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Introduction
In a dusty plasma, the dust charge may fluctuate and then becomes a new dynamical variable,
and the electron behavior can be strongly modified by the nonlinear potential of the localized
dust acoustic (DA) structure by generating a population of non- Maxwellian trapped particles.
A large number of contributions have focused on the effects of particle trapping on different
types of linear and nonlinear collective processes in varying charge dusty plasmas [1]-[9]. It
has been demonstrated that the presence of such non-isothermal particles can significantly
modify the wave propagation characteristics in collisionless varying charge dusty plasmas. On
another side, electronegative dusty plasmas which are highly chemically reactive have
attracted a great deal of interest [10]-[14] because of their wide technological applications
(semiconductor materials processing [15], synthesis of nanomaterials [16], . . . etc.) and vital
role in astrophysical plasmas (D- region of the ionosphere, the mesosphere, the solar
photosphere, the cometary comae . . . etc). In most of these astrophysical and laboratory
plasmas, the electron number density decreases because of the electron attachment on the dust
grain surface. Hence, in this situation the negative ions may play a crucial role. Therefore, it
may be of practical interest to examine the combined effects of an oblique magnetic field and
electron trapping on the DAW in varying charge electronegative dusty plasmas. To this end,
we go parallel to what has been done in the work of Ghosh et al. [17] and we use the correct
trapped electrons charging current based on the orbit-motion limited approach [9] with
application to the Halley Comet.
Basic equations

Let us consider a collisionless, electronegative magnetized dusty plasma having trapped
electrons (e), Maxwellian positive (+) and negative ions (-), and mobile charge fluctuating
negatively charged dust grains (d). Thus, at equilibrium the charge neutrality condition reads
as Ny +Zgo + Ny =N,q, Where the subscript “0” and Z4, stand for the unperturbed quantities

and dust grain charge number, respectively. The constant external magnetic field B lies in the

(X—12) plane making an angle @ with the x-axis, B =B,cosfe, +B,sinde,. The wave
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propagation vector k lies along the x-axis. The positive and negative ions and electrons
densities are given by

n, =n,exp(—ed/kgT,), n_=n_,exp(ed/kgT_) , (1)

n.(¢) =n, 0[exp erfc[\/?]+—exp Jerfc[ B j:]] for g >0, @
n (¢)—neo[exp erf{f}—— { —ﬂ?lﬂ for B <0.
ef

where erfe(x) =1-erf (x) =1- — jexp( —t2)dtand W (x) = exp(— xz)jexp(tz)dt is the Dawson integral.

Where ¢ is the electrostatic potential, n; represents the number density of particles of species
J. T; is the temperatures, and m; is the masses. £ is a parameter determining the number of

trapped electrons and its magnitude is defined as the ratio of the free hot electron temperature

Ty to the hot trapped electron temperature T, i.e. |g|=T, /T, . The dynamics of low

frequency dust- acoustic oscillations are studied using the reductive perturbation technique of
Shamel [18] and construct a weakly nonlinear theory [19] for the DAWSs by introducing the

stretched coordinates & =¢"4(X U, T),7=¢¥'T, where £ is a small parameter
characterizing the strength of the nonlinearity and U ,, is the normalized phase velocity of the

line DAW. The dependent variables are expanded in power series of =. The fellowing

modified Korteweg-de vries Burger (mKdVB) equation is obtained
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The coefficients of nonlinearity A, dispersion B, and the Burger term C are given by
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Now transforming to the wave frame, 7 = & +Vv, ¢, the mKdVB with y = N, reduces to
d?2 \ 2A C)Hd
AN
dn B 3B B)dp
Numerical results

Before proceeding further, we first give the Halley Comet (~10* km from the nucleus)

approximated physical parameters we used in our numerical computation. These parameters
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are [20]-[24], n+o~2x10° m® nge~1 m™® Te~100 eV, m,=m.~1.6756x10"" kg, Bo~7.5x10° T,

re~5 um and y4~5/3. Our results show that the only admissible positive trapping parameter [3-
values which satisfy the condition 8.<1[=n.o/no=1-(Neo/N+o+ZgoNgo/N+0)<1] are >0.75
for 0.=1 and p>0.73 for 5.=0.01. Similarly only admissible negative trapping parameter [-
values which satisfy the condition 6.<1 are p<-0.884 for o.=1 and 0.01. The compressive
shock waves may develop and set in our plasma model, i. e., the dust charge variation induced
nonlinear wave damping leads to the development of collisionless DA shock waves (Fig.1).
we note that the effect of separation of charges, which is manifested by the appearance of
some oscillations in the shock wave profile. This effect becomes less pronounced as the value
of the trapping parameter 3 decreases. It is turns out that the anomalous dissipation effects
may prevail over that dispersion as the electrons evolve far away from their Maxwellian
equilibrium. The collisionless shock wave is compressive in nature and therefore may lead to
dust density enhancement. This latter, which is important in the astrophysical context, is more
pronounced as the electrons evolve towards their thermodynamic equilibrium. As |B|
increases, the strength of the shock wave increases, and the number of oscillations appearing
in the shock weve profile decreases. The effects of the obliqueness (Fig.2) and magnitude
(Fig.3) of the magnetic field on the DA shock wave profile is investigated. As may be
expected, the obliqueness and magnitude of the magnetic field are found to modify the
dispersive properties of the DA shock wave. It can be seen that an increase of 0 or decrease of
Bo (via m¢g) render the shock structure more dispersive. We obtain qualitatively the same
results for a negative values of f.

Conclusion

To conclude, we have investigated the combined effects of an oblique magnetic field and
electron trapping on weak DAWSs in a charge varying electronegative dusty plasmas with
application to the Halley Comet. A weakly nonlinear analysis has been carried out to derive a
modified Korteweg- de Vries- Burger like equation. Making use of the equilibrium current
balance equation, we have first constrained the physically admissible values of the electron
trapping parameter. The influence of the electron trapping on the shock front height has been
investigated in the case of oblique propagation. Moreover, increases of obliqueness of the
magnetic field or a decrease of its magnitude render the shock structure more dispersive. We
hope that results will aid to explain and interpret the nonlinear oscillations that may occur in
the Halley Comet plasma.
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Figure 1: Spatial profile of the oscillatory DA shock Figure 2: Spatial profile of the oscillatory DA
wave for different values of (=0.86(dotted line), shock wave for twi different values of 6=0°
0.88(dashed line) and 0.9(solid line), with Z=1, ¢.=1, o. (solide line) and 2° (dashed line), with with Z=1,
=1,r¢=5um, and 6=2°. 0.=1, 6.=1,r&=5um, and p=0.9.
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Figure 3 : Spatial profile of the oscillatory DA shock
wave for two different values of wey(~Bg)=0.03
(solide line) and 0.1 (dashed line), with with Z=1,
0.=1, 6.=1,r=5um, f=0.9, and 6=2°.
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