HTL quasiparticle models of deconfined QCD at finite chemical potential

Paul Romatschke Inst.f.Theoretical Physics, TU Vienna

based on hep-ph/0304294 (A. Rebhan and PR)

Contents

• Introduction • HTL quasiparticle model • Results at finite chemical potential • Conclusions • References

Introduction

• Assuming an SU(N) plasma of gluons and N_f light quarks in thermodynamic equilibrium can be described as a weakly interacting gas of massive quasiparticles with residual interaction B, the pressure of the system is given by P (T, μ) = ∑ i=g,q p_i(T, μ_i, m^2_i ) − B(m_g, m_q) (1)

• Using the stationarity of the thermodynamic potential under variation of the self-energies and Maxwell’s relations, d/dμ − dN /dT = 0, one obtains a partial differential equation for G^2, a_T ∂G^2 ∂T + a_μ ∂G^2 ∂μ = b (2)

• Given a valid boundary condition (e.g. G^2(T, 0)), a solution for G^2(T, μ) is found by solving the above flow equation by the method of characteristics. Once G^2 is thus known in the T, μ plane, the pressure is fixed completely up to a constant B_0 • In practice, as boundary condition for G^2 we use the ansatz

G^2(T, 0) =

24π^2 (11N − 2N_f ) ln^{T +Ts}_{Tc} λ (3) and fit T_s, λ and B_0 from lattice data

HTL quasiparticle model

• The HTL model ansatz for the QP pressure for gluons (p_g) and quarks p_q reads p_g = −d_g ∫ d^3k (2π)^3 ∫_∞ 0 dω 2π n(ω) [ 2Im ln ( −ω^2 + k^2 + Π̂_T )

−2ImΠ̂_TReD̂_T + Im ln ( k^2 + Π̂_L ) + ImΠ̂_LReD̂_L ]

p_q = −d_q ∫ d^3k (2π)^3 ∫_∞ 0 dω 2π f̃(ω) [ Im ln ( k − ω + Σ̂_+ )

−ImΣ̂_+ReΔ̂_+ + Im ln ( k + ω + Σ̂_− ) + ImΣ̂_−ReΔ̂_− ] , where d_g = 2(N^2 − 1), d_q = 2NN_f and D̂_{T,L}, Δ̂_± are the HTL propagators with Π̂_{T,L} and Σ̂_± the corresponding self-energies

• NLO extension to the HTL model includes the averaged O(g^3) corrections to the self-energies in the hard momentum regime (k ≫ T ). Advantage: Full inclusion of the plasmon effect. Drawback: extra parameter c_Λ ∼ 1

Results: small chemical potential

Using the approach outlined above one obtains the equation of state of deconfined QCD at arbitrary chemical potential. For small μ, these can be compared to recent lattice data, e.g. the lines of constant pressure, P (T, μ) = P (T_c(μ = 0), 0): μ/T_c

T /T_c

Shown are the results for our model for N_f = 2 (blue dotted lines corresponding to c_Λ = 4, 1, 0.25), lattice data for N_f = 2 + 1 [6] (light gray band) and N_f = 2 [5] (long dashed-lines).

Results: large chemical potential

Extending the lines of constant pressure from our models to very small temperatures we obtain a crude estimate of the phase transition line in this region of phase space.

μ/T_c

P/P_{SB}

Shown are the perturbative pressure (gray band) and our model for c_Λ from 1/4 to 4 (blue band).

By additionally calculating the number density we obtain an equation of state for cold deconfined matter which can be used to determine the mass-radius relations of non-rotating quark-stars.

Conclusions

• Using quasiparticle models and thermodynamic consistency, lattice data for the equation of state of deconfined QCD can be mapped to finite chemical potential

• The results are in agreement with recent lattice calculations which were done at small chemical potential

• One obtains an equation of state for deconfined QCD matter at arbitrary chemical potential (notably for cold dense)

• To eliminate c_Λ one would need to calculate the full momentum-dependent self-energies at O(g^3), which is work in progress

References

[1] A. Peshier, B. Kämpfer, and G. Soff, Phys. Rev. C61, 045203 (2000).

[2] A. Peshier, B. Kämpfer, and G. Soff, Phys. Rev. D66, 094003 (2002).

[3] J. P. Blaizot, E. Iancu, and A. Rebhan, Phys. Rev.

D63, 065003 (2001).

[4] A. Ali Khan et al., Phys. Rev. D64, 074510 (2001).

[5] C. R. Allton et al., Phys. Rev. D66, 074507 (2002);

The equation of state for two flavor QCD at non-zero chemical potential, hep-lat/0305007.

[6] Z. Fodor, S. D. Katz, and K. K. Szabo, The QCD equation of state at nonzero densities: Lattice result, hep-lat/0208078 (2002).

[7] A. Rebhan and P. Romatschke, HTL quasiparticle models of deconfined QCD at finite chemical potential, hep-ph/0304294 (2003).