arXiv:1107.3236v1 [astro-ph.SR] 16 Jul 2011

Quantum collapse in ground-state Fermi-Dirac-Landau plasmas

M. Akbari-Moghanjoughi Azarbaijan University of Tarbiat Moallem, Faculty of Sciences, Department of Physics, 51745-406, Tabriz, Iran (Dated: July 19, 2011)

Abstract

It is revealed that in a relativistically degenerate dense highly-magnetized electron-ion plasma the effective quantum-potential due to the total quantum-force acting on fermions may cancel-out causing a quantum transverse collapse in the ground-state Fermi-Dirac-Landau (GSFDL) plasma. The condition for the plasma transverse collapse is found to be restricted to the minimum relativistic degeneracy parameter and minimum impressed magnetic field strength values satisfied for many superdense astrophysical objects such as white dwarfs and neutron stars. In such plasmas, the magnetization pressure is shown to cancel the lateral electron degeneracy pressure counteracting the existing gravitational pressure. Furthermore, using the Sagdeev pseudopotential method in the framework of quantum magnetohydrodynamics (QMHD) model including spin magnetization it is confirmed that the quantum pressure due to spin-orbit polarization and the electron relativistic degeneracy has significant effects on the existence criteria and the propagation of localized magnetosonic density excitations in GSFDL plasmas. Current findings can have important implications for the density excitations mechanism and gravitational collapse of the highly magnetized astrophysical relativistically dense objects such as white-dwarfs, neutron stars, magnetars and pulsars.

PACS numbers: 52.30.Ex, 52.35.-g, 52.35.Fp, 52.35.Mw

I. INTRODUCTION

There has been a great interest towards the study of thermodynamics and nonlinear properties of a degenerate dense magnetized matter, since the early works of Chandrasekhar, Bohm, Pines and Levine et.al [1–4]. In a degenerate cold and dense plasma, the so-called quantum plasma state, interesting quantum effects arise due to the fundamental Pauli exclusion rule on the dynamics of degenerated species [5]. Quantum tunneling, electron degeneracy pressure, quantum paramagnetism etc. are some of the well-known properties of metallic and semiconductor nano-structured materials such as, nano-particles, quantumwells, quantum-wires and quantum-dots [6] which are of great interest in the fast growing fields of quantum optics, electronics and computation. There are also a great majority of recent activities in the field of quantum hydrodynamics (QHD) and quantum magnetohydrodynamics (QMHD) [7–18] which highlight the unexpected nonlinear wave features in quantum plasmas. Particularly, it has been shown that the thermodynamical properties of a degenerate gas may be different when the fermions become relativistic [19]. Recently, it has been confirmed that the nonlinear wave properties of a degenerate plasma also substantially differ in relativistically degenerate plasma from those of an ordinary quantum plasma [20, 21].

Interesting phenomenon occur when the magnetic field is involved. Marlkund and Brodin have recently extended the QHD model to include the spin-magnetization effects [22] by introducing a generalized term for the so-called quantum force. Their initial studies indicate that in a perfectly conductive quantum plasma, the spin magnetization can act as a negative pressure-like entity significantly modifying the dynamics of the spin-induced nonlinear magnetosonic waves [23]. Many recent studies using the spin-included QMHD model also justify the dominant spin effects on nonlinear wave properties in quantum plasmas [24–31]. Because of the existence of very high magnetic fields and relativistic degeneracy effects in astrophysical dense objects such as white dwarfs and neutron stars, etc. and the related origin of star collapse to these effects, the subject of a dense matter in high magnetic field has been studied extensively for many decades [32]. Chandrasekhar [33, 34] has shown that the relativistic degeneracy of Fermi-Dirac electrons can give rise to a collapse of a dense degenerate star. However, the coexistence of large magnetic fields in collapsing stars did not seem a coincidence.

