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Abstract. We search for correlations between 1.809 Mekay production 2¢Al can also be produced by spallation reactions of
line emission, attributed to the radioactive decay’®i, and high-energy cosmic rays, although at substantially lower rates
intensity distributions observed at other wavelengths by caoffier a recent review see Prantzos & Diehl 1996).

fronting CGROCOMPTEL 1.8 MeV data with an extended The COMPTEL telescope aboard the Compton Gamma-
database of all-sky maps. The database contains 31 all-sky m&as; Observatory GQGRQO provided the first imaging survey
covering the entire explored wavelength range from the radiothe 1.809 MeV~y-ray line, and established a first map of
band up to high-energy gamma-rays. Different data analyii® observed emission (Diehl et al. 1995). Extending these
techniques are explored to determine the similarities betwedearaging studies, COMPTEL presents now an all-sky survey
the all-sky maps and the 1.809 MeV intensity distribution, and the 1.809 MeV~y-ray line at a sensitivity level ok 10~°

to estimate the systematic uncertainties of our study. The copi-cnT2 s~ (Oberlack et al. 1996). Different data analysis
parison shows that tracers of the old stellar population or theethods emphasise different aspects of the data, and itis impor-
local interstellar medium provide only a poor description dant to recognise such biases for the scientific interpretation of
COMPTEL 1.8 MeV data. Tracers of the young stellar popul#ihe measurements. To exploitthe COMPTEL measurements, we
tion considerably improve the fit, confirming our earlier claimtherefore follow complementary strategies which can be divided
that 2%Al nucleosynthesis is associated to massive stars. Resito two classes: (1) image reconstruction, providing an overall
uals are minimal for the 53 GHz free-free emission map thastimate of the 1.8 MeV intensity distribution without impos-
has been obtained &YOBEDMR at microwave wavelengths.ing astrophysical constraints on the admissible solutions, and
Within the statistics of the present data, this tracer providé®) testing of specific astrophysical hypotheses (i.e. 1.809 MeV
an entirely satisfactory fit to COMPTEL 1.8 MeV data. Thussource distribution models) by means of model fitting.

a correlation has been discovered, linking galati#d nucle- Image reconstruction using the maximum entropy method
osynthesis to galactic free-free emission which is a tracer of {f&trong et al. 1992) has revealed irregular and lumpy 1.809 MeV
ionised interstellar medium. emission along the galactic plane with peculiar emission fea-

tures towards Cygnus, Vela, Carina, and near the anticentre
Key words: nuclear reactions, nucleosynthesis, abundance¢Diehl etal. 1995; Oberlack etal. 1996). Such irregular emission
methods: data analysis — stars: early-type — Galaxy: stellar canindeed expected if massive stars are at the origin of galactic
tent — gamma rays: observations 26a, reflecting the spiral structure of our Galaxy (Prantzos 1991,
1993). It has gradually become clear, however, that the observed
emission clumping reflects at least partially the statistical fluc-
tuations of the data, leading to considerable difficulties for the
interpretation of the sky maps (Kdlseder et al. 1996b). For

The 1.809 MeV gamma-ray line emission attributed to the rtiMs reason, alternative image reconstruction algorithms have
dioactive decay of°Al provides a valuable tracer of recent nubeen investigated which enlarge the range of acceptable maps
cleosynthetic activity in our Galaxy. As a by-product of nuofthe 1.809 MeV sky (Fid.|1). This clearly demonstrates that as-
cleosynthesis?%Al has been proposed to be produced durinophysical answers through image reconstruction are limited,
core-collapse supernovae, during nova outbursts, by Asyngd alternative analysis strategies have to be pursued.

totic Giant Branch (AGB) stars, and by massive stars, in partic- Testing specific astrophysical hypotheses in COMPTEL's

ular during the Wolf-Rayet (WR) phase. In addition to stellfata space is such an alternative strategy. On the one hand,
COMPTEL 1.8 MeV data have been compared to 3-dimensional

1. Introduction
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~-rays, each all-sky map of our database represents a specific
hypothesis about the galactic distributior?&%l. Hence the re-

sults of the tracer map comparison may be interpreted in terms
of these hypotheses, providing physical insight into the origin of
galactic?Al. The comparison of the overall intensity distribu-
tions makes the analysis most sensitive to large-scale intensity
contrasts and overall emission asymmetries in the data. Conse-
quently, understanding these contrasts and asymmetries gives
valuable information about the principal source of radioactive
26Al in the Galaxy.

This paper is organised as follows: In Sect. 2 we introduce
the all-sky map database which was used for the comparison.
Sect. 3 presents the analysis methods used as well as the re-
sults of the multiwavelength comparison. The results will be
discussed in Sect. 4 and we conclude in Sect. 5.

2. Multiwavelength all-sky map database

2.1. General

MREM 3.00

_ _ ~ For the purpose of our comparison we built up a database of all-
Fig. 1. COMPTEL 1.8 MeV all-sky maps as obtained by the maximursky maps covering the entire explored wavelength range. We

entropy (ME) method and the Multiresolution Regularized ExpectatiQBstricted ourselves to all-sky maps since we want to analyse

Maximization (MREM) algorithm. ME and MREM are complemenyhe global distribution of 1.8 MeV emission with the aim of

tary imaging methods. While ME emphasises point source emissiﬁ)ﬂdmg global tracers of galactf€Al. The only exception in our
with the drawback of representing smooth diffuse emission as irre udm le is the CO map bf Dame e.t al. (1987) which is restricted
lar and lumpy structures, MREM reliably recovers significant emission P . . P ol .

alactic latitude$| < 10° — 30°. This obviously introduces

structures with the drawback of suppressing hints for weak pointsoqu’eg Ay ; g g
emission (for more details see Ediseder et al. 1999). some bias in the analysis which we estimate, however, to be

rather small since most of the CO and 1.8 MeV emission is
restricted to the galactic plane.

geometrical models of the Galaxy in order to establish char- In the following we present the maps of our database. Some
acteristic parameters of tHéAl source distribution (Diehl et of them originally contained not only galactic emission but
al. 1995; KrddIseder et al. 1996a; Diehl et al. 1997). On thalso instrumental or extragalactic diffuse background, or strong,
other hand, 1.8 MeV data have been correlated with plausibainly extragalactic point sources. When possible, these com-
tracers ofAl nucleosynthesis obtained from other fields of agponents have been removed from the maps, since we are look-
tronomy (Diehl et al. 1995; Diehl etal. 1997). Since from earliéng for correlations between galactic emission processes. The
results it was expected that massive stars are among the nfiasl database is summarised along with the dominant emission
plausible sources 8fAl in the Galaxy (Prantzos & Diehl 1996), mechanism and the intrinsic angular resolution of the maps in
recent research 6i%Al modelling focused on finding optimum Table[1. For the purpose of the correlation study, the maps were
tracers of massive stars in the Galaxy (Diehl et al. 1996; Dietonvolved with the COMPTEL point spread function (PSF)
et al. 1997). However, all attempts to fit COMPTEL 1.8 MeWvhich degrades their angular resolutior3t8® FWHM. Some
data by plausible model distributions of proposéd candidate of the maps have an intrinsic angular resolution which is worse
sources have been inconclusive so far, since no-one of the tegitesh the COMPTEL resolution. The impact of angular resolu-
26Al tracers represents the observed intensity contrast betwgien on the analysis results will be discussed below.
inner Galaxy to outer disk regime, nor accounts for the particu-
larly bright emission regions in Cygnus, Vela, and Carina (DieEI
etal. 1997). '

