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Propagation of surface waves on the interface between a vacuum and plasma is kinetically 

investigated.  Since most plasmas encountered in geophysics and astrophysics are not 

Maxwellian [1], the effects of the superthermal particles on the dust ion-acoustic surface wave 

are investigated by employing kappa velocity distribution function for the semi-bounded 

complex plasma containing positively charged dust particles. We assume that the equilibrium 

plasma is uniform, isotropc, collisionless, unmagnetized, and occupied by the region z > 0 

(vacuum for z <0). For a species α (=i, e, d) containing the superthermal particles, the 

unperturbed distribution can be effectively modelled by so called kappa velocity distribution 

function [2]: 
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where nȽ  is the number density, mȽ  is the particle mass, and vȽ  is the velocity of the 

plasma. ܧɈȽ = (1െ 3 2Ɉ)TȽΤ  is the characteristic energy with TȽ  being the plasma 

temperature. Ȟ is the gamma function and Ɉ (>3/2) is the spectral index of the distribution. 

If the characteristic lengths of the plasma are much greater than the scale length of the 

density inhomogeneity, a sharp boundary between a plasma (z>0) and a vacuum (z<0) can be 

established so that the specular reflection condition in which the charged particles undergo a 

mirror reflection such that fȽ1൫vx , vy , vz , t, z = 0൯ =  fȽ1൫vx , vy ,െvz , t, z = 0൯ , where fȽ1  is 

the perturbed plasma distribution of species Ƚ, can be utilized for the study of the surface 

waves. Under this condition, the dispersion relation for dust ion-acoustic surface wave 

propagating in the x direction (hence ky = 0) whose phase velocity is such that vd , vi ɘ/kا  ا ve , where vȽ(=d,i,e) is the thermal speed of species α, can be obtained as 
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where ɘpȽ  is the plasma frequency of species α, ɉe  is the electron Debye length, and the 

symbols ρɈ  and ȾɈ  are kappa dependent factors defined as ρɈ =  
2Ɉെ3

2Ɉെ1
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We note that ρɈ = 1 and ȾɈ =  ඥɎ/2 correspond to a Maxwellian plasma (Ɉ ՜ λ). 

In the long wavelength limit (kxɉe ՜ small) the wave frequency can be found as ɘr ൎ
 ටρɈ ൤1 + 

ɏ iɏd
ቀ1 െ 1Ɂቁ2൨ɘpi kxɉe  where ɏi and ɏd  are the ion and the dust mass density, 

respectively, and δ is the ion-to-electron number density, i.e., Ɂ =  ni neΤ . If δ = 1, then there 

is no charged dust particles and we obtain ɘr ൎ  ඥρɈɘpi kxɉe  which agrees to the previous 

result [3]. In the short wavelength limit (kxɉe ՜ large), we obtain the resonant frequency ɘr ൎ  ට1

2
+

ɏ i

2ɏd
ቀ1െ 1Ɂቁ2 ɘpi  which reduces to Alexandrov et al.’s result [4] in the case of no 

dust. If the dust is positively charged, there will be ion density deficit, thus the value of δ must 

be less than the unity. Figure 1 shows the scaled phase velocity (ωr/ωpi)/kxλe of dust ion-

acoustic surface waves as a function of the ion-to-electron density ratio δ and the spectral 

index κ. Here, the scaled wavelength kxλe and the ion-to-dust mass density ratio ρi/ρd are both 

assumed to be the unity. We observe that as δ decrease, the phase velocity increase. However, 

the velocity is less sensitive to the spectral index κ especially for Ɉ ذ 5. 

The Landau damping rate also can be obtained by examining the dispersion relation. In the 

long wavelength limit, the Landau damping rate is linear to the wave number:  
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which can be further reduced to ɀ ൎ  െඥɎme 8miΤ ɘpikxɉe that agrees with the previous result 

[4].  In the short wavelength limit, the dispersion relation gives 
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which shows that the damping is proportional to the inverse cube of the wave length. Figures 

2 and 3 display the variation of the damping rate with δ, κ, and kxλe. 
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Fig. 1. The scaled phase velocity (ωr/ωpi)/kxλe of dust ion-acoustic surface waves as a function 

of the ion-to-electron density ratio δ and the spectral index κ. (kxλe = 1 and ρi/ρd = 1 are 

assumed.) 

 

 

 

Fig. 2. The scaled phase velocity γ/ωpi of dust ion-acoustic surface waves as a function of the 

ion-to-electron density ratio δ and the scaled wave number kxλe. (κ = 3 and ρi/ρd = 1 are 

assumed.) 
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Fig. 3. The scaled phase velocity γ/ωpi of dust ion-acoustic surface waves as a function of the 

ion-to-electron density ratio δ and the spectral index κ. (kxλe = 1 and ρi/ρd = 1 are assumed.) 
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