Pis’ma v ZhETF, vol. 81, iss. 7, pp. 399 { 404 cfl 2005 April 10

Damping effects and the metal-insulator transition in the two-dimensional electron gas

V. A. Khodel^{1)}, M. V. Zverev, J. W. Clark^∗

Russian Research Centre “Kurchatov Institute”, 123182 Moscow, Russia

�_{McDonnell Center for the Space Sciences and Department of Physics, Washington University, St. Louis, MO 63130, USA}

Submitted 24 February 2005 Resubmitted 9 March 2005

The damping of single-particle degrees of freedom in strongly correlated two-dimensional Fermi systems is analyzed. Suppression of the scattering amplitude due to the damping e¸ects is shown to play a key role in preserving the validity of the Landau{Migdal quasiparticle picture in a region of a phase transition, associated with the divergence of the quasiparticle e¸ective mass. The results of the analysis are applied to elucidate the behavior of the conductivity σ(T ) of the two-dimensional dilute electron gas in the density region where it undergoes a metal-insulator transition.

PACS: 71.10.Hf, 71.27.+a

A quantitative understanding of the damping of single-particle excitations in a Fermi liquid (FL) is essential to the determination of the resistivity, thermal conductivity, and other kinetic properties of the system. When the temperature dependence of the properties of uncharged Fermi liquids is treated within Landau theory, the decay rate γ(ε) of single-particle excitations at the relevant energies ε ∼ T is given by [1]

γ(T ) = W (M^∗)^3T^2. (1)

Here the effective mass M^∗ specifies the FL singleparticle spectrum ξ(p) ≡ ϵ(p) − μ = p_F (p − p_F )/M^∗, where ϵ(p) = δE_0/δn(p) and μ is the chemical potential. The factor W is proportional to the square of the scattering amplitude Γ, suitably averaged over spins and momenta of incoming and outgoing particles.

Reliable experimental data on the modification of FL properties under variation of controllable variables (e.g., the density n) exist only for two-dimensional (2D) Fermi systems, notably liquid^3He and the electron gas. Landau theory adequately reproduces the behavior of these data in a broad density region, except in the vicinity of the critical density n_∞ where the effective mass diverges, and the spectrum ξ(p) becomes flat. This failure of FL theory is conventionally attributed to a strong enhancement of the dimensionless damping rate r(T ) = γ(T )/T . Close to the critical point, r(T ) allegedly exceeds unity, invalidating the Landau-Migdal quasiparticle picture.

Here we shall demonstrate that in actuality the parameter r(T ) remains rather small on both sides of the phase transition associated with the divergence of the

1)e-mail: vak@wuphys.wustl.edu

effective mass in the 2D system, and, consequently, that the quasiparticle picture does apply. We then proceed to study kinetic phenomena within the quasiparticle formalism, with particular attention to the metal-insulator transition (MIT) occurring in the 2D electron gas in the density region where the effective mass diverges [2 – 4].

Our analysis is based on the standard formula for the damping rate [1, 5], γ(ε) ∼ − ∑ p_1,p^0 ∫ ∫ W (p, p_1, p^′, p^′_1; ε, ε_1, ω)F (ε, ε_1, ω, T )×

× Im G_R(p_1, −ε_1)Im G_R(p^′, ε − ω) × × Im G_R(p^′_1, ω−ε_1)dε_1dω, (2)

where p, p_1 and p^′, p^′_1 are respectively the incoming and outgoing momentum pairs, and ω=ε−ε^′. The function W is given by the sum of absolute squares of the scalar (s) and spin-dependent (a) components Γ_s and Γ_a of the scattering amplitude Γ = Γ_s + Γ_aœ_1œ_2, while F (ε, ε_1, ω, T ) = cosh(ε/2T )[cosh(ε_1/2T ) cosh((ε− − ω)/2T ) cosh((ω−ε_1)/2T )]^{−1} and G_R is the retarded Green function. In what follows we assume that the dependence of the mass operator Σ(p, ε) on ε is not crucial, and then

Im G_R(p, ε) = −γ(ε)/[(ε − ξ(p))^2 + γ^2(ε)]. (3)

