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Abstract. We provide first constraints on the morphology of the 511 keV line emission from the galactic centre region on basis
of data taken with the spectrometer SPI on the INTEGRAL gamma-ray observatory. The data suggest an azimuthally symmetri
galactic bulge component witfWHM of ~9° with a 2o uncertainty range covering618°. The 511 keV line flux in the bulge
component amounts ta®37 x 10 ph cnt?s7t. No evidence for a galactic disk component has been found so far; upper 2
flux limits in the range (#4-3.4) x 102 phcnt?s™ have been obtained that depend on the assumed disk morphology. These
limits correspond to lower limits on the bulge-to-disk ratio @3-€0.6.
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1. Introduction morphology of the emission (e.g. Share et al. 1990), it is ol

) ) ) with the advent of the OSSE telescope onboard the Comg.
Since the first detection (Johnson & Haymes 1973) and mma-Ray Observatory that a first crude skymap of

subsequent identification (Leventhal et al. 1978) of the galacg¢q oy intensity distribution became available (Cheng et
511 keV annihilation line, the origin of galactic positrons haggg7- pyrcell et al. 1997: Milne et al. 2000 2001). The OS!
become a lively topic of scientific debate. Among the proposgglcaryations suggest at least two emission components, on

source candidate_s figure compact objects such as neutron qﬁt{% spheroidal bulge and the other being a galactic disk cc
or black holes (Lingenfelter & Ramaty 1983), stars, such 88nent. Indications of a third component situated above

supernovae, novae, red giants and Wolf-Rayet stars, expellifig,ctic plane have resulted in various speculations about
radioactive nuclei produced by nucleosynthesis (Ramaty etlﬁlrderlying source (von Ballmoos et al. 2003), yet the morph

1979), cosmic-ray interactions with the interstellar mediugby and intensity of this component is only poorly determin:
(Kozlovsky et al. 1987), pulsars (Sturrock 1971), gamma-rgy o Miine et al. 2001).

bursts (Lingenfelter & Hueter 1984) and stellar flares. Yet so Modelling the bulge component by symmetric gaussia

far the source of the galactic positrons is still unknown. . )
! 9 IC posi 1S SHTU W the OSSE data suggds¥VHM values in the range°46° with

The question of the morphology of the galactic 511 ke}{o significant éfset from the galactic centre (Purcell et a

a”_”!“"a]}'°“ls'9t_”a' IS _|tnt|mat_(|e_lﬁl relaltedt_ t? (;het qbu?_stlon %f thﬁw; Milne et al. 2000). TGRS results are also consistent w
origin ot galactic positrons. 1he celestial distributions shou significant éfset from the centre2°) but suggest a some-

b(_e ti_ed o the source distribution, although pos_itroﬁu!;iion what broader distribution (Harris et al. 1998). The estimat
within the Galaxy may to some extent blur this link. AIthouglEW

i s alread ided first indicati 1 ulge-to-disk ratio (hereafter/B ratio) is only poorly con-
earlier measurements already provided first indications o ained by the observations, and estimates vary fr@n33

- ) depending upon whether the bulge component features a |
Send gprint requests toJ. Knddiseder, (which leads to a large/B ratio) or not. The total flux has beer

e-mail-knodlseder@cesr. fr _constrainedto (-3.1)x 103 phcni2s ! (Milne et al. 2000).
* Based on observations with INTEGRAL, an ESA project with

instruments and science data centre funded by ESA member statesCle@rly, more observations are needed to better const
(especially the Pl countries: Denmark, France, Germany, Itai{ie 511 keV emission morphology, and thus to shed light
Switzerland, Spain), Czech Republic and Poland, and with the p#e origin of galactic positrons. In this paper we report a st
ticipation of Russia and the USA. towards this direction by exploiting a first set of data record
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in the Ge detectors, while the long-term variability has been
regarded as an unknown (see Sect. 4).

