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 Abstract The ion bulk speeds in the equatorial region of Saturn’s inner magnetosphere, according to
 data from the Langmuir Probe (LP) on board the Cassini spacecraft, are about 60% of the
 ideal co-rotation speed; the ion speeds are between the co-rotation and Keplerian speeds
 (Holmberg et al., submitted for publication). These findings suggest that sub-micrometer
 negatively charged E ring dust contributes to the plasma dynamics in the plasma disk.
 We calculated the ion speeds by using a multi-species fluid model, taking into account
 dust interactions to investigate the effects of ion–dust coulomb collision, mass loading, as
 well as taking into account magnetosphere–ionosphere coupling to investigate the effect of
 the magnetospheric electric field. The results show that the ion speeds can be significantly
 reduced by the electric fields generated by the collisions between ions and dusts when the
 dust density is high and the thickness of dust distribution is large. We also show that the ion
 speeds from our model are consistent with the LP observations when the maximum density of
 dust is larger than ~105 m-3.
 1. Introduction
 Plasma in Saturn’s magnetosphere is co-rotating due to the rapid rotation of the planet
 (e.g., Blanc et al., 2005). However, the magnetosphere can be slowed from the co-rotation
 speed due to, for instance, mass loadings (e.g., Hill, 1979; Saur et al., 2004). Past
 observations using the particle detectors on Voyager and Cassini showed that around 5 RS (1
 RS = 60,268 km), the plasma speeds are almost the ideal co-rotation speed and gradually
 decrease to 70–80% of that speed at 7 RS (Bridge et al., 1981, 1982; Richardson, 1986, 1998;
 Wilson et al., 2008, 2009).
 Observations using the Langmuir Probe (LP) on board the Cassini spacecraft showed that
 part of the ion bulk speeds are close to the Keplerian speed in Saturn’s E ring (Wahlund et al.,
 2009), which is consistent with the presence of small (micro- and nano-sized) dust particles.
 These dust particles are negatively charged inside 7 RS and are expected to contribute to the
 electrodynamics of the plasma disk structure (Horányi et al., 2004; Kempf et al., 2008). Near
 Enceladus, which is a major source of the E ring dust, the electron density is significantly less
 than the ion density and the ion speeds are near Keplerian within a large region (Morooka et
 al., 2011). The ion beam spectrometer of the Cassini Plasma Spectrometer (CAPS/IBM) on
 board Cassini also observed that the ions slow to 50–90% of the ideal co-rotation speed
 (Thomsen et al., 2010).
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 In the latest observations by the LP, data collected from February 2005 to June 2010 (Rev
 003–133) were used (Holmberg et al., submitted for publication). They showed the ion
 speeds are much less than the ideal co-rotation speed in the inner magnetosphere. The speeds
 were 50–70% of the ideal co-rotation speed. As suggested by Wahlund et al. (2009), the
 charged dust particles in the E ring were related to the lower ion speeds. Some ion speeds
 were also smaller than the Keplerian speed around 4 RS. This could happen if the ions were
 related to Enceladus (Shafiq et al., 2011). The ion speeds found here were less than those
 reported by Wilson et al. (2008) and Thomsen et al. (2010) from the CAPS data. Wilson et al.
 (2008) found ion speeds around 80% of the ideal co-rotation speed between 5 and 10 RS, and
 Thomsen et al. (2010) found ion speeds of 50–90% of the ideal co-rotation speed. This could
 be owing to the difference in the measured particle energy range in measurement methods
 between the LP and the CAPS/IBS.
 In this paper, we report the results of modeling ion speeds in the inner magnetosphere by
 using a multi-species fluid model taking into account the dust–plasma interaction and mass
 loadings.
 2. Model
 2.1. A multi-species fluid model
 We calculate the ion and dust velocities by using a multi-species fluid model (i.e., protons,
 water group ions, charged dusts and electrons) to investigate the effect of dust on ion speed.
 €
