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Abstract. We performed a spectroscopic study of the 1809 keV gamméirayrom 26Al decay in the Galaxy using the SPI
imaging spectrometer with its high-resolution Ge detectomera on the INTEGRAL observatory. We analyzed obsematio
of the first two mission years, fitting spectra from all 713@seope pointings in narrow energy bins to models of insémntzl
background and th&Al sky. Instrumental background is estimated from indegatdracers of cosmic-ray activation. The
shape of thé®Al signal is compared to the instrumental response to extinaovidth of the celestial line.We detect tHal line
at=~ 16 o significance. The line is broadened only slightly, if at ale constrain the width to be below 2.8 keV (FWHM; 2
The average Doppler velocities Al at the time of its decay in the interstellar medium~1.04 My) therefore are probably
around 100 km 3, in agreement with expectations from Galactic rotation amerstellar turbulence. The flux (3.39.4)
10“ph cnt?slrad?) and spatial distribution of the emission are found coesistvith previous observations. The derived
amount of®Al in the Galaxy is 2.8 £0.8) M,.
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1. Introduction nucleosynthesis (Chen ef al. 1995; Prantzos and|Diehli 1996;
by Knodlseder et al. 1999; Knddlseder 1999).
The detailed measurement of 1808.65 keV emission from

- oBAL .
Galactic<°Al is one of the design goals of the INTEGRAL(FWHM) at the2SAl line energy of 1808.65 keV is expected

. - - A ) : )
s mission (Winkler et Al 20037°Al gamma-rays were discov to reveal more information about the sources and their iocat

@ eredin 1982 by HEAO-C (Mahoney eflal. 1982), and since thﬁﬁnrough Doppler broadenings and shifts, induced from Gialac

have been considered to be direct proof of ongoing nucleosyn, _.. . . :
thesis in the Galaxy. From the 9-year mission of the Comptﬁ%tat'on and from dynamics of the ejectl as it propagates

Gamma-Ray Observatory, in particular from the COMPTE{] the interstellar medium around the sources. This shadidd a

. . . S portant new astrophysical perspectives, beyond whatlcou
imaging Compton telescope, all-sky imaging in the 1.8 MevI : .
gamma-ray line from?Al had been obtained (Diehl et al.be learned from the large imaging database of the COMPTEL

1995: Oberladk 1997 Knodiseder et al. 1069: Plischké et & SUrvey-

2001). From these measurements, we learn®dtemission Significant broadening of thé°Al line has been found
extends all along the plane of the Galaxy; hef%d nucle- by the GRIS team from its Ge detector instrument through
osynthesis is a common Galactic phenomenon rather thandddalloon experimeni_(Naya efial. 1996). The reported intrin
cal to the solar system. The irregular structure of the éoniss Sic 2°Al line width of 5.4 keV corresponds to velocities above
alignments of emission maxima with spiral-arm tangent, ad®0 km s* for decaying”Al isotopes, if interpreted dynam-
comparisons with tracers of candid&fAl sources all have ically, from Doppler shifts. Various attempts were undketa
pointed to the conclusion that massive stars domiR&é¢ to understand how such high velocities could be maintaimed o
time scales of Myrs (Chen etlal. 1997; Sturner & Nhya 1999).
It was clear that only rather unusual circumstances such as
Send offprint requests to: R. Diehl large interstellar cavities, or high fraction &tAl being de-
Correspondence to: rod@mpe.mpg.de posited onto grains near tRBAl sources, could fier an expla-
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2 Diehl et al.:25Al in the inner Galaxy

nation. With recent space-based gamma-ray spectroscepy ex Our standard processing includes calibration of the energy
periments, in particular from the RHESSI (Lin eflal. 2002)l arscale once per orbit by fitting Gaussians to strong instrdaten
INTEGRAL (Winkler et al.. 2003) missions, it became appalines. This attains a relative precision of 0.05 keV at 1889 k
ent that the GRIS result may not be valid (Smith 2003, P00dyer these 1.5 years of data_(Lonjou dtlal. 2004). The non-
Diehl et all| 2003, 2004). The interstellar medium surrongdi symmetric line profiles, which develop from degradatiorhaf t
sources ofSAl may be less extrem&®Al is considered an im- Ge detectors due to cosmic-ray bombardement, result itsshif
portant probe of these astrophysical sites. of the energy scale of a few tenths of keV at 1809 keV. Due
In this paper, we discuss our analysis of data from the S#elcalibration-line fitting with symmetric Gaussians, taeke-