In a series of papers Canuto and Chiu [36–43] have thoroughly investigated the behavior of Fermi-Dirac relativistically degenerate gas in arbitrarily high magnetic field and found very interesting results. They showed that, the thermodynamics and magnetic properties of a relativistically degenerate Fermi gas may differ substantially regarding to those of a normally degenerate ones. In particular, they proved that unlike an ordinary degenerate matter when the electrons become relativistic the magnetic susceptibility can show oscillatory behavior for very high electron number-densities. This is because of the landau orbital contribution to the magnetization of the gas which becomes dominant for higher electron number-densities. These findings triggered a notion that the large magnetic field present in some compact astrophysical degenerate objects may in fact play a key role in the collapse phenomenon observed for some white-dwarfs and neutron-stars. O’Connell and Roussel [44] have shown that a Landau orbital ferromagnetism (the so-called LOFER) state solution exist in both nonrelativistic and relativistically degenerate magnetized Fermi-gas which can have direct consequences on the origin of a large magnetic fields present in astrophysical compact objects such as white-dwarfs and neutron stars[45].

On the other hand, more recently, Chaichian et al. [46] have investigated the possibility of a transverse magnetic collapse in a relativistically degenerate Fermi-Dirac gas showing that the gas can experience an anisotropic pressure normal to the magnetic field and the magnetization pressure may even cancel the degeneracy pressure leading to a collapse in equatorial plane of plasma. However, as pointed-out by Blandford and Hernquist [47], the pressure is isotropic, contrary to what is stated by Canuto and Ventura [48] and when compressing the electron gas perpendicular to the field, B, a work must be done against the Lorentz force density, J_m × B (J_m, being the magnetization-current density), involving the magnetization current. Thus, there is a magnetic contribution to the perpendicular pressure which may be the key to the origin of giant magnetic field present in astrophysical compact objects like white-dwarfs and neutron stars. Dong Lai [49] has given a complete review on different aspects of matter in strong magnetic fields.

In current investigation, using a complete quantum magnetohydrodynamics model which includes the effect of magnetization current, we attempt to explore the effect of high degeneracy pressure and magnetic field on wave dynamics of Ground-State Fermi-Dirac-Landau (GSFDL) plasmas, using the spin-included

QMHD model to show that a quantum collapse in such plasma is still possible in the presence of the Lorentz magnetic force. The presentation of the paper is as follows. The QMHD plasma model including the spin contribution is introduced in Sec. II and the Localized magnetosonic density solution is given in Sec. III. The numerical results are presented in Sec. IV and the concluding remarks are given on Sec. V.

II. QMHD MODEL INCLUDING SPIN-MAGNETIZATION EFFECTS

The basic QMHD equation set including the magnetization, Lorentz-force and quantum tunneling effects in a center of mass frame include the continuity equation ∂ρ_c ∂t + ∇ · (ρ_cU_c) = 0, (1)

where, ρ_c = m_eN_e + m_iN_i is the center of mass plasma density and U_c = (N_em_eU_e + N_im_iU_i)/ρ_c is the center of mass velocity. Also, the extended momentum equation [23] ∂U_c ∂t + (U_c · ∇) U_c = ρ^{−1}_c (J_m × B − ∇P_c + F_Q) , (2)

where, the quantum force F_Q = F_B + F_m is a collective contribution of quantum Bohm-force, F_B , and the magnetization-force, F_m, namely,

F_Q = ρ_cℏ^2 2m_em_i ∇ Δ √ ρ_c √ ρ_c + Γ∇B. (3)

The quantities J_m, B and P_c are the magnetization current, the magnetic field with, Γ, being the plasma magnetization per unit volume, and scalar center of mass pressure, respectively. The magnetization current, J_m, is related to the plasma magnetization vector through the relation; J_m = μ^{−1}_0 ∇ × (B − μ_0Γ).

Now, we consider an ideal collisionless, perfectly conducting and completely degenerate electron-ion plasma, subject to a uniform arbitrarily-high magnetic field, B = B_0k̂. By ignoring the local variations of magnetic field in plasma compared to the very strong externalfield, the simplified QMHD equation set including the Bohm force, the electron degeneracy pressure and spin-orbit magnetization effect in the center of mass frame, read as ∂N_i ∂t + ∇ · (N_iU_c) = 0,