The expected number of counts in this data sp&ig.e,
where “p” indicates the pointing, “d” the detector, and “e” the
energy bin, is given by

Ep,d,e = Z I%;Z,e(l)m + Bp,d,ev (1)
I.b
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wherel‘ﬁ‘;'fj oIS the instrumental response matrix (i.e. the number

of counts in a data space bin that arises from a source of unit
BT R h b 4 4 d G0 4 flux at the sky positiom, b; see Sturner et al. 2003p,  is the
Gasctelongiuce (59 511 keV sky intensity distribution, ar}, 4 is the background
Fig. 1. Relative exposure map of the galactic centre region. Black canodel. In the following we describe two approaches that we
responds to regions of maximum exposure. used to extract information abo®i, from the measured SPI
data.

20

by the spectrometer SPI on ESA's INTEGRAL observatory. )
First results on the spectral shape of the 511 keV line obtainddlmaging

from th+e0.f$me set of data, indicating a slightly broadened IiIAequalitative impression about the spatial distribution of the
of 29575, keV FWHM, have been reported elsewhere (Jeafy ey y-ray line emission can be obtained by deconvolv-

etal. 2003). ing the data into a celestial intensity distribution. For this pur-
pose, we employed in this work the Richardson-Lucy algorithm
2. Data analysis (R_ichardson 1972; Lucy 1974)_th§1t has been s"uccessfully ap-
plied to y-ray data of earlier missions (e.g. &diseder et al.
The data analysed in this work were accumulated durid®99; Milne et al. 2000). The Richardson-Lucy algorithm de-
the first year's Galactic Centre Deep Exposure (GCDE) andmposes the sky into a grid of equally sized pixels (here of
Galactic Plane Scan (GPS), executed as part of INTEGRAS® x0.5°) and solves for the intensity; , in each of the pixels
guaranteed time observations (see Winkler 2001). We used dsitaultaneously using an iterative maximum likelihood scheme.
from 19 orbits from March 3rd to April 30th, 2003, amountindrhe pixels are constrained to positive intensities. As all pixel-
to a total éfective exposure time of 1667 ks. The GCDE corbased deconvolution algorithms, the Richardson-Lucy scheme
sists of rectangular pointing grids covering galactic longitudésads to morphology artefacts in the case of reconstructing a
| = £30C° and latituded = +10°, with reduced exposure updiffuse low significance signal since the number of free param-
to b = +20°. The GPS consists of pointings within the bandters (i.e. the number of image pixels) greatly exceeds the infor-
b = +6.4° along the galactic plane. For details see Winklenation available in the data. In order to reduce these artefacts,
(2001). The present data are from 1199 pointings with an avere added a smoothing step to the iterative scheme ftfet-e
age exposure of 1400 s per pointing. tively combines adjacent pixels and thus reduces the number
As aresult of data sharing agreements, the results presemtieplixels in the reconstruction. As smoothing kernel, a boxcar
here are limited to the galactic quadrant 270°-360° but, average of 6x 6° has been employed.
in accordance with those agreements, data from pointings in Figure 2 shows the resulting skymap for negative longi-
the entire GCDE regioh = +30° have been taken into ac-tudes (according to the above cited data right agreements we
count in the analysis. The resulting sky exposure is depictedliberately limit the image td < 0°). As insets, longitude
in Fig. 1, where blackvhite corresponds to regions of maxand latitude profiles of the 511 keV line emission are shown
imunyminimum exposure, respectively. A quite homogeneotisat have been obtained by integrating the intensity of lati-
exposure has been achieved over galactic longitu@b% with  tudesb = +5 deg and longitude= -5°-0°, respectively. The
a small exposure dip near the galactic centre. The latitude @enission is concentrated in an azimuthally symmetric region
pendence is approximated by a Gaussian centred on the galawi&r the galactic centre, with an extent of abe®ft (FWHM).
plane, withFWHM of ~30°. The emission maximum is slightlyfiset from the galactic cen-
Data preparation and modelling of the instrumental backe, and is situated at about= -1° andb = 2°. Integrating
ground is identical to that described in Jean et al. (2003). Tthe intensity over the feature suggests a flux of the order of
SPI single detector event data have been gain corrected &Adf phcn?s™.
binned into event spectra ofZb keV bin width for each de-  To asses the significance of the morphology that is seen
tector and pointing, leading to a 3-dimensional data space. Tihehe skymap, we performed Monte-Carlo simulations of the
background has been modelled in this data space by two cateeonvolution process assuming that the 511 keV line emis-
ponents, accounting for the instrumental 511 keV line and teimn morphology is described by an azimuthally symmetric
underlying continuum (see Egs. (1) and (2) and Fig. 1 in Je&aussian bulge of XFWHM centred at = 0° andb = 0°. In
et al. 2003). The short-term variabilitx8 days) of the back- the ideal case the image deconvolution should reproduce the in-
ground has been predicted using the rate of saturating evgmisimage of an azimuthally symmetric emission centred at the
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Fig. 2. 511 keV gamma-ray line intensity map of the galactic cerfFig. 3. Simulated 511 keV gamma-ray line intensity map based
tre region (only negative longitudes). Black corresponds to regioas azimuthally symmetric Gaussian model of FWHM centred at
of maximum 511 keV line intensity. Longitude and latitude profiled,= 0° andb = 0°.
integrated oveb = £5° andl = -5°-0°, respectively, are shown as