spectrometer on INTEGRAL with respect to the intrin€lél  tector degradations mainly result in slight broadeningthef
line width and to the large-scale propertieS®&l emission in effective instrumental line resolution; th&set in the absolute
the inner Galaxy, exploiting data from the first two yearshaf t energy scale should be below 0.1 keV. For each pointing of the
mission. instrument, standard processing assembles the energlyapec

of each of the Ge detectors at 0.5 keV binning, together with

detector deadtimes and various housekeeping data useatéor d
2. Observations, data and analysis selections and for background modelling.

2.1. Data selections and standard processing . In t.his. study, we make use of single-detector hits only,deav
ing coincident hits of more than one detector aside. Althioug

this reduces the overall detectiofieiency by about 50 %, our
Latitude (deg) background and spectral-response modeling is substgntial
i" ' ' ' ' ' ' ' ! more straightforward for this case. Altogether our databas
covers the Galactic plane (pointings within 30 degreeguiddi)
7| with 7130 pointings (135470 spectra), equivalent to a total
‘ deadtime-corrected exposure of 12.86 Ms, with, e.g., 4 Ms at

20 =

the Galactic center and 0.85 Ms at longitud&®’ (see FidlL).

2.2. Background treatment

—40 I.L ...... - | [ — [ [T — e S ]

80 60 20 20 0 20 a0 e s Typically, source signals such as Galacéfial contribute only
Galactic Longitude (deg) at the percent level, the remainder of the total signal baing

. ) strumental background. Therefore the treatment of backgto
Fig. 1. Exposure of the inner Galaxy for the data as selectgd, key aspect of the achieved sensitivity and suppression o

from prbits 15-259_ for our study. At the Galactic cer_wter, thgystematics, as is the case for all gamma-ray instrumemts. |
effective exposure is 4 Ms, at longitudeS0® 0.85 Ms (linear rinciple, with SPI and its coded mask we can distinguish-“si

scale). nal” from “background” by comparing the 19-detector ampli-
tude patterns; = dj/ 3;d; between sky observations and a

We analyze data from the SPI instrument, the coded-maifitable reference (j is detector index, d is counts); iman-
imaging spectrometer instrument on INTEGRAL, with its 19@ background should be responsible for a pattern indepen-
element Ge gamma-ray camera; the SPI instrument and its F9quat of instrument pointings. Butftiise sky emission such as
formance are described in (Vedrenne et al. 2003; Roques eff@m Galactic?®Al is modulated rather weakly by the coded
2003). For the results reported here, we use data from fR@Sk between successive pointings with typicaflyo#fsets,
INTEGRAL Core Program (which focuses on a survey of thgnlike for strong point sources. Therefore, the “backgubu-
inner Galaxy), our Open Program data, and data that were pBENce” pattern cannot be taken from pointings nearby in ob-
licly available at the time of this analysis. Our databasansp S€rving time, which is desirable to probe a similar backgrbu
INTEGRAL orbits 15-259, and our filtering to obtain datgituation. For our large database, however, which spans-a co
free from contamination due to increased-background evefiderable range in time and sky-pointing directions, we can
or other anomalies yields a total observing time of 16.5 Mietect the celestial fiise*°Al signal when we use the time-
from this set. Filtering the data of glitches towards theigme averaged data for the background pattern reference (sd@)Fig
near the radiation belts of the Earth, from solar-flare misjo Independent data are preferable, e.g. when the instrumast w
and from otherwise anomalous background conditions was B8inted towards high latitudes, or using detector courgsrat
sential in order to obtain a fiiciently homogeneous databas@utside the energy range of interest, or using indepencant t
in terms of background handling. We selected data within &S of instrumental background. Instrumental-backgralifid
bit phases 0.1-0.9 in order to exclude orbital phases near irences between such references and actual data may be ex-
Earth’s radiation belts, we excluded data where the satdraPected, though; some time variation in the background model
Ge count rate exceeds %6ounts s to reject anomalies, andshould be allowed for by using additional parameters when fit
we excluded solar-flare periods with a 1-day window triggerd!iNg measurements.
by the>30 MeV count rate of the GOES proton monitor ex- Following this general idea, we developed a background
ceeding a value of 0.5 Hz. model for our study; more details will be described in a ferth
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coming paper (Halloin et al., in preparation). We base our
model on presumed tracers of instrumental background, and 5l
optimize these to then establish the “background” deteetor ~ 124107 ¢
tio pattern per pointing.