∂U_c

∂t + (U_c · ∇) U_c = ρ_c^{−1} [ ∇(ΓB_0) − ∇P +^{ρcℏ2}_{2memi} ∇^{Δ√Ni√}_{Ni} ] , (4)

where, we have employed ρ_c ≃ N_im_i from N_e ≃ N_i = N, i.e., quasineutrality condition. Note also that, the total plasma pressure is the combination of the zerofield electron degeneracy-pressure plus the ground-state transverse-pressure element due to magnetization, i.e., P = P_{B=0} + P (l, B, N). As will be shown later, the P_{B=0} part of the pressure is an inevitable contribution without which no propagations will be possible in GSFDL plasma. In our particular case, we are interested in the state of magnetization where electrons are populated in the ground Landau level or strongly quantized GSFDL plasma [49] (i.e., l=0, l being the Landau level). Therefore, the ground-state plasma magnetization which is due to both Pauli electron spin- and Landau electron orbital-polarizations in a magnetized relativistically degeneracy Fermi-gas, which according to Canuto and Chiu [37] can not be separated into paramagnetic and diamagnetic parts, may be written in the following form

Γ(η) = μ_B 2π^2λ̄^3_c { η √ 1 + η^2 − ln [ η + η √ 1 + η^2 ]} , (5)

in which μ_B = eℏ/m_ec is the Bohr magneton and λ̄_c = ℏ/m_ec is the Compton wavelength. The normalized parameter η = (3/2)(N/N_c)(B_c/B_0) is defined as the fraction of electron number-density to magnetic field strength each with the normalization value, B_c = m^3_ec^2/eℏ ≃ 4.41 × 10^{13}G and N_c = 8πm^3_ec^3/3h^3 ≃ 5.9 × 10^{29}cm^{−3}, respectively. It has been shown that [37] the susceptibility of a magnetized Fermi gas reduces to the Curie-Langevin law in the weak-quantization (low density and high temperature [49]) limit. It has also been found that, by increasing the electron number-densities and by filling the higher Landau-levels the magnetization passes through many maximums and minimums [37]. As it is shown in Fig. 1, as the field strengths is lowered the higher Landau levels can become available to electrons leading to the ”de Haas-van Alphen effect like” oscillatory behavior of the magnetization.

Moreover, the thermodynamic pressure of a relativistically degenerate Fermigas in the absence of a magnetic-field, i.e. P_{B=0}, is given by [1]

P_d = πm^4_ec^5 3h^3 [ R ( 2R^2 − 3 ) √ 1 + R^2 + 3sinh^{−1}R ] , (6)

in which, the relativity parameter, R = P_{F e}/(m_ec) = (N/N_c)^{1/3} is a measure of the relativistic degeneracy and P_{F e} is the electron Fermi relativistic momentum. Note that, in the limits of very small relativity parameter, R ≪ R_{Ch} (the value R_{Ch} = √ 2 being the Chandrasekhar critical relativistic degeneracy value), a degeneracy pressure of the form P_d = (3/π)^{2/3}h^2N^{5/3}e /(20m_e) and for corresponding very large values, R ≫ R_{Ch}, a form P_d = (3/π)^{1/3}hcN^{4/3}e /8 is expected for the electron degeneracy pressure. It is observed from Fig. 1 that, for a fixed magnetic field strength, as the relativity parameter and consequently the electron number-density increases the electrons occupy the higher Landau levels and the magnetization passes through several maximum an minimum values. It can be shown that the maximum values of the magnetization, as separated by thin vertical lines, take place at R ≃ (2l)^{1/6} √ B or B ≃ (2l)^{−2/6}R^2, respectively, for Figs.

1(a) and 1(b).

For the propagation of magnetoacoustic nonlinear waves along the x direction perpendicular to the constant magnetic field B_0 along the z-axis, we derive ∂N ∂t +^{∂NUc}_{∂x} = 0, ∂U_c ∂t + U_c^{∂Uc}_{∂x} = −^{mec2}_{mi}^∂_{∂x} (∫_{dRPd(R)} R dR ) +^{3me c2}_{4mi}^∂_{∂x} (∫_{dη Γ(η)} η dη ) +^{ℏ2}_{2memi}^∂_{∂x} (_{1√} N ∂^2 √ N ∂x^2 ) . (7)