 ∂ρk∂t
 +∇⋅ ρkvk( ) = Sk − Lk , (1)
 . (2)
 Here, subscript k indicates proton (p), water group ion (w), dust (d), or electron (e); ρk is mknk;
 vk is velocity; mk is mass; q is charge quantity (i.e., e is the charge quantity of ions and
 electrons, and qd is that of dust); E is the electrical field vector; B is the magnetic field vector; νkl is the general collision frequency considering collisions among the ions, dust, electrons,
 and neutral gases; where nk is the number density. The ion production rate is given by
 , (3)
 where κ is the reaction rate of the production, σk is the scattering cross section, F is the
 density of photons, and λ is wavelength. The total ionization frequency of water group ions is
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 [s-1], (4)
 which is converted to a Saturn value based on an Earth value (Schunk and Nagy, 2009). We
 set the mass loading of dust to zero since it is negligibly small. The ion loss term is given by , (5)
 where α is the reaction rate of the loss. From equations (1) and (2), we finally can obtain
 €
 ρk∂vk∂t
 + ρk vk ⋅ ∇( )vk = nkqk E + vk × B( ) −∇pk − ρkg − ρkν kl vk − vl( )l∑ − Sk,l vk − vl( )
 l∑ (6)
 We use equation (6) for the ion speed calculations in the Saturn’s inner magnetosphere. The
 ions generated by the charge exchange are H+, H2O+, H3O+, OH+, and O+. The chemical
 equations and the reaction rates are listed in Table 1.
 Collision frequencies are given by
 , (7)
 , (8)
 €
 νei = 54.5 ×10−6 niTi3 2 , (9)
 , (10) , (11)
 , (12)
 , (13)
 , (14)
 where subscript i identifies the component of protons and water group ions respectively, rd is the dust radius, φs is the dust surface potential, vthi is the ion thermal velocity, vthe is the
 electron thermal velocity, vthd is the dust thermal velocity, nn is the neutral number density, Mw is the mass of the water group ion in atomic mass units, µ is the reduced mass between
 the proton and the water group ion in atomic mass units, and np is the proton number density. We used the model of νed introduced by Khrapak et al. (2004). The Debye length of a dusty
 plasma is given by
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 €
 λD =ε 0kBTenee
 2 , (15)
 where λD is the electron Debye length.
 We considered magnetospheric electric fields through the magnetosphere–ionosphere
 coupling. The electric field E is given by , (16)
 where Σi is the ionospheric Pedersen conductivity, Ecor is the co-rotational electric field, and
 D is the thickness of the dust distribution in z-direction (Fig. 1). j is the magnetospheric
 Pedersen current density given by . (17)
 2.2. Parameters
 Density distributions of electrons, protons, dust particles, and neutral particles are shown
 in Fig. 2. The densities depend on the distance from Saturn (RS). Black solid lines indicate
 electron density, black dashed lines indicate ion density, black dashed-dotted lines indicate
 proton density, grey solid lines indicate dust density, and grey dashed lines indicate neutral
 density in each panel. We used density distributions of electrons that are increasing with
 distance from Saturn inside 5 RS and are decreasing with distance from Saturn outside 5 RS
 (Persoon et al., 2005, 2009). The maximum densities for electrons are m-3 (Persoon et al., 2005, 2009) at about 4 RS. On the other hand, density distributions of neutral gases are
 decreasing with distance from Saturn. The maximum densities for neutrals are m-3 (Smith et al., 2010) at 2 RS. The dust density, nd, is free parameters. We calculate the ion speeds in two cases: (a) m-3, (b) m-3 at 2 RS. The number density
 of water group ion is derived from charge neutrality:
 . (18)
 We use 20% as the ratio of np to nW. The thickness of the dust distribution, D, is used in three
 cases: D = 1, 2, and 3 RS (Table 2). The radius of dust is rd = 10-7 m. The Cosmic Dust
 Analyzer (CDA) can investigate the dust particles size of about 0.8 mm (Kempf et al., 2008).
 The smaller size and high-density dust was more important in electrodynamics than micro size and low-density dust. Therefore, we used 0.1 µm as the grain radius. The charged
 quantity of dust is [C]. (19)

