
    
      Table 1 

      Sample composition and parameters for the computation of the optical constants and their extrapolation to short and long wavelengths.

      
        


	Sample name
	Composition
	Density (g cm−3)
	nvis
	Shape
	Axis ratio (a/b)
	λNIR (µm)
	λFIR(4) (µm)





	X35 (1)
	(0.65)MgO–(0.35)SiO2
	2.7
	1.61
	Prolate
	1.5
	5
	1000



	X40 (2)
	(0.60)MgO–(0.40)SiO2
	2.7
	1.52
	Prolate
	1.5
	5
	1000/500/500



	X50A (3)
	(0.5)MgO–(0.5)SiO2
	2.7
	1.55
	Prolate
	1.5
	5
	750



	X50B (3)
	(0.5)MgO–(0.5)SiO2
	2.7
	1.55
	Prolate
	1.5
	5
	750/850/1000



	E10
	Mg0.9 Fe0.1 SiO3 ;Fe3+
	2.8
	1.56
	Prolate
	2
	5
	650



	E20
	Mg0.8 Fe0.2 SiO3 ;Fe3+
	2.9
	1.58
	Prolate
	2
	5
	1000



	E30
	Mg0.7 Fe0.3 SiO3 ;Fe3+
	3.0
	1.62
	Prolate
	2
	5
	650



	E40
	Mg0.6 Fe0.4 SiO3 ;Fe3+
	3.1
	1.65
	Prolate
	2
	5.4
	750



	E10R
	Mg0.9Fe0.1 SiO3 ; Fe2+
	2.8
	1.56
	Prolate
	2
	5
	800



	E20R
	Mg0.8 Fe0.2 SiO3 ;Fe2+
	2.9
	1.58
	Prolate
	2
	5
	800



	E30R
	Mg0.7 Fe0.3 SiO3;Fe2+
	3.0
	1.62
	Prolate
	2
	5
	900



	E40R
	Mg0.6 Fe0.4 SiO3;Fe2+
	3.1
	1.65
	Prolate
	2
	5
	850





      

      
Notes. (1)Mean composition close to Mg2SiO4.(2)Intermediate composition between MgSiO3 and Mg2SiO4.(3)Mean composition of MgSiO3 ; the two samples have different structures at the nanometer scale. (4)If more than one value is indicated, they correspond to the spectra measured at 300 K, 100 K, and 30–10 K respectively, otherwise the same value for λFIR is adopted for all the temperatures.




    

  
    
      Fig. 1 
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        Sample sizes and shapes. Left panel: image of the glassy Mg-rich sample taken with a scanning electron microscope, the scale bar in the lower right is 1 µm. Middle panel: image of the solgel Fe-rich sample E20 taken with a transmission electron microscope, the scale bar is 100 nm. Right panel: black line shows the normalised size distribution measured for sample E30, Mg0.7 Fe0.3 SiO3. The red histogram-like curve shows the size distribution adopted in order to study the impact of the grain size distribution on the optical constants calculation (see Sect. 5).

      

    

  
    
      Fig. 2 
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        Optical constants for the Mg-rich silicate samples at temperatures of 10 K (blue), 100 K (green), 200 K (orange), and 300 K (red).

      

    

  
    
      Fig. 3 
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        Optical constants for the Fe-rich silicate samples at temperatures of 10 K (blue), 100 K (green), 200 K (orange), and 300 K (red).

      

    

  
    
      Fig. 5 
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        Influence of the assumed value of the refractive index at short wavelengths (nyis) on the calculated optical constants (left and middle panels) and on the computed MAC (right panel) for all samples and temperatures (continuous lines: 10 K, dashed line: 100 K, dotted-dashed lines: 200 K, triple dot-dashed lines: 300 K). The assumed refractive indices in the visible are: [image: equation] (blue lines) and [image: equation] (red lines).

      

    

  
    
      Fig. 6 
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        Effect of an error on the grain shape assumption on the calculation of the optical constants for glassy Mg-rich samples at 10 K and on the resulting MAC. The results are shown for different grain shapes: spherical (dark blue), prolate (thick lines), and oblate (thin lines) with axis ratios, a/b, of 1.2, 1.35, 1.65, 1.8, and 2.1. From left to right, the figures show the resulting errors on n, k, and the MAC.