In order to find a tracer which accurately describes théghe only all-sky survey available which traces galactic syn-
1.8 MeV intensity distribution, we enlarge in this work our set afhrotron radiation at the same frequency and with sim-
‘plausible model distributions’ to an extensive database of ailar telescope beamsize is the Bonn 408 MHz survey of
sky maps, obtained throughout the entire observed wavelengtslam et al. (1982). For the analysis, the isotropic extragalac-
range, starting at th& ~ 10 m radio band up to the energetidic background, which arises from cosmic background radia-
E > 100 MeV ~-ray photons. In particular, we did not restriction and the sum of unresolved distant radio sources, was re-
ourselves to a physically motivated set of tracer maps whiofoved by subtracting 6 K from the observed antenna temper-
eventually could have prevented the discovery of an adequateres (Phillipps et al. 1981). Additionally, the brightest point-
1.8 MeV tracer in the past. Since the Galaxy is transparentlifce sources in the map, mostly radio galaxies, were removed by

2. The all-sky maps
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Table 1. The multiwavelength all-sky map database which was used for the 1.8 MeV correlation study. Maps mdrkeed the models of
Bennett et al. (1992) which have been used to extract free-free emission from DMR data. For maps markeeebgt map modifications of
the original data were compared to the 1.8 MeV sky (see text). Specified dust temperatures were calculated from the Wien law.

Name Emission mechanism Tracer of ... Resolution  Reference

408 MHz synchrotron cosmic rays / magnetic field 0.85° Haslam et al. (1982)
21cm H hyperfine transition neutral hydrogen 1° Dickey & Lockman (1990)
DMR 31.5GHz free-free / synchrotron ionised gas / cosmic rays 7° Bennett et al. (1996)
DMR 53 GHz free-free / synchrotron ionised gas / cosmic rays 7° Bennett et al. (1996)
53 GHz syncH. synchrotron cosmic rays / magnetic field 7° Bennett et al. (1992)
53 GHz free-free free-free ionised gas 7° Bennett et al. (1992)
53 GHz dusf thermal dust dust 7° Bennett et al. (1992)
DMR 90 GHz free-free / synchrotron ionised gas / cosmic rays 7° Bennett et al. (1996)
(efo) CO rotational transition  molecular gas 0.5° Dame et al. (1987)
DIRBE 240um * thermal dust dustl{ ~ 12K) 0.7° Hauser et al. (1998)
FIRAS 205:m Nt P -2 Pp) low-density ionised gas 7° Wright et al. (1991)
FIRAS 158um C" (P32 =2 Pyij2) neutral gas cooling 7° Wright et al. (1991)
DIRBE 140um * thermal dust warm dusff{~ 21 K) 0.7° Hauser et al. (1998)
DIRBE 100um * thermal dust warm dusfi{ ~ 30K) 0.7° Hauser et al. (1993)
DIRBE 60um * thermal dust warm dusfi{ ~ 50 K) 0.7° Hauser et al. (1998)
DIRBE 25m* thermal dust/ star light ~ warm dusf'(~ 120K) / AGBs 0.7° Hauser et al. (1998)
DIRBE 12pm * thermal dust/ star light ~ warm dusf'(~ 250K) / AGBs 0.7° Hauser et al. (1998)
DIRBE 4.9um * star light stars (K and M giants) 0.7° Hauser et al. (1998)
DIRBE 3.5um* star light stars (K and M giants) 0.7° Hauser et al. (1998)
DIRBE 2.2um * star light stars (K and M giants) 0.7° Hauser et al. (1998)
DIRBE 1.25um * star light stars (K and M giants) 0.7° Hauser et al. (1998)
Visible star light stars < 1.0° Lund Observatory

TD1 274.0 nm star light nearby hot stars 1° Thompson et al. (1978)
TD1 236.5 nm star light nearby hot stars 1° Thompson et al. (1978)
TD1 196.5 nm star light nearby hot stars 1° Thompson et al. (1978)
TD1 156.5 nm star light nearby hot stars 1° Thompson et al. (1978)
ROSAT1/4 keV thermal bremsstrahlung local hot gas 2.0° Snowden et al. (199B)
ROSAT3/4 keV thermal bremsstrahlung  hot gas 2.0° Snowden et al. (1993)
ROSAT 1.5 keV thermal bremsstrahlung  hot gas / X-ray binaries 2.0° Snowden et al. (199B)
HEAO-1 thermal bremsstrahlung  X-ray binaries 3° x 1.5° |Rothschild et al. (197D)
EGRET> 100 MeV  nuclear interactions interstellar gas / cosmic rays 2.0° HEASARC