To begin, we note that in the collision integral (2), all the quasiparticle energies must lie close to the Fermi surface, so that |ξ(p)| ≤ T , |ξ(p_1)| ≤ T , and |ξ(|p−q|)| ≤ T , |ξ(|p_1 + q_1|)| ≤ T , since, as we shall see, broadening of the single-particle states is insignificant. In 2D, these conditions are easily met, if (i) the momentum transfer q = |p−p^′| in the longitudinal particle-hole channel is

Ŕĺśĳňă ć ĘİŠŤ šőň 81 ćżŕ. 7 { 8 2005 399 small, i.e., q≤q_c(T )=T (dp/dξ)_T ∼T M^∗/p_F , or equivalently, if (ii) the momentum transfer q_1=|p−p^′_1| in the transverse particle-hole channel is small, or (iii) the total momentum P =|p+p_1| is close to zero. Outside these regions, contributions to the collision integral appear to be minor.

In dealing with small momentum transfers, we first address the scalar component Γ_s of the scattering amplitude Γ, which obeys the standard equation [5]

Γ_s(q, ω) = f+fΠ_0(q, ω)Γ_s(q, ω) ≡ [f^{−1}−Π_0(q, ω)]^{−1}, (4) where f is the scalar part of the Landau interaction function. In FL theory, the polarization loop Π_0 is an integral over the product of two quasiparticle Green functions G(p, ε) = (ε − ξ(p))^{−1}, given by

Π_0(q, ω) = 2 ∫ n(p) − n(p − q) ξ(p) − ξ(p − q) − ω dυ, (5) in which dυ = d^2p/(2π)^2 is the volume element in 2D momentum space, and n(p) = 1/[1 + exp(ξ(p)/T )]^{−1} is the quasiparticle momentum distribution.

The value of Re Π_0 is of order of N(0), the density of states, proportional to M^∗. In a strongly correlated FL obeying Landau theory, this quantity, whose sign depends on the ratio ω/q, is enhanced by the factor M^∗/M compared to the corresponding ideal Fermi-gas value. On the other hand at small ω and q > q_{min} = M^∗ω/p_F , the imaginary part of Π_0(q, ω, T = 0), given by

Im Π_0(q, ω, T = 0) ≃ − ω(M^∗)^2 πqp_F √ 1 − (M^∗ω/qp_F )^2

, (6)

has the same order as Re Π_0. Thus in strongly correlated systems f^{−1} can be neglected, and Eq. (4) reduces to |Γ_s(q ∼ q_c, ω ∼ T )| ≃ N^{−1}(0) [6].

A similar situation applies for the spin-dependent part Γ_a of the scattering amplitude Γ, which satisfies the same equation (4) with the replacement f→f_a, where f_a is the spin-dependent part of the Landau interaction function. The 2D Fermi systems in question do not exhibit ferromagnetism, in spite of the negative sign of f_a derived from experimental data on the spin susceptibility. This means that the Pomeranchuck stability condition [1] 1+f_aN(0)>0 is not violated, implying that |f_aN(0)|<1 holds even if the enhancement of the effective mass is large. The estimate |Γ_a(q∼q_c, ω∼T )|≤N^{−1}(0) follows straightforwardly. In the transverse particle-hole channel, where small momentum transfer corresponds to q ≃ 2p_F , the situation is evidently the same, so that in the collision term (2), integration over q can be restricted to the region of small q, and the result is doubled.

In the third relevant momentum region where the total momentum P is small, the scattering amplitude |Γ(P → 0)| ≃ −1/[N(0) ln P^2] contains an additional suppression factor 1/ ln P^2 due to the BCS logarithmic divergence of the particle-particle propagator [5]. Therefore in what follows the respective contribution will be neglected. Thus we conclude that a proper treatment of damping effects in the strongly correlated system leads to substantial suppression of the interaction factor W governing the damping rate (2).

