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Mathematical and physical parameters of 
extinction curves originated in single 

interstellar cloud
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1. In trod u ction

T he interstellar extinction  o f starlight (observed in the form  o f voids in 
the background o f faint stars) is the most spectacular phenom enon revealing 
the presence o f  diffuse dark m atter in the Galaxy. T he extin ction  is com - 
m on ly  believed to be caused by grains o f interstellar dust. Their physical and 
geom etrica l properties are thus responsible for the wavelength dependence o f 
interstellar extinction  -  the extinction  curve. The extinction  curve certain ly  
contains inform ation  about chemical com position , crystalline structure and 
other properties o f the interstellar dust particles. T he observed great variety 
o f  extinction  curves makes necessary the determ ination o f som e ob jectiv e  
criteria  to facilitate the disussion o f similarities and differences betw een in- 
d iv idual extinction  curves. The another reason for determ ining such criteria 
is the investigation o f relations between the shape o f extinction  curve and 
som e other param eters o f interstellar grains such as chem ical com positions, 
shape and size distributions.

First a ttem pts to param etrize the extinction  curve in the extraterrestrial 
u ltraviolet are these o f Sarage (1975). He found the Lorentz profile as a 
g ood  approxim ation  o f the prom inent 2 2 0 0 A feature. Seaton (1979) used the
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sam e profile to approxim ate his mean extinction  curve. H ow ever, using a 
com bin ation  o f Lorentz function  with polynom ials o f  first and second degree 
he in troduced  m any independent param eters. C arnochan (1986) analyzing 
the spectra  o f  T D -1 satellite reduced the num ber o f the necessary param eters 
to  three using also the Lorentz profile. A nother function  has been proposed  
by  F itzpatrick  and Massa (1986). T hey  divided the spectral rangę in to tw o 
parts, using a different function  in every o f  them . T he far-U V  term  o f  their 
fu n ction  so called “ Drude profile” allows to  approxim ate the observational 
data m ore precisely than the Lorentz one. A lso the physical interpretation  
o f  the derived param eters is m ore straightforward. F itzpatrick  and M assa 
(1988) in troduced an additional higher order term  to  facilitate the fitting. 
B asing on this proposition  Cardelli et al. (1989) in troduced the follow ing  
form uła:

^  =  +  ( i )

in w hich a (A _1 ) and 6 (A- 1) are the tw o term s, em pirically  determ ined  for 
different spectral ranges.

T h ere  are several theories that explain the shape o f  the ex tin ction  law 
caused by the interstellar grains with different chem ical com p osition , shape 
and size.

1. bare silicate/graphite grains —  Draine and Lee (1984), Mathis, Rumpl 
and Nordsieck (1977) (M RN)

2. core/mantle grains —  Greenberg (1989)

3. silicate cores with amorphous carbon mantles —  Duley et al. (1989)

4. composite grains —  Mathis and Whiffen (1989), Tilens (1989)

5. fractal grains —  Wright (1987)

6. biological grains —  Wallis, M .K . et al. (1989)

Ali of the theories can probably explain the observed extinction in generał 
terms, but certain crucial observations, such as the wavelength behaviour 
extinction in the wavelength rangę near the strong silicate absorption bands, 
will probably be able to favour bare silicate/graphite theory (Mathis 1989).
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In this paper we are using M R N  m odel, which can be sim ply com pared  with 
observations.

