Klaus Morawetz

Institute of Physics, Chemnitz University of Technology, 09107 Chemnitz, Germany Max Planck Institute for the Physics of Complex Systems, Nöthnitzer Straße 38, 01187 Dresden

Outline

• Local field corrections and sum rules • Problem: third order frequency and compressibility sum rule not simultaneously fulfilled by local field (solution: effective mass) • General response function for quasiparticle picture • Response with effective mass and energy shift • Collisional narrowing • Comparison with Monte Carlo

Local Field Corrections

Density response function δn(q, ω) = χ(q, ω)V^{ext}(q, ω)

Polarisation δn(q, ω) = Π(q, ω)δV^{ind}(q, ω)

Induced potential sum of external and local field (V_q + f_q(ω))δn χ(ω) =

Π(ω) 1 − (V_q + f_q(ω))Π(ω)

Hubbard’57: GH = − f_q V_q = 1 2 q^2 q^2 + k^2_f

Singwi et al ’68: G_{ST LS} = − 1 n ∫ dk (2π)^3

(k · q)

k^2

(S_{k−q} − 1)

Further progress: Demanding sum rules Puff’65 ∫ dω π ωImχ(ω) = nq^2 m ∫ dω π ω^3Imχ(ω) = 2E_{int} q^4 m^2 + nq^6 4m^3 − n^2q^4 m^2

V_q(I(q) − 1)

I(q) = − 1 n ∫ dk (2π)^3

(S_{k−q} − S_k)

(k · q)^2

q^4

V_k V_q

Pathak and Vashishta ’73, : Iwamoto, Krotscheck, Pines ’84, :

G_{P V} = I(q) G_{P V} + ΔE = I(q) + 2 nV_q

(E − E_{int})

Problem

Vaishya, Gupta ’73: Local field does not fulfill simultaneously 3. order sum rule and compressibility:

nT K = lim_{q→0} S_q = lim_{q→0} ∫ dω nπ 1 1 − e^{−βω}

Imχ(ω, q)

Solution: Effective mass

For quasiparticle picture F (p) = (e^{β( p2}_{2m(n)}^{+Δ(n)−μ)} + 1)−1

Compressibility should look like K_0 =^β_{n2}

∫_{dp}

(2π)3 F (p)(1 − F (p))

K = 1 n^2 ∂n ∂μ = − β n^2 ∫ dp (2π)^3

F (p)(1 − F (p)) ( [Δ^′(n) − p^2 2m (ln m)^′] ∂n ∂μ − 1 )

= K_0 1 + n^{2 δ}_{δn}ΔK_0 −^3_2^{∂ ln m}_{∂ ln n}

References

[1] J. Hubbard, Proc. R. Soc. A 243, 336 (1957). [2] R. Puff, Phys. Rev. 137, A406 (1965).

[3] K. S. Singwi, M. P. Tosi, R. H. Land, and A. Sjölander, Phys. Rev.

176, 589 (1968).

[4] N. Mermin, Phys. Rev. B 1, 2362 (1970).

[5] K. N. Pathak and P. Vashishta, Phys. Rev. B 7, 3649 (1973). [6] J. S. Vaishya and A. K. Gupta, Phys. Rev. B 7, 4300 (1973). [7] N. Iwamoto, E. Krotscheck, and D. Pines, Phys. Rev. B 29, 3936 (1984).

[8] G. Ortiz and P. Ballone, Phys. Rev. B 50, 1391 (1994). [9] S. Moroni, D. M. Ceperley, and G. Senatore, Phys. Rev. Lett. 75, 689 (1995).

[10] A. Gold, Z. Phys. B 103, 491 (1997).

[11] K. Morawetz, R. Walke, and U. Fuhrmann, Phys. Rev. C 57, R 2813 (1998).

[12] K. Morawetz, U. Fuhrmann, and R. Walke, Nucl. Phys. A 649, 348 (1999).

[13] K. Morawetz and U. Fuhrmann, Phys. Rev. E 61, 2272 (2000), Phys. Rev. E 62, 4382 (2000).

[14] K. Morawetz, Phys. Rev. B 66, 075125 (2002)., Europhys. Lett.