In the foregoing analysis, the momentum dependence of the Landau interaction function F = f + f_aœ_1œ_2 has been neglected. Upon its inclusion, relation (4) is replaced by the integral equation

Γ(nn_1, q, ω) = F(nn_1) +

+ Π_0(q, ω) ∫ F(nn^′) Γ(n^′n_1, q, ω) dφ^′/2π, (7)

with n = p/p_F and n_1 = p_1/p_F . We now make use of the smallness of the quantity 1/Π_0 ∼ M/M^∗ and rewrite the scattering amplitude as

Γ(nn_1, q, ω) = X(nn_1)/Π_0(q, ω). (8)

Neglecting small corrections, Eq. (7) becomes

0 = F(nn_1) + ∫ F(nn^′) X(n^′n_1) dφ^′/2π. (9)

Inserting the expression (8) into the collision formula (2), standard algebra [7] converts it to γ(ε ∼ T ) ∼ ε∼T∫ 0 qc∫ qmin ∫ X^2(nn_1)

ImΠ_0(q, ω) |Π_0(q, ω)|^2 × × Im G_R(p−q, ε−ω) dω qdq dφ, (10) where ImG_R(p, ε) is given by Eq. (3). In the 2D dilute electron gas where X = 1, this result practically coincides with that derived in Ref. [7]. As usual [8], integration over angles in Eq. (10) is replaced by integration over energies ξ(l) where l = p − q , and after some algebra we arrive at [7] γ(T ) ∼ T^2M^∗ Mε^0_F ln ( M^∗T Mε^0_F ) . (11)

The same estimate is valid for other strongly correlated 2D Fermi systems where the spectrum ξ(p) is specified only by the effective mass.

The result (10) holds in the density region where the effective mass M^∗ diverges, since in its derivation only relation (8) has been employed. Here at relevant q, ω, the value of ReΠ_0(q, ω) turns out to be of order (dp/dξ)_{ξ≃T} . As for Im Π_0(q, ω), its value is evaluated on the base of the general formula [5]

Ŕĺśĳňă ć ĘİŠŤ šőň 81 ćżŕ. 7 { 8 2005

Im Π_0(q, ω) = ∫ ∫ [ tanh ε − ω 2T − tanh ε 2T ] × × Im G_R(p−q, ε−ω) Im G_R(p, ε) dε π dυ. (12) Insertion of the explicit form of Im G_R and integration over ξ(p), ξ(l) along the same lines, as before, gives

Im Π_0(q, ω) ∼ p_F q ∫ [ tanh ε−ω 2T − tanh ε 2T ] ( dp dξ )_2 T dε, (13)

where the product (dp/dξ)_{ξ=ε}(dp/dξ)_{ξ=ε−ω} has been replaced by (dp/dξ)^2_T . As a result, one finds |ImΠ_0(q, ω∼T )| ∼ T p_F q ( dp dξ )_2 T . (14)

Upon inserting this result into Eq. (10) we are led to γ(T ) ∼ T^2 p_F ( dp dξ ) T ln [ T p_F ( dp dξ ) T ] . (15)

Thus for evaluation of the damping rate γ(T ) in the density region where M^∗ diverges one needs to know the spectrum ξ(p) close to the Fermi surface. To date, microscopic calculations in this density region have been performed only for the electron gas in 2D and 3D and only at T = 0 [9 – 11]. In Fig.1, we display results for the spectrum ξ(p) of the 2D electron gas, calculated at

Fig.1. Single-particle spectrum ξ(p) of the homogeneous two-dimensional electron gas in units of ε^0_F = = p^2_F /2M, evaluated at T = 0 for di¸erent values of rs = = (πn)�^{1/2}/aB , where aB is Bohr radius

T = 0 within a functional approach [12]. Close to the Fermi surface, the electron spectrum ξ(p, n_∞), given in Fig.1, behaves as (p − p_F )^3. The leading FL term reemerges at finite temperatures [13], so that

ξ(p, T, n_∞) = p_F (p−p_F )/M^∗(T, n_∞)+ξ_3(p−p_F )^3, (16)

with the effective mass [14] going like M^∗(T, n_∞) ∼ ∼ (dp/dξ)_T ∼ T^{−2/3}. With this result, the damping rate evaluated with the help of Eq. (15), becomes γ(T, n_∞) ∼ ∼ T^{4/3} ln(ε^0_F /T ).