Page 6
                        

6
 β is a function of ion mass and is about 3.66 for water group ions. Each thermal energy is 2
 eV since newly created ions from e.g. photo-ionization would initially have a small energy
 (Wahlund et al., 2009; Gustafsson and Wahlund, 2010), the dust surface potential is -2 V
 (Wahlund et al., 2005). The equilibrium spacecraft potential with respect to plasma estimated
 using the LP includes components from cold and hot electrons as well as effects from
 secondary and photoelectron emissions and is considered to be a reasonable proxy for grain
 surface potential for grains of all sizes above about 50 nm (Shafiq et al., 2011). Moreover, the
 LP observations (Wahlund et al., 2005) during Saturn orbit insertion (SOI) inbound pass is
 consistent with the electrostatic equilibrium potential of the dust grains in Saturn’s inner
 magentosphere measured by the CDA (Kempf et al., 2006). The mass of water group ions
 and neutral gases are 18 mp. The mass of dust is
 [kg] (20)
 since the bulk density of dust made from water ice is given by ρ = 103 kg m−3, and the
 ionospheric conductivity Σi is 1 S (Cowley and Bunce, 2003). Cowley and Bunce [2003]
 indicated that the conductivity was of the order of ~1 S or less in the middle latitude
 ionosphere. We used 1 S as the Pedersen conductivity.
 2.3 Boundary condition
 We calculate the steady-state solutions of proton, water groups ion and dust speeds. A grid
 size is 0.1 RS from 2 to 10 RS in radial direction. Initial speeds of each ion are the co-rotation
 speed and initial speed of dust is the Keplerian speed. Speeds at 2 RS of each ion are fixed to
 the co-rotation speed and gradients of each ion speed at outer boundary are zero. On the other
 hand, dust speed at 2 RS is the Keplerian speed and gradient of dust speed at outer boundary
 is zero. We assume that the electron has the co-rotation speeds from 2 to 10 RS.
 3. Results
 The observations from LP reveal that ion speeds are much smaller than the co-rotation
 speed and a large amount of cold ions interact with negatively charged dust particles
 (Holmberg et al., submitted for publication).
 To explain these results, we investigate the effect of coulomb collisions between the ions
 and dust particles, the mass loading, the charge exchange and the magnetospheric electric
 field. The parameters are the density and thickness of the dust distribution. Fig. 3 shows the
 relationship of distance from Saturn with ion speed, current density, generated
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 magnetospheric electric field and frequency. The red line indicates the ideal co-rotation speed,
 and the blue line indicates the Keplerian speed; furthermore, the orange, yellow and green
 lines indicate the ion speed when the thickness of dust distribution, D, is 1 RS, 2 RS and 3 RS,
 respectively. The second panels show the current density; the colors denote the same
 meaning as in the top panels. The third panels show the electric field generated by the
 difference of motions among ions, electrons and dusts; the colors denote the same meaning as
 in the top panels. The bottom panels show the frequency profile. The red line in the bottom
 panels indicates the ion cyclotron frequency and the other line indicates the ion–dust collision frequency, νwd. Fig. 3a is the case of
 €
 nd ,r=2RS=1.2 ×104 m-3 (Case 1, 3 and 5 in Table 2) and
 Fig. 3b is the case of m-3 (Case 2, 4 and 6 in Table 2).
 Ion speeds are the ideal co-rotation speed within about 3 RS in all cases (Fig. 3). However,
 the ion speeds start to decrease from the ideal co-rotation speed around 3 RS. The ion speeds
 are 50–90% of the ideal co-rotation speed less than about 5 RS (top panel in Fig. 3). On the
 other hand, the ion speeds are close to the ideal co-rotation speed larger than about 5 RS since
 the dust density is less than that it the inner region (Fig. 3). The generated electric field is 10-4
 to 10-2 V·m-1 within about 6 RS. However, it is about 10-5–10-4 V·m-1 outside of 5 RS (third
 panel in Fig. 3). The magnetospheric electric field is smaller than the co-rotational electric
 field when current flows in the magnetosphere. Therefore, the ion speeds decrease from the
 ideal co-rotation speed. However, the local current density is not relevant to the thickness of
 dust distribution, D (middle panel in Fig. 3). The magnetospheric electric field is determined
 by the magnetosphere-ionosphere coupling. A current flowing the ionosphere is equivalent to
 the magnetospheric current from the conservation law of current. The thickness of dust