67, 77 (2004)

Response function for interacting quantum liquids

Quantum kinetic equation ^̇ρ + i[Ê + V̂^{ext}, ρ̂] = ρ̂l.e. − ρ̂ τ quasiparticle (Skyrme) energy ε

E(p, R, t) = ∑ q e^{iqR}⟨p + q 2 |Ê| − p + q 2 ⟩ ≡ ∇ ( 1 2m − ϵ_1(n) ) ∇ + ϵ_2n + ϵ_1[2mE − 1 i (∇U + U∇)] + ϵ_3∇^2n + ϵ_4n^α

Relaxation towards local equilibrium

f^{l.e.}(p, R, t) = f_0 ( ε_0(p − Q − δQ(R, t)) − μ − δμ(R, t) T + δT (R, t) )

determined by conservation laws ∑ p 1 p ε (f − f^{l.e.}) = 0

to obtain δϕ = ∑ p ϕ(f − f^{l.e.} + f^{l.e.} − f_0) = ∑ p ϕ(f^{l.e.} − f_0) δn δU_q δE = A[g_ϕ] δμ δQ δT from linearised kinetic equation

I δn δU_q δE = B[g_ϕ] δμ δQ δT + V[g_ϕ] δn δU_q δE + g_1 g_{pq} g_ϵ

V^{ext}

δn δU_q δE = (I − V_g − B_gA^{−1}_g )^{−1} g_1 g_{pq} g_ϵ

V^{ext}

Results

The dielectric function ε = 1 − V Π for a one component plasma system in different approximations. The inverse Debye length is κ^2 =^{4πne2}_T and the energy scaled in plasma frequencies ω^2_p = κ^2T/m. The relaxation time was chosen arbitrarily as τ = 5/ω_p and the wave vector q = 0.384κ. The upper most panel shows the excitation function (imag. part of response function).

The dielectric function ε = 1−V Π for a one component plasma system with the inclusion of density, momentum and energy conservation for different relaxation times. Collisional narrowing (resonance) if ω_pτ ∼ 1.

Quasiparticle approximation

Ê = −∇( 1

m(n̂)

)∇ + Δ(n̂)

χ = Π^{n,j,E} 1 − (^{∂Δ}_{∂n} +^1_{2nm}^{∂ ln m}_{∂ ln n}^{q2}_4 )Π^{n,j,E} +^1_n^{∂ ln m}_{∂ ln n} Π_{13}

where

Π_{13} =

Π^{n,j,E} 2m Π_hΠ_2(0) − iτωΠ_2(ω +^i_τ ) Π_hΠ_0(0) − iτωΠ_0(ω +^i_τ )

Π_h =

Π^2(ω +^i_τ ) − Π_0(ω +^i_τ )Π_4(ω +^i_τ ) Π^2(0) − Π_0(0)Π_4(0)

1. Compressibility n β K = lim_{q→0} S(q) = 1 nβ n^2K_0 1 + n^2K_0^{∂Δ}_{∂n} −^3_2^{∂ ln m}_{∂ ln n}

2. Third order sum rule

V_q(I(q) − 1) = 1 2mn ( Π_2(0) Π_0(0) − q^2 4 ) ∂ ln m ∂ ln n − δΔ δn + ΔE

T=0 Electrongas

The static structure factor for r_s = 1 and r_s = 10 from the Pathak and Vashishta (PV)- , the (PV+ΔE)-, the quasiparticle (QP)- and selfconsistent quasiparticle (SQP) model compared to the MC data [8] presented in [10].

The static local field for r_s = 2, 5, 10 compared to the MC data [9].

Summary

• Response function for general quasiparticle parametrization derived • Energy, density and momentum conserving relaxation time approximation • Momentum conservation corresponds to additional dynamical local field 1 Π^{n,j,E}(ω) − 1 Π^{n,E}(ω) = 1 Π^{n,j}(ω) − 1 Π^n(ω) = − iω τ m nq^2

• Effective mass and energy allows to fulfill third order frequency and compressibility sum rule simultaneously • If collision frequency ∼ collective mode: Collisional narrowing • Improved description of Monte Carlo data

r_s γ_0 δ 1 − g(0)

MC MC MC SQP QP PV+ΔE 1 0.2567 0.036 0.7276 0.7240 0.6626 0.6971 2 0.091 (0.8627) 0.8627 0.7666 0.8346 3 0.2722 0.9078 0.9201 0.8456 5 0.2850 0.292 0.9768 0.9627 0.9351 1.0558 10 0.3079 0.619 0.9976 0.9733 0.9613 1.1231

paper available at http://www.mpipks-dresden.mpg.de/∼morawetz