First, we correlate a larger set of potential backgrounzttra r
ers with the count-rate variations in our energy band ofrinte,, g.0.10%|
est around thé%Al line. We choose the broad band of 18005 :
1820 keV for this correlation, and the mission part where af 6-0'104,
19 detectors of the camera were fully functional. We sum over
all 19 detectors to improve statistical precision for thtedtor i ~ 1
data. This allows us to identify correlations of candidadeks 2.0010% '
ground tracers with actual background variations in our-cam | “
era with high significance. The best-correlated traceresiid
fied as the “prime” background tracer. Then we remove the in-
formation of this prime tracer from all other candidate &nec
through orthogonalization, and again correlate the (nogi-ad
tional to our prime tracer, or orthogonal-only) componesfts

m\ed ?::)er; C?ggtld[fg gt}rtar‘ ;(E:};SrsWII:Ir:)?;Jf)r(:eogwr:nr?rg?esétgriﬁm'n g'ngle-detector events (SE) during the first inner-Galaxy s
: gonge (GCDE-1)). Line origins are radioactivities excited by

ized background-tracer components are needed for adequa%le . o .
background modelling of the energy bands around e cosmic ray bombardements, specificalfyBi (1764.3 keV),

28 26 ith 26
line. This first step allows us to identify the necessary $et Al (1779.0 kev), and®Na (1808.7 keV) with “Mn

. e ' . 10.9 keV) for the composite feature underlying &4l
tracers and their decomposition order. We find a hmrarchy%ﬁ (Weidenspointner et 5. 2403). Fitting these instratak

. I
(1) non-saturated Ge camera count rate, (2) cumulative s i . . : .
rated Ge counts since mission start, and (3) plastic ant¢oi mes we typically find centroids and widths of (176/84),

dence count rate. In a second step, this decomposition sch rl'n779'03'2)’ and (1809/4.2), respectively. The intensity of

. . . 0
is applied to our spectroscopic dataset in 0.5 keV energy, bin € instrumental feature at 1809.4 keV is typically 12% @f th

separately for three time ranges to account for the two dmeénstrumental line at 1779 keV.

failures. This determines for each tracer template thectimte

patterns of instrumental background as fitted to the medsussdNs sky model components, Ng background model com-
data. In this way, our background model is based on actgainentsB. The skymap$ are convolved into the data space of
background-tracer data with their high statistical priecisnd measured spectra for each detector using observationcdttit
high time resolution, yet the detector count ratios withie t information and the instrumental response, which had been d
19/18/17-element camera and per energy bin may liedint. termined from Monte Carlo simulations and was adjusted to
In the final model fitting step (see next Section 2.3), onlyva feprelaunch calibration measuremerits (Sturnerlet al.| 2008).
(3-10) background parameters are adjusted to allow for-gragsess the quality of the fit through checks on its globaliprec
ual drifts of signal-to-background ratios with time, amdto sion (%) and on the residuals of the fit to our 135470 measured
account for normalization fierences for the times where onepectra. Typicak? values per degree-of-freedom range from
or two detector elements of our camera (detectors 2 and 173 in the instrumental background line at 1779 keV to 0.8—
failed. 1.2 in the?®Al line region. Typical statistial errors in fitted flux
values per bin are 0.12 ph cAs ‘rad ! keV-1. Systematic un-
certainties can be estimated by increasing errors per data p
until the fit quality criteriony? yields a value of 1.0; we de-
Our measured data consist of spectra per detector andnqmpintive systematic uncertainty to be 40% of the value for statis
(the typical spectral signatures are illustrated in the wiam tical uncertainties. Cdicients® for the background intensity
tive spectrum shown in Fig.2). We derive our spectra of eelgéime variation allowed) and for the skymap intensity (ctans

tial emission by fitting our set of model components for back? time) are derived, the latte®¢) comprising the resultant
ground and a (set of) model (components) for the spatiai-disspectrum of the signal from the sky (e.g. Hib. 3).