The critical single-particle spectrum ξ(p,T =0,n_∞) ∼ ∼ (p − p_F )^3 is not universal. In a broader context, the Landau state is known (e.g. from Refs. [15, 16]) to lose its stability at a density n_b for which a bifurcation point p = p_b emerges in equation

ξ(p, T = 0, n_b) = 0, (17)

which ordinarily has only the single root p = p_F . The particular form ξ(p, T = 0, n_∞) ∼ (p−p_F )^3 corresponds to the case in which the bifurcation point p_b coincides with p_F . Obviously, in the general case one has p_b ≠ p_F , and the Landau state loses its stability before M^∗ becomes infinite. If the distance between p_b and p_F is small, then the single-particle spectrum has the form

ξ(p, T = 0, n_b) ∼ (p − p_b)^2(p − p_F ). (18)

Suppose the temperature T lies below the maximum value ξ_m of |ξ(p, T = 0, n_b)| in the momentum interval [p_b, p_F ]. In this case, the dominating contributions to the properties of interest come from the momentum region adjacent to the bifurcation point p_b, where according to Eq. (18), (dp/dξ)_T ∼ T^{−1/2}. From this result and Eq. (15) one obtains γ(T, n_b) ∼ T^{3/2} ln(ε^0_F /T ).

Beyond the critical density n_b, Eq. (17) possesses two additional roots p_1<p_b<p_2. The single-particle spectrum ξ_{F L}(p, T =0, n), evaluated with the Landau momentum distribution n_{F L}(p)=θ(p_F −p), has the form

ξ_{F L}(p, T = 0, n) ∼ (p − p_1)(p − p_2)(p − p_F ). (19)

If p_b≠p_F , the roots p_1, p_2 are both located either in the interior of the Fermi sphere or both outside it. If p_b=p_F , then p_1<p_F <p_2. In all these cases, the Landau occupation numbers n_L(p) are rearranged. As a rule, the Fermi surface becomes multi-connected, but the quasiparticle occupation numbers n(p) continue to take values 0 or 1. Hence the Landau-Migdal quasiparticle picture holds, with n(ξ)=1 for ξ<0 and 0 otherwise. Consider first the case p_1<p_2<p_F . Then according to Eq. (19), the singleparticle states remain filled in the intervals p<p_1 and p_2<p<p_F , while the states corresponding to p_1<p<p_2 are empty. We call this new phase the bubble phase. If the bifurcation point p_b coincides with the Fermi momentum p_F , then p_1<p_F and p_2>p_F , and the states with p<p_1 and with p_F <p<p_2 are occupied, while those for p_1<p<p_F are empty. Again one deals with the bubble phase.

At this point, we observe that the solution (19) is not self-consistent, since the spectrum is evaluated with n_{F L}(p) while the true Fermi surface is doublyconnected. Following Ref. [15], we consider the feedback

2 Ŕĺśĳňă ć ĘİŠŤ šőň 81 ćżŕ. 7 { 8 2005 of the rearrangement of n_{F L}(p) on the spectrum ξ(p) in the bubble phase based on the Landau relation [5] ∂ϵ(p) ∂p = p M + ∫ f(p, p_1)

∂n(p_1) ∂p_1 dυ_1, (20)

where, as before, f is the scalar part of the Landau interaction function and n(p)=[1+ exp(ξ(p)/T )]^{−1} is the quasiparticle momentum distribution. Solutions of this nonlinear integral equation are known only in 3D Fermi systems with phenomenological functions f depending on q=|p−p_1|. Despite of the diversity of forms assumed for f(q), the resulting single-particle spectra and momentum distributions bear a close family resemblance. Figs.2 and 3 display results from solution of Eq. (20) for

Fig.2. Single-particle spectrum ξ(p) in units of 10�^4 ε^0_F (top panel), occupation numbers n(p) (middle panel), and dξ/dp in units of 10�^2 v^0_F , where v^0_F = pF /M (bottom panel), plotted versus p/pF at four line-type-coded temperatures relevant to the bubble phase, in units of ε^0_F . The model (21) is assumed with parameters β = 0.48 and λ = 3 N0, where N0 = pF M/π^2

the function

f(q) = λ/[((q/2p_F )^2 − 1)^2 + β^2]. (21)

