
    
      Fig. 3. 
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        Ulysses orbit projected onto the xz- (left) and yz-plane (right), colour-coded according to heliocentric speed. Jupiter’s and Earth’s orbits are indicated as dashed green and dotted blue lines, respectively. The dark grey arrows indicate projections of the ISD inflow direction and are identically scaled in both panels. (See Landgraf 1998, Fig. 2.5.)

      

    

  
    
      Fig. 5. 
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        Interstellar dust particle flux for the union (blue circles), Krüger (orange triangles), Strub (green squares), and intersect (violet diamonds) subsets. The data have been aggregated in bins of Δt = 4 months, starting on 1 January 1992, with consideration of the measurement gaps (i.e. the detector dead times), which are indicated by the areas shaded in grey. Horizontal error bars denote the width of the time bin; vertical error bars were calculated as per Appendix B.1.1. Letters at the figure’s top indicate the time of Ulysses’ closest approaches to Jupiter (J), the spacecraft’s perihelia (P), and its aphelia (A). Wall impacts were taken into account for the detector’s sensitivity profile (cf. Fig. B.1), and for the dust kinematics, an inflow direction of (l, b) = (255.41° ,5.03° ) with a speed of vISD, ∞ = 26 km/s was assumed (Swaczyna et al. 2018). (After Janisch 2021, Fig. 5.7.)

      

    

  
    
      Fig. 7. 
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        Impact speed and particle mass determined by the measurement-derived method used in the dataset (green circles and black stars), by the approximate method that assumed β ≡ 1 (blue triangles), and by the iterative method (red crosses) using the union subset. The second and third methods assumed an inflow speed of vd = 26 km/s from the direction (lHe, bHe), and the iterative method further utilised the β-curve of adapted astronomical silicates (see Fig. 1). The measurement-derived values for impacts with vmsr < 3 km/s (black stars) most likely feature severely underestimated impact speeds and severely overestimated particle masses. We note that the horizontal axis quantifies the impact speed in the spacecraft frame and not the heliocentric speed.

      

    

  
    
      Fig. 10. 
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        Ulysses’ orbital position and the detector’s boresight and cone of view at the times of the most massive particle impacts in the ecliptic xz- (left) and yz-plane (right). The detector boresight and its cone of view were Galilean-transformed from the spacecraft frame to the heliocentric frame, which distorts the cones of view. The Galilean transformation assumes that the dust particles’ relative velocity corresponds to the inverse boresight direction and either the measurement-derived impact speeds, vmsr (top), or the iteratively calculated impact speeds, viter (bottom). The ISD inflow is marked by grey arrows (see Fig. 3). The orbital positions at which the particles of Subset A impacted are indicated by blue squares, red triangles, and green circles for A1, 2, 3, respectively. The black lines point in the detector boresight, scaled identically in both panels. The coloured areas give the outer edge of the cone of view with an opening angle of ±70°, corresponding to the detector’s sensitivity without considering wall impacts. We note that the measurement-derived impact speeds are most likely spurious for the particles of A1, 2, and that the iteratively calculated relative speeds assume an ISD origin. Particles are numbered as in Fig. 9. The deviation of the boresight from the ISD inflow direction is tabulated in Table 2.

      

    

  
    
      Fig. 11. 
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        Measurement-derived differential size distribution, (Δn/Δa)obs (panel a); time-averaged modulation factor through forces in the Solar System, [image: equation] (panel b); time-averaged detector transfer function, [image: equation] (panel c); and inferred differential size distribution at the termination shock, (Δn/Δa)TS (panel d), for the time periods of 1992–1996 (maroon circles), 1996–2000 (red squares), 2000–2004 (orange triangles), 2004–2008 (yellow triangles), and spanning the entire time range of 1992–2008 (black diamonds). The measurement-derived masses of the union subset in the size bins given by Table D.1 were used; particles outside a ∉ [0.044, 0.84] μm have been discarded because no corresponding simulations were available. The extended MRN distribution, Eq. (10), has been graphed for carbonaceous and silicate grains with a hydrogen nuclei number density of nH = 0.1 cm−3 in panels (a) and (d). The vertical error bars correspond to the (assumed) Poissonian standard deviation of the number of particles within the respective size and time bin (cf. Appendix D.5). (See Hunziker et al., in prep.).