estimating the diffuse galactic intensity at the source position The different spatial and spectral morphology of the dom-
from the mean intensity in annuli around the sources. inant emission processes may be used to separate these com-
Atomic neutral hydrogen (i is readily observed in emis- ponents in DMR microwave data. Using a model of galactic
sion by its 21 cm hyperfine line at 1420.4058 MHz. In this worlgynchrotron emission based on the 408 MHz and the 1420 MHz
the Hi map presented by Dickey & Lockman (1900) is usedadio surveys and a model of thermal dust emission based on
The emission is given in units of hydrogen column den3ity, COBEFIRAS data, Bennett et al. (1992) created the first all-sky
and assumes optically thin emission. map of free-free emission. This map, which traces the distribu-
At microwave frequencies, the galactic continuum emissidion of ionised matter throughout the entire Galaxy, will also be
becomes a mixture of synchrotron radiation of relativistic elecompared to the 1.8 MeV data. The synchrotron and dust mod-
trons, free-free emission from ionised matter, and thermal de$$ used by Bennett et al. (1992) for the component separation
emission. For the comparison, the four year full-sky maps dare included in the database for comparison.
rived by the Differential Microwave Radiometers (DMR) in-  The distribution of molecular hydrogen {His traced by
strument aboard th€osmic Background Explorer (COBRB} a spectral line of CO ah = 2.6 mm, arising from the first
31.5, 53, and90 GHz were used (Bennett et al. 1996). The irrotational level(J = 1 — 0) excited by collisions with Kl
tensity distribution for the two DMR channels A and B havenolecules. The CO emission intensity turns out to be propor-
been averaged by weighting with the statistical uncertaintiestional to the H mass, hence itis a valuable tool for studies of the
individual sky map pixels. The zero level was determined fromolecular mass distribution in the Galaxy (Combes 1991). This
the mean intensity in the DMR maps abde> 40°. Note that may not hold in the vicinity of the galactic centre, where the H
the DMR horn antennas have a full-width at half poweffof column density may be significantly lower than that inferred
hence the angular resolution of the sky maps is inferior to tifadbm CO observations (Sodroski et al. 1995).
of COMPTEL data.
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The most complete survey of CO emission is the Columbiapresentation of the sky. Therefore, the results for this map,
/ Cerro-Tololo survey of Dame et al. (1987) which covers thia particular the assigned flux value, should not be taken too
entire Milky Way with latitude extentb| < 10° — 30°. Due literally. Nevertheless, unresolved stars in the densely populated
to the uncertainties in the4ACO conversion ratio in the galac-galactic plane are accurately represented, and the overall effect
tic centre, two different maps were used for the comparisas:photographic in quality (Nilsson, private communication).
the first consists of the original CO map|of Dame et al. (1987) In the UV waveband, the sky is dominated by nearby hot
which shows a strong intensity peak towards the galactic cestars of spectral type O and B aligned in a band on the sky
tre. For the second map, this peak was removed by estimatkmpwn as Gould’s belt. UV all-sky maps were constructed from
the underlying diffuse emission from the longitude intervakhe magnitude-limited catalogue of stellar ultraviolet fluxes ob-
4.5° < || < 5.5° for latitudes belowb| < 1.5°. tained from the ESRO/TD1 satellite, which carried out a con-

With its 10 photometric bands from 1 to 246n, the Diffuse trolled scan of the whole sky (Thompson et al. 1978). For this
Infrared Background Experiment (DIRBE) aboard th@BE purpose, the sky was pixelised in a cartesian coordinate grid of
satellite provides an almost complete coverage of the infrarneitisize1° x 1° and UV intensities of all point sources in the
(IR) wavelength range with adequate angular resolutian@f catalogue were accumulated in corresponding sky pixels. The
(Boggess etal. 1992). Inthe far-infrared (FIR) wavelength rangkoice of1° x 1° bins is arbitrary and of no importance for the
from A ~ 40-1000 pm, for which the Galaxy is optically thin, purpose of our analysis since convolution with the COMPTEL
the galactic large-scale emission arises primarily from the co®SF degrades the angular resolutio8.& FWHM.
ing of radiatively heated large dust grains which attained an For the soft X-ray domain, the ROSAT all-sky maps of
equilibrium temperature in the ambient radiation field. In tH®nowden et al. (199B) were used, covering)8% of the sky
mid-infrared (MIR) wavelength range/im < A < 40 um, ex- in the ;1 keV, 2 keV, and 1.5keV bands. Although discrete X-
tensive dust emission is seen from the Galaxy which is believey sources have not been removed from the maps, the angular
to come from small grains{ 0.01 pm) briefly heated to high resolution of~ 2° emphasises low surface brightness extended
temperaturesI( ~ 100 K) each time they absorb a single phofeatures like nearby SNRs and the X-ray background.
ton (Boulanger & Rrault 1988). Additionally, low-mass AGB At hard X-ray energies (3kew E < 400keV) the entire
stars are the most important point source component of the MBlaxy becomes fully transparent to X-ray photons. The most
sky. In the near-infrared (NIR) domain (Im < A < 5 um), prominent galactic sources seen in the hard X-ray sky are X-
stellar emission, mainly from late K and M giants, becomes tihay binaries and SNRs. In this work an all-sky map constructed
dominant source of IR radiation. For the 1.8 MeV comparisofrom the combination of the HED3 and MED detectors of the
the ‘DIRBE Zodi-Subtracted Mission Average Maps’ (HausddEAO-1A2 experiment was used (Rothschild etal. 1979). Con-
et al. 1998) were used, from which the zodiacal light contribwentionally, all-sky maps from this combination are analysed
tion has been subtracted. Nevertheless, residual zodiacal light number of standard colours defined as weighted sums of
remains in thd2 ym and25 ym maps. For reference, the orig-counts from certain combinations of detector layers and pulse
inal DIRBE maps including the zodiacal light component wilheight channels (Allen et al. 1994). In this work, the R15 colour
also be compared to the data. is used {.5—60keV). This is the most stable colour, since it

Embedded in the FIR continuum are spectral lines arisimga sum of discovery scalers which did not change during the
from transitions of atoms in the gaseous phase of the ISM. Timéssion. Instrumental background was removed from the maps
most prominent of these gas cooling lines are thei&@round using the difference between the large and small FOV collima-
state transition of €, the dominant heat loss mechanism faior configurations as describedin Allen et al. (1994). To remove
neutral gas in the Galaxy, and the 2@% transition of N, trac- the isotropic cosmic background, a constant intensity was sub-
ing the large-scale low-density extended ionised componentizfcted from the skymap which was estimated from regions at
the Galaxy (Bennett et al. 1994). Both lines have been succdsigh galactic latitude devoid of prominent point sources. Addi-
fully mapped by the Far-Infrared Absolute Spectrophotometonally, some prominent extragalactic point-like sources have
(FIRAS) aboard theCOBE satellite with an effective angularbeen removed from the map.
resolution of7° (Wright et al. 1991; Bennett et al. 1994). Note, The outstanding feature of the high-energy gamma-ray sky
however, that both maps are subject to substantial statistical (8-> 100 MeV) is diffuse radiation from the galactic plane,
certainties, andv 5% of the sky is not covered by the datamainly arising from the interaction of cosmic-ray nuclei with
In particular, a bright emission feature in the Cygnus regiotise interstellar gas. For the analysis, the co-added four-years
suffers from incomplete coverage. EGRET intensity all-sky map for energies>E100 MeV, pro-

The distribution of visible light (400 nmrc A < 700 nm) vided by the NASA/Goddard Space Flight Center, was used. To
fits continuously to the NIR intensity distribution. Owing to theccount for cosmic diffuse background radiation, an isotropic
strong extinction by interstellar dust, the light is primarily fronintensity of1.5 10~° ph cnt2 s~! sr—! was subtracted from the
stars within~ 1 kpc of the Sun. For the analysis, the ‘Lundnap (Kniffen et al. 1996). In addition, to provide a map of the
Observatory Milky Way Panorama’ was used, transformed galactic diffuse emission, all sources from the Second EGRET
the new galactic coordinate system. Note, however, that tiiatalogue (Thompson et al. 1995) with a significance greater
panorama is based on a drawing under the supervision of Kthen4o have been removed.

