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Interstellar Dust:

* The radiation shield for forming stars
* The building blocks of p}ﬂ\ets &




Interstellar Dust

® How do we measure its distance!
® What is its distribution in the Galaxy?
® What is it made of?
* What is the grain size distribution?
* What it its mineralogy!?
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SMALL-ANGLE SCATTERING OF CELESTIAL X-RAYS
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The theory of scattering of
measurable fraction of celestia

increase in the apparent angular width of celestial X-ray sources.

Recently celestial X-ray sources

(Giacconi, Gursky, Paolini, and Rossi 1962, 1963; Bowyer, Byram,
man 1964), and it has been suggested that some of them may be neu
would appear as point sources in orbiting X-ray telescopes nOW

pose of this paper to point out that if
information about interstellar grains.
cally by 1’ to 1°, making a point sour

X-rays by grains is reviewed, and it is shown that in typical situations a
1 X-rays will have been scattered. This will appear observationally as an

ce appear to be surrounded by a diffuse source. An

ABSTRACT

of unexpected intensity have been discovered
Chubb, and Fried-

tron stars. These
being built. It is the pur-
neutron stars exist their images will yield valuable

The grains will scatter some of the X-rays, typi-

appreciable fraction of the X-rays can be in the diffuse component, as one can see by

comparing the

Hulst (1957). However,

in usual astrophysical situations, so 1

For X-rays the index of refraction of matter
the electron density, p is

where pe 18

iuN/4m,
classical electron

material, 7, is the
X-rays in ice this 15 —

and shifted in phase only very slightl
respect to the ‘ncident wave are small after passing through a grai

the scattered wave is the sum of the Thomson scattering amplit

in the grain:

(0) = refplr) exp

e the initial and final propagation vectors and s(r) is the distance the
incident wave has traveled within the grain to get to point 7.

where k; and ky ar

The scattering amplitude
the scattering amplitude is
[i(ky — ko)
it is always a good approximation

We may evaluate the differential

cross-section for small-angle scattering with that for optical extinction,

which is roughly the geometrical cross-section of a grain.

The calculation of the cross-section is well known, and i
the approximations involved are different from those involved

t is treated very well by van de

t may be worthwhile to review them here.

differs from unity by — et N/ 2w +
the linear attenuation coefficient of the
radius, and X is the X-ray wavelength. For 3-A

‘o —1.35 X 10~° + 1.58 X 10~ 74, so small that X-rays are refracted

y. So long as the attenuation and phase shift with
n, the amplitude of

udes for all the electrons

li(ky — Ri)*T — us(r)/21dr,

the grain because

the shape of
1 g, such that exp

very sensitive to
angles,

.7] =~ 1 throughout the grain. \For the small scattering angles of interest here,
that kf

—_ ki\ = \k%\O = 271'9/)\.
scattering cross-section for spheres of radius a:

do _ . _ 22 sinac——oc_gp_s_‘og2
ooy r=8e (5) [T I

where ¢ is the total scattering cross-section,
o = 2ma(prNa)* + (wa/2))

and x is the ratio 6/ (\/a).
* This work was supported by the Nati

onal Aeronautics and Space Administration.
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THE SIZE DISTRIBUTION OF INTERSTELLAR GRAINS

Joau S, Manes, Wauav Ruvre, Ao Kossern H. Nomosincx
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ABSTRACT

The observed interslellsr catinktos over the wavekngth raage Ol um < A < | um wn
fesed with a very genecal partiche uae ditriduton of wacoated graphite, enstatite, olvine, slxon
carbide, ton, and magsetite. Combination of these matenals, up 1o hree at a time, were con-
udirad. The counic abundances of the vanoes comtituents werg Laken o 20000t 35 COnstralnts
o Lhe possibie datributions of partiche sires

Excellent fits to the mtervicliar extnction, including the narmowsew of e A2100 featere
proved possiie. Geaphite was & se0essary componeat of any pood misture, Dot it could be used
with any of the other malterials. The particie sae Sstribution are roughly power law is natuee,
Wi an exponeat of about ~ 1.3 10 ~ 3 6. The sae range for graphite is adout 0,005 .m 50 aboss
| pems. The size disteidution for the other materiah is alw sppeoimately power lew in naluee,
with the same exponent, but there is a sarrower rasge of sings: about 0.005-0 25 wum, depending
on the material The surmber of larpe partcies o aot well determenad, bocause they are gray
Simibarly, the nember of wmall particies is not well desermined bocamse they ase @ the Rayeigh
Resit. This powerdaw distnbetion & drastically diferent from as Oort-van de Halst Sstribution,
which & much more dowly varyiag for small parsches but drops mech faster for partches larger
han average.

The extinction was aho fitted with spherical graphite particies ples cytnders of cach of the other
materiak. Lintar and ciroslar polarizations were then determined foe the cybnders on the assump-
tion of Davis-Grocastan alignmest. The cxtmction wan stnfactiory, bet the liscar polariza-
thon reached a maximem o the uliraviokt (adout 1600 AL This is Decasse the misture contans
rany snall partickes. I the seall particies are a0l cloagated or akgnod, the wavekngth depend-
once of the polarization can be fosed, but the larper particios which are algned do aot provide
coough polanzation per magreiude of ealinctios. However, a il 10 polarization and calinctos
can be achueved if the matenal resposaidle for the polancation contnibstes only a small part of
the extinction Bet comuists of fmrly large particies and is very well alignad. Declectric partiches
with coatings could aho provide the polarization

Sulyect Acadings: miersiellas | matier - polarization — sliraviolet. spectra



SGR 1E 1547.0-5408
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GRE 031203 XMM—Newton observation

£5A, S. Voughon (University of Leicester)
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Circinus X-|

® An extraordinary X-ray source

® Distance unknown (5 to |5 kpc)




The MAXI all sky X-ray movie



Cir X-1 wakes up...

Chandra ObsID 15801
Chandra ObsID 16578

2—-4 keV MAXI count rate
(O]
|

...and goes back to sleep






Dust Scattering Geometry:

Dust cloud
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Dust echoes
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® Multiple rings = multiple clouds

® Broad rings = extended lightcurve
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Where is the Dust!

Distance scale?
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Dust Scattering Geometry:

Dust cloud
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Chandra spectra:
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The XMM View
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® Best fit distanc
Dcir = 94700k
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V404 Cygni
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V404 Cygni
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Chandra (DD 1-2)
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8 Clouds
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Grain Size Distributions

Mathis, Rumpl, & Nordsieck 77
Weingartner & Draine '01
Zubko, Dwek, & Arendt '04
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Fit:

® Dust slope:
* Best fit:a ~ 4.0

* A bit steeper than
classic MRN

® Dust size:

* amax > 0.15m

® Composition:
* Standard graphite/

silicate mix, no ice

Energy 0.8keV

\\
\\
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LMC, R=2.6
MW, R=3.1
MW, R=3.1, b.=6
SMC, R=2.9
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MRN

MRN

0.. = 695.2 arcsec

LMC, Ry=2.6
MW, Ry =3.1
MW, Ry =3.1, b,.=6
SMC, Ry=2.9
ZDA, Ry=2.9
MRN

Fit
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Constrained 2D Lucy-Richardson
Deconvolution
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Big field of view
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What does the
future hold!?
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