      

    

  
    
      Fig. 7 
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        Effect of an error on the grain-shape assumption on the calculated optical constants for Fe-rich samples at 10 K and on the resulting MAC. The results are shown for different grain shapes: spherical (dark blue), prolate (thick lines), and oblate (thin lines) with axis ratios, a/b, of 1.2, 1.6, 1.8, 2.2, 2.4, and 2.8. From left to right, the figures show the resulting errors on n, k, and the MAC.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Effect of neglecting the size distribution in the calculation of the optical constants. Calculations are made on a spectrum simulated using optical constants of amorphous forsterite silicates from Jäger et al. (2003) assuming a prolate grain shape with an axis ratio of 2 and a size distribution similar to the one measured experimentally. The top panels of the two left figures show the refractive index, n, and the absorption coefficient, k, from the database (black lines) and those derived from the simulated MAC (red lines); the bottoms panels show the error made on n and k. The right figure shows the simulated MAC (black line) and the new MAC calculated from the n and k derived from the simulated MAC (top panel) and the error made on the MAC (bottom panel).

      

    

  
    
      Fig. 10 
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        Temperature interpolation of the optical constants for sample X35. The two upper panels show the comparison of k (upper left) and n (upper right) calculated from the measurements at 10, 100, 200, and 300 K (blue, green, orange, and red curves, respectively) with the interpolated ones (black dashed lines) together with their associated error. The two lower panels show k (lower left) and n (lower right) at temperatures from 10 K to 300 K. The interpolated optical constants are shown by the dashed lines and those calculated from measurements are the continuous lines.

      

    

  
    
      Fig. 11 
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        Comparison of the optical constants of magnesium-rich samples at 10 K with the silicate components of cosmic dust models: X35 (continuous black line), X50A and X50B (dashed lines), and X40 (dotted-dashed line), compared to that for the amorphous forsterite-type (dark blue line) and enstatite-type (light blue line) silicates used in the THEMIS model and to the astrosil (green line).

      

    

  
    
      Fig. 12 
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        Comparison of the MAC for the silicate components of cosmic dust models with the MAC of the Mg-rich samples. The MACs are calculated for a prolate grain with an axis ratio a/b = 1.5 in the Rayleigh limit. Left panel: Astrosil (green line) and THEMIS (dark and light blue lines) compared with each of the four Mg-rich silicate samples (dark lines). Right panel: Astrosil (green line) and THEMIS (dark and light blue lines) compared with the average of the four Mg-rich samples (red line) and the average of the X35, X50A, and X50B samples (orange line).

      

    

  
    
      Table 2 

      Comparison of the averaged mass absorption coefficient of Mg-rich samples with the MAC for the silicate components of the THEMIS model and of the astrosil.

      
        


	
	100µm
	250µm
	500µm
	850µm
	1 mm





	〈 MAC1 〉/MACthemis
	2.1–2.3
	2.8–3.0
	3.0–3.3
	3.3–3.7
	3.5–3.8



	〈 MAC1 〉/MACastrosil
	2.0
	2.7
	3.1
	3.0
	2.9



	〈 MAC2 〉/MACthemis
	2.0–2.2
	2.1–2.2
	1.6–1.8
	1.5–1.6
	1.4–1.5



	〈 MAC2 〉/MACastrosil
	1.9
	2.0
	1.7
	1.3
	1.2





      

      
Notes. 〈 MAC1 〉 represents the MAC averaged over the four samples X35, X40, X50A, and X50B. 〈 MAC2 〉 represents the MAC averaged over the sample X35 and the mean of the X50A and X50B samples. The two values for 〈 MAC1 〉/MACthemis correspond to the amorphous forsterite-type and enstatite-type silicates of the THEMIS model, respectively.




    

  
    
      Fig. A.1 
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        Optical constants for the Mg-rich silicate samples as a function of temperature: 10 K (blue), 100 K (green), 200K (orange), and 300 K (red), with their associated total uncertainties (shaded area).

      

    

  
    
      Fig. A.2 
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        Optical constants for the Fe-rich silicate samples as a function of temperature: 10 K (blue), 100 K (green), 200 K (orange), and 300 K (red), with their associated total uncertainties (shaded area).