It is convenient, thus, to define an effective quantum potential in the form

Ψ_{eq} = 3 4 ∫ d_ηΓ(η) η dη − ∫ d_RP_d(R) R dR, (8) where, η = 3R^3_0/2B̄ (B̄ = B_0/B_c) and R = R_0(N/N_0)^{1/3} = R_0n̄^{1/3} with R_0 = (N_0/N_c)^{1/3}. In order to obtain a dimensionless set of equations we may use the following scalings x → c_s ω_{pi} x̄, t → t̄ ω_{pi} , N → n̄N_0, U_c → ūC_s. (9) In the normalizing factors the parameters, N_0, ω_{pi} = √ e^2N_0/(ε_0m_i) and C_s = c √ m_e/m_i denote the equilibrium electron number-density, characteristic ion plasma frequency and ion sound-speed (despite the name this speed may be comparable to the Fermi-speed of an electron in a typical metal), respectively. Hence, we obtain ∂n̄ ∂t +^{∂n̄ū}_{∂x} = 0, ∂ū ∂t + ū^{∂ū}_{∂x} =^{∂Ψeq}_{∂x} + H^{2 ∂}_{∂x} (_{1√} n̄ ∂^2 √ n̄ ∂x^2 ) , Ψ_{eq} =^3_2 √ 1 + η^2 − √ 1 + R^2.

(10)

where, we have defined a new parameter called the quantum diffraction parameter as, H = √ m_i/2m_e(ℏω_{pi})/(m_ec^2) = eℏ √ N_cR^3_0/π/(2m^{3/2}e c^2). In the forthcoming algebra, the bar notations here and after are avoided for clarity. The gradient of the effective quantum potential [50] is the local quantum force which is central to our analysis of the quantumcollapse and is the sum of the quantum-forces due to relativistic electron degeneracy pressure and the relativistic spin-orbit magnetization. It is really interesting that the two potentials are of the same shape and order of magnitude, hence, there may exist points at which the total effective quantum-potential vanishes.

III. LOCALIZED MAGNETOSONIC EXCITATIONS

In order to study the localized excitations in the co-moving frame, we first employ the coordinate transformation of the form, ξ = x−Mt, to Eqs. (10) where, M = U_c/C_s is the Mach-number of the nonlinear excitations. Furthermore, the integration of the continuity equation with respect to ξ with boundary conditions lim ξ→±∞ n̄ = 1 and lim_{ξ→±∞} ū = 0 leads to u = M (1/n − 1). By replacing this value for, u, in the momentum equation, using the change of variable, n̄ = Z^2, and integrating with the same boundary conditions, the Eqs. (10) can be reduced to the following nonlinear differential equation

H^2 Z ∂^2Z

∂ξ =^{M 2}_2 (1 − Z^{−2})^2 − M^2 (1 − Z^{−2}) + √ 1 + R^2_0Z^{4/3} − √ 1 + R^2_0 − (3/2) √ 1 + 9R^6_0Z^4/(4B^2) + (3/2) √ 1 + 9R^6_0/(4B^2).

(11)

Multiplying both sides of Eq. (11) by dZ/dξ and integrating with appropriate boundary conditions (mentioned above), we arrive at the well known energy integral of the form in terms of the number-density variable

(d_ξn)^2/2 + U(n) = 0, (12) with the pseudopotential given as

U(n) =^n_{4H2} [ 4M^2

n + 4M^2n − 2 √ 1 + R^2_0 + 8n √ 1 + R^2_0 − 8M^2 +^3

√_{1+R20}

R^2_0 −6n √ 1 + n^{2/3}R^2_0 −^{3n1/3} √_{1+n2/3R20} R^2_0 + 6 √ 1 +^{9R60}_{4B2} − 12n √ 1 +^{9R60}_{4B2} + 6n √ 1 +^{9n2R60}_{4B2} −^3_{R30} sinh^{−1}R_0 +^3_{R30} sinh^{−1} ( n^{1/3}R_0 ) −^{4B}_{R30} sinh^{−1}

(_{3R30} 2B ) +^{4B}_{R30} sinh^{−1} (_{3nR30} 2B )] . (13)

