
Dust ion aousti waves propagation with degenerate ions and nonextensive eletronsG. Mandal1; S:Ashraf1; andA:A:Mamun21.East West University, Dhaka, Bangladesh and2.Jahangirnagar University, Dhaka, BangladeshIn this reent investigation we have studied the nonlinear wave propagation of dust-ion-aousti(DIA) waves in an unmagnetized ollisionless plasma system ontaining degenerate ions followingonly non-relativisti limits, nonextensive eletrons, and negatively harged dust grains. This uidmodel has been employed with the redutive perturbation method. The standard K-dV equationhas been derived, and numerially examined. The basi features of the solitary waves (SWs) andshok waves (ShWs) are obtained from the solution of the K-dV and Burgers' equations. It has beenfound that depending on whether the parameter q and � are less than or equal to (greater than)the ritial value the DIA SWs and ShWs exhibit negative (positive) potentials by taking the e�etof di�erent plasma parameters in the plasma uid into aount. And beause of the presene ofoeÆient of visosity (�) the ShWs hange the polarity. Dusty plasmas ontaining degenerate ionsand nonextensive eletrons with negative harged dust grains are the most interesting topis to theresearh whih are only found in astrophysial objets like white dwarfs, blak holes, neutron stars,et. This analysis an be employed in understanding and treating the nature and the harateristisof DIA SWs and ShWs both in laboratory and spae plasma.I. INTRODUCTIONBy now the study and analysis of the properties ofdusty plasmas have beome a popular and importanttopi of researh. A partiular �eld of study whihhas reeived a great deal of attention is that of dust-ion-aousti (DIA) waves (e.g. DIA solitary and shokwaves), and has been extensively studied both theoreti-ally and experimentally. In this situation, the ion massprovides the inertia and the restoring fore omes fromthe eletron thermal pressure. The presene of DIAwaves has been veri�ed by the laboratory experiments[1, 2℄. The linear properties of the DIA waves in anunmagnetized bounded [3, 4℄ plasma, as well as in mag-netized [5℄ and inhomogeneous [6℄ dusty plasmas havealso been studied. A number of authors have studiedthe DIA solitary waves (SWs) [7, 8℄ by using the dustyplasma model onsisting of negatively harged stati dustand single-temperature-eletrons as well as ions. TheseSWs [9, 10℄ are formed due to deliate balane betweennonlinearity and dispersion.The eletron-ion plasmas are thought to be generatednaturally by pair prodution in high energy proesses inthe viinity of several astrophysial objets as well as pro-dued in laboratory plasmas experiments with a �nite lifetime [11℄. Beause of the long life time of the positrons,most of the astrophysial [12℄ and laboratory plasmas be-ome an admixture of eletrons, positrons, and ions. Ithas also been shown that over a wide range of param-eters, annihilation of eletrons and positrons, whih isthe analog of reombination in plasma omposed of ionsand eletrons, is relatively unimportant in lassial, [13℄as well as in dense quantum plasmas [14℄ to study theolletive plasma osillations. The ultradense degenerateeletron positron plasmas with ions are believed to befound in ompat astrophysial bodies like neutron starsand the inner layers of white dwarfs [14{17℄ as well asin intense laser-matter interation experiments [18, 19℄.

Therefore, it seems important to study the inuene ofquantum e�ets on dense e-p-i plasmas. Several authorshave theoretially investigated the olletive e�ets indense unmagnetized and magnetized e-p-i quantum plas-mas under the assumption of low-phase veloity (in om-parison with eletron/positron Fermi veloity) [20{22℄.In these studies, the authors have foused on the lowerorder quantum orretions appearing in the well knownlassial modes.Now-a-days, a number of authors have beome inter-ested to study the properties of matter under extremeonditions [23{26℄. Reently, a number of theoretial in-vestigations have also been made of the nonlinear prop-agation of eletrostati waves in degenerate quantumplasma by a number of authors [27{29℄ et. However,these investigations are based on the eletron equationof state valid for the non-relativisti limit. Some investi-gations have been made of the nonlinear propagation ofeletrostati waves in a degenerate dense plasma based onthe degenerate eletron equation of state valid for ultra-relativisti limit [30, 31℄.We are interested to study thedissipasion relation of the dust-ion-aousti waves in adusty plasma system where we added degenerate ion u-ids [32{36℄, whih is the most interesting elements of theastrophysial [37{41℄ The pressure for ion uid an begiven by the following equationPi = Kin�i ; (1)where � = 53; Ki = 35 ��3� 13 ��h2m ' 35��h; (2)for the non-relativisti limit [23{26℄ (where � =��h=m = 1:2 � 10�10 m, and �h is the Plank onstantdivided by 2�).Now-a-days, nonextensive [42℄ plasma has reeiveda great deal of attention due to its wide relevane in