Lundmark, hence cannot be taken as a photometrically exact
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3. All-sky map comparison used for spectral analysis if the total energy depssgit of the

. collected events is restricted to narrow intervals. As in previous
3.1. COMPTEL data representation works on thel.809 MeV line emission, we select the interval
COMPTEL allows the study of 1.8 MeY-ray line emission Ei.r = 1.7-1.9 MeV to optimise the sensitivity ta.809 MeV
with an energy resolution of 8% (FWHM) and an angular v-rays.
resolution of 3.8 (FWHM) within a wide field of view of about ~ The instrumental background is modelled following the
1 steradian (Sdinfelder et al. 1993). Data accumulation is diapproach of Kodlseder et al. (1996b) which is based on the
vided into observation periods of constant viewing directiogyent distribution in adjacent energy intervals. Time variabil-
lasting typically between—2 weeks. During an individual ob- ities of the instrumental background between different obser-
servation period a 1.8 MeV point source sensitivity of typicallyation periods were considered using the approach described
61075 ph cnm 2 s~ is reacheddo). Combination of observa- by [Oberlack (1997). The use of adjacent energy intervals for
tion periods allows on the one hand an important increasetbé generation of the background model incorporates additional
sensitivity and on the other hand an extension of the field gifectral information in the analysis. Indeed, it has been shown
view to the entire sky. In this work, data from 200 view- thatthis model notonly provides a satisfactory description of the
ing periods were combined to an all-sky dataset, covesingnstrumental background component but also suppresses pos-
years of continuous observations from May 1991 to June 199ible continuum emission in the data analysis by more than
(observation periods 0.1-522.5). The resulting exposure ha¥é (Knodiseder et al. 1996b). Hence, spatial analysis in the
maximum near the galactic centre with a point source sensitivydimensional imaging data space does indeed reveal 1.8 MeV
of 1.0107° ph cnT 2 57! (3¢). The minimum of the exposureline emission, although no detailed spectral information is used
is located close to the southern galactic pole, the correspondinghis approach.
point source sensitivity i$.5107° phcnm2 s7! (30).

CQMETEL measures incomingray photons by their con- 3.2.2. Maximum likelihood analysis
secutive interactions in two parallel detector planes where an
incident photon is first Compton scattered in the upper lay@ur standard method for model comparison consists in a maxi-
and then absorbed (although often not completely) in the lowsrm likelihood optimisation of the model parameters (de Boer
layer. From the energy deposits and the interaction locatio#isal. 1992). For this purpose, all maps of the database are con-
in both layers, 4 fundamental event parameters are derived: o&ved with the 3-dimensional COMPTEL point spread func-
total energy deposit;,, the Compton scatter angje and the tion to provide model distributions of expected 1.8 MeV source
scatter directior{x, ). In principle, COMPTEL data should counts in the imaging data space. These source models are then
be analysed in this 4-dimensional data space, which, howeViied along with the instrumental background model to the data,
requires large amounts of computer resources that are not awiere the scaling factor of the source model is a free parameter.
able to date. Consequently, the data are analysed in subspatesp distribution of the instrumental background is not known
which are obtained by integration over some of the paranmgpriori, hence we adjust this distribution by fitting all layers of
ters. In this way, data analysis is sensitive to some aspect of the instrumental background model separately. Yet, we do not
data, depending on the parameter over which the integratiog@rectly determine the distribution of individual observation
performed. periods in this approach.

Like all y-ray telescopes, COMPTEL suffers from high in- Besides the model parameters, the maximum likelihood
strumental background which is mainly due to activation of tr&nalysis provides-2In A as a measure of the detection sig-
telescope by high-energy cosmic-ray particles. Although the inficance of the model on top of the backgrouids the maxi-
strument incorporates passive and active background reductiowim likelihood ratiol(B)/L(M + B), B represents the back-
(Schinfelder etal. 1993), more thaAa% of the registered eventsground model, and/ the source model, i.e. the all-sky map con-
are still due to instrumental background. Hence, any accursi@dved with the point spread function. Formally2 In A obeys
analysis of COMPTEL data requires a detailed knowledge @fy; probability distribution, hence the detection significance
the distribution of the instrumental background events in tffg@ Gaussiaw) is given byy/—21n \.
utilised data spaces. To control the goodness-of-fitand to illustrate the correlation
between the tracer maps and the 1.8 MeV emission, we deter-
mine longitude profiles of the residual counts along the galac-
tic plane using a data projection technique called ‘software-
3.2.1. Imaging data space collimation’ (Diehl et al. 1993). The use of longitude pro-

) ) L files is justified for this purpose since imaging analysis re-
Model comparison, as w_eII as Image reconstruction, is usue\ljé(aled that most of the 1.8 MeV emission is concentrated in
performed in a 3-dimensionahaging data spacespanned by the galactic plane (Oberlack et al. 1996). Software-collimation

the Compton scatter angle and the scatter directiofx, v))  gajects onl . . L
: LN y those events from the 3-dimensional imaging data
(Strong etal. 1992; Diehl etal. 1995). Analysis in this data sp 8ace that may have originated from a specific source at a

prowdes'the hlgh'est.angular resolution (3RBV .HM), butmost . on position (1, b). Specifically, only those events are ac-
spectral information is lost. Nevertheless, this data space Ca'%bﬁted for which@ — ggeo| < 7, Wherer is theacceptance
geo| = 1y

3.2. Comparison in the imaging data space
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Fig. 2. Results of the multiwavelength maximum likelihood analysis. The top panel shows the quahtitys which measures the detection
significance of the tracer map on top of the background. The solid histogram corresponds to the standard maps of the database, the dotted
histogram is the result for some alternative maps (i.e., the CO map including the central peak and the DIRBE maps including the zodiacal light
component; see text). Formally, the detection significance (in Gausgiagiven byy/—21In \. The best log-likelihood ratio 6f2 In A = 975,

which is obtained for the DIRBE 2am map, is indicated as dashed line. The bottom panel shows the flux that has been assigned to the
central steradian of each all-sky map. Errorbars with dots correspond to the standard maps of the data base (solid histogram), undotted errorbars
represents results for the alternative maps (dashed histogram).

circle which defines the angular extent of the source regioROSAT1/4 keV map. This map shows the Galaxy in absorption

andyge, = arccos(sin sinb + cosy cosbeos(x — 1)) is the due to absorption of extragalactic X-ray background photons by
expected scatter angle for events originating from the souga&actic gas. Apparently, the data demand 1.8 MeV emission in
position (I, b). To determine longitude profiles, the number ahe galactic plane, hence the best fit is obtained by inverting
events in the observed data space and the corresponding mtdeX-ray map. This entirely confirms the imaging analysis of

components were determined by ‘software-collimating’ the daEOMPTEL 1.8 MeV data which reveals the galactic plane as
space for 120 equidistant positions along the galactic plane tlee most distinct emission feature (Oberlack et al. 1996). The
ing an acceptance circle of= 3°. This results in an effective residual longitude profiles of the TD1 274 nm and the ROSAT

angular resolution of- 10° in the profiles. Note that adjacentl /4 keV maps, shown in Fi§] 3, support the maximum likelihood

points of the profile are not statistically independent since thapalysis. They clearly illustrate that COMPTEL 1.8 MeV data

partially share the same events. are not correlated to these tracer maps.