insets.

Guided by the imaging analysis (and by previous work pi

. . . ) formed to describe the morphology of the OSSE observatic
galactic centre, yet the limited statistics may introduce SOrgey pyrcell et al. 1997) we used Gaussian functions to desc
unce_rtalntles in the reconstrL_Jctlorl procedure. the observed bulge emission. Assuming an azimuthally sy
Figure 3 shows the resulting simulated skymap, now showthiric Gaussian centred o= 0° andb = 0° results in an op-

for the entire galactic centre region. Obviously, although thg,um FEWHM of 97 degrees, where the quoted uncertainti
underlying model has been azimuthally symmetric, the decofye formal statistical @ errors. Systematic uncertainties, du
volved image shows a clear emission asymmetry, FIVHM 14 girerent treatment of the instrumental background, har
of 8° and 12 in the longitudinal and latitudinal directions, re—geact the lower boundary, while adding an additional unc:
spectlyely. Also the emission maximum is displaced from ﬂiﬁinty of +2° to the upper boundary. The flux in the bulge cor
galactic centre, and is found k= 0.5° andb = 2.5°. These ponent amounts to.guztz x 104 phent2 s, where the un-
values are comparable to those found for the centroid of tainty includes (and is dominated by) the uncertainty in 1

emission in the 511 keV sky map, and as we will show moggassjan width. Formally, the statistical detection significar
quantitatively in the next section, the apparent displacemeptine 511 keV line amounts to &2

in the 511 keV sky map could indeed be of purely statistical

Relaxing the condition on spherical symmetry does not s
nature.