We now evaluate the existence of the nonlinear localized density structures which requires that the following conditions to satisfy, simultaneously

U(n)|_{n=1} = dU(n) dn | | |_{n=1} = 0, d^2U(n) dn^2 | | |_{n=1} < 0. (14)

Another condition must be met in order for the exclusion of shock-like structures such that, for at least one either maximum or minimum nonzero n-value, we have U(n_m) = 0, so that for every value of n in the range n_m > n > 1 (compressive soliton) or n_m < n < 1 (rarefactive soliton), U(n) is negative (it is understood that there is no root in the range [1, n_m]). In such a condition we can obtain a potential minimum which describes the possibility of a solitary wave propagation. It should be noted that the both maximum and minimum n-value may coexist which is a case for the double-well, namely, the coexistence of the compressive and rarefactive solitary structures [51].

The general solution of the pseudo-potential satisfying the above conditions may be written as

ξ − ξ_0 = ± ∫_{nm} 1 dn √ −2U(n) . (15)

Obviously the first two conditions in Eq. (14) is met for the pseudo-potential given by Eq. (13). Concerning the third condition, one obtains from direct evaluation of the second derivative of the Sagdeev potential, Eq. (13), at the unstable point, n = 1,

d^2U(n) dn^2 | | | |_{n=1} = 2 H^2 [ M^2 −

R^2_0 3 √ 1 + R^2_0 + 81R^6_0 12B^2 √ 1 + 9R^6_0/(4B^2) ] . (16)

This requires that, for existence of a magnetoacoustic solitary excitation in Fermi-Dirac- Landau plasma, the soliton matching speed should be below a critical value defined as M_{cr} = 1 2 √ 4R^2_0 3 √ 1 + R^2_0 − 27R^6_0 B √ 4B^2 + 9R^6_0

. (17)

It is interesting to note that, when the first term in the square root which corresponds to the electron degeneracy pressure is absent, the solitary excitation will not be possible in the plasma. The critical Mach-number value obtained here, disregarding the magnetic part, agrees well with the value estimated for an unmagnetized Fermi-Dirac plasma [52]. Now, let us examine the existence of the n_m values which is essential to our analysis. As it was mentioned above we require that for at least one either maximum or minimum nonzero n_m-value, we must have U(n_m) = 0, so that for every value of n in the range n_m > n > 0 or n_m < n < 0, U(n) is negative. In such a condition there will be a potential minimum which describes the propagation of solitary nonlinear structure. To do this we inspect the limits of the pseudopotential given in Eq. (13) which are given below

lim_{n→0} U(n) =

M^2 H^2

> 0, lim_{n→∞} U(n) = +∞. (18)

As it is clearly evident the above result is independent from GSFDL plasma parameters. Therefore, it is confirmed that, a solitary double-well and periodic double-layer are possible in the plasma under consideration. The possibility of such structures has already been confirmed in an unmagnetized Fermi-Dirac plasma [50]. A closer inspection of Eqs. (17) and (18) reveals that in the absence of degeneracy pressure even periodic nonlinear excitations will vanish. This may be a justification for the addition of a zero-field part in the perpendicular pressure component defined earlier.