The results of the maximum likelihood analysis are sum- Maps in our database that are related to the old stellar popu-
marised in Fid.R. Longitude profiles of the residual counts alaion also provide only a poor description of the 1.8 MeV data.
shown for some representative all-sky maps in [Eids. 3—4. Thhis is for example the case forthe ROSAT 1.5 keV and HEAO-1
tracers which provide the smallestlog-likelihood ratios are thoseps which trace the population of X-ray binaries. The longi-
which suffer from important galactic absorption. These are thede profile for the HEAO-1 map clearly demonstrates that the
all-sky maps from visible wavelengths up to soft X-rays (Visibldistribution of X-ray binaries is much more concentrated to-
- ROSAT3/4 keV). The domain of galactic absorption is clearlyvards the inner Galaxy than the 1.8 MeV emission. The DIRBE
perceptible in Fid.R as a pronounced dip in the histogram of thear infrared maps at < 4.9 um, tracing the population of
log-likelihood ratios. Corresponding flux values are also sy&-and M giants, can not explain the 1.8 MeV data either. Ob-
tematically low. In particular, a negative flux is assigned to theously, this population obeys a rather smooth and symmetric
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Fig. 3. Software collimator longitude scans for some of the all-sky maps. The histograms show the background subtracted 1.8 MeV counts, the
solid lines show the corresponding all-sky map profiles convolved into the COMPTEL imaging data space. They&¢utgtR0) values for

the residual longitude profiles are quoted as measures of the correlation between the 1.8 MeV and the all-sky map longitude profiles. Note that
adjacent points of the profile are not statistically independent, hence the regluzaliies should not be interpreted as the result of a statistical
hypothesis test.

profile, in contrast to the structured and asymmetric distribfrom dust associated with the solar system, forming an extended
tion of the 1.8 MeV emission. Indeed, the population of K aneimission band following the ecliptic. This band is inclined by
M giants is usually modelled by a superposition of a proba- 60° with respect to the galactic plane, leading to substantial
bly bar-shaped bulge and an exponential disk with radial scalgh-latitude emission in some DIRBE maps. Particularly at
length between 1-3 kpc (Wainscoat et al. 1992), while fitting geyd-infrared energies (i.e. 12m and 25um) zodiacal light is
ometrical models to COMPTELS8 MeV data suggests a largerthe dominant emission component (Sodroski et al. 1997). The
radial scale length of 5 kpc for the galactic distributior?®l maximum likelihood analysis suggests that the 1.8 MeV data
(Diehl et al. 1997). can not be described by such an emission component. However,
A very poor fit is also obtained for the atomic neutral hyif the zodiacal light component is removed from the DIRBE
drogen (H) map. Obviously, the distribution of His much maps (solid histogram), the fits improve drastically, making the
flatter than the 1.8 MeV emission profile (cf. Hig. 3). ConsiddIRBE 12 zm and 25um maps even to the tracer maps that
erably better, although not satisfactory fits are obtained for theovide the highest log-likelihood ratios.
synchrotron maps (408 MHz and 53 GHz sync.). They provide The log-likelihood ratios for the best-fitting-¢ In A > 875)
a reasonable fit for the inner Galaxy, but they clearly fail to déracer maps are compiled in Fig. 5. The analysis suggests that the
scribe the 1.8 MeV emission at negative longitudes and in tb¢RBE 25um and 12:m maps yield the best fit to COMPTEL
Cygnus regior{l = 80°). 1.8 MeV data, followed by the DIRBE 240m, 140.m, and
Another dip in the histogram of the log-likelihood ratios i400.m, and the 53 GHz free-free emission maps. However, the
seen for some DIRBE maps that still include the zodiacal lightaximum likelihood analysis provides no framework to con-
component (dotted histogram in Higl. 2). Zodiacal light arise®rt the differences between log-likelihood ratios for different
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Fig. 4. Software collimator longitude scans for some of the best-fitting tracer maps.

tracer maps to statistical probability statements, hence we ceasolution of the best-fitting tracer maps to a common angular
not judge from this analysis how significant the differences beesolution of7° by convolving the maps with a Gaussian-shaped
tween the best tracer maps are. Nevertheless, comparison ofithiat spread function of adequate width (the DMR and FIRAS
longitude profiles may illustrate the differences. Indeed,[Figmaps which already obey a resolutiorivéfhave not been mod-
demonstrates that all maps follow the 1.8 MeV intensity distiified). The resulting log-likelihood ratios for the degraded maps
bution rather closely. Yet, substantial residuals remain for sormee shown in Fid.]5 as dotted histogram. Degrading the angular
of the tracer maps. In particular, the DIRBE 26 and 12um resolution leads in all cases to a decrease of the log-likelihood
maps which are suggested by the maximum likelihood anahgatios. This can be understood if the 1.809 MeV intensity distri-
sis to present the best-fitting tracers show considerable redidtion obeys a very narrow latitude profile that is considerably
ual emission towards negative longitudes, the galactic censmaller than7® (FWHM). Indeed, fitting of double exponen-
and near the anticentre frolm= 130° — 170°. In contrast, the tial disk models to COMPTEL 1.8 MeV data suggests a scale
53 GHz free-free emission map, which takes only place 6 in theight for the?Al distribution of 130 pc (Diehl et al. 1997), cor-
log-likelihood ratio ranking, provides much smaller residualsesponding to a width of 3° —4° (FWHM) for the 1.809 MeV
Apparently, there is a certain bias in our analysis in that thetitude profile. This width is of the same order as the latitude
tracer maps that maximise the likelihood ratio are not identigadofile of the DIRBE far-infrared or the CO maps. Consequently,
to those that minimise the 1.8 MeV residuals along the galactimoothing the DIRBE and CO sky maps to a resolutiofiof
plane. considerably widens their latitude profiles, and hence worsens
Some bias in the likelihood analysis is expected from thikeir fit to the narrow 1.809 MeV intensity distribution.
different angular resolutions of the tracer maps. In particular, Nevertheless, although the resolution degrading lowers the
among the best-fitting tracers, the DMR and FIRAS maps haeg-likelihood ratios, it is not sufficient to explain the discrep-
an angular resolution of only? (FWHM) while the remaining ancy between the likelihood analysis and the residuals in the
maps have resolutions of the order16f (FWHM). To study longitude profiles. In order to understand this discrepancy we
the impact of these differences on the analysis, we degradedhbee to re-consider the interpretation of the log-likelihood ra-
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Fig. 5. Log-likelihood ratios for the ‘best€21n \ > 875) tracer maps models and the instrumental background model.