bution of celestial emission to our data, fitting amplitudefe The celestial origin of the observed feature near 1809 keV
ficients independently for fine energy bins in the range 1800as been verified through identical analysis on a dataset fro
1820 keV (see aldo Strong eflal. 2005, for method details). Thigh-latitude observations (Fig. 3), where the signalpliszars.
countdata in our spectra per pointing and detector are realeMoreover, the instrumental feature at 1810 keV (see Hig. 2,

1.0:10°}
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Fig. 2. Raw data spectrum in the region around4d line, il-
lustrating instrumental line and continuum backgroundsn(f

2.3. Spectra determination

as: leaking also into the high-latitude data spectrum in Higop))
Ns Ng is clearly dfset from the observed signal, and is significantly
dijk = Z RITE Z OS¢ + Z Z Ob.tBbiijk broader, due to its origin as a composite of local radio&ti/
mn s tb (Weidenspointner et El. 2003).
with i,j,k as indices for data space dimensienergy, detector, The instrumental line-shape variation due to degradation o

pointing, m,n indices for sky dimensionkongitude, latitude, detectors was determined during the mission by fitting a spe-
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15T Fig. 4. Evolution of the detector resolution with time for the

[ E=1808.91 (x0.13) —|-_|_ region around 1800 keV. The widthof the one-sided expo-
| F:V;Tg”fjd?gsgio-“’ | nential which we use to describe degradation, averaged over
| -I— _I_ 1 all 19 detectors, evolves with time (expressed here in 3kgay

1.0+ - tervals of the satellite orbits) due to degradation anddete
r + | annealings. The grey areas represent the linear appragimsat

7|— which we adopted for modelling detector degradations, with

s T 7‘—|_“—1_“ their uncertainties (Kretschmer et al., in preparation).
0.5 + + S :‘l_“—'f—"—'_

Intensity [10*ph cm?s?rad*keV?]

- 1 Byfitting many calibration lines over the SPI energy range, t

0.0 | | | - time-variable degradation has been determined (se€lFitn 4)
1800 1805 1810 1815 1820 this analysis, we use this spectral-response behaviowrcio a
Energy [keV] mulate the expected instrumental line shape, which we use in

fitting the celestial signal in ofPAl line spectra and to derive
Fig. 3. Test for spurious instrumental background leakage int@nstraints on the additional broadening caused by intrires
spectra for celestial emission: Sky model fitting was apllite |ocity variances of decayinfAl (e.g. Fig.[B, see below). We
high-latitude data (above), and to data from the inner Galaglan to take this time-variable spectral response dirdotly
(below). The sky intensity distribution was modeled fror thaccount in our instrumental response when convolving the in
COMPTEL 26Al skymap, and the pointing pattern of the input sky, and then also by our modeling of instrumental fesstur
ner Galaxy was adopted also for the high-latitude data. Asfithe background (Kretschmer et al., in preparation).
simple background model we use globally-averaged da; thi | fitting non-analytical spectral shapes to our spectrehsu
background model st|II. correlates W|th the measuremer!tsé%'sour time-integrated instrumental-response line shape ¢
taken along the Galactic plane, which causes non-zero-intgB|yed with intrinsically-broadene@Al emission, gradient-
sities at all energies. Nevertheless, the celedtll line is re- driven fit algorithms are inadequate - in particular when ine a
vealed from the increased correlation with the skymap aloug, jetermine a parameter like the intrin&al width, which is
1809 keV for the Galactic-plane data. convolved with the instrumental line profile before beingco

pared to our flux values per energy bin. The probability distr
cific spectral response to instrumental lines which cagtare bution in this case is very asymmetric, but we wish to perform
degradation parameter (see Fig[}). This spectral responsguantitative statistical analysis of our findings. Thisd pos-
function consists of a Gaussian shape which characteréds esible with tools that inherently assume symmetric and simoot
particular detector’s intrinsic resolution, and a oneedigx- probability distributions for parameter fluctuations. Weka
ponential function extending from the peak of the Gaussiaise of the Monte Carlo Markov Chain method, preprocessed
towards lower energies, which characterizes the pulsehheifgy simulated annealing (Metropolis ef al. 19%3; INeal 1993).