nificantly improve the fit. Yet relaxing the condition on th
location of the bulge centroid improves the likelihood h§ 3
corresponding to a significance ofl2 for the displacement.
The optimum centroid positions has been determined as tc
A more quantitative approach is possible by fitting to the datee —1.0° + 1.3° andb = 1.4° + 1.3°, the optimum Gaussian
a model of the spatial distribution that has one or more compuidth at this location amounts to§ degrees (2 statistical
nents. The components can be point sources, Gaussian or othk@rs). Systematic uncertainties in the centroid determinat
geometric forms, or arbitrary maps corresponding to knovamount to aboui-0.2°. The flux in the displaced bulge com
distributions. The intensities of the components are adjusteenentamounts to 18"25x 104 phcnt?s™, including again
to maximise the likelihood that the model gives rise to the okie uncertainty in the Gaussian width.
served distribution of counts in the line (a 5 keV wide energy Including a galactic disk component in addition to tF
band centred at 511 keV was used), binned by detector a@aussian bulge component does not significantly improve
by pointing. Along with the model intensities, 19 backgrounfit. In none of the considered cases did the fit attribute a sigi
model scaling factors have been adjusted for the line compecant flux to the disk component. From the fits we derive u
nent by the fit, one for each orbit (fact@@sn Jean et al. 2003); per limits on the disk flux by multiplying the statistical unce
the scaling factors for the continuum component (fackoia tainty in the disk component by the requested significance le
Jean et al. 2003) have been fixed to unity. Not fitting the badjwve quote here @ upper limits, hence the formabistatisti-
ground model introduces systematic uncertainties in the anatat errors have been multiplied by a factor of 2). Although t|
sis that considerable biases the morphology determination. disk models we tested formally cover the entire galactic pla

4. Model fitting
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the dfective exposure of our data is restrictedlite: +40°, 6. Conclusions
and hence we can only derive conclusions about this IongituFe : .
. e analysis of SPI data that have been recorded during the
:223% ggzgg?a?]ulgeigg?z;f%?t;\rllz tL:s_e%:a \?vi?rf mgt\?v?cliﬁsyirst half of the first year's INTEGRAL GCDE have provided
: ) o initi[al constraints on the morphology of the galactic 511 keV

being a free parameter of the fit. In all considered cases, the kfl%se emission. The data suggest that the emission follows an
ﬂmrjlghz\:\tla:mt?rlr;?itr?iiixr?e, (;Allg: f"liuio-s![(r)(\)l\;;;l/lrggpoefne dlont azimuthally symmetric galactic bulge ef9° typical FWHM,

L : et the uncertainties on the width are still rather large-(&°,
spatial distribution that has been assumed for the disk co ge- (&

. . L r). The bulge seems centred on the galactic centre, yet a
ponent. Using models of constant positron annihilation s 7) 9 9 y

untl'arginal displacement towards positive latitudes and nega-

face density throughout the galactic disk, limited to a MaXfye longitudes may be indicated. Obviously, this displacement

mum galactocentric radius of 14 kpc, provide the largest up ' : :
flux limits, comprised between @-3.4) x 10-3 phen? st pc?éarly needs confirmation by the analysis of a much larger set

X ; of data.
for assumed exponential scale heights of 90 and 325 pc, " The available SPI observations are so far rather insensitive

E)?Iith:\E/e;yS A traﬁelr( of the Olq steIIarlpc:][:t)luIatlonilsucl:_h ."f:s E?ga galactic disk component, and only upper limits have been
Hm a’Sky map, gives a slightly smaller Imit o yo 4,64 More data along the galactic plane are needed to better

3 21 i i
25x 10°° phen®s™, while a massive star tracer, such as th@onstrain the disk component. These data are, to some extent,

I.DIRBE 240um 2llsky mzae,l provides a considerably Smalle5Iready taken, yet the data sharing agreements do not allow for
limit of 1.4x 10 phent*s™. their inclusion in the present analysis. Yet we are optimistic
that once combined, the complete set of SPI observation will
provide unprecedented constraints on the morphology of the
511 keV line emission, and thus give us key information about

The 511 keV line emission detected by SPI from the Gala§e origin of the positrons in the Galaxy.
is so far adequately described by a Gaussian shaped bulge of
~9° FWHM. The 2r lower limit on the bulge size amounts to
6°, which is at the upper limit of the values suggested by th@knowledgementsThe SPI project has been completed under the
OSSE observations {46°). At this early stage of the analysisresponsibility and leadership of CNES. We are grateful to ASI, CEA,
we do not emphasise this discrepancy, yet it may be taken aSNES, DLR, ESA, INTA, NASA and OSTC for support.
first hint of morphology dierences between the OSSE and SPI
analyses.