      

    

  
    
      Fig. A.3 
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        Optical constants for the reduced Fe-rich silicate samples as a function of temperature: 10 K (blue), 100 K (green), 200 K (orange), and 300 K (red), with their associated total uncertainties (shaded area).

      

    

  
    
      Fig. B.1 
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        Optical constants for the Mg-rich silicate samples as a function of temperature: 10 K (blue), 100 K (green), 200 K (orange), and 300 K (red). The dashed lines show the extrapolated n and k outside the wavelength range of the spectroscopic measurements.

      

    

  
    
      Fig. B.2 

      
        [image: thumbnail]
      

      
        Optical constants for the Fe-rich silicate samples as a function of temperature: 10 K (blue), 100 K (green), 200 K (orange), and 300 K (red). The dashed lines show the extrapolated n and k outside the wavelength range of the spectroscopic measurements.

      

    

  
    
      Table C.2 

      Parameters Bi for the interpolation of k with the temperature.

      
        


	
	X35
	X40
	X50A
	X50B





	B0
	-1.77941
	-0.763913
	-0.711429
	-1.34416



	B1
	0.00382619
	-0.000584345
	6.13839e-06
	0.00360042



	B2
	-0.000444882
	4.36954e-05
	-1.21576e-05
	-0.000415103



	B3
	1.60200e-05
	-1.35571e-06
	5.52623e-07
	1.49386e-05



	B4
	-2.11636e-07
	1.82103e-08
	-7.51126e-09
	-1.98052e-07



	B5
	1.39624e-09
	-1.18050e-10
	5.10392e-11
	1.30725e-09



	B6
	-4.98240e-12
	4.06062e-13
	-1.88955e-13
	-4.66199e-12



	B7
	9.23759e-15
	-7.19782e-16
	3.64151e-16
	8.63537e-15



	B8
	-6.99977e-18
	5.20154e-19
	-2.86281e-19
	-6.53681e-18



	
	E10
	E20
	E30
	E40



	B0
	-2.10829
	-1.79874
	-1.37358
	-0.865443



	B1
	-0.00282659
	0.00496601
	-7.61072e-05
	-0.00160168



	B2
	-4.95562e-05
	6.80127e-05
	-3.47446e-05
	-8.00290e-05



	B3
	2.23095e-06
	-2.79818e-06
	1.71218e-06
	3.37313e-06



	B4
	-2.82256e-08
	3.73929e-08
	-2.32938e-08
	-4.49327e-08



	B5
	1.89849e-10
	-2.50987e-10
	1.59461e-10
	3.02241e-10



	B6
	-7.10639e-13
	9.17059e-13
	-5.96980e-13
	-1.10943e-12



	B7
	1.39156e-15
	-1.74437e-15
	1.16400e-15
	2.12127e-15



	B8
	-1.11132e-18
	1.35496e-18
	-9.24940e-19
	-1.65593e-18



	
	E10R
	E20R
	E30R
	E40R



	B0
	-1.05712
	-0.283288
	-2.25928
	-0.484317



	B1
	0.00342552
	0.000722081
	0.0118293
	0.00313481



	B2
	5.37581e-06
	-3.08444e-05
	-0.000196327
	0.000261087



	B3
	-1.29599e-08
	8.66218e-07
	7.52955e-06
	-9.58241e-06



	B4
	-9.91118e-10
	-1.08170e-08
	-1.03664e-07
	1.26258e-07



	B5
	9.73318e-12
	6.80201e-11
	6.93325e-10
	-8.34625e-10



	B6
	-4.27986e-14
	-2.28765e-13
	-2.49065e-12
	2.99118e-12



	[image: equation]
	9.29408e-17
	3.96458e-16
	4.64027e-15
	-5.57403e-15



	B8
	-8.00080e-20
	-2.79818e-19
	-3.53060e-18
	4.24534e-18





      

    

  
    
      Table C.3 

      Parameters Ci,j and λcut (µm) for the interpolation of n with the temperature.