2. T h e  ob servation al m ateriał and the m eth od  o f reduction

T he great m ajority  o f  observationally determ ined extinction  curves —  
A iello  et al. (1988), F itzpatrick  and Massa (1990) —  concern however, rel- 
atively  distant, heavilv reddened ob jects . Such ob jects  are very likely to 
be obscured  by  several interstellar clouds situated along the sam e line o f 
sight. differing in their physical param eters a n d /or  dust content (K relow ski 
and W egner 1990). T h e  extinction  curves derived from  their spectra are ill- 
defined averages over all observed clouds and therefore - useless as a source 
o f in form ation  concern ing  physical param eters o f dust particles contained 
in any o f them . S lightly reddened stars are m ost likely to be obscured by 
single clouds being quite hom ogeneous m edia. W e accept how ever that Iow 
reddening does not prove that a star is obscured by a single cloud but the 
probab ility  o f  this situation is higher when reddening is lower. W e selected 
several exam ples o f ex tin ction  curves (called ” Zeta” ,” Sigm a” and ” U psilon” 
fam ilies -  see Krelow ski and W egner 1989) from the atlas o f P apaj, W egner 
and K relow ski (1991). Their prim ary data are listed in Table 1 - see also 
W egner, Papaj and K relow ski (1991). The interstellar absorption  in their 
spectra  were proved to be dom inated by single interstellar clouds in cases 
o f  H D ‘ s: 144217.145502 and 147165 - by W esterlund and K relow ski (1988); 
in the case o f 147933 - by  Danks et al. (1984); in the case o f  H D ‘ s 23180, 
149757, and 224572 - by  H obbs (1974,1978); and in the case o f  HD 202904 
- by H obbs (1969). In other cases, Iow reddening suggests that single cloud 
obscu ration  is m ore probab le  than a com bination  o f several clouds. A t least 
in the case o f  HD 44458 no D oppler splitting has been found in the profiles 
o f  diffuse interstellar bands (Porceddu,B envenuti and Krelowski 1991).

O ne o f  possib le ways o f analyzing the extinction  curves consists o f  fitting 
an analytical forlm ula to  the observational points. W e have tried to  fit the 
above ex tin ction  curves in the U V  spectral rangę using the form uła proposed 
by F itzpatrick  and M assa (1986):

A
F d (X 1; a,i, A , Ao. 7 ) =  T  <22A 1 +  — —2----------. (2)

A - ' - ( A J 1) 2 / A -  + y
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T h e F d (A - 1 : a j, a2, A , A0 , 7 ) function fit.s quite well varied extinction  curves 
assiging to  them  sets o f precisely determ ined quantita.tive param eters. On 
Figures 1 —  10 are shown the coparisons o f the U V extinction  curves calcu- 
lated with the (2 ) form ulae with those determ ined observationallv.

T he availa.ble observational materiał also consists o f ph otom etric  data 
from  AN S U V  observations (W esselius et al. 1982), the additional basie pa­
ram eters such as U B V  m agnitudes or spectral types and lum inosity  classes 
are taken from  The Bright Star Catalogue, Hoffleit. and Jaschek (1982). T he 
extinction  values, which are given in Table 2, have been derived using arti- 
ficial standards from  Papaj, Krelowski and W egner (1993). For HD 23180 
and HD 149757 extinction  values have been obtained w ith ” pa.ir m eth od ” 
and standards from  W egner, Papaj and Krelowski (1991).

T he original M RN  m odel assumes that distributions o f the silicate and 
graphite grains ha.ve the same param eters. In our aproach each dust con- 
stituent is characterized by power-law distribution o f grain radii a:

rii(a) — A jn jja ~ p; f o r  a~ <  a <  a f  (3)

norm alized in such way, that the integral f al  rii(a)da  is equal to  the total

num ber density o f particles o f type " i” with radii in the interval \a ~ ,a f]. 
Here, n h is the num ber density o f H nuclei and ” i” can be equal to ” C ” (for 
graphite) or ” Si” (for silicate grains).