IV. NUMERICAL ANALYSIS AND DISCUSSION

As has been mentioned in the previous section, the effective quantum potential, Ψ_{eq} defined in Eq. (10), may vanish for different choices of the values of relativistic degeneracy parameter, R, and the normalized magnetic field strength, B, i.e., the lateral electron degeneracy-pressure can be totaly canceled by the corresponding magnetization pressure at some given values of magnetic field. This effect can lead to a phenomenon called the quantum collapse of plasma in plane perpendicular to the magnetic field if a gravity force acts from outside. Figure 2(a) shows a curve in R-B plane where the effective quantum potential vanishes (or correspondingly where the plasma undergoes a transverse quantum collapse). However, by solving the equation Ψ_{eq} = 0, it can be easily shown that the effective quantum potential does not vanish bellow the minimum values of B_m = 135 √ 3/32 and R_m = √ 5/2. It is also noted that, the magnetic field strength required (B ≥ B_m) to completely cancel the lateral quantum-pressure is extremely high (i.e. B_m ≃ 32.2×10^9T ). However, this high value of magnetic field may be expected to exist in some superdense astrophysical compact objects. It is interesting that the lowest value of required field (B_m) for quantum collapse corresponds to the relativistic degeneracy value of R = √ 15/8 which is very close to the Chandrasekhar value of R_{Ch} = √ 2 for the gravitational collapse. Obviously there are many other effects such as the plasma rotation [50], electron-electron interactions and finite temperature effects which can modify the value of B_m. Furthermore, for all the values of B > B_m there will be two values of relativistic degeneracy at which the effective quantum potential vanishes. In Fig. 1(b) the variation of Ψ_{eq} is shown with respect to the change in the relativity parameter for various applied magnetic field strengths. It is revealed that always a minimum value for the effective potential exists which is due to the delicate interplay between the magnetization and the electron degeneracy effects. This can be an indication of the GSFDL plasma stability after the first quantum collapse. However, for stronger magnetic fields (B > B_m), as the relativity parameter is increased, the GSFDL plasma may undergo another collapse, i.e., the potential vanishes at some other relativity parameter values the value of which increases as the strength of the magnetic field is increased. Solving the equation Ψ_{eq} = 0, after some algebra, we can obtain an analytical expression for the values of R at which the effective potential vanishes for a given value of the magnetic field strength, B. These values are given as

R_{1,2} = [ 8(∓6)^{2/3}B^2 ∓ (∓6)^{1/3} (√ 164025B^4 − 3072B^6 − 405B^2 )_{2/3} 27 (√ 164025B^4 − 3072B^6 − 405B^2 )_{1/3} ]^1_2 . (19)

As an example for the ideal GSFDL plasma such as a neutron star in a magnetic field of order 10^{15}G, we get R_1 ≃ 1.25 and R_2 ≃ 43.8 or equivalently the quantum-collapse occurs at electron number-densities of n_{01} ≃ 1.15 × 10^{30}cm^{−3} and n_{02} ≃ 4.96 × 10^{34}cm^{−3}. When the effective potential vanishes the plasma becomes thermodynamically unstable and complex and the existence of the localized density excitation can not be studied using the model employed here.

However, it can be shown that at the minimum of the effective potential the critical soliton Mach-number vanishes, hence, the solitary excitations can occur only for the relativity parameter values below the corresponding minimum value of the effective potential value, that is, there is cut-off value of relativity for solitary excitations above which the localized density excitations will not be present.

Figure 3 depicts the volume of occurrence for localized density excitations in M-B-R_0 space. It is confirmed that, in accordance with the above statement, for every value of field strength, B, the possible Mach-number values are limited from above by a cut-off value of relativity parameter value, which corresponds to the minimum of the effective quantum potential shown in Fig. 1(b). The soliton Mach-numbers for fixed magnetic field strength is remarked to have always a maximum, value of which, increases with increase in the magnitude of the applied magnetic field.

Moreover, Fig. 4 depicts the variation of pseudopotential profiles (Eq. 13) with respect to different fractional plasma parameter when other parameters are fixed. It is evident that in the GSFDL plasma under consideration doublewells and double-layers can exist. This effect should not be confused with the similar pseudopotential shapes presented in Ref. [51], which are due to the existence of dust ingredients. It is further revealed that increase in the value of the relativity parameter (plasma relativistic degeneracy value) increases/decreases the amplitude of the raefactive/compressive solitons (Fig. 4(a)), while, increase in strength of the magnetic field has the converse effect (Fig. 4(b)). The rarefactive periodic double-layers are shown in Figs. 4(a) and 4(b). The effect of the variation in Mach-number (Fig. 3(c)) on soliton amplitude indicates that the soliton with higher amplitude propagate with the slower Mach values. This effect is identical on both rarefactive and compressive solitary structures shown as double-wells. Finally, Fig. 4(d) reveals that large amplitude compressive periodic double-layer are also possible in GSFDL plasmas.

Figure 5 shows different regions for Landau-levels (the regions, where, √ 1 + 2lB < √ 1 + 9R^6/4B^2 < √ 1 + 2(l + 1)B with l being the Landau-level) [37].