 distribution is important parameter for a total current flowing the magnetosphere since the
 total current depends on D. The generated magnetospheric electric field is smaller when D is
 large. The green lines in Fig. 3 are about 80% of the orange lines around 5 RS (top panel in
 Fig. 3). For the generated magetospheric electric field, the green line is larger than the orange
 line (third panel in Fig. 3). Therefore, the ion speeds also depend on D and they are smaller
 when D is large. The generated magnetospheric electric field also depends on each density
 since the magnetospheric total current is determined by each density, especially ion density.
 The ion density increase when dust density increase (see equation (17)). It means that the
 variation of the dust density is important for the electric field. The ion speeds in Fig. 3b
 (corresponding to Case 2, 4 and 6) are less than those in Fig. 3a (Case 1, 3 and 5). Therefore,
 the ion speeds are smaller when the dust density is larger. On the other hand, the collisions
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 between ions and dust particles do not have a direct effect on ion speed because νwd is much
 smaller than the ion cyclotron frequency (red line of bottom panel in Fig. 3).
 From these results, the ions interact with the dusts through magnetosphere–ionosphere
 coupling when the thickness of the dust distribution and the dust density is large. The ions are
 slowing from the ideal co-rotation speed.
 4. Discussion
 We calculated the ion speeds by using a multi-species fluid model. Our calculations show
 that the ion speed becomes smaller than the ideal co-rotation speed as a result of coulomb
 collisions with dust and mass loading, and the magnetosphere–ionosphere coupling is
 considerably important through the ion–dust collision in Saturn’s inner magnetosphere. Ion
 observations by the LP onboard the Cassini indicate that ion speed increases as the distance
 from Saturn increases (Holmberg et al., submitted for publication). The ion speeds in the
 plasma disk are 50–70% of co-rotation speed within 7 RS.
 Our modeling results are consistent with LP observations when the dust density is large
 (Fig. 4b). Our results are also consistent with observations even if the dust density is small if
 the thickness of dust distribution, D, is large (green line in Fig. 4a). The ion speeds strongly
 depend on the magnetospheric electric field. The magnetospheric electric field is governed by
 the inner magnetospheric total Pedersen current, and the Pedersen current is generated by the
 collisions and the mass loading. The Pedersen current flows along the magnetic field line and
 weaken the dynamo electric field in Saturn’s ionosphere. Accordingly, the magnetospheric
 electric field is smaller than the co-rotational electric field and the ion speeds are less than the
 ideal co-rotation speed. The magnitude of the Pedersen current is dependent on each density
 and D. Higher Pedersen current flows in the inner magnetosphere when each density or D is
 large. Since more density is needed when D is small, we suggest that the maximum of dust
 density is larger than ~ m-3 in Saturn’s inner magnetosphere (Fig. 4).
 Morooka et al. (2011) reported that the ion speeds are nearly the Keplerian speed and that
 the densities of ions and dust are large in the vicinity of Enceladus. The ion and dust densities
 are much larger in this region due to the Enceladus plume. Under this condition, the total
 current due to ion–dust collision is much larger than that in other regions since the current is
 proportional to the densities. We note that the ion speed approaches the Keplerian speed
 when the dust density is larger than about 106 m-3.
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 Wahlund et al. (2009) suggested the existence of two ion populations: one co-rotating with
 the planetary magnetosphere and another moving at near Keplerian speed around Saturn. Hot
 ions (ca. 10–50 eV) are co-rotating without being trapped by dust, and cold ions (a few
 electron volts) are slowed from the co-rotation speed by the dust drag. From the LP
 observations of particles of a few electron volts, we obtained much lower ion speeds,
 including values less than 50% of the ideal co-rotation speed. On the other hand, from CAPS
 observations of particles of a few hundred electron volts, ion speeds are 50–80% of the ideal
 co-rotation (Wilson et al., 2008, 2009; Thomsen et al., 2010). Taken together, the results
 from CAPS and LP observations show that two ion populations exist in Saturn’s inner
 magnetosphere, as suggested by Wahlund et al. (2009).