of the database. The solid histogram represent the results obtained
for the standard maps. The dotted histogram shows the results after
degrading the resolution of the maps to a common angular resolution
of 7° (see text). relation coefficients for these models. Accordingly, more source
counts and hence higher fluxes are assigned. The bias does not
explain, however, the high log-likelihood ratios that have been
tios. In fact, the premise of the likelihood analysis is that thgetermined for these models. Although the correspondence of
model we use to describe the instrumental background cotie peak in the histogram of log-likelihood ratios with the re-
ponent is correct. Only in this case the log-likelihood ratio igion of dominant zodiacal light emission is very suggestive for
a measure of the correlation between the 1.8 Mekay line a possible bias, it is no proof and it could well be that there is
intensity distribution and the tracer maps. In contrast, the bacl extended diffuse high-latitude 1.809 MeV component that is
ground model we employ in this work is subject to systematjgst better fitted by the DIRBE 12m and 25.m tracer maps. In
uncertainties, mainly due to the ignorance of the tpudistri- order to clarify this point, we will now investigate the 1.8 MeV
bution of the instrumental background (€£-312.1). Hence, wesiduals in more detail.
formally only fit a combination of two data space models to the
dgta and instrumental background cqunts may'be 'pe.lrtlally §,t2_3_ Residual analysis
tributed to the source component, or vice versa, if this improves
the overall likelihood of the data. The possible confusion b&er this purpose we determine 1.8 Me\Way line residuals by
tween the source and background component depends onntle&ans of a maximum likelihood ratio test (de Boer et al. 1992).
similarity of both models in the imaging data space. This sinResidual emission is searched by fitting point source models on
ilarity can be quantified by thglobal correlation coefficient top of the combined data space model (convolved tracer map +
(Eadie et al. 1982) which in our case will always be a negatiirestrumental background model) for a grid of source positions.
quantity since rising one component will lower the other in oAccording to the above discussion the correlation coefficient be-
der to conserve the total number of counts. It turned out that tineeen isolated point source models and the instrumental back-
global correlation coefficient depends mainly on the overlap gfound component almost vanish, hence the results should not
the source and background models in the imaging data sphediased by systematic uncertainties of the background model.
in the sense that more extended source models lead to higfetr the analysis can unveil regions where the background model
correlations. As extreme examples we determined a global caveals inappropriate.
relation coefficient of-0.96 for an isotrop sky model, while an ~ The results of this residual point source search are complied
isolated point source located at the galactic centre obeys omlyFig.[] for some of the best-fitting tracer maps. The quantity
—0.05. plotted is—21n A\, where \ is the maximum likelihood ratio
Indeed, we find a clear bias for our best-fitting tracer mapsi(M + B)/L(S + M + B), M andB represent the fitted all-
the sense that more counts are attributed to the source composkyimap and background model, respectively, &ntie point
with increasing correlation between the source and backgrowsalirce model which is moved over the entire sky on a grid of
models (Fig.B). This bias explains the relative high fluxes thét 800 source positions. In such a searet? In A obeys ay3
have been attributed to the DIRBE 12n and 25um maps distribution. For comparison, the expected distributions for the
(cf. Fig[2). In fact, although a model of zodiacal light emissioideal case of no residual 1.8 MeV emission and a correct instru-
has been removed from these maps, weak residual emissizntal background model are also shown (bottom-right panel).
remains at high galactic latitudes, resulting in considerable cdihis ‘ideal case’ residual map was obtained by performing a
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ideal case

residual analysis of a simulated model fit, where a mock datasethese tracer maps. Clearly, although their log-likelihood ra-

has been fitted by its parent data space model. tios have been worse, the other tracer maps show less residuals,
Obviously, the DIRBE 12:m and 25:m maps, which have hence they describe the 1.809 MeV intensity distribution more

provided the highest log-likelihood ratios in the maximum likeaccurately.

lihood analysis, still show considerable 1.8 MeV residuals. On In particular, residual 1.809 MeV emission is minimal when

the one hand these are found in the galactic plane as alretidy 53 GHz free-free emission map is fitted to COMPTEL

revealed by the software collimator longitude scans (cf[Fig. 4).8 MeV data. Only for this map no significant 1.8 MeV residual

On the other hand they appear at high galactic latitudes, maifégture remains in the galactic plane. The DIRBE ga0map,

in regions where no residual zodiacal light emission is presemtich provides almost as few residuals as the 53 GHz free-free
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100 in the analysis. Thus it is complementary to imaging data space
analysis, and can be used to validate the results obtained above.
For the purpose of the all-sky map comparison, 120 source
spectra were obtained for equidistant positions along the galac-
tic plane ¢ = 0°) using an acceptance circle of= 3°. The
spectra were fitted by an analytical model for the instrumental
background component plus a Gaussian of instrumental width
(0 = 59keV) at 1.809 MeV to measure the line signal. The ana-
lytical background model is composed of an exponential law to
model the overall shape of the background and three Gaussians
to describe particular background features in the spectra. These
Gaussians model the 1.461 MeV line arising from radioactive
decay of*” K within the instrument (fixed position and instru-
5 mental line width), the 2.223 MeV line arising from neutron
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52 23 gg=-s ST 8 g The fitted number of 1.809 MeV source counts define a lon-
5 - 329 o , gitude profile of the line emission along the galactic plane. Pre-
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ot N dicted number of source counts for the all-sky maps were deter-
L_f 0 £ L mined by convolution of all maps with the instrumental point
N § spread function and software-collimation of the resulting data
1 3 spaces. These model longitude profiles were then fitted to the