It is confirmed that quantum collapse, Ψ_{eq} = 0, resides totaly in the ground-state

(l=0) region, hence the name, GSFDL plasma.

V. SUMMARY

Quantum magnetohydrodynamics model has been used to show that in a ground-state Fermi-Dirac-Landau plasma the local quantum force due to electron relativistic degeneracy and the spin-orbit polarization magnetization have the same order of magnitude but different signs, hence, the effective quantum local force may vanish leading to quantum collapse of plasma perpendicular to the applied magnetic field. It was revealed that, the condition for quantum collapse is satisfied for some astrophysical dense objects and is limited to the ground-state plasma. It was further shown that, for a given applied magnetic field strength, a cut-off value of relativity parameter (or equivalently the electron number-density) exists above which no localized magnetosonic structure can form. Current findings can have important implications for the density excitations and collapse of the highly magnetized of astrophysical relativistically dense objects such as white-dwarfs, neutron stars, magnetars and pulsars.

[1] S. Chandrasekhar, ”An Introduction to the Study of Stellar Structure”, Chicago, Ill. , (The University of Chicago press), (1939) p.392.

[2] D. Bohm and D. Pines, Phys. Rev. 92 609(1953). [3] D. Pines, Phys. Rev. 92 609(1953).

[4] P. Levine and O. V. Roos, Phys. Rev, 125 207(1962).

[5] L. D. Landau and E. M. Lifshitz, ”Statistical Physics”, Part I, Pergamon, Oxford, (1978). [6] H. Haug, S. W. Koch, ”Quantum theory of the optical and electronic properties of semiconductors”, World Scientific, 2004, [7] G. Manfredi and F. Haas, Phys. Rev. B 64, 075316 (2001).

[8] F. Haas, L. G. Garcia, J. Goedert, and G. Manfredi, Phys. Plasmas 10, 3858(2003). [9] M. Akbari-Moghanjoughi, Phys. Plasmas, 17 052302(2010). [10] M. Akbari-Moghanjoughi, Phys. Plasmas, 17 082317(2010).

[11] P. A. Markowich, C. A. Ringhofer, and C. Schmeiser, Semiconductor Equations (Springer- Verlag, New York, 1990).

[12] M. Marklund and P. K. Shukla, Rev. Mod. Phys. 78, 591 (2006). [13] G. Brodin, M. Marklund, and G. Manfredi, Phys. Rev. Lett. 100, 175001 (2008). [14] M. Marklund, G. Brodin, L. Stenflo, and C. S. Liu, Europhys. Lett. 84, 17006 (2008). [15] G. Brodin and M. Marklund, New J. Phys. 9, 277(2007). [16] G. Manfredi, Fields Inst. Commun. 46 263(2005).

[17] P. K. Shukla, B. Eliasson, ”Nonlinear aspects of quantum plasma physics” Phys. Usp. 51 53(2010).

[18] C. Gardner, SIAM, J. Appl. Math. 54 409(1994).

[19] D. S. Kothari and B. N. Singh, Proceedings of the Royal Society of London. Series A, Mathematical and Physical Sciences, Vol. 180, No. 983 (Jul. 3, 1942), pp. 414-423 [20] M. Akbari-Moghanjoughi, Phys. Plasmas, 17 072101(2010). [21] M. Akbari-Moghanjoughi, Phys. Plasmas, 17 092304(2010). [22] M. Marklund and G. Brodin, Phys. Rev. Lett., 98 025001(2007). [23] M. Marklund and B. Eliasson and P. K. Shukla, Phys. Rev. E., 76 067401(2007). [24] A. P. Misra, P. K. Shukla, Phys. Plasmas, 15 052105(2010).

[25] M. Stefan, G. Brodin and M. Marklund, New J. Phys., 12 013006(2010). [26] A. Mushtaq, and S. V. Vladimirov, Phys. Plasmas, 17 102310(2010). [27] G. Brodin and M. Marklund, Phys. Plasmas, 14 112107(2007). [28] J. Zamanian, G. Brodin and M. Marklund, New J. Phys., 11 072017(2009). [29] V. Bychkov, M. Modestov, and M. Marklund, Phys. Plasmas, 17 112107(2010). [30] A. P. Misra, G. Brodin, M. Marklund, and P. K. Shukla, Phys. Plasmas, 17 122306(2010). [31] M. Akbari-Moghanjoughi, Phys. Plasmas, 18 072702(2011).