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Heliosheath filtering function, Eq. (9), in relation to the particle size, for the same time periods as Fig. 11, for the union subset with measurement-derived masses (panel a), for the Strub subset with measurement-derived masses (panel b), and for the union subset with iteratively calculated masses (panel c). The vertical error bars correspond to the (assumed) Poissonian standard deviation of the number of particles within the respective size and time bin (cf. Appendix D.5), (see Hunziker et al., in prep.).

      

    

  
    
      Fig. A.1. 
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        Rotation angle, ϕISD, of an inflow coming with a speed of vISD, ∞ = 26 km/s from the direction of the He inflow, (lHe, bHe) = (255.41° ,5.03° ), which has been taken from Swaczyna et al. (2018). Each blue circle corresponds to the value of the rotation angle at the start of each respective day. (After Hofstetter & Sieber 2021, Fig. 7.)

      

    

  
    
      Fig. B.1. 
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        Sensitive surface area, Asens, of Ulysses’ dust detector over the impact angle, α, without (blue solid line) and with (red dashed line) considering wall impacts. Reproduced with permission after Altobelli et al. (2004, Fig. 6); copyright of the original figure by Elsevier.

      

    

  
    
      Fig. B.2. 

      
        [image: thumbnail]
      

      
        Effective sensitive surface area of the detector in relation to time and to the rotation angle, ϕrot. In this plot, ISD is assumed to be perfectly collimated, coming from (255.41° ,5.03° ) with 26 km/s. (After Janisch 2021, Fig. 2.10; see Landgraf 1998, Figs. 2.10 & 2.11.)

      

    

  
    
      Fig. B.3. 
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        Differential mass density distribution for the measurement-derived masses, including (red) or excluding (black) the particles with vmsr < 3 km/s that most likely feature severely overestimated masses, and for the iteratively calculated masses (blue), of the Krüger subset in mass bins of N = 30 particles each. The horizontal error bars indicate the width of the mass bins, and the vertical error bars stem from the uncertainty of the mass determination, scaled by [image: equation]. (See Landgraf 1998, Fig. 5.3, and Frisch et al. 1999, Fig. 2.)

      

    

  
    
      Table D.1. 

      Parameters of the numerical simulations.

      
        


	β
	Q/m
	m
	a



	
	[C/kg]
	[kg]
	[μm]





	0.50
	0.10
	4.05 × 10−15
	7.29 × 10−1



	0.83
	0.18
	1.68 × 10−15
	5.43 × 10−1



	1.00
	0.32
	7.08 × 10−16
	4.07 × 10−1



	1.30
	0.58
	2.90 × 10−16
	3.03 × 10−1



	1.50
	1.05
	1.19 × 10−16
	2.25 × 10−1



	1.50
	1.90
	4.90 × 10−17
	1.67 × 10−1



	1.50
	3.42
	2.03 × 10−17
	1.25 × 10−1



	1.17
	6.16
	8.38 × 10−18
	9.29 × 10−2



	1.30
	6.16
	8.38 × 10−18
	9.29 × 10−2



	0.83
	11.10
	3.47 × 10−18
	6.92 × 10−2



	0.50
	20.00
	1.43 × 10−18
	5.15 × 10−2





      

      
Notes. The table contains the respective simulation’s β-ratio, β; charge-to-mass ratio, Q/m; particle mass, m, and radius, a, assuming a particle density of ρd = 2500 kg/m3 and a surface potential of U = +5 V.



    

  
    
      Fig. D.3. 

      
        [image: thumbnail]
      

      
        Time-dependent detector transfer function, fdet, of the ISD flux that can be measured compared to the ISD flux that reaches Ulysses, for the same four parameter sets as in Fig. D.2, corresponding to particle sizes of a ≈ 2.30 μm (dashed grey line), a ≈ 4.07 × 10−1 μm (dash-dotted navy line), a ≈ 1.67 × 10−1 μm (dotted red line), and a ≈ 5.15 × 10−2 μm (solid blue line), using daily data points.
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