3. R esu lts  and discussion

Param eters for stars included in our program m e are listed in T able 3. It 
gives HD num ber, slope and intercept (a 2 and a j) ,  height o f  a bum p (.4 ), 
the bum p central wa.velength ( 1 /A 0), bum p width param etr (7 ), tota l to 
selective extinction  ratio ( R y v ), difference between the largest and the least 
grain size (da — a f  — a “ ) and the power-law index (p) —  equation  (3 ). 
R iiy  is calculated from  param eters o f M RN  m odels attained for the best 
consistency  with observational values o f extinction . L et ’s consider possible 
relations betw een these param eters. T he two param eters, describing the 
linear term  o f the profile —  aj and a 2 —  correlate apparently very tightly  
(F ig. 12). T he slope o f the linear term  in the profile is thus very im portant 
param eter divid ing the extinction  curves into families. Fig. 13, 14 and 15
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show the evident differences o f param eters describing the 3 "fam ilies” being 
c.onsidered in this paper.
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T able 1. P rim a ry  data  for the target stars.

HD S p /L M K B -V E (B -V )

zeta fam ily
23180 B I III B I III 0.05 0.26

149757 0 9 .5  V 0 9 .5  V n 0 . 0 2 0.29
224572 B I V B I V -0.07 0.16

sigm a fam ily
144217 BO.5 V B I V -0.07 0.17
145502 B I V B3 V 0.04 0.27
147165 B I III B2 III +  0 9 .5  V 0.13 0.34
147933 B2 V B2 IV 0.24 0.45

upsilon fam ily
44458 B I V B l V pe -0 . 0 2 0.21

30076 B I .5 V B2 Ve -0.11 0 .10

202904 BO.5 V B 2  V ne -0.11 0.13

Table 2. T h e  extin ction  d ata  for the target stars.

HD kv ka ku k-33 2̂5 ^'22 k\s ki 55

23180 0.0 1.0 1.73 3.25 4.21 6.61 4.57 4.74
149757 0.0 1.0 1.34 3.15 4.08 6.07 4.87 5.36
224572 0.0 1.0 1.75 2.31 4.56 7.08 4.81 4.81

144217 0.0 1.0 1.77 1.84 3.70 6.01 3.48 3.72
145502 0.0 1.0 2.07 2.11 4.11 6.67 3.63 3.15
147165 0.0 1.0 1.75 2.09 3.79 5.88 3.44 2.97
147933 0.0 1.0 1.49 1.58 3.11 5.11 2.73 2.42

44458 0.0 1.0 1.43 1.67 3.95 5.67 7.42 5.76
30076 0.0 1.0 1.50 3.30 6 . 2 0 8 .10 8.20 8.90

202904 0.0 1.0 2.38 2.46 5.73 7.15 7.69 8 .OS
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T able 3 . M a th e m a tic a l and physical extinction  p aram eters o f the  
stars.

HD a i Cl 2 A l /^ o 7 A / l Ii w da P
23180 -4.482 0.836 6.576 4.586 1.250 5.26 3.95 0.265 3.405

149757 -3.803 0.889 3.001 4.569 1.049 2 . 8 6 3.95 0.275 3.370
224572 -3.393 0.810 3.170 4.584 0.926 3.42 3.90 0.271 3.479

144217 -2.023 0.361 2.636 4.568 0.794 3.32 4.80 0.269 3.192
145502 -1.247 0.159 2.897 4.549 0.834 3.47 4.65 0.257 3.282
147165 - 1 . 1 1 2 0 . 1 2 2 3.221 4.570 0.923 3.49 5.15 0.266 3.138
147933 -1.204 0.145 2.978 4.567 0.917 3.25 6.45 0.277 2.882

44458 -5.392 1.255 5.705 4.685 1.466 3.89 6 .00 0.353 3.188
30076 -5.395 1.502 3.477 4.705 1.277 2.72 3.75 0.376 3.790

202904 -5.949 1.268 8.624 4.622 1.696 5.08 4.45 0.396 3.608
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HD 23180

HD 23180

l/lambda

Figurę 1.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
b o ld  line) obta ined  with the assum ption that graphite and silicate grains 
can ha.ve the sam e size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison  o f  the U V  extinction  curves calculated with the (2 ) form ulae (solid 
lines) w ith those determ ined observationally (sm ali dots).
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HD 149757

HD 149757

l/lambda

F igurę 2.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
bold  line) obta ined  with the assum ption that graphite and silicate grains 
can ha.ve the sam e size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison  o f  the U V  extinction  curves calculated with the (2 ) form ulae (solid 
lines) w ith those determ ined observationalły (sm ali dots).
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HD 224572

HD 224572

F igu rę 3.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
b o ld  line) obta in ed  w ith the assum ption that graphite and silicate grains 
can have the sam e size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison  o f the U V  extinction  curves calculated with the (2) form ulae (solid 
lines) with those determ ined observationa.ll}’ (sm ali dots).
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HD 144217

HD 144217

l/lambda

F igurę 4.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
b o ld  line) obtained with the assum ption that graphite and silicate grains 
can ha.ve the same size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison o f the U V extinction  curves calculated with the (2) form ulae (solid 
lines) with those determ ined observa.tionally (sm ali dots).
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HD 145502

F igurę 5.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
bold  line) obta ined  with the assum ption that graphite and silicate grains 
can ha.ve the sam e size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison  o f  the U V  extinction  curves calculated with the (2) form ulae (solid 
lines) with those determ ined observa,tionally (sm ali dots).
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HD 147165
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Figurę 6.
U pper fram e —  the observed extinction is com pared with our best fit (solid , 
bo ld  line) obta ined  with the assum ption that graphite and silicate grains 
can have the sam e size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison  o f  the U V  extinction  curves calculated with the (2) form ulae (solid 
lines) w ith those determ ined observationally (sm ali dots).
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HD 147933

HD 147933

F igurę 7.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
bo ld  line) obtained with the assum ption that graphite and silicate grains 
can have the sam e size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison  o f the U V  extinction  curves calculated with the (2 ) form ulae (solid 
lines) with those determ ined observationally (sm ali dots).
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HD 44458
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Figurę 8.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
bold  line) obtained with the assum ption that graphite and silicate grains 
can ha.ve the sam e size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison o f the U V extinction  curves calculated with the ( 2 ) form ulae (solid 
lines) with those determ ined observationally (smali dots).
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F igurę 9.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
bo ld  line) obtained w ith  the assum ption that graphite and silicate grains 
can ha.ve the sam e size distributions. T he separate contributions o f  silicates 
(dashed line) and graphites (solid line) are also shown. Lower fram e —  the 
coparison o f  the U V  extinction  curves calculated with the (2) form ulae (solid 
lines) with those determ ined observationally (sm ali dots).
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HD 202904
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Figurę 10.
U pper fram e —  the observed extinction  is com pared with our best fit (solid , 
bo ld  line) ob ta in ed  with the assumption that graphite and silicate grains 
can have th e  sam e size distributions. The separate contributions o f  silicates 
(dashed lin e) and graphites (solid line) are also shown. Lower fram e —  the 
coparison  o f  the U V  extinction  curves calculated with the (2) form ulae (solid 
lines) w ith  those determ ined observationally (sm ali dots).



F igurę 11.
Total to  selective extinction  ratio versus colour excess for three fam ilies. D ots 
—  zeta  fam ily, triangles —  sigma fam ily and squares —  upsilon fam ily.

R

a_l

F igurę 12.
Linear relation between and G2 param eters for our fam ilies. Sym bols as 
in Fig. 11.
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F igurę 13.
P osition  o f  the central wavelength A0 o f  the 2 2 0 0 A bum p is plotted  versus da. 
S ym bols as in Fig. 11.
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F igu rę 14.
P osition  o f  the central wavelength A0 o f  the 2 2 0 0 A bu m p is p lotted  versus 
pow er-law  index. Sym bols as in Fig. 1 1 .

i - i — | — i— i— i— |— i— i— i— | — i— i— i— | — i— i— r

m
■

J i i i—L J I I I I I I I L



147

0 . 4

0 . 3 5

ro
"O

0 . 3

0 . 2 5

F igu rę 15.
R elation  betw een power-law index and da for the stars belonging to  three 
fam ilies. Sym bols as in Fig. 11.
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