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ABSTRACT

The theory of scattering of X-rays by grains is reviewed, and it is shown that in typical situations a
measurable fraction of celestial X-rays will have been scattered. This will appear observationally as an
increase in Lthe apparent angular width of celestial X-ray sources.

Recently celestial X-ray sources of unexpected intensity have been discovered
(Glacconi, Gursky, Paolini, and Rossi 1962, 1963; Bowyer, Byram, Chubb, and Fried-
man 1964), and it ha,s been suggested that some of them may be neutron stars These
woul s in orbiting X-ray telescopesmow being builf Tt is the pur-
pose of this paper to point out that if neutron stars exist their images will yield valuable
information about interstellar grains. The grains will scatter some of the X-rays, typi-
cally by 1’ to 1°, making a pmnt source appear to be surrounded by a diffuse source,

€ can"See by
companng the cross-section for small-angle scattering with that for optical extinction,
which is roughly the geometrical cross-section of a grain.




Theoretical Approach

(no instrument available)
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Distance Determination of Variable X-ray Sources

¥, Trilmper
Astronomisches Institet der Universitiit Tibingen

V. Schonfelder

Mlax-Planck-Instidul fr Extratereestnsche Physik Garching bel Minchen

Summary. A new method & described for the direct
determination of the peometric distance of X-ray
sources. The method is applicable to variable X-ray
sources and implies the existence of an M-ray halo,
which is formed by scaltering on interstellar dust. Time
structures are delayed and smearsd out in the halo.
Sinee the time scales involved depend linearily on the

source distance the latter can be determined by measur=
ing damping effects across the halo, Also, information
can be obtained about the dust density distribution
along the ine of sight.

Key words: X-ray astronomy— variable X-ray sources -
source distances — intersiellar dust.
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Einstein Observatory

comparing radial surface brightness distribution
with instrument's point response function

"competitor": microroughness of mirror system
leads to instrumental halo

B B Fwdenc,e for detecnon
of dust halos has been obtamed by comparing the apparent surface bnghtness in images of four
low-latitude galactic center sources with the surface brightness prcdlcted from the telescope point

response function and the simultaneously measured source spectra,

TABLE1
X-RAY SOURCE CHARACTERISTICS
Line of Sight Hydrogen Column Measured
Galactic in Dust Lane Density Fraction of
Source Latitude (kpc) (em™ ) X-Rays in Halo
GX 13+1 (4U 1811 —-17) .... 0208 >10 1.5x10% 0.18 +0.02
GX 3+1 (4U 1744 - 26) ... .. 0.83 6.9 7x10% 0.19+0.01
GX 9+1 (4U 1758 - 20)...... 1.15 5.0 7x10% 0.13+0.01
GX 17+2(4U 1813 -14) .... 1.28 46 gx 102 0.21+0.01
GX 9+9(4U 1728 - 16)...... 903 0.6 1.7 %107 0.03+0.01
LMC X-3 (4U0538—-64) ... —32.05 0.2 6x10%
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MEASUREMENTS OF X-RAY SCATTERING FROM INTERSTELLAR GRAINS
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ABSTRACT

We report on the resolts of an Einstein Observatory imaging proportional counter investigation of the halos
produced by the scattering of X-rays from interstellar grains of four compact Galactic (low-latiiude) and two
extragalactic (high-latitude) X-ray sources. We find that the intensity of these halos correlates well with (1) the
amount of visnal extinction and (2} the distance through the Galaxy’s dust layer: quantities which measure the
column density of grains to a given source. From this result, and from the size and shape of the halos from
the Galactic sources, we are able to derive a number of grain parameters in the context of two alternate grain
size distributions: the Mathis-Rumpl-Nordsieck (MRN) and the Oort-van de Hulst distributions, either of
which is capable of producing the Dbserved halos. Though no single grain size is capable of producing the

_pro yroduce the correct halo_intensities. From the addltlonaT parametcrs detcrmmed from the size and shape of" )
the halos, we find results concerning the amount of material in grains which are in general agreement with the
| observed depletion of the clements from the gas phase of the interstellar medium, as well as with the detailed

Ipredlctlons of the MRN size dlstnbutlon o — — -

Sub_;ect keadmgs - interstellar: grains — X-rays: sources



Rayleigh-Gans approximation +
"Gaussian form factor":
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ROSAT (1991)

ROSATPSPC - "experimental" separation between
MOND ¢ Ga(5-1. mirror and dust scattering:

Lunar occultation of GX 5-1

Predehl et al. 1992, Science 257, 935
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X-raying the interstellar medium: ROSAT observations
of dust scattering halos
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1998: End of ROSAT era

One X-ray source never been observed
with an imaging telescope

Still a white spot in ROSAT all-sky survey...
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SOFT X-RAY SCATTERING AND HALOS FROM DUST
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ABSTRACT

Small-angle scatterings of X-rays by interstellar dust particles create halos arowd X-ray sources. The
hale miensity and its projected radial dstrnbution around a source can provide imporiant information
on the spatial distribution of the dust along the line of sight to the source and on the physical propertics
of the seattering dust particles. Halos aroind X-ray point sources have been used by several anthors to
infer that the scattering dust particles are fiuffy in nature, consisting of aggregates of smaller refractory
partickes with vacuum oceapying a significant fraction of their volume, The nature and morphology of
interstellar dust particles has recently gained new importance, since fuffy, composite dust particles have
been sugpested as a possible solution (o the interstellar carbon “crms” This onsis reswlts from the dis-
crepancy between the abundance of carbon in the inferstellar medivm available for creating dust and the
significantly larger amount of carbon that must be in dust in order to gccount for the UV-optical u:tl:r-
gellar extinction i the diffuce ISM] Previous studies of X-ray scattering have used the Rayleigh-Gans

G) approximation to the dxﬂ‘erennal scattering cross section to calculate halo properties. However, the'
vnhdu)r of the RG approximation fails for energies below 1 keV. We use the exaci Mie sefution for the
ditferential scattering cross section and find that, for these encrgies, the scatfering becomes mucl lesm
cefficient than is predicted by the RG approximation! Furhermore, The effects of K and L shell absorp-
tion by afoms m he dust Become mportant. The net effect i that the RG approximation systematically
and substantmlly overestimates the miensity of the halo below 1 keV, relative to the Mie solution result.
In particukar, Mathis and coworkers used the weaker than Expal:t-ad halo intensity observed around
Mova Cypni 1992 to conclede that interstellar dust muest be Auffy. Usmg the Mie solution to the scat-
tering intensity and ircluding the effecis of absorption, we find that, contrary to the conclusion of
Mathis and coworkers, the halo around Nova Cygni 1992 does not reguire inferstellar dust grams 1o be
fuffy in nature and that the data are consistent with scattering from a mixture of bare refractory silicate
and carbon grams as well
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2000: Chandra & XMM-Newton

Improved spectral resolution

However: pileup




First Detection of Scattering Features

Interstellar Dust Scattering Features
. . - .

HFJ“F{T{\ H’lﬁf&w Modelling yields
2zl REE B

Mg i pyroxenes Fe, ,Mg,SiO;
]

Costantini et al. 2004

olivines Fe, ,Mg,Si0Oy

O

=
2 o001
I

N




Chandra measurement of the geometrical distance to Cyg X-3 using
its X-ray scattering halo

F. Predehl’, V. Barwitz', F. Paercls®, and J. Trimper!
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Abstract. Using Chandra-HETGS data of Cyg X-3 we sue-
ceedad for the first ime 1 applying a method, devels 27
years ago, o dirsctly determine the geometric distance to X-ray
sources. The method implies the existence of a hale of radia-
ticn scattered on interstellar dust. Any intensity vanations of
the source itself appear delayed and smeared out in the halo. By
alysing and mr_r:-fiﬁﬁ?ﬂ'tc X-ray lightcurves at different -
dial distances from the source, we could detemmine the distance
[toCye X3 tobe approximately9 kpe £venthotigh theswnsfics—
n this datmser are Treager the usetulness and the possibilities of — Fig. L. Scaitering geometry
thiz method are convincingly demonstrated.
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XMM-Newton
Expanding Galactic X-ray halo around GRB 031203

xd; = 2900 LY (Gum Nebula)
xd, = 4500 LY

Vaughan et al. 2004



