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Abstract. The nearby, 30 to 40 Myr old, starburst region of thBoth aspects are analyzed below before discussing the poss
Gould Belt has formed numerous massive stars. Within®30 nature of the sources.

pc radius, it produces core-collapse supernovae at an enhanced

rate which is shown to be 75 to 95 Myrkpc ™2, i.e. 3to 5times 2. Supernova rate in the Gould Belt

higher than the local Galactic rate, over the past and future few
million years. A population of persistent, but unidentified, Our Galaxy produces on average 28 SNe per century

ray sources has been recently singled out at medium latitud&&mmann et al. 1994),-85% of which arise from the core
above 100 MeV. Their distribution across the sky is shown f@llapse of a massive star. This value and the stellar dist
be quite significantly and better correlated with the tilted GouRi“'t'og1 in the Galaxy imply a local rate of 20 events Myr
Belt than with other Galactic structures. As many as#46 KPC ~, inreasonable agreement with the 29 progenitors Myr
sources are statistically associated with the Belbjat- 5°. It kpc™ found with masses- 8 Mg, within 1 kpc from the Sun
is therefore proposed that these sources are part of the Belt fk#nmann et al. 1994). This region, however, includes the st
are relics of the Belt supernovae in the form of million-year olgUrst Gould Beltwith its 300 pcradius. Today, the Belt hosts 4
pulsars. Their presence stresses how active the local mediurifist® Progenitors with masses 8 M, (Comeron et al. 1994)
heated, enriched and shaped by multiple recent explosions.and their maximum lifetime will imply & crude minimum rate
40 collapses Myr! kpc=2 in a few tens of Myr. Numerous ex-
Key words: gamma rays: observations — stars: pulsars: geneq)_g;sions have Iate_ly occurred from the first generations pf ma
— stars: supernovae: general sive stars formed in the Belt. A recent-past rate carj be inferr
from the current stellar content of the Belt as a function of mas
for both short-lived and long-lived stars, given a few assum
tions: 1) a stellar initial mass spectruV/dM = a MT~!
with a range of indices-2.0 < I' < —1.1 as measured in
nearby OB associations_(Scalo 1986; Massey et al.|1995);
Above 100 MeV, EGRET has discovered70 persistent, lifetime estimates as modelled for stars with solar metallicit
unidentified, sources at medium latitudes that clearly difZ = 0.02; [Schaller et al. 1992; Meynet et al. 1994) and in
fer from the ~40 sources seen close to the Galactic planerpolated in mass; 3) a constant birth rate for simplicity; 4)
(Hartman et al. 1999): they are significantly softer, fainteconservative mass threshold for collapse of8.Msing this for-
and have a steeper logN-logS function than at low latinalism, star counts were integrated in various spectral bands
tudes [(Gehrels et al. 2000). They have been tentatively asscaled to the observed Belt star counts (Comeron et all 1994
ciated with the local interstellar medium and the Gould Be#liminate the unknown birth rate and amplituale
. 2000; Grenier 2000), but their na- The significant increase in birth rate obtained for sta®
ture remains a mystery. The likely candidates present in thityr confirms the Belt nuclear age and the validity of our sim
Galactic disc, such as pulsars, supernova (SN) remnants, pledformalism. SN vyields of 21.4 0.8, 24.1+ 0.9, and 27.2
OB associations, cannot account for so many sources off thel.0 per Myr were obtained for' indices of —2.0, —1.5,
plane. Interestingly, the starburst Gould Belt disc is tilted and —1.1, respectively, for a 40 Myr old Belt. The quoted er
~ 20° to the Milky Way and close enough for weak sources tor results from the uncertainty in the observed star coun
be detected. Proposing an origin of the sources in the Belt hdlhese estimates decrease by 15% with Belt age from 50
ever requires one a) to confront their spatial distribution witBO Myr. Truncating the mass spectrum at 60 or 128, Mr
that of the Belt and other likely Galactic structures given stroraipoosing 10 M, for the collapse threshold, has10% impact
observational biases; b) to evaluate the number of liketgly on the results. Given the uncertainties for the Belt ageland
emitters, i.e. compact stars, formed in the Belt in the recent pastlex (particularly at large masses), we infer a frequency
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Table 1. max-likelihood results and theiwlerrors for selected models against the 67 persistent unidentified sources

model P.[mode|ISO]  Nigq Nani Nani a
[b] > 2.5° |b] >2.5° 5° < |b| < 30°
ISO=isotropic 6H+8 > —0.5
HAL=ISO+halo 10 4147 26+ 7 1444 > —0.15
GAL=ISO+thick Gal. 2 x 107° 0+11 67+ 11 39+ 6 —1.90 4+ 0.07
LOC=ISO+local Gal. 7 x 107° 0410 67+ 10 38+ 6 —1.90 4 0.06
ISM=ISO+NH 2% 10713 0+6 67+ 6 39+ 4 —2.140.3
BELT=ISO+Gould Belt 2 x 10~ 12+ 4 55+ 4 474 4 -2.240.3
20 to 27 SNe per Myr and a rate of 75 to 95 Myrkpc—2 0.002 wesss—— 0.265 source,bin

+390°

which is 3 to 5 times the local Galactic one. This high rate
valid for the past few Myr. It is consistent with the power o
2.3 x 1051 erg Myr-! kpc=2 required to maintain the local
cosmic-ray density (Blandford & Ostriker 1980) for a standai
SN-to-cosmic-ray energy conversion efficiency of a few perce

(Drury et al. 1994). Itis consistent with the presence, within tt
Belt, of four 0.1-1 Myr radio loop< (Berkhuijsen 1973) and th
Local Bubble. Thirteen radio pulsars from the Princeton ce
alogue are found at high latitudes with distanees kpc and

age <2 Myr, but they are too few to show a correlation witt
the inclined Belt or with the Galactic plane. The narrow radi 4
beams from many more may miss the Earth. 730

Fig. 1. visibility map, in Galactic coordinates, from the best fit
3. Gamma-ray sources in the Gould Belt “Iso+Belt” model, the Belt being traced by its young massive stars. The

lour codes the number of sources detectable per bin in the EGRET

N . . ... C
The distribution .on the sky Of_ 6_‘ subset of t.he unldent|f|e§ﬁrvey_ The 67 persistent, unidentified EGRET sourcés| at 2.5°
EGRET sources is strongly reminiscent of the tilted Gould Belfre marked as white dots which closely follow the curved lane of Belt

The subset includes gllersistentsources atb| > 2.5° from  stars.
the 3rd EGRET catalogue, i.e. those detected with a signifi-
cance> 4o (> 50 at |b] < 10°) using the cumulative data
from April 1991 to October 1995. Sources listed as likely ate display sources at mid latitudes: 1) sources uniformly dis-
tifacts were discarded. The 67 sources thus selected are tlibuted in a spherical Galactic halo, 20 kpc in radius; 2) sources
played in Fig. 1. 80% of them show no time variability, theniformly distributed in longitude in the “local Galactic disc”
others are only moderately variable (Tompkins 1999). Stