys. Lett. B634 (2006) 285-294, must be corrected. Fortunately, the numerical results of the original version of this paper are still valid for our consideration on the supersymmetric BCS superconductivity.

PACS numbers: 11.30.Pb, 11.30.Rd, 74.20.Fg

First, several equations we must correct will be given bellow. The matrix Ω_F of Eq. (7) in the original paper must be replaced by

Ω_F ≡ ( i/∂ + γ^0μ −^1_2 ϕ_{S1} (1 + iγ_5) −^1_2 ϕ^†_{S1} (1 − iγ_5) −ϕ_{S3} C(1 + iγ_5) − ϕ^†_{S2} C(1 − iγ_5) −ϕ_{S2} C(1 + iγ_5) − ϕ^†_{S3} C(1 − iγ_5) i/∂^T − γ^{0T} μ +^1_2 ϕ_{S1} (1 + iγ_5) +^1_2 ϕ^†_{S1} (1 − iγ_5) ) . Here, the sign of the BCS-gap functions ϕ_{S2} and ϕ_{S3} of the block-off-diagonal part of Ω_F is different from that of the original version. We derived the fermion quasiparticle excitation spectra and the fermionic contribution inside the self-consistent gap equations correctly in the original version, while we must correct several formulae of the bosonic sector. All of the places we mush correct are coming from this modification of signs of the gap function inside Ω_F .

In order to take the symmetry of the BCS pairing gap in Ω_F as a Lorentz scalar, we should choose now,

ϕ^†_{S2} = −ϕ_{S3} .

( We have chosen ϕ^†_{S2} = ϕ_{S3} in the original version. ) Under this choice, the bosonic quasiparticle energy spectra of Eqs. (10) and (11) of the original version will be replaced by

E^B_+ (p) ≡ √ p^2 + |ϕ_{S1} |^2 + 4|ϕ_{S2} |^2 + Δ^2 − μ, E^B_− (p) ≡ √ p^2 + |ϕ_{S1} |^2 + 4|ϕ_{S2} |^2 + Δ^2 + μ.

Note that E^B_± depend on p^2 as monotonically incleasing functions. Therefore, the gap equations Eqs. (17) and (18) of the original version are replaced as 0 = ∂V_{ef f} ∂|ϕ_{S1} | = 2|ϕ_{S1} | G_1 − |ϕ_{S1} | ∫_Λ d^3p (2π)^3 {( 1 − μ √ p^2 + |ϕ_{S1} |^2 ) 1 E^F_+ tanh β 2 E^F_+ + ( 1 + μ √ p^2 + |ϕ_{S1} |^2 ) 1 E^F_− tanh β 2 E^F_− }

+|ϕ_{S1} | ∫_Λ

d^3p (2π)^3 1 √ p^2 + |ϕ_{S1} |^2 + 4|ϕ_{S2} |^2 + Δ^2 { coth β 2 E^B_+ + coth β 2 E^B_− } , 0 = ∂V_{ef f} ∂|ϕ_{S2} | = 4|ϕ_{S2} | G_2 − 4|ϕ_{S2} | ∫_Λ d^3p (2π)^3 { 1 E^F_+ tanh β 2 E^F_+ + 1 E^F_− tanh β 2 E^F_− }

+4|ϕ_{S2} | ∫_Λ d^3p (2π)^3 1 √ p^2 + |ϕ_{S1} |^2 + 4|ϕ_{S2} |^2 + Δ^2 { coth β 2 E^B_+ + coth β 2 E^B_− } , respectively. Now, the charge density ϱ given in Eq. (19) in the original paper becomes ϱ = − ∂V_{ef f} ∂μ = ∫ d^3p (2π)^3 ( μ − √ p^2 + |ϕ_{S1} |^2 E^F_+ tanh β 2 E^F_+ + μ + √ p^2 + |ϕ_{S1} |^2 E^F_− tanh β 2 E^F_− + coth β 2 E^B_+ − coth β 2 E^B_− ) .

2 The energy spectra E^B_± at μ = 0 given in Eq. (21) of the original paper must be corrected into

E^B_± (p) = √ p^2 + |ϕ_{S1} |^2 + 4|ϕ_{S2} | + Δ^2.

The solution of the equation E^B_+ (p) = 0 given in Eq. (30) of the original paper will be replaced by |p| = √ μ^2 − |ϕ_{S1} |^2 − 4|ϕ_{S2} |^2 − Δ^2.

We give the condition on the Bose-Einstein condensation ( BEC ) of the scalar sector by the expression of E^B_+ given above. For the positiveness of the Bose distribution function 1/(e^{βEB+} − 1), √ |ϕ_{S1} |^2 + 4|ϕ_{S2} |^2 + Δ^2 ≥ μ ≥ 0

must be hold. The BEC takes place when μ = √ |ϕ_{S1} |^2 + 4|ϕ_{S2} |^2 + Δ^2 is satisfied. This relation includes (27) and (29) of the original version. Therefore, the existence of the upper bound of μ ( ∼ O(Δ) ) is true. While, μ is the Fermi energy at the zero-temperature case, which we defined in the original version of this paper as follows: 0 ≤ |ϕ_{S1} | ≤ μ. Hence both of these inequality relations must be satisfied, as we revealed in the original version.

Finally, we wish to mention the numerical results given in the Sec. V of the original version. ( We do not have to correct the numerical result of Sec. IV in the original paper. ) The results are still valid. In Ref. [1], the author discussed a similar system, a generalized Supersymmetric Nambu−Jona-Lasinio model with non-Abelian gauge/flavor degrees of freedom. The numerical results of Ref. [1] ( solving the gap equations ) were performed under the following two cases: (i) dynamical chiral symmetry breaking without color superconductivity, (ii) color superconductivity with a vanishing chiral mass. Hence, the numerical results of Ref. [1] did not consider the situation where two orderings coexists ( i.e. the case |ϕ_{S1} | ≠ 0, |ϕ_{S2} | ≠ 0 ). In fact, errors inside the gap equations of the original version of this paper arises when we consider the case of coexistence of two orderings. Furthermore, the numerical results of the original version of this paper are qualitatively the same with that of Ref. [1] . The reason of the validity of the numerical results of the original version is that usually a contribution of the boson sector in a gap function is small compared with that of the fermion sector. ( We confirm that numerical errors in Fig. 1 are O(10^{−3})-O(10^{−4}), due to our choice |ϕ_{S2} |/|ϕ_{S1} | = 0.02. In fact, all of branches E^B_± , E^F_± have gaps, and several thermodynamic quantities are dominated by the contribution coming from the branch E^F_+ because the density of states of E^F_+ diverges at |k| = k_F . ) Thus, numerical errors of the gap functions in the original paper are quite ( invisibly ) small. Hence, we conclude that the BCS character of the supersymmetric superconductivity we obtained in the original version is also completely valid.

[1] T. Ohsaku, Dynamical Chiral Symmetry Breaking, Color Superconductivity, and Bose-Einstein Condensation in an SU(Nc) × U(N_f )L × U(N_f )R-invariant Supersymmetric Nambu−Jona-Lasinio Model at finite Temperature and Density, hep-ph/0601009, submitted for publication.