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8 Abstract

9 The shape of the c-ray line from radioactive 26Al, at 1808.7 keV energy in the frame of the decaying isotope, is determined by its kine-
10 matics when it decays, typically 106 yr after its ejection into the interstellar medium from its nucleosynthesis source. Three prior mea-
11 surements of the line width exist: HEAO-C’s 1982 value of (0 + 3) keV FWHM, the GRIS 1996 value of (5.4 ± 1.3) keV FWHM,
12 and the recent RHESSI value of (2.0 ± 0.8) keV FWHM, suggesting either ‘‘cold’’, ‘‘hot’’, or ‘‘warm’’ 26Al in the ISM. We model
13 the line width as expected from Galactic rotation, expanding supernova ejecta, and/or Wolf–Rayet winds, and predict a value below
14 1 keV (FWHM) with plausible assumptions about 26Al initial velocities and expansion history. We use this model as an input to a mod-
15 el-fitting approach for INTEGRAL/SPI data analysis in the 1808.7 keV line. Our aim is to detect the signature of Galactic rotation and
16 to constrain the contributions of 26Al from different regions of the Galaxy to the total emission, such as putting an upper limit on the
17 contribution of local sources.
18 � 2006 Published by Elsevier Ltd on behalf of COSPAR.
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21 1. Introduction

22 The current sites of active nucleosynthesis in the Galaxy
23 are revealed through the c radiation from the decay of 26Al,
24 a radioactive isotope with a half-life of about one million
25 years that is produced mainly by massive stars. 26Al decays
26 via the b+ mechanism into an excited state of 26Mg, the
27 nucleus emits a c-ray photon with an energy of
28 (1808.65 ± 0.07) keV on deexcitation into the ground state.
29 The main argument supporting the massive star origin of
30 26Al stems from a comparison of the angular distribution
31 of 1.8 MeV emission on the sky with tracers of star forma-
32 tion, such as free–free radio emission (Diehl et al., 1996,
33 Knödlseder et al., 1999, Plüschke et al., 2001).
34 In Kretschmer et al. (2003), we describe a model of the
35 spatial and spectral features expected from the 1.8 MeV
36 emission of Galactic 26Al due to supernova events. We

37aim to illustrate what can be inferred from measurements
38of the 26Al line shape with imaging spectroscopy using cur-
39rent instrumentation – this is chiefly the line’s position and
40its width.

412. 26Al sources in the Galaxy

42We model the spatial distribution of 26Al in the Galaxy
43as a combination of two aspects. On the one hand, we have
44the large scale space density of nucleosynthesis sites pro-
45ducing and ejecting 26Al into the interstellar medium. On
46the other hand, each individual source, in general a super-
47nova remnant or a Wolf–Rayet star, disperses the ejected
48material with a velocity distribution that corresponds to a
49space density distribution changing over the one million
50year timescale set by the decay lifetime of 26Al. Our model
51extends the work of Gehrels and Chen (1996), which con-
52siders only the large scale aspects.
53Comparisons between the all-sky map of 1.8 MeV c-ray
54emission obtained by the COMPTEL telescope and tracers

0273-1177/$30 � 2006 Published by Elsevier Ltd on behalf of COSPAR.

doi:10.1016/j.asr.2006.09.027

* Corresponding author. Tel.: +49 89 30000 3828; fax: +49 89 30000
3569.

E-mail address: kkr@mpe.mpg.de (K. Kretschmer).

www.elsevier.com/locate/asr

Advances in Space Research 38 (2006) 1–4

JASR 8462 No. of Pages 4, Model 5+

13 November 2006 Disk Used XXXXXXXX (CE) / PadmaPriya (TE)
ARTICLE IN PRESS

Please cite this article in press as: Kretschmer, K. et al., 26Al spectroscopy with SPI: The challenge to detect Galactic rotation, J. Adv.
Space Res. (2006), doi:10.1016/j.asr.2006.09.027