Let us briefly summarize how solutions of Eq. (20) evolve under variation of T . When the bubble range p_2−p_1 is small, then heating to T ∼T_{F L} = (p_2−p_1)^2/M results in its dissolution (see Fig.2). With further increase of T , the function ξ(p) becomes smoother, and in the region of a new critical temperature T_Z , a flat portion ξ≃0 appears in the spectrum over an interval [p_i, p_f ] surrounding the Fermi momentum p_F , as shown in the left panel of Fig.3. Since ξ(p)=ϵ(p)−μ and ϵ(p)=δE_0/δn(p), the equality ξ=0 can be rewritten as a variational condition [17] δE_0 δn(p) = μ, p_i < p < p_f , (22)

with E_0 = ∑ p ϵ^0pn(p) +^12 ∑ p,p1 f(p − p^1) n(p) n(p^1) and ϵ^0p=p^2/2M. The solution n_0(p) of Eq. (20), or equivalently of Eq. (22), is a continuous function of p with a nonzero derivative dn_0/dp (see Fig.3, topright panel). The set of single-particle states with ξ(p)=0 is called the fermion condensate (FC), since the corresponding density of states ρ(ε) contains a Boseliquid-like term ηnδ(ε). The dimensionless constant η≃(p_f −p_i)/p_F is naturally identified as a characteristic parameter of the FC phase.

Fig.3. Single-particle spectrum ξ(p) in units of ε^0_F at the critical temperature TZ =3�10�^4 ε^0_F (left panel), occupation numbers n(p) (right-top panel), and ξ(p)/T (right-bottom panel), plotted versus p/pF at ˛ve line-type-coded temperatures relevant to the phase with a FC, in units of ε^0_F . The model (21) is assumed

It has been demonstrated [18] that the FC “plateau” in ξ(p) has a small slope, evaluated by inserting n_0(p) into the above Fermi-Dirac formula for n(ξ) to yield ξ(p, T ≥ T_Z ) = T ln 1 − n_0(p) n_0(p)

, p_i < p < p_f . (23)

As indicated in the bottom-right panel of Fig.3, at T ≥ T_Z the ratio ξ(p)/T is indeed a T -independent function of p in the FC region. The presence of this flat portion of ξ(p) ∼ T is a signature of the phenomenon called fermion condensation [17 – 19]. The width

Ŕĺśĳňă ć ĘİŠŤ šőň 81 ćżŕ. 7 { 8 2005 ξ(p_f ) − ξ(p_i) ≡ ξ_f − ξ_i of the FC “band” appears to be of order T , almost independently of η > η_{min} ∼ 10^{−2}. Thus at η > η_{min} the FC group velocity is estimated as ( dξ(p) dp ) T ∼ T ηp_F , p_i < p < p_f . (24)

As shown in Ref. [10], the effective mass diverges before attaining the critical point r_{CDW} for the chargedensity-wave instability. Microscopic calculations confirm this assertion: M^∗ diverges at r_s=r_∞≃7, while the condensate of the charge-density waves occurs at r_{CDW}≃10. Thus in the interval r_∞<r_s<r_{CDW} one deals with the homogeneous ground state having a FC. In this case, the damping rate of single particle excitations is evaluated on the base of Eqs. (15) and (24) that yields

γ(T ) ∼ η T ln(1/η). (25)

Thus, as long as the FC density remains small, the dimensionless damping rate r(T ) = γ(T )/T proves to be small as well, so the presence of the FC does not destroy the quasiparticle picture. It is worth noting that at greater energies ε ≫ T , the damping γ(ε) grows as √ ε with increasing ε [20]. Thus at these energies, the ratio γ(ε)/ε exceeds unity, and the quasiparticle picture fails independently of the η value.

Let us now apply our results to the elucidation of behavior of the conductivity of the dilute 2D electron gas from data obtained in samples with silicon inversion layers [2, 4]. We focus our attention at low densities where the 2D electron gas undergoes a metal-insulator transition (MIT), as signaled by a change in sign of the derivative dρ(T → 0)/dT . In high-quality samples, the sign change occurs at the density n_{MIT} ≃ 0.9·10^{11}cm^{−2}. On the metallic side of the MIT, this derivative has positive sign, while on the insulating side, it is negative, the separatrix ρ_{MIT}(T ) ≃ 3h/e^2 ≃ 75 kΩ between the two phases being almost horizontal [2, 4].