[32] J. A. Wheeler, ”From magnetic collapse to gravitational collapse - Levels of understanding of magnetism”, New York Academy of Sciences, Annals, 257 189(1975).

[33] S. Chandrasekhar, Mon. Not. R. Astron. Soc., 113 667(1953). [34] S. Chandrasekhare, Science, 226 4674(1984).

[35] R. F. OConnell, K. M. Roussel, Astron. Astrophys., 18 198(1972). [36] V. Canuto, H. Y. Chiu, and L. Fassio-Canuto, Astrophys. Space Sci. 3 258(1969). [37] V. Canuto and H. Y. Chiu, Phys. Rev., 173 1229(1968). [38] H. Y. Chiu and V. Canuto, Phys. Rev. Lett., 21 110(1968). [39] V. Canuto and H. Y. Chiu, Phys. Rev., 173 1220(1968). [40] V. Canuto and H. Y. Chiu, Phys. Rev., 173 1210(1968).

[41] H. J. Lee, V. Canuto, H. Y. Chiu, and C. Chiuderi, Phys. Rev. Lett., 23 390(1969). [42] H. Y. Chiu and V. Canuto, Astrophys. Space Sci. 153 L157(1968). [43] V. Canuto and H.-Y. Chiu, Phys. Rev., 188 2246(1969).

[44] R. F. 0’Connell and K. M. Roussel, LETTERE AL NUOVO CIMENTO, 2 815(1971). [45] R. F. 0’Connell and K. M. Roussel, Nat. Phys. Sci., 231 32(1971).

[46] M. Chaichian, S. S. Masood, C. Montonen, A. Pérez Martínez, and H. Pérez Rojas, Phys.

Rev. Lett., 84 5261(2000).

[47] R. D. Blandford, and L. Hernquist, J. Phys. C, 15 6233(1982). [48] V. Canuto, and J. Ventura, Fundam. Cosm. Phys. 2 203(1977). [49] Dong Lai, Rev. Mod. Phys., 73 629(2001).

[50] M. Akbari-Moghanjoughi, Phys. Plasmas, 18 032103(2011). [51] M. Akbari-Moghanjoughi, Phys. Plasmas, 17 123709(2010).

[52] M. Akbari-Moghanjoughi, Astrophys. Space Sci., 322 187(2010), DOI: 10.1007/s10509-010- 0499-3.

FIGURE CAPTIONS

Figure-1

(Color online) Variation of the plasma magnetization (thick blue-line) with respect to increase in relativity parameter and magnetic field strength. The vertical axis (Γ) indicates the magnetization due to both electron spin and orbit contributions. The Landau levels are separated by thin vertical lines and for Fig. 1 (left plot) fill from left starting l=0 (light-blue color) and for Fig. 1 (right plot) fill from right.

Figure-2

(a) The possibility of zero effective potential in GSFDL plasma. (b) The variation of effective quantum potential with respect to the relativistic degeneracy parameter, R and normalized magnetic impressed-field strength, B.

Figure-3

Figure 3 shows a volume in M-B-R_0 space in which a solitary excitation can exist.

Figure-4

Variation of the Sagdeev pseudopotential profile with respect to change of different plasma fractional parameter values when the others are fixed. The size of the dashes in each plot changes according to the change in the value of the varied parameter.

Figure-5

(Color online) Figure 5 shows different Landau-level regions ( √ 1 + 2lB < √ 1 + 9R^6/4B^2 < √ 1 + 2(l + 1)B with l being the Landau state) in the B-R plane confirming that the magnetic collapse completely resides in the ground-state region (largest colored region) of a Fermi-Dirac-Landau plasma and is bounded from left and below by the minimum values of R_m = √ 5/2 and B_m = 135 √ 3/32.

FIG. 1:

FIG. 2:

FIG. 3:

FIG. 4:

FIG. 5: