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I. INTRODUCTION 

Over the past ten years a systematic study of the diffuse soft X-ray background has shown that to 
a more or less uniform background, same large scale enhancement regions are superimposed. Without 
discussing deeply the origin of these features we can say that they have a thermal origin : hot phases of 
the interstellar gas can explain the OVI column density measured in U.V. and the soft X-ray emission as 
well. Moreover the detection of X-ray lines as one can expect from a hot plasma has definitely settled 
the mechanism responsible for the X-ray emision (Inoue et ai., 1980, Schnopper et al., 1982>. 
Nevertheless there are some questions, which have not received firm answers yet. These questions 
dealing with temperature distribution ionization equilibrium and elemental abundances would be greatly 
clarified if a fine spectroscopy study of the soft X-ray emission could be done. 

The difficulty of this kind of measurement is that the.observed source is extended with a very low 
surface brightness (on the order of 1 photon cm" s" ster" ). The purpose of this paper is to present a 
new instrument making use of old classical concepts which combines a high, sensitivity and a fine 
spectral resolution. Valuable observations ca.i be made in 10 seconds. 

II. SPECTROMETER DESCRIPTION 

The instrument makes use of some classical focussing property of bent Bragg crystals. First, let us 
remind this property. 

Consider a portion of circularly bent crystal with length AB and an infinitesimal width dx 
perpendicular to the figure plane. The center of curvature is 0. If we put this crystal in a widely 
diverging radiation, each part of the crystal picks up in the incident beam the ray which matches :he 
Bragg relation >.= 2d sin *B • These incident rays and the corresponding diffracted rays are shown on 
figure 1 for a given energy E. The whole crystal contributes to the reflexion if the divergence of the 
incident beam is greater than a, the angle sustended by the Bragg crystal. The diffracted be3m has a 
minimum section somewhere near the point H located on the so-called Rowland circle with diameter 
OM. M is the middle of the AB arc. So, the image of an X-ray line is a small spot on the Rowland circle. 
Another X-ray line will be imaged on an other part of the Rowland circle. 

An X-ray sensitive emulsion bent 
along this circle can record the spectrum 
of the incident radiation with an 
acceptable spectral resolution which is 
only limited by the value of i . This good 
resolution is got at the expense of the 
spatial resolutjon : the information about 
the incidence direction is lost. This 
classical property is used at all 
wavelengths with diffraction settings for 
the spectrometry of extended sources. 
For X-ray applications we can mention 
the work of Johann (1931), Schnooper et 
al. (1969), Schnopper et al. (1976). ' 
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Fig.l View of the spectrometer in the 
symmetry plane. 
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In a second step we still use an infinitesimal width crystal, but we consider now incident X-rays 
out of the figure plane. The preceeding results can be extended : the "image" of a monoenergetic X-ray 
beam is a narrow strip on the Rowland sphere with diameter OB. This strip is comprised between two 
parallel circles of this sphere, perpendicular to the OM axis, distant by a quantity which depends only on 
the acceptance angle i . With a spherical detector (film or position sensitive photon detectors) we get 
an excellent spectrometer but with an infinitesimal collecting area : AB.dx. 

The third step is to generate a spectrometer with a sizeable collecting area. For that we have to 
transform the present system in such a way that the Rowland sphere and its parallels are preserved. 
This can be done by a rotation around the OM axis. Then, with this transform the arc AB generates a 
portion of sphere tangent to the Rowland sphere in M. The image of an X-ray line is unchanged. 

For a practical spectrometer devoted to a space application photon counters will be used : several 
position sensitive proportional counters placed on the Rowland sphere record the diffracted photons. To 
simplify the design of the entrance window made of thin plastic films (0,5 to 1 u polypropylene) the 
counters are oriented perpendicularly to the average diffracted beam rather than tangent to the 
Rowland sphere. Their location on this sphere is optimized for the detection of the most intense lines 
for the energy range E>0.5 keV (OVII, OVHI, FeXVH, NelX). Three detectors are sufficient for that. Of 
course there are some gaps between detectors : the energy range is not uniformly covered. 

III. SPECTROMETER PERFORMANCE 

For the performance evaluation we have considered a TlAp mosaic pannel with the following 
parameters : 
- pannel width = *0 cm 
- 4= 16* 
- curvature radius : 1.3 m 

2 The detectors are three 6 x 12 cm position sensitive proportional counters. 

1) Energy resolution 

Figure 2 shows the image of the most intense lines. A spectral resolution E/ AE of about 200, 100 
and <»0 are respectively achieved for the OVII, OVIII and FeXVII lines. 
2) Sensitivity 

A small infinitesimal area dS of the pannel has a geometrical factor dE equal to : 
dF = dS. sin 5 B . R d 3 .cm 2 ster 
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Fig.2 Image of the strongest lines on detectors. 
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where 

»-4> 
6„ is the Bragg angle 
R is the integrated reflectivity (~3 10""*) 
d 0 the angle sustended by the detector width I seen from the crystal (f ig.3). 
For the whole pannel, the geometrical factor is : 

F~S.R .e/R c '2 10 cm ster 

Fig.3 Geometrical factor for an area 
element dS of the Bragg pannel. n* is 

, perpendicular to dS. R , the integrated 
Jtfecfor reflectivity, is the equivalent acceptance 

angle in the dispersion plane. 

Table 1 shows the counts expected for a 10 second observation on a low equatorial orbit of the 
hot local component (10 K) and the North Polar Spur. One can see that some lines could be detected in 
a much shorter time compatible with a rocket flight. 

TABLE 1 4 

OBSERVATION OF THE HOT LOCAL ISM (T = 10 s) 

Ion Line 
eV cm 

B / a e N D N E N c o « V S/N 

OV1I 
561 
568 
574 

6 
5 
6 

220 36 S 
260 30 8 
200 36 9 

1 
1 
I 

7 
7 
7 

55 
15 

130 

8 
2 

IS 

OBSERVATION OF THE NORTH POLAR SPUR (T » I0"s) 

OVIII 
FeXVII 
NelX 

654 
826 
922 

5 
6 

12 

110 33 13 
50 40 26 
23 84 60 

5 
8 

IS 

8 
9 

12 

300 
110 
45 

37 
12 
4 
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S D detector area involved in the line-detection 
E/ ^p spectral resolution 
Nr. detector background contribution 

extr- -*.uc diffuse component 
N, line contribution 

standard error on total noise count 
signal to noise ratio : N, / 

N E 

•L 
o 
S/N 



3) Field of view. Angular resolution 

These points will be discussed in a forthcoming paper. 

IV. CONCLUSIONS 

A spherically curved Bragg crystal associated with detectors properly located on the Rowland 
sphere can provide the sensitivity and spectral resolution required to make valuable observations of the 
diifuse soft X-ray background. The first laboratory tests are so encouraging that an experiment of this 
kind has been proposed as a passenger for the French satellite 5IGMA. Six european laboratories are 
associated to this soft X-ray experiment : CEN Saclay (F), CSRI (DK), Leiden University (NL), MSSL 
(UK), Space Science Division (ESA) and Utrecht University (NL). 

REFERENCES 

Inoue H. et al. 1980, Ap.3. 238, 886. 
3ohann H.H. 1931, Zeitschr. f. Physik 69» 185-
Schnopper H.W. and Kalata K., 1969, Appl. Phys. Letters L5,. 134. 
Schnopper H.W. et al., 1976, Space Science Inst. 2, 2*3. 
Schnopper'H.W. et al., 1982, Ap.J. 233, 131. 


