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Origin of the 26Al line shape

The shape of the 26Al line at 1.8 MeV contains information
about the source kinematics.

Expectations:
Galactic rotation
Hot interstellar medium in
massive star environments

→ width of ≈ 1 keV from the
inner Galaxy.
We use different approaches to
test models:

Measurement of the line shape
obtained by spatial model
fitting
Measurement of the line
position for different areas on
the sky
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Generating a SPI spectrum

Inner Galaxy 26Al 1.8 MeV
spectrum assuming the spatial
distribution measured by
COMPTEL
Spatial model fitting

D =
∫

α ·S ·R+ β ·B

S sky model
(COMPTEL map)

R instrument response
B background
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Analysing a SPI spectrum

Spectrum from spatial model
fitting analysed with a spectral
model
Spectral shape from averaged
spectral response (derived from
instrumental lines) +
parameterised intrinsic width of
sky emission
Fit results: probability
distributions determined via
Markov Chain Monte Carlo
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Width of the 26Al line

→ probability distribution for the
intrinsic width
Line is narrow
(< 1.3 keV @ 95% CL)
GRIS result (5.4[+1.4,-1.3] keV)
incompatible at relative
probability of 410 dB ≈ 13.5 σ
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Width limits over time
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Limits become stricter with
accumulating data

Year 95.4 % UL

2005 3.17 keV
2006 1.72 keV
2007 1.31 keV

|
Future?
↓
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Spatially resolved spectroscopy
tests the variation of ΔE with galactic longitude

Fitting multiple models simultaneously makes better use of
SPI’s spatial resolution than using only a single map.

Slices from a 3-D spectral model
[(, b, E)] along energy intervals
→ maps from model → spectra
from maps for red-/blueshifted
emission
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Resolving the inner Galaxy
10° segments still marginal
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Rotation in the inner Galaxy

Rotation curve not well
determined from HI inside of
2 kpc ≈ 15°

→ fill the gap

line-of-sight velocities and Galactic coordinates places it at the

same value of W, and hence at the same radius. One can then use

the properties of this cylindrical slice through the Galaxy to infer

its radius. For example, in the inner Galaxy, all the material in a

ring of radius R will lie at Galactic longitudes of less than

lmax � sin21�R=R0�, so one can use the extent of the emission on

the sky of each W-slice to infer its radius ± an approach

traditionally termed the `tangent point method' [see e.g. Malhotra

(1994, 1995)]. At radii greater than R0 this method is no longer

applicable as the emission will be visible at all values of l.

However, by assuming that the thickness of the gas layer does not

vary with azimuth, one can use the observed variation in the

angular thickness of the layer with Galactic longitude to estimate

the radii of such W slices (Merrifield 1992).

For the remainder of this paper, we use Malhotra's (1994, 1995)

tangent-point analysis to estimate W(R) in the inner Galaxy. For

the outer Galaxy, we have combined Merrifield's (1992) data with

Brand & Blitz's (1993) analysis of the distances to H ii regions,

from which standard candle analysis the rotation curve can be

derived.

In order to convert W(R) into Q(R) using equation (1), we must

adopt values for the Galactic constants, R0 and Q0. Unfortunately,

there are still significant uncertainties in these basic parameters. In

the case of R0, for example, the extensive review by Reid (1993)

discussed measurements varying between R0 � 6:9^ 0:6 kpc and
R0 � 8:4^ 0:4 kpc. Even more recently there have been few signs

of convergence: Layden et al. (1996) used RR Lyrae stars as

standard candles to derive R0 � 7:2^ 0:7 kpc, while Feast &

Whitelock (1997) used a Cepheid calibration to obtain

R0 � 8:5^ 0:5 kpc. The constraints on Q0 are similarly weak: a

recent review by Sackett (1997) concluded that a value somewhere

in the range Q0 � 210^ 25 km s21 provided the best current

estimate. It should also be borne in mind that the best estimates for

R0 and Q0 are not independent. Analysis of the local stellar

kinematics via the Oort constants gives a well-constrained value

for the ratio Q0=R0 � 26:4^ 1:9 km s21 kpc21 (Kerr & Lynden-

Bell 1986), so a lower-than-average value of R0 is likely to be

accompanied by a lower-than-average value for Q0. Currently, the

best available measure of the local angular velocity of the Milky

Way is based on very long baseline interferometry (VLBI) proper

motion measurements of SgrA*. Assuming that SgrA* is at rest

with respect to the Galactic centre, Reid et al. (1999) find

Q0=R0 � 27:25^ 2:5 km s21 kpc21, consistent with the value

proposed by Kerr & Lynden-Bell.

To illustrate the effect of the adopted values of Q0 and R0 on the

derived rotation curve, Fig. 2 shows Q(R) for two of the more

extreme plausible sets of Galactic parameters. Clearly, the choice

of values for these quantities affects such basic issues as whether

the rotation curve is rising or falling in the outer Galaxy. Given the

current uncertainties, it makes little sense to pick fixed values for

the Galactic constants, so in the following analysis we consider

models across a broad range of values, 5:5 kpc , R0 , 9 kpc;
165 km s21

, Q0 , 235 km s21.

3 MASS MODELS

In order to relate the rotation curve to the shape of the dark halo,

we must break the gravitational potential responsible for the

observed Q(R) into the contributions from the different mass

components. As is usually done in this decomposition (e.g. van

Albada & Sancisi 1986; Kent 1987; Begeman 1989; Lake &

Feinswog 1989; Broeils 1992; Olling 1995; Olling 1996b; Dehnen

& Binney 1998), we adopt a model consisting of a set of basic

components:

(i) A stellar bulge. Following Kent's (1992) analysis of the

Galaxy's K-band light distribution, we model the Milky Way's

bulge by a `boxy' density distribution,

rb�R; z� / K0�s=hb�; where s4 � R4 � �z=qb�
4: �3�

This modified Bessel function produces a bulge that appears

exponential in projection. The observed flattening of the K-band

light yields qb � 0:61, and its characteristic scalelength is hb �

670 pc (Kent 1992). The constant of proportionality depends on

the bulge mass-to-light ratio, Yb, which we leave as a free

parameter.

(ii) A stellar disc. The disc is modelled by a density distribution,

rd�R; z� / exp�2R=hd� sech�z=2zd�: �4�

The first term gives the customary radially exponential disc. The

appropriate value for the scalelength, hd, is still somewhat

uncertain ± Kent, Dame & Fazio (1991) estimated

hd � 3^ 0:5 kpc, while Freudenreich (1998) found a value of

2.5 kpc. We therefore leave this parameter free to vary within the

q 2000 RAS, MNRAS 311, 361±369

Figure 2. The rotation curve for the Milky Way for values of R0 � 7:1 kpc;

Q0 � 185 km s21, and R0 � 8:5 kpc; Q0 � 220 km s21. The figure also

shows one of the ways in which the rotation curve can be decomposed into

the contributions from different mass components: the bulge (dotted line);

the stellar disc (filled circles); the H i layer (crosses, where negative values

mean that the force is directed outwards); the H2 layer (circles); and the

dark halo (dashed line). The best-fitting model, which is obtained by

summing the individual components in quadrature, is shown as a full line.
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Summary

SPI’s fine energy resolution
→ measure ISM velocities down to ≈ 50 km s-1

→ bulk motion vs. turbulence
SPI’s spatial resolution (≈ 3◦)
→ Line shift as a function of galactic longitude
→ Resolve structure of the inner Galaxy (bar, . . . )
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