mailto:kkr@mpe.mpg.de


55 for ionised gas, such as Ha or free-free emission show good
56 correlation. This is to be expected if massive stars are a
57 major source of ionising radiation. The correlation leads
58 us to adopt a model of the Galactic space density of free
59 electrons as the basis of our large scale 26Al source density.
60 Such a model has been derived by Taylor and Cordes
61 (1993) from pulsar dispersion measure observations and
62 is shown in Fig. 1. Alternative spatial models, such as the
63 smooth, axisymmetric one by Gómez et al. (2001) will
64 probably yield similar line shape results.
65 Like the spatial distribution, the Doppler shifts of the
66 26Al emission can also be separated into a large scale com-
67 ponent due to Galactic rotation and a small scale compo-
68 nent caused by the ejection behaviour of the individual
69 sources. Olling and Merrifield (2000) determined the
70 Galactic rotation curve by fitting radial velocity measure-
71 ments of HI and HII regions with a mass model of the Gal-
72 axy. However, because their fit results depend on the
73 parameters distance to the Galactic centre and local rota-
74 tional velocity, the slope of the curve in the region outside
75 the solar circle is not very well determined. Because our
76 interest lies mainly with the inner part of the Galaxy, we
77 adopted an approximation for the radial dependence of
78 the rotation velocity:

j~vjðRÞ ¼ 220 km s�1 � 1� expð�R=1 kpcÞ½ �8080

81 We assume circular rotation parallel to the Galactic plane,
82 i.e. the velocity vector is perpendicular to the radius vector
83 and parallel to the plane.
84 For the other component of the 26Al velocity, the ejec-
85 tion from the nucleosynthesis source, we concentrate first
86 on the behaviour of supernovae. Recent hydrodynamic
87 simulations of type II supernovae (Kifonidis et al., 2003)
88 find that the expansion of the bulk of nucleosynthetic SN
89 ejecta such as 26Al may have velocities less than
90 1200 km s�1. We represent this by allowing 26Al to expand
91 freely with a velocity of 1500 km s�1 until it reaches the
92 radius of the reverse shock formed by circumstellar interac-

93tion. After this point, with 26Al expanding at the radius of
94the SN blast wave, we obtain a conservative upper limit for
95the radial velocity because 26Al is likely to move slower
96than the forward shock. We use the values of shock posi-
97tions and velocities given by McKee and Truelove (1995)
98for Kepler’s supernova remnant as a model of SNR
99dynamics from circumstellar interaction.
100With these assumptions, the duration of freely expand-
101ing 26Al is �2 kyr. Dissolution of the shell in the ISM
102occurs at an age comparable to the lifetime of 26Al, when
103a significant fraction has therefore already decayed. At
104�40 kyr, when 96% of the 26Al is still left, he expansion
105velocity drops below the characteristic rotational velocity
106of 220 km s�1, meaning that the contribution from expan-
107sion to the overall line width is comparatively small.

1083. Line shape diagnostics

109We implement the above assumptions in a Monte Carlo
110scheme choosing 26Al source locations from a spatial distri-
111bution proportional to the free electron density as mea-
112sured by Taylor and Cordes (1993). The ages of the
113nucleosynthesis events have a uniform distribution within
114the interval [0,107 yr]. The age of the nucleosynthesis event
115thus determines extent and intrinsic velocity of its ejecta, as
116well as their 1.809 MeV luminosity. We represent each
117event by 210 mass elements to reflect its spatial extent.
118From source positions, velocities and intensities, togeth-
119er with the observer at R0 = 8.5 kpc and H0 = 220 km s�1,
120we obtain celestial coordinates and radial velocities for our
12126Al source elements. Direction and radial velocity give us
122the coordinates of the 26Al source mass element in a data
123space of 26Al decay luminosity as a function of longitude,
124latitude and photon energy. A projection of this data vol-
125ume onto the longitude-energy plane results in a map of
12626Al line intensities as a function of Galactic longitude
127and observed photon energy (Fig. 1, right). Intrinsic veloc-
128ity spreads and spatial source distributions lead to a line
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Fig. 1. Left: Model of the free electron density in the galactic plane (Taylor and Cordes, 1993), used as 26Al source density distribution. Dotted lines
represent �60�, �30�, �4�, 0�, 4�, 30� and 60� galactic longitude. Hatched areas illustrate the eastern/western parts of the inner galactic region. Right: 26Al
line intensity as a function of Galactic longitude and c-ray photon energy, with the source longitude profile superimposed.
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