At these densities, the electron-electron interaction, first taken into account within perturbation theory in Ref. [21], becomes a “play maker”. A crucial point is that close to the critical density n_{MIT}, the effective mass M^∗(n) diverges [2, 4]. In this situation, a standard method of treatment of kinetic phenomena on the base of the Boltzmann equation fails. Therefore we employ a different approach where the conductivity σ(T ) is expressed in terms of the imaginary part of the polarization operator Π(j, ω → 0, T ) through [5]

σ(T ) ∼ − lim_{ω→0} ω^{−1} Im Π(j, ω, T ). (26)

It provides contributions of two different types, namely from (i) imaginary parts of the quasiparticle Green functions and (ii) imaginary parts of the scattering amplitudes. As a rule, both these contributions provide the same T -dependence of σ(T ). E.g. this is seen from homogeneous systems without impurities where the two types of contributions cancel each other to ensure vanishing of the resistivity due to momentum conservation. (In solids, the resistivity ρ(T ) differs from 0 due to umclapp processes). Such cancellation allows one to find out the T -dependence of the resistivity in the critical density region, where the spectrum ξ(p) becomes flat by retaining in Eq. (26) only contributions coming from Im G_R. Thereby the calculations are simplified considerably, and the expression for Im Π acquires the form Im Π(j, ω→0, T ) ∼ ∫ ∫ ( tanh ε−ω 2T − tanh ε 2T ) × × |T (j, ω=0)|^2Im G_R(p, ε−ω)Im G_R(p, ε)dεdυ, (27) Here, T is the vertex part, whose static limit is given by [5] T (j, ω = 0) = e∂ξ(p)/∂p. Upon inserting the explicit form for Im G_R into Eqs. (27) and (26), the latter becomes [22]

σ(T )=2e^2 ∫∫ (dξ/dp)^2 γ^2(ε) dε dυ 2T [(ε−ξ(p))^2+γ^2(ε)]^2 cosh^2(ε/2T )

. (28)

Converting, as before, the momentum integration to an integration over ξ and taking into account that the overwhelming contributions to this integral come from the vicinity of the point ξ = ε, we arrive at

σ(T ) = 2π ne^2 p_F ∫ (dξ/dp) 2T γ(ξ) cosh^2(ξ/2T ) dξ, (29) where n = p^2_F /2π. Remembering that in the region of the critical density of 2D electron gas, where the effective mass diverges, one has γ(T ) ∼ T^{4/3} ln(ε^0_F /T ), and then Eq. (29) gives us

σ(T ) ∼ T^{−2/3}/ ln(ε^0_F /T ). (30)

Since dσ(T → 0)/dT < 0, this point is situated on the metallic side of the MIT. Beyond this density, i.e. at r_∞ < r_s < r_{CDW}, and greater but still very low temperatures T ∼ T_Z , we pass the point of fermion condensation. The FC contribution to σ(T ) is evaluated with the help of Eqs. (25) and (24), yielding

σ_{F C} (T ) = σ_0e^2/η^2 ln(1/η), (31)

where σ_0 is a T -independent constant.

At r_s > r_{CDW}, the spontaneous generation of the condensate of the charge density waves occurs, and the ground state of 2D electron gas becomes nonhomogeneous. Consequently, a gap in the single-particle spectrum opens that results in exponential falling of the conductivity σ(T ) at T → 0, implying that one deals with the insulating side of the MIT. Thus the separatrix, di-

Ŕĺśĳňă ć ĘİŠŤ šőň 81 ćżŕ. 7 { 8 2005 2� viding the metallic and insulating domains, is situated in the FC region, and according to Eq. (31), it is a straight line. This result is in agreement with available experimental data [2 – 4].

Flattening of the single-particle spectrum entails the change of the Hall coefficient R_H = σ_{xyz}/σ^2_{xx} [23]. In homogeneous matter at H → 0, σ_{xx} = σ/3, with σ given by Eq. (29), while σ_{xyz} is recast to σ_{xyz} = e^3 3cγ^2 ∫ ( dξ dp )_2 ∂n(ξ) ∂ξ dξ, (32) where n(ξ) is the Fermi-Dirac distribution function. Far from the critical density n_∞, these formulas lead to the standard result R_H = 1/nec. The critical spectrum of 2D electron gas has the form ξ(p, n_∞, T = 0) ∼ ∼ (p − p_F )^3, and with the help of Eqs. (29), (32), one then finds R_H = K/nec where K(n_∞, T →0, H→0) = ∫ z^{4/3}e^z[1 + e^z]^{−2}dz (∫ z^{2/3}e^z[1 + e^z]^{−2}dz

)_2 ≃ 1.5.