Map observed longitude scan. Flux errors for the spectral analysis
_ i . were derived using Bootstrap sampling. Simple error propaga-
Fig. 8. Results of the multi-wavelength all-sky map comparison. Dofg,y from spectral fitting results are not suitable since neigh-
and solid lines correspond to analysis results in the energy data sp %ﬁlring scan positions are not statistically independent
rectangles and dashed lines correspond to analysis results in the imag- )
ing data space. The top plot shows the redugéaf the longitude

profile, the bottom plot gives the corresponding flux values. 3.3.2. Results

The resulting reduceg? values for the longitude profiles are
o . o ] ~_shown in Fig[B. Comparison with the results obtained from

emission map, still shows significant residual 1.8 M_eV emisSiQRe software collimator scan in the imaging data space anal-
towards Carinal(~ 286°) and Vela ¢ 266°). Few residuals are yjs shows that the two methods provide similar trends. This
also found for the FIRAS 158m map. The main discrepancyis remarkable since the imaging data space analysis made use
appears in the Cygnus regian 80°) where the FIRAS maps of the entire COMPTEL all-sky data space for the analysis,
of our database obey incomplete sky coverage. Indeed, abright- 5 gata space which covers the entire sky; in contrast, the
ened limb around the uncovered region indicates the possilctral analysis made only use of galactic plane data, hence
presence of an emission peak in the 188sky at this location. it js not very sensitive to high latitude emission. This also ex-
If we excluc_je this region for the maximum likelihood f'tt'”gplains the main discrepancies: most maps which lead to signif-
and the residual analysis, the FIRAS 168 and the 53 GHz icantly different results are maps which contain non-negligible
free-free emission maps describe the 1.8 MeV data equally Wﬁkbh-latitude emission (e.g., 408 MHz,iH63 GHz sync., near

IR maps, UV maps, X-ray maps). Obviously, restriction of the

3.3. Comparison in the energy data space analysis to the galactic plane (i.e., omission of the high-latitude
emission) improves the agreement between the all-sky maps
3.3.1. Energy data space and the 1.8 MeV data, supporting the finding that 1.809 MeV

As alternative to the imaging data spageray lines may be emission is concentrated on the galactic plane.

analysed in the energy data space which is spanned by the to-Flux determination with the two analysis methods also gives
tal energy deposif,.. Spatial information, provided by thesimilar results, at least for the maps that show no significant
Compton scatter angl@and the scatter directicﬂx7 w), is now hlgh—latltude emission. In particular, for the 53 GHz free-free
used for primary event selection, a technique which was us¥@ission map spatial analysis results(h03 + 0.10) 10~
before to generate longitude residual profiles. This softwaf cnT > s~' sr' while spectral analysis giveg3.09 +
collimation technique provides only poor angular resolutigh09) 10~* phcn? s™! sr! for the central steradian. This
(~ 10° FWHM), but maximises the spectral information useg0nverts to intensities d2.8 + 0.1) 10~* ph cn ™! rad™*
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Fig. 9. Residual maximum likelihood ratio maps for the 53 GHz fregj,5ds locations of residual features in fFig. 9.

free emission map, separated into negative (top) and positive (bottom)
flux residuals. Contour levels correspond to detection significanes of

2,04%)...Gau55|aa in @ maximum likelihood point source search (3|s illustrated in Fig:P where maximum likelihood ratio maps

of residual 1.8 MeV emission are shown for this tracer map,
splitted in features corresponding to negative (top) and fea-
and(2.940.1) 10~ ph cnr2 s~! rad™! for the central galactic tures corresponding to p_qsitive (_bottom) point source flu_xes.
radian ifthe map is integrated ovéf < 20°. Hence both meth- There are extend_ed positive r_e5|duals below galac_t!c latitude
ods, which use completely different background modelling afid< —30°, €xtending over longitude0° — 30°. Additional
source detection techniques, provide consistent results. NG@Sitive features are seen near the anticentre above the galac-
however, that Bloemen et al. (1998), using an alternative badig.Plane between galactic longitudeg)® — 170 or localised
ground modelling method based on a data filtering techniq@ound(/;b) ~ (342°,53°). We obtained software-collimated
obtained a higher intensity of 410~* phcnr?2 s—! rad! energy spectra for all of these _fgatures but no 1.8 MeV line sig-
from the central radian. The discrepancy is probably explainBgture could have been identified. Some examples are shown
by the different treatment of the instrumental background corfi-Fig.LL0 for locations where significant positive point source

ponent, and reflects our current uncertainty for the determinatf§siduals are found in the analysis. The absence of 1.8 MeV line
of absolute 1.809 MeV flux values. signatures towards the residuals suggests that these features are

most probably due to uncertainties in the instrumental back-

ground model. Thisis supported by the fact that not only positive
4. Discussion residuals are found. In the northern galactic pole area, negative
4.1. The best 1.809 MeV tracer residuals of comparable amplitude are seen in the map, indicat-

ing that the background model systematically overestimates the
Imaging and energy data space analyses lead to the conclugistrumental background in this region. Hence, positive resid-
that the 53 GHz free-free emission map provides the best coals may correspondingly represent regions of systematic un-
relation to COMPTEL 1.8 Me\/-ray line data. The software derestimation of the background component. It is worthwhile
collimator scans presented in Hig. 4 illustrate that this is tleenphasising, however, that the amplitudes of the residuals are
only map which obeys the same pronounced intensity contrgsite small compared to the 1.8 MeV signal from the Galaxy.
in the Cygnus regions as found in the 1.8 MeV data. It is al€globally, the instrumental background model we use is quite
the only map which provides a satisfactory description of tleecurate, but when local details or features close to the sen-
1.8 MeV emission profile towards negative longitudes. It hagtivity limit are interpreted, the behaviour of the instrumental
been demonstrated that this map minimises the 1.8 MeV entisscckground model must be accounted for.
sion residuals, both in the longitude profile and in the point Thus, to the actual limit of the data analysis and sensitiv-
source search. ity, the 53 GHz free-free emission map provides a satisfactory

Nevertheless, some significant 1.8 MeV residuals remaindescription of the entire 1.8 MeV intensity distribution. This

the data on top of the 53 GHz free-free emission map. Thireans that we have assessed a simple tracer of 1.809 MeV
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Table 2. Flux asymmetry as determined from some tracer maps. The The analysis suggests that there is no global flux asym-
intensity contrast of the tracer maps is given in column 2, asymmetnetry in the integrated 1.809 MeV emission from positive and
indices obtained by fitting splitted tracer maps to COMPTEL 1.8 Meffom negative longitudes. For tracer maps with an intrinsic flux
data are given in. column 3 and 4 for imaging and energy data SPa/mmetry, the fit scales both model components in a way
analysis, respectively. that the flux asymmetry is reduced. Thus, although the longi-
tude profiles of the 1.809 MeV emission and of the best-fitting

o7 tracer maps are rather asymmetric, the integrated 1.8 MeV in-

Name map  Imaging energy tensities from both hemispheres are comparable. Apparently,

53 GHz free-free 1.03 1.0240.07 1.06 & 0.06 the extended 1.809 MeV emission tail at negative longitudes
DIRBE 240um 0.90 1.00+0.07 0.9840.06 (—120° < I < —30°), which is missing at positive longitudes,

Cco 0.81  0.97+0.07 0.90+0.05 is compensated by an extended low-level emission at positive