losses due to detector degradation through its width This method migrates through the plausible parameter space
oo e as guided by prior knowledge about the parameters, but in a
1 _EEE? ] g ) X .
S=%" f (— e 22 . —e‘?)dE' random-walk like fashion; for large numbers of sampless thi
o \ VZno T

assembles the parameter value probability distributiatiser
with 5 the amplitude per energy b, Eq the photopeak line well also for less idalized cases (see Flg. 6 and next Sg¢tion
energy, andr the instrumental resolution of the Ge detectoallowing us to derive an upper limit for the intrinsiAl line
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width. Varying priors within plausible ranges has an inffign Table 1. 26Al line results for diferent sky distribution models
cant impact on our obtained numerical value.

Sky Model dit 12 diZ  width?
exponential disk n/a 2.88 0.33 1.09
3. Results young disR -0.62 322 043 119

free electron% -149 354 036 1.05
Ne2001(180) -2.87 322 038 134
Ne2001(140) -222 3.06 041 122
T S ST ] dust 10@m?® -1.14 401 042 117
e 15 0026y 1 COMPTELZ*AI® -0.70 3.04 031 117
1=3.04 (+0.31) 1 L Fit quality: likelihood ratio diference to first model
2 in units of 10* ph cnT?s trad?
3 mean of celestial line width (see HIb.6)
] 4 exponential disk, scale radius 4 kpc, scale height 180 pc
] 5 young disk fron_Robin et all (2003), scale height 125 pc
i 8 free electron spiral arm model from pulsar dispersion messants
% (Taylor & Cordes 1993), scale height 180 pc

15

1.0

0.5

Intensity [10*%*ph cm?s*rad*keV?]

SR NI 2 g N i\ 7 free electron model from Cordes & Lazlo (2002), no thick distale
] height 180 pc
05 + J{ 1 8as’, but scale height 140 pc
[ + J{ i 9 IRAS 100um, from skyview (Wheelock et 2l 1991), after subtrac-
L. L N tion of Zodiacal light
1800 1805 1810 1815 1820  °ME map from Plischke et al. (2001)
Energy [keV]

Fig.5. Spectrum derived from sky model fitting using ) . L )

COMPTEL %Al MaxEnt image and the “orthogonalized trac- " 'St the line centroid is determined at 1808.72
ers” background model. The fit (solid line) uses the shape Gi0-19(stat-0.1(syst)) keV from fitting our model shape
the instrumental resolution as it results from cosmic-regrd- (© the observed feature (sge above). This is well within
dation and annealings during the time of our measureméb!’? laboratory value.‘ for thé°Al line Of_ 1808'65_ (7) kev .
(see Fig[H), convolved with a Gaussian for the instriR&hd (Flrestor?e and Ekstrom_2004). The variance of line cedsroi
width, as fitted by MCMC. Thé®Al line width constraints are for the diferent models of Table 1 is 0.002 keV.

highly asymmetric (see Figl 6). Intensities are quoted itsun ~ Second, thé®Alline shape rather closely resembles the one
of 10 ph cnr2s Yrad-tkeV-L. expected from instrument properties such as intrinsiduéiso