The dafta do not suggest that the bulge geometry dev'a&eﬁerences
from spherical symmetry yet a smaltset of the centroid from
the galactic centre direction is indicated by the data atte Cheng, L. X., Leventhal, M., Smith, D. M., et al. 1997, ApJ, 481, L43
confidence limit. The present data do not yet allow to make"ﬁ‘r:]isb'v'k J(iég?efi%?rienﬁolar{'gd (i/”n:t’ ;—I- Ii'é(e);a,lé\g{zgib?piégol’ LS5
statement about the reality of the positive latitude enhancemégﬁn'son” W.N. & I—,|ay,mes,1 R C. ’1973, Apd, 18 4 103
that has been reported by Purcell etal. (1997). Knadiseder, J., Dixon, D., Bennett, K., et al. 1999, A&A, 345, 813

Assuming that the bulge is indeed located at the galacki6zlovsky, B., Lingenfelter, R. E., & Ramaty, R. 1987, ApJ, 316, 801
centre, at a distance of Bkpc, the measured 511 keV lineLeventhal, M., MacCallum, C. J., & Stang, P. D. 1978, ApJ, 225, L11
flux converts into an annihilation rate of.£3-6.3) x 10*? s71, Lingenfelter, R. E., & Hueter, G. J. 1984, in High-Energy Transients
The observed flux is compatible with previous measurementség rﬁZf{gfr}eySiECS’g?%aiﬁg,wgoilggf:f lggsri]tf}oF:lroEclé (if(?n baire i
that hgve been .obtalned_ using telescope_s with small or m&f- Astroph),/sics, éd. M. L. BL,JI’I’IS, A. K’. Harding, & R. Ramaty, AIP
erate fields-of-view, yet it is on the low side when compared Conf. Proc.. 267
to OSSE measurements. OSSE, however, has detected an aqg; | . 1974, AJ, 79, 745
tional galactic disk component that is (so far?) not seen in thfine, P. A., Kurfess, J. D., Kinzer, R. L., Leising, M. D., & Dixon,
SPI data. The disk flux determined by OSSE lies in the range D. D. 2000, AIP Conf. Proc., 510, 21
(0.7-2.7) x 1073 phcnt?s7%, and strongly depends on the asMilne, P. A, Kurfess, J. D., Kinzer, R. L., & Leising, M. D. 2001, AIP

sumed shape of the bulge component. Quupper limits on Conf. Proc., 587, 11 _

the disk component of (4-3.4) x 103 ph cnr2s ! are still Purcell, W. R., Cheng, L.-X., D_|x0n, D.D., etal. 1997, ApJ, 491, 725

compatible with the_ O_SSE measuremt_antSf. S?CT::%’SSH’ Wzﬁvfg’f;]’_%';)'tr_'%eorfk(:’_’%2"5'5%979’ ApJS, 40, 487
The upper flux limits on the galactic disk component maghare, G. H., Leising, M. D., Messina, D. C., & Purcell, W. R. 1990,

be converted into lower limits for the bulge-to-disk ratio. While  ApJ, 358, L45

the constant surface density models provide the smallest linfitsirner, S. J., Shrader, C. R., Weidenspointner, G., et al. 2003, A&A,

of B/D > 0.3, the DIRBE 35um and 240um maps lead to 411,181

B/D > 0.4 andB/D > 0.6, respectively. We included in these>turrock, P. A. 1971, ApJ, 164, 529

limits the 2r uncertainty about the bulge size which transYonAi"’}Al\'rg%O?s'ng Guessoum, N., Jean, P., &odliseder, J. 2003,

Iate§ Into a tyP'C_a' uncertalnty.ofz)m_ the bulge-to-disk ratio. Winkler, C. 2001, Proc. 4th INTEGRAL workshop, ed. A. Gimenez,
Again, these limits are compatible with the OSSE measurement,, Reglero, & C. Winkler, ESA SP-459, 471
of values in the -3.3 range.

5. Discussion