 In other models, co-rotational lag has an effect outside the inner magnetosphere (Hill,
 1979; Saur et al., 2004). Saur et al. (2004) accounted for radial mass transport and
 magnetospheric conductance in their model. Their results were ion speeds less than the ideal
 co-rotation beyond 5 RS. Our results show that the ion speeds are the ideal co-rotation speed
 within 3 RS, which is consistent with the results of Saur et al. (2004) within 3 RS.
 Kurth et al. (2006) reported a vertical distribution of dust near Enceladus’ orbit using the
 RPWS. The thickness of dust distribution is about 15,000 km (~0.25 RS). On the other hand,
 a ratio of an electron density to an ion density (ne/ni) in Morooka et al. (2011) is less than one
 between the -80 and 50 RE (1 RE = 251.8 km is the radius of Enceladus), which is
 corresponding to about 0.6 RS. However, we estimated the thickness of dust distributions at
 from 1 to 3 RS since the density profile of the vertical direction higher than 50 RE and lower
 than 80 RE is not reported and ne/ni is not one at -80 and 50 RE. If the thickness of dust
 distribution is 1 RS, the maximum of dust density needs at least 105 m-3. Moreover, a more
 accurate treatment of the dust and the ionosphere could affect our results. The reality is a dust
 distribution with a size, mass and charge. The ionospheric conductivity could also affect the
 generated magnetospheric electric field. Therefore, we need to consider the dust distribution
 and the ionospheric conductivity in the next study.
 Many observations have found strong planetary rotational modulation of Saturn’s
 magnetospheric plasma despite the nearly parallel alignment of the magnetic dipole and the
 planetary axis (Gurnett et al., 2007; Kurth et al., 2008). This modulation causes the
 magnetodisc plasma to wobble with respect to the E ring (Goertz et al., 1981). The
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 interaction between dust and ions in the E ring will be enhanced once each planetary spin
 axis, showing the longitude dependence of ion and dust parameters (Figure 8 in Morooka et
 al., 2011). Kurth et al. (2008) showed a clear relationship between the Cassini spacecraft
 potential of the plasma disk and longitude of the Saturn Longitude System. Gurnett et al.
 (2007) also reported that the plasma and magnetic fields in the Saturn’s plasma disk rotate in
 synchronism with the time-variable modulation period of Saturn’s kilometric radio emission.
 As mentioned above, the longitudinal dependence of parameters, e.g. ion speed and density,
 may be important in explaining the planetary rotational modulations.
 5. Conclusion
 We calculated the ion drift speed using a multi-species fluid model (i.e. protons, water
 group ions, electrons, and charged dust) in order to examine the effect of dust on ion speed.
 In agreement with the LP observations, the modeling results showed that the ion speeds are
 less than the co-rotation speed. The ion speeds are possibly less than the co-rotation speed as
 a result of the magnetospheric electric field generated through ion–dust collisions.
 Dust–plasma interaction occurs through magnetosphere–ionosphere coupling. The inner
 magnetospheric total current along a magnetic field line weakens the dynamo electric field in
 Saturn’s ionosphere. The ion speeds are Keplerian due to the large total current when the ion
 and dust densities are large. The dust–plasma interaction is significant when the thickness of
 the dust distribution is large and/or the density of ions and dusts is high.
 Acknowledgement
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 Figure captions
 Fig. 1: A cartoon of an electric circuit connecting between magnetosphere and ionosphere.
 Fig. 2: Density profiles. Black solid line indicates electron density, black dashed line
 indicates water group ion density, black dashed-dotted line indicates proton density, and grey
 solid line indicates dust density, and grey dashed line indicates neutral density. (a) m-3; (b) m-3.
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 Fig. 3: Modeling results. (a) m-3, (b) m-3. (top) Ion
 velocity profile. Red line indicates the ideal co-rotation speed, and blue line indicates the
 Keplerian speed. Orange, yellow and green lines indicate ion velocities calculated when the
 thickness of dust distribution, D, is 1 RS, 2 RS and 3 RS, respectively. (second) Total current
 density profile. Orange, yellow and green lines indicate current density calculated when the
 thickness of dust distribution is 1 RS, 2 RS and 3 RS, respectively. (third) Electric field
 generated by the difference of motion among ions, electrons and dusts. Orange, yellow and