and degradations as experienced between annealings. W fit t
effective accumulated instrumental line shape, convolvel wit
By fitting our set of observations at 0.5 keV wide energg Gaussian for the celest#Al line broadening, to our spec-
binning with the sky intensity distribution dfAl as imaged trum. The fitted parameters are the line centroid, the isitin
by COMPTEL together with our background model based avidth of celestial?®Al, the intensity of the line, and two pa-
orthogonalized background tracers, we obtain the spedsumrameters for the underlying continuum. The intrinsic linelth
26Al emission from the inner Galaxy shown in Fig. 5. TRAl  appears to be rather small. But this parameter is not as-“well
line is detected at k6 significance. The line component abovéehaved” as the others: The parameter probability didtdbu
the linear component of our spectral fit determines the inteshould be symmetric as for a Gaussian, its width then reflects
sity of observed®®Al. The total 2°Al gamma-ray flux as de- the uncertainty of the fitted parameter value. The prokgbili
termined for the inner Galaxy regior80° < | < 30° and distribution for the?5Al line width, however, peaks at small val-
-10° < b < 10, i.e. the flux in the inner radian) obtainedues near 0.2 keV, with a minor reduction towards zero inicins
from this fit is 3.3 ¢0.4) 10 ph cnT2s trad™™. This is con- line width, and gradually decreases towards larger linehgid
sistent with both the value of about 4 #0ph cnt?s'rad? (Fig.[d). Formal determination of the mean of this probapili
concluded from previous measuremerits_(Prantzos ana Didistribution (to yield a “fitted width value”) and its widthq
1996) and in particular the COMPTEL imaging-analysis valugeld the “width uncertainty”) is not appropriate. (Nevegtess,
of 2.8 +0.4) 10 ph cnt2strad™! (Pluschke 2001; Oberlackwe show these results in spectra Figures to at least coatsely
1997). When we vary the model sky among plausible modessribe the intrinsic line broadening). Therefore, we abthie
we obtain slightly diterent flux values, within expectations forprobability distribution from the Monte Carlo Markov Chain
the respective candidat®Al source maps. The variance of fluxparameter fitting; we integrate this distribution over tiesided
values in our sample (see Talfle 1 and Diehl et al. (2005))dsobability fractions to obtain upper limits for the intsiic 26Al
1.2 10° ph cnt?s trad™ or 4%; we adopt this as our systemiine width, see Fig[]6: For a 95% probability equivalent to a
atic flux uncertainty. “20” limit, we thus obtain a limit of 2.8 keV from our SPI
The detection of the celesti#lAl line is significant & 30) measurement, while the GRIS value of 5.4 keV has a probabil-

in 6 of the 0.5 keV-wide bins covering tRAl line; this allows ity of 3 107°. It turns out that the spectral details (line position
us to derive line shape details for tFial line. and width) are practically identical for fiérent adopted sky
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distributions, while?®Al flux values vary by about 4% amongall other measurements to date and is clearly ruled out by our
different plausible models (Diehl et al. 2005). result.

A line broadening of 0.8 keV corresponds to thermal
Doppler velocities of 100 km8, as a reference. In the in-
ner Galaxy, Galactic rotation alone leads to Doppler shifts
which are particularly pronounced towards longitudetr,
and range up to 0.25 ke\[_(Kretschmer etlal. 2003); a line
broadening of about 1 keV had been estimated if integrated
over this inner region of the Galaxy_(Kretschmer et al. 2003)
Are our line-shape constraints consistent with Galacitetion
effects and standard interstellar velocities?

06 — ‘ .
168.3 % 195.4 % 199.7 %
‘1.6 keV 12.8keV 140 kev

<
~

o
N}

probability density

mean
1.2 keV

0.0

0 2 ) 4 6 . 8[ Ro0s/0s

FWHM of Gaussian [keV] > L ]

R ]

Fig. 6. Probability distribution for th€8Al intrinsic line width = °[ ]
as fitted in Fig[b. The formal results (FIg. 5) derived frora th % I 1
mean and width of this distribution are inadequate desoript ~— “[ B
of this highly asymmetric probability distribution. Rathan % C ]
upper limit of 2.8 keV (2r) applies, and an intrisically even = 2[ B
much narrower line is fully consistent with our measurement E 5 r | | ]

HEAO—-C GRIS RHESSI SPI

Fig. 7. Constraints on the width of tt#8Al line from different
instruments (& error bars).

4. Discussion

Our new measurement of the inner-Galaxy integrai&a
emission yields a flux that translates into a Galactic stesdte
mass of 2.840.8) M, (seelDiehl et all 2005, for details and We believe sol(Diehl et dl._2005), and consider the mea-
implications). From a comparison to earlier measuremesets (sured line width of°Al from the inner Galaxy to be consis-
Prantzos and Diglhl 1996), our flux value is on the low side tgnt with Galactic rotation and modest (see below) int#este
the average among experiments. This trend for imaging sersoedium turbulence around the sources%fl. We thus con-
large field-of-view experiments may suggest that eithergimafirm earlier results obtained by HEAO-C, RHESSI, and SPI on
ing helps to suppress instrumental background leakagbaor INTEGRAL (Mahoney et 2ll 1982; Smith 2003; Diehl etial.
there is some large-scale extend@tll emission from nearby 12004) (see Fidd7). This is reassuring: neither the supjomress
sources. of deceleration of®Al before decay in large, kpc-sized cavities