EGRET>100MeV  0.92 1.04+0.06 1.10£0.05 longitudes, reaching towards the anticentre (cf. [Hig. 3). In our

earlier analysis (Diehl et al. 1995), this low-level intensity was
apparently missed due to the low exposure in this region, faking
a global 1.809 MeV flux asymmetry for the Galaxy. The anal-

emission which can help to understand the origin and distyiSis presented in this paper shows that globally the 1.809 MeV
bution of galactiG®Al. It is simple in the sense that there is onlyntensities at positive and negative galactic longitudes are sim-
one free parameter, namely the relative scaling of 53 GHz frdlgr.

free emission to 1.809 Mevy-ray line emission. Consistently, ~ This is one of the reasons that many maps of the all-sky
both analysis methods presented in this work give essentidi§tabase are unable to provide a satisfactory fit to COMP-
the same scaling factor: imaging data space analysis suggé&s 1.8 MeV data. Most of the Population | tracers (CO, far-
0.86 + 0.03 phcnT2 s~ sr=* K—! while spectral analysis re- infrared, high-energyy-rays) have asymmetry indices below
sults in0.88 0.03 phcnm2s~! sr! K—1. The corresponding Unity (ax ~ 0.8-0.9), leaving important 1.8 MeV residuals at
number of 1.809 MeV photons detected by COMPTEL amourii§gative longitudes in the rangel50° 5 | 5 —30°. The

to 54000 =+ 1800. The significance of the detection of thedsymmetry of these tracers can be understood as an asymmetry
53 GHz free-free emission map over backgrourgbis. Using in the distribution of local interstellar matter. For the CO map

a data filtering technique and estimates of the 1.8 MeV contiier = 0.81), most of the emission besides the inner-Galaxy
uum emission based on model fits at adjacent energies to mdifige arises from local molecular clouds where the total cloud
the instrumental background component, Bloemen et al. (1998§ss is 4 times greater at positive than at negative longitudes
derived a somewhat higher value bB5 + 0.06 phcnr2s-!  (Dame etal. 1987). Since FIR and the high-eneygypy maps

sr! K—! for the scaling factor between 53 GHz free-free arf€ partly correlated to the molecular cloud distribution, they
1.809 MeV~-ray line emission. This could point at a potentiaPbey a similar trend. Obviously, COMPTEL 1.8 MeV data do

inclusion of a small signal component in our background &9t obey an equivalent flux asymmetry. The linearity between
derived from adjacent energies. our tracers and 1.8 MeV emission only holds on larger spatial

andtime averages (e.g. Diehl etal. 1996); these may not be given

in particular for preferntially local regions. Consequently, the

flux asymmetry may be interpreted as either a low nucleosyn-

Earlier analysis of COMPTEL 1.8MeV data from the firsthesis activity over the last million years in the local interstellar

year of theCGROmission suggested a global asymmetry dhedium & 1kpc), or as enhanced activity towards negative lon-

1.809 MeV emission with abo@6% - 65% more 1.8 MeV flux 9gitudes, corresponding possibly to the Carina spiral arm. A fur-

from negative longitudes{180° < I < 0°) than from positive therdiscussion of fluxasymmetriesin COMPTEL 1.8 MeV data

longitudes (° < [ < 180°) (Diehl et al. 1995). On the contrary,Pased on image reconstructions is given by Oberlack (1997).

the intensity contrast between negative and positive longitudes

of the best-fitting tracer maps in our database is close to UNiy3  |nner to outer Galaxy contrast

Thisis illustrated in Tablgl2 where the asymmetry indgx de-

fined as the 1.809 MeV intensity ratio betweeh80° < [ < 0° The software collimated longitude profiles obtained for imaging

and0°® < [ < 180°, integrated ovelb| < 30°, is shown for some data space analysis (cf. Fig. 4) and energy data space analysis

of the tracer maps. indicate that the 53 GHz free-free emission profile may slightly
To address the question of a global flux asymmetry betwediderestimate the 1.809 MeV intensity in the inner Galgiyq{

negative and positive longitudes, we splitted the tracer maps}gt)- To investigate if the inner to outer Galaxy contrast of

I = 0° into two halves and fitted both components simultand-809 MeV~-ray line and 53 GHz free-free emission are similar,

ously with independent scaling factors to the 1.8 MeV data. TM& splitted the 53 GHz free-free emission map into two parts,

resulting flux asymmetry indices are given in columns 3 arfh€ covering the inner Galaxy from30° < I < 30°, and one

4 of Table[2 for the imaging and energy data space ana|y§gyering the remaining outer Galaxy. Both components are then

respectively. Again, results obtained by both analysis methdid simultaneously with independent scaling factors to the
are consistent within the statistical uncertainties. data. We define; ,, as the ratio between inner to outer Galaxy

4.2. Flux asymmetry



J. Knbdiseder et al.: A multiwavelength comparison of COMPTEL 1.8 M&A line data 81

scaling factors. Thefitinthe imaging data space providgs=  Knodlseder (1999) showed that the correlation can be under-
0.93 & 0.10 while analysis in the energy data space results &tood if the galactié®Al mass density is directly proportional to
a;/o = 1.09 £0.10. the mass density of the ionised interstellar medium (ISM). Since
Both results are still consistent with unity, although thethe ionisation of the ISM is mainly provided by (very) massive
show an opposite trend. Apparently, it is difficult to judge frorstars (e.g., Abbott 1982; Reynolds 1984), he argues that these
this analysis whether there is indeed an enhanced inner to owlgjects should also be the main source of galatid. Yet,
Galaxy contrast in COMPTEL 1.8 MeV data with respect tbe also illustrates that the galactic metallicity gradient could
the 53 GHz free-free emission map. The difference in the treditort the correlation between 1.809 MeV and free-free emis-
illustrates the systematic uncertainties of both analysis me#fien, providing importantinsights in nucleosynthesis processes.
ods. It is to be determined if further refinement of the analysiith the current sensitivity of COMPTEL and the actual analy-
methods can reduce these uncertainties and actually impreigtechniques, we can not find such distortions. However, future
the contrast determination. Considering the systematical aygmma-ray telescopes with improved sensitivity and enhanced
statistical uncertainties, we estimate that using current analygiectral as well as angular resolution will provide important
techniques, a contrast aroufd% should be at the detectionnew insights. In particular, the gamma-ray spectrometer SPI
limit of COMPTEL. aboard o NTEGRAL, scheduled for launch in 2001, will help
to determine the 1.809 MeV intensity distribution much more
accurately, and hence provide an ideal tool for further dedicated
correlation studies with its unique spectral resolution and im-

The multiwavelength correlation study of COMPTEL 1.8 Me\proved sensitivity.

data provides a unique tool for the understanding of 1.809 MeV
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