 green lines indicate a magnetospheric electric field calculated when the thickness of dust
 distribution is 1 RS, 2 RS and 3 RS, respectively. (bottom) Ion–dust collision frequency profile.
 Red line indicates ion cyclotron frequency for water group. Orange, yellow and green lines
 indicate ion–dust collision frequencies calculated when the thickness of dust distribution is 1
 RS, 2 RS and 3 RS, respectively.
 Fig. 4: Comparisons between modeling results and RPWS/LP observations. (a) m-3, (b) m-3. Ion velocities are superposed on the
 LP observations from Holmberg et al. (2012). Grey dots are observation points, red line
 indicates the ideal co-rotation speed, and blue line indicates the Keplerian speed. Orange,
 yellow and green lines indicate ion velocities calculated when the thickness of dust
 distribution, D, is 1 RS, 2 RS and 3 RS, respectively.
 Table 1: Ion chemical reactions and rates used in this study.
 Table 2: Modeling parameters.
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Table 1: Ion chemical reactions and rates used in this study.
 Reactions Rates [m3 s-1] References
 Burger et al. (2007); Lindsay et al. (1997)
 Burger et al. (2007); Dressler et al. (2006)
 Burger et al. (2007); Lishawa et al. (1990)
 Burger et al. (2007); Lishawa et al. (1990)
 Burger et al. (2007); Itikawa and Mason
 (2005)
 Burger et al. (2007); Itikawa and Mason
 (2005)
 Burger et al. (2007); Itikawa and Mason
 (2005)
 (total)
 Burger et al. (2007); Itikawa and Mason
 (2005)
 10-22 Burger et al. (2007); Itikawa and Mason
 (2005)
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Table 2: Modeling parameters. Dust density at 2 RS [m-3] Thickness of dust distribution [RS]
 Case 1 , panel (a) in Fig. 2
 Case 2 , panel (b) in Fig. 2 1 RS
 Case 3 , panel (a) in Fig. 2
 Case 4 , panel (b) in Fig. 2 2 RS
 Case 5 , panel (a) in Fig. 2
 Case 6 , panel (b) in Fig. 2 3 RS


                        

                                                    
LOAD MORE
                                            

                

            

        

                
            
                
                    
                        Related Documents
                        
                            
                        

                    

                    
                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Пыль. Staub. Dust

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Plasma Next

                                            
                                                
                                                    Category: 
                                                    Internet
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            SIDEROS - Dust Collectors

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Plasma Screen

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Dust Diaries

                                            
                                                
                                                    Category: 
                                                    Education
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Dust Explosion15

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Dust Suppression  System

                                            
                                                
                                                    Category: 
                                                    Technology
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Plasma Antenna

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Smart Dust Ppt

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Plasma Display

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Gr Dust Bowl

                                            
                                                
                                                    Category: 
                                                    Education
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Herschel detect dust

                                            
                                                
                                                    Category: 
                                                    Technology
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                            

                

            

        

            



    
        
            	Powered by Cupdf


            	Cookie Settings
	Privacy Policy
	Term Of Service
	About Us


        

    


    

    
    
    

    
    
    

    
    
        
    
    