As a first step towards spatially resolved spectroscopy, @eound its sources nor other exotic explanations (Cher et al
separately determined spectra for the inner region of thax@a 1997) are required to account for a large broadening of%hke
(-40° < | < 40, -10° < b < 10°) using a smooth exponential-line.
disk model with scaling parameters 4 kpc (radius) and 180 pc How much line broadening from ISM is plausible? Some
(latitude extent), which we split into three longitude segns broadening is expected from the apparent existence of major
at -10 and 10. This obtains spectra for the fiBrent seg- interstellar cavities in the regions of massive-star etssfOey
ments [(Diehl et all 2005, and referenecs therein). Fittiveg 11996), and from the ejection kinematics of these presumed
26Al line as above, we obtained fiérences in line centroids?Al sources, i.e. winds and supernovae. WR wind velocities
compatible with expectations from Galactic rotation: thal are 1200 km ' (Vink & deKoter|2005) or higher (Pliilschke
line is slightly blue-shifted at negative longitudes and-rel2001), and models for ejection &fAl by core-collapse super-
shifted at positive longitudes. This supports the view that novae predict velocities in the same range (Herant & Wobsley
observed®Al emission arises from the inner Galaxy region1994). Therefore it will be interesting to test with SPI on
rather than foreground. This iéiams the above Galaxy-wide INTEGRAL whether we can observe sucfieets for local-
steady-state interpretation of the measut®al flux and de- ized regions ofSAl emission. Here sources may not yet have
termination of the totafAl mass in the Galaxy.(Diehl et al. obtained a long-term equilibrium with their surrounding1S
2005). Furthermore, these spatially separated spectraafs and2°Al may thus be preferentially decaying from its initial
port the asymmetry of théAl emission in the inner Galaxy and fast phase, rather than already being slowed down to nor-
indicated in COMPTEL images (Pliischke etial. 2001), in thatal ISM velocities in the 10 km3 range. The first SPI re-
the 4" quadrant appears brighter than tife 1 sults of a modestly-broadené@hl line in the Cygnus region

It is evident that line broadenings of a few keV disagre(Knodlseder et dl. 2004), as well as the COMPTEL result of
with our data from the inner Galaxy (Fidd. 5 ddd 6); thus, véhe Orion region (wheré®Al emission appearsfiset from its
locities of decaying®Al isotopes are modest. The GRIS measources in the Orion OB1 association towards the Eridanus ca
surement of 5.4 keV line broadening appears inconsisteht wity (Dieh! [2002)), are hints tha®®Al streaming occurs at un-
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usually high velocities and kinematics may be peculiar adoulLin, R.P., Dennis, B.R., Hurford, G.Jt al. 2003, Sol.Phys.,
regions with a rather young (few Myr) population of massive 210, 3

stars.

Lonjou, V., Knddlseder, J., Roques, J.-.al. 2004,ESA-SP,

Our constraints on large-scale integrated broadeningeof th 552, 713
264l line from the inner Galaxy can be interpreted in terms dflahoney, W. A., Ling, J.C., Jacobson, A.S., and Lingenfelte

interstellar-medium characteristics, if we adopt the dbot

R.E. 1982, ApJ, 262,742

tion of Galactic rotation from a model: For 1 keV broadeninlylahoney, W.A,, Ling, J.C., Wheaton, W.A., and Lingenfelter

due to Galactic rotation (Kretschmer etlal. 2003), the risid
width from ISM turbulence would be 1.2 keV to obtain our 1
line width limit of 1.6 keV. This corresponds to 300 km's

R.E. 1984, ApJ, 286,578
Metropolis, N., Rosenbluth, A. W., Rosenbluth, M. Nt,al.
1953, Journ.Chem.Phys., 21, 1087

for a 27 limit on ISM velocities, leaving typical velocities upNaya, J. E., Barthelmy, S.D., Bartlett, L.Mt,al. 1996, Nature,
to ~ 100 km s?, well within the acceptable range. Therefore 384, 44

we conclude that, within uncertainties, the average veéxi

Neal, R. M. 1993, Technical Report CRG-TR-93-1, Dept. of

of decaying?®Al in the Galaxy are probably not in excess of Computer Science, University of Toronto

typical values for the ISM near massive stars.

Oberlack, U. 1997, Ph. D. Thesis, Technische Universitat

Miinchen
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