      
        


	Sample
	λcut (µm)
	C0,*
	C1,*
	C2,*
	C3,*
	C4,*





	
	
	0.369289
	4.23448e-05
	-2.97006e-09
	-4.57994e-13
	4.31452e-17



	
	
	0.00162165
	-4.04859e-06
	1.90709e-09
	-2.99994e-13
	1.52380e-17



	X35
	700
	-0.000285441
	6.19443e-07
	-2.94318e-10
	4.70445e-14
	-2.40857e-18



	
	
	1.59422e-05
	-3.19213e-08
	1.49219e-11
	-2.37573e-15
	1.21414e-19



	
	
	-2.83148e-07
	5.27905e-10
	-2.39178e-13
	3.77860e-17
	-1.92725e-21



	
	
	0.355562
	4.98757e-06
	4.55709e-09
	-4.41670e-13
	1.09071e-17



	
	
	0.000312686
	5.05894e-07
	-2.27231e-10
	3.10411e-14
	-1.33888e-18



	X40
	1900
	-6.91695e-05
	-7.16158e-08
	3.29694e-11
	-4.20651e-15
	1.70653e-19



	
	
	2.67311e-06
	6.04336e-09
	-2.61881e-12
	3.22174e-16
	-1.23395e-20



	
	
	-3.60552e-08
	-1.26708e-10
	5.50867e-14
	-6.76692e-18
	2.56606e-22



	
	
	0.370630
	-1.61102e-05
	1.74702e-08
	-3.16679e-12
	1.68045e-16



	
	
	-0.00153840
	7.15684e-06
	-3.98608e-09
	7.07782e-13
	-3.97369e-17



	X50A
	600
	8.44297e-05
	-8.54571e-07
	5.02182e-10
	-9.00154e-14
	5.06358e-18



	
	
	-9.38403e-07
	3.92471e-08
	-2.35561e-11
	4.25758e-15
	-2.40424e-19



	
	
	-1.80534e-08
	-6.07714e-10
	3.66824e-13
	-6.65944e-17
	3.77334e-21



	
	
	0.291927
	4.54945e-05
	-1.96681e-10
	
	



	
	175
	0.000144810
	-1.01807e-06
	8.48279e-11
	-
	-



	
	
	-1.47214e-05
	2.13280e-08
	-1.19527e-12
	-
	-



	E10
	
	0.454723
	1.43063e-06
	-5.12403e-10
	2.65641e-14
	



	
	
	-0.00189216
	4.65902e-06 -
	9.87335e-10
	6.27582e-14
	-



	
	1200
	4.61189e-05
	-1.40322e-07
	3.43893e-11
	-2.35977e-15
	-



	
	
	-5.99311e-07
	1.84060e-09
	-4.37328e-13
	3.04827e-17
	-



	
	
	0.303521
	1.58975e-05
	1.07446e-08
	-2.11759e-12
	1.03193e-16



	
	
	-0.00348286
	3.87721e-06
	-1.34805e-09
	1.85428e-13
	-8.54107e-18



	E20
	950
	0.000493440
	-5.19204e-07
	1.62986e-10
	-2.16487e-14
	9.96719e-19



	
	
	-2.52135e-05
	2.59807e-08
	-7.91240e-12
	1.04137e-15
	-4.78603e-20



	
	
	4.10722e-07
	-4.29314e-10
	1.31039e-13
	-1.71048e-17
	7.80037e-22



	
	
	0.289103
	4.06453e-05
	1.82651e-09
	-9.75425e-13
	5.49498e-17



	
	
	0.0230209
	-1.10844e-05
	1.46127e-09
	-2.54755e-14
	-3.17078e-18



	E30
	1000
	-0.00380266
	2.06731e-06
	-3.48739e-10
	1.99446e-14
	-1.99619e-19



	
	
	0.000209123
	-1.22496e-07
	2.30080e-11
	-1.62835e-15
	3.46314e-20



	
	
	-3.64811e-06
	2.23781e-09
	-4.45059e-13
	3.45245e-17
	-8.78266e-22



	
	
	0.345753
	2.51081e-05
	7.58865e-09
	-1.85812e-12
	9.88297e-17



	
	
	-0.00331237
	4.09577e-06
	-1.41252e-09
	1.83864e-13
	-8.02126e-18



	E40
	650
	0.000441963
	-5.86659e-07
	2.06129e-10
	-2.68441e-14
	1.17311e-18



	
	