(33)

We see that at the critical density, the effective volume of the Fermi sphere considerably shrinks. It is important that even quite close to the critical point where the effective mass still remains finite, the value K = 1 holds, so that at low T , the critical behavior (33) of K emerges abruptly. On the other hand, imposition of static magnetic field H on the system at the critical density n_∞ renders the effective mass finite [13, 14] and hence, one can expect the abrupt change of the Hall coefficient R_H (n_∞, T → 0, H) as a function of H.

In conclusion, we have analyzed damping effects in the strongly correlated 2D Fermi liquid in a density region where the effective mass diverges. We have demonstrated that in spite of the enhancement of the dimensionless constants specifying the strength of the effective interaction between quasiparticles, the Landau-Migdal quasiparticle picture is applicable on both sides of the phase transition associated with the divergence of the effective mass. The results of the analysis have been applied to the interaction-driven metal-insulator transition in the 2D electron gas, demonstrating that the separatrix between the metallic and insulating regions is a straight line.

We thank V. T. Dolgopolov, V. M. Galitski, A. A. Shashkin, and V. M. Yakovenko for valuable discussions. This research was supported by NSF

Grant PHY-0140316 (JWC and VAK), by the McDonnell Center for the Space Sciences (VAK), and by the Grant # NS-1885.2003.2 from the Russian Ministry of Education and Science (VAK and MVZ).

1. D. Pines and P. Nozieres, Theory of quantum liquids, v. 1, Ed. W. A. Benjamin, New York-Amsterdam, 1966.

2. S. V. Kravchenko and M. P. Sarachik, Rep. Prog. Phys.

67, 1 (2004).

3. Y. Tsui, S. A. Vitkalov and M. P. Sarachik, condmat/0406566.

4. A. A. Shashkin, cond-mat/0405556.

5. A. A. Abrikosov, L. P. Gor’kov, and I. E. Dzyaloshinski, Methods of quantum field theory in statistical physics, London, Prentice-Hall, 1963.

6. V. A. Khodel and P. Schuck, Z. Phys. B104, 503 (1997). 7. G. F. Giuliani and J. J. Quinn, Phys. Rev. B26, 4421 (1982).

8. A. B. Migdal, JETP 34, 996 (1958).

9. M. V. Zverev, V. A. Khodel, and V. R. Shaginyan, JETP 82, 567, (1996).

10. V. A. Khodel, V. R. Shaginyan, and M. V. Zverev, JETP Lett. 65, 253 (1997).

11. Y. Zhang, V. M. Yakovenko, and S. Das Sarma, condmat/0410039.

12. V. A. Khodel, V. R. Shaginyan, and V. V. Khodel, Phys.

Rep. 249, 1 (1994).

13. V. R. Shaginyan, JETP Lett. 79, 286 (2004). 14. J. W. Clark, V. A. Khodel, and M. V. Zverev, Phys. Rev.

B71, 012401 (2005).

15. M. V. Zverev and M. Baldo, JETP 87, 1129 (1998); J.

Phys.: Condens. Matter 11, 2059 (1999).

16. M. Baldo et al., J. Phys.: Condens. Matter 16, 6431 (2004).

17. V. A. Khodel and V. R. Shaginyan, JETP Lett. 51, 553 (1990); Condensed Matter Theories 12, 221 (1997).

18. P. Nozi„eres, J. Phys. I France 2, 443 (1992). 19. G. E. Volovik, JETP Lett. 53, 222 (1991). 20. V. A. Khodel and M. V. Zverev, JETP Lett. 74, 502 (2001).

21. G. Zala, B. N. Narozhny, and I. L. Aleiner, Phys. Rev.

B64, 214204 (2001).

22. P. Vorugani, and A. Golubentsev, S. John, Phys. Rev.

B45, 13945 (1992).

23. M. R. Norman, Q. Si, Ya. B. Bazaliy, and R. Ramazashvili, Phys. Rev. Lett. 90, 116601 (2002).

Ŕĺśĳňă ć ĘİŠŤ šőň 81 ćżŕ. 7 { 8 2005