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2in astrophysial and osmologial senarios like stel-lar polytropes [43℄, hadroni matter and quark-gluonplasma [44℄, protoneutron stars [45℄, dark-matter ha-los [46℄ et. Nonextensive plasmas assoiated with ion-aousti waves, eletron-aousti waves, DIA waves ordust-aousti (DA) waves, are investigated either by tak-ing eletron to be nonextensive [47{52℄, or ion nonexten-sive [53℄, or may both eletron and ion nonextensive [54℄.Eslami et al. [50℄ investigated the harateristis of thehead-on ollision of ion-aousti (IA) SWs in a ollision-less plasma and disussed the impats of eletron nonex-tensivity on the phase shifts of both the olliding SWsand ShWs. A generalization of the Boltzmann-Gibbs-Shannon entropy formula for statistial equilibrium wasreognized to be required for systems subjet to spatial ortemporal long-range interations making their behaviornonextensive. Owing to an inreasing amount of exper-imental and theoretial evidene showing that the BGSformalism fails to desribe systems with long range in-terations and memory e�ets. In partiular, this situa-tion is usually found in astrophysial environments andplasma physis where, for example, the range of intera-tions is omparable to the size of the system onsidered.After, the rudimentary onept of nonextensive entropy,the nonextensive behaviour of eletrons and ions (har-aterizing by a parameter q) have been suessfully em-ployed in plasma physis [55{58℄.And the normalized eletron density is given byne = [1 + (q � 1)�℄ 1+q2(q�1) (3)where q is the nonextensive parameter and � is theeletrostati wave potential [55{58℄.It is important to note that q = 1 orresponds toMaxwellian distribution and q 6= 1 denotes the q dis-tribution point to a lass of Tsallis's veloity distribution[42℄. By assuming ion nonextensivity, Tribehe [53℄ ex-amined the basi features of the nonextensive DA SWs,where q is the eletron nonextensive parameter. It hasbeen found that depending on whether the parameterq is less or greater than ritial value q, where � is theequilibrium dust to ion ratio, the higher order DIA wavesexhibit negative (positive) potential for q � q (q > q).Therefore, in our present investigation, we onsidera dusty plasma system in absene of the magneti�eld, but ontaining non-relativisti degenerate old ionuid, nonextensive eletron, and negatively harged dustgrains. The model is relevant to ompat interstellar ob-jets (e. g., white dwarf, neutron star, et.). Reently,many authors [30, 31, 59{68℄, et. have used the pressurelaws (1) to (2) investigate the linear and nonlinear prop-erties of eletrostati and eletromagneti waves, by usingthe non-relativisti quantum hydrodynami (QHD) [69℄by assuming either immobile ions or non-degenerate un-orrelated mobile ions. Very reently, Ashraf et al. [55{58℄ have investigated the nature of the DIA SWs by as-suming inertial ions and nonextensive eletrons and neg-atively harged stationary dust, and they inferred that

both ompressive and rarefative type solitons are sig-ni�antly modi�ed by eletron nonextensivity. Still now,there is no theoretial investigation has been made tostudy the extreme ondition of matter for non-relativistilimits and e�ets of noextensivity on the propagationof eletrostati solitary waves (SWs) and shok waves(ShWs) in a dusty plasma system. Therefore, in ourpaper we have studied the properties of the SWs andShWs onsidering a degenerate ion uids, nonextensiveeletrons and negatively harged dust grains. Our on-sidered model is relevant to ompat interstellar objets(i.e. white dwarf, neutron star, blak hole, et.).II. GOVERNING EQUATIONSThe dynamis of DIA SWs and ShWs in suh dustyplasma system is governed by�ni�t + ��x (niui) = 0; (4)�ui�t + ui �ui�x + ���x + K1ni �n�i�x � � �2ui�x2 = 0; (5)�2��x2 = �ne � ni + (1� �); (6)where ni is the ion number density of the speies s nor-malized by its equilibrium value ni0, ui is the ion uidspeed normalized by Ci = (ni02=mi)1=2 with mi be-ing the ion rest mass and  being the speed of lightin vauum, � is the eletrostati wave potential nor-malized by mi2=e with e being the magnitude of theharge of an ion, the time variable (t) is normalized by!pi = (4�ni0e2=mi)1=2, and the spae variable (x) is nor-malized by �m = (mi2=4�n0e2)1=2. The oeÆient ofvisosity � is a normalized quantity given by !i�2mimini0[70℄, and the onstant is K1 = n��1i0 Ki=mi2Ci2.III. DERIVATION OF K-DV EQUATIONNow we derive a dynamial equation for the nonlinearpropagation of the dust-ion-aousti solitary waves by us-ing (4 - 6). To do so, we employ a redutive perturbationtehnique to examine eletrostati perturbations propa-gating in the relativisti degenerate dense plasma due tothe e�et of dissipation, we �rst introdue the strethedoordinates [71, 72℄ � = �1=2(x� Vpt); (7)� = �3=2t; (8)where Vp is the wave phase speed (!=k with ! beingangular frequeny and k being the wave number of theperturbation mode), and � is a smallness parameter mea-suring the weakness of the dispersion (0 < � < 1). Wethen expand ni, ne, ui, and �, in power series of �:ni = 1 + �n(1)i + �2n(2)i + � � �; (9)
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3ne = 1 + 12(1 + q)�(1) + 18(1 + q)(3� q)�(2)+ 148(1 + q)(3� q)(5� 3q)�(3) + � � �; (10)ui = �u(1)i + �2u(2)i + � � �; (11)� = ��(1) + �2�(2) + � � �; (12)and develop equations in various powers of �. To thelowest order in �, using equations (9)-(12) into equa-tions (4) - (6) we get as, u(1)i = Vp�(1)=(V 2p + K1),n(1)i = �(1)=(V 2p +K1), and Vp = q 2(q+1)� �K1, alleddispersion relation. To the next higher order in �, weobtain a set of equations�n(1)i�� � Vp �n(2)i�� � ��� [u(2)i + n(1)i u(1)i ℄ = 0; (13)�u(1)i�� � Vp �u(2)i�� + u(1)i �u(1)i�� �K1 �n(2)i���K1(�� 2)n(1)i �n(1)i�� = 0; (14)�2�(1)��2 = �(1 + q)2 �(2)+�8 (1 + q)(3� q)(�(1))2 � n(2)i (15)Now, ombining (13-15) we dedue a K-dV equation��(1)�� +A�(1) ��(1)�� +B�3�(1)��3 = 0; (16)where the value of A and B are given byA = (V 2p +K1)2Vp [ 3V 2p �K1(� � 2)2(V 2p +K1)3��8 (1 + q)(3� q)℄; (17)B = (V 2p +K1)2Vp : (18)The solitary wave solution of (16) is�(1) = �mseh2��Æ� ; (19)where the speial oordinate, � = ��u0� , the amplitude,�m = 3u0=A, and the width, � = (4B=u0)1=2.IV. DERIVATION OF BURGERS' EQUATIONTo derive Burgers' equation, we �rst introdue thestrethed oordinates [71, 72℄� = �(x� Vpt); (20)� = �2t; (21)

where meaning of the symbols are given in previous se-tion.The �rst order alulation is same as for K-dV equationderivation.For the next higher order, we get the following equa-tions �n(1)i�� � Vp �n(2)i�� � ��� [u(2)i + n(1)i u(1)i ℄ = 0; (22)�u(1)i�� � Vp �u(2)i�� + u(1)i �u(1)i�� �K1 �n(2)i���K1(�� 2)n(1)i �n(1)i�� � � �2��2u(1)i = 0; (23)0 = �(1 + q)2 �(2) � n(2)i+�8 (1 + q)(3� q)(�(1))2 (24)Now, ombining (22-24) we dedue Burgers' equation��(1)�� +A�(1) ��(1)�� = C �2�(1)��2 ; (25)where the value of A is same as for K-dV equation andthe value of C is given by C = �2 (26)The solution of (25) gives us a shok wave equation as�(1) = �m[1� tanh(�Æ )℄; (27)where the speial strethed oordinates, � = � � u0� ,the amplitude, �m = u0=A, the width, Æ = 2C=u0, u0is the wave speed and the parameter � was hosen fromstandard value [70℄ for the system under onsideration.V. NUMERICAL ANALYSISFrom the �gures 1-6 we have observed a 3D graphialrepresentation and 7-8 represent two dimensional geom-etry. In �gures 1-2 we have observed graphially thathow the SWs potential struture, �(1) hange with � andq when � is less than the ritial value (� � 0:37) orgreater than the ritial value of � (� > 0:37). Similarlyfrom 3-4 we have observed that how the SWs potentialstruture, �(1) hange with � and � when q is less thanthe ritial value (q � 0:50) or greater than the ritialvalue of q (q > 0:50). Figure 5 represents the e�ets of� (� � 0:37) and q (q � 0:50) on the ShWs potentialstrutures, �(1) with � and �. And similarly �gure 6 rep-resents the same when � > 0:37 and q > 0:50. Finallythe �gures 7-8 give us two dimensional graphial presen-tation from where we have on�rmed the ritial value of� and q with respet to �(1).
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for understanding the nonlinear features of eletrostatidisturbanes in laboratory plasma onditions and spaeplasma. Our investigation would also be useful to studythe e�ets of degenerate ion pressure in interstellar andspae plasmas [73℄, partiularly in stellar polytropes [43℄,hadroni matter and quark-gluon plasma [44℄, protoneu-tron stars [45℄, dark-matter halos [46℄ et. We hope thatour present investigation will be helpful for understand-ing the basi features of the loalized eletrostati dis-turbanes in ompat astrophysial objets (e.g. whitedwarfs, neutron stars, blak hole, et.) for spae [74, 75℄and also for laboratory [76{78℄ dusty plasmas. Furtherit an be said that the analysis of double layer stru-tures, vorties, et. in a nonplanar geometry are also theproblems of great importane but beyond the sope ofthe present work. To onlude, we propose to perform alaboratory experiment whih an study suh speial newfeatures of the DIA SWs and ShWs propagating in dustyplasma in presene of degenerate ions and nonextensiveeletrons with negative harged dust grains.
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