	-2.10372e-05
	2.81631e-08
	-1.01798e-11
	1.37669e-15
	-6.20162e-20



	
	
	3.24317e-07
	-4.50714e-10
	1.66822e-13
	-2.29372e-17
	1.04671e-21



	
	
	0.283509
	6.21468e-07
	1.82945e-08
	-3.22552e-12
	1.57445e-16



	
	
	-0.00160464
	2.06506e-06
	-8.75247e-10
	1.19234e-13
	-5.41886e-18



	E10R
	750
	0.000160037
	-3.99429e-09
	-2.78930e-11
	7.66229e-15
	-4.79439e-19



	
	
	-7.69713e-06
	-6.43001e-09
	4.86659e-12
	-9.02578e-16
	4.93893e-20



	
	
	1.24242e-07
	1.56065e-10
	-1.06439e-13
	1.86961e-17
	-9.99181e-22



	
	
	0.286205
	3.86873e-05
	-3.45899e-10
	
	



	
	250
	0.000185806
	-1.49199e-07
	1.48446e-11
	-
	-



	
	
	-8.79273e-06
	-5.70200e-09
	1.55098e-12
	-
	-



	E20R
	
	0.465402
	4.73369e-06
	-1.60286e-09
	2.96056e-13
	



	
	
	-0.000102724
	-8.85351e-07
	3.33436e-10
	-3.95540e-14
	-



	
	950
	-3.70759e-06
	1.44039e-07
	-4.91816e-11
	5.53056e-15
	-



	
	
	2.90672e-07
	-3.23663e-09
	1.17669e-12
	-1.31112e-16
	-



	
	
	0.313227
	1.66762e-05
	1.04173e-08
	-2.05911e-12
	1.00058e-16



	
	
	-0.00487897
	3.96007e-06
	-1.27857e-09
	1.56551e-13
	-6.47686e-18



	E30R
	1000
	0.000643109
	-4.73774e-07
	1.37489e-10
	-1.55152e-14
	6.14124e-19



	
	
	-3.16418e-05
	2.11753e-08
	-5.50482e-12
	5.87376e-16
	-2.24657e-20



	
	
	5.06526e-07
	-3.20817e-10
	7.55759e-14
	-7.47099e-18
	2.68804e-22



	
	
	0.328945
	2.61617e-05
	4.84095e-09
	-1.22844e-12
	6.14259e-17



	
	
	0.00123525
	-5.85481e-07
	2.26149e-11
	5.49969e-15
	-3.48379e-19



	E40R
	900
	-0.000189193
	9.84340e-08
	-6.98533e-12
	-1.81117e-16
	3.10827e-20



	
	
	8.28390e-06
	-4.06859e-09
	-6.09666e-14
	9.10942e-17
	-5.94872e-21



	
	
	-1.22710e-07
	4.91876e-11
	9.11209e-15
	-2.90851e-18
	1.68421e-22





      

    

  
    
      Table C.4 

      Parameters for the interpolation of n with the temperature for the X50B sample.

      
        


	Sample
	λcut
	C0,*
	C1,*
	C2,*
	C3,*
	C4,*





	
	
	0.364925
	2.38971e-06
	3.49962e-09
	-4.42292e-13
	1.42006e-17



	
	
	-0.00172021
	-1.83862e-07
	4.99537e-10
	-1.07578e-13
	6.31790e-18



	
	
	0.000229433
	-2.22702e-10
	-4.71730e-11
	1.07137e-14
	-6.35744e-19



	
	
	-1.13573e-05
	6.46914e-10
	1.97760e-12
	-4.55778e-16
	2.67421e-20



	X50B
	850
	1.79178e-07
	-5.08483e-12
	-3.31158e-14
	7.22734e-18
	-4.08760e-22



	
	
	E0
	E1
	E2
	E3
	E4



	
	
	-0.00342689
	4.86813e-05
	-5.13022e-06
	1.79511e-07
	-2.36441e-09



	
	
	E5
	E6
	E7
	E8
	-



	
	
	1.55339e-11
	-5.51124e-14
	1.01526e-16
	-7.64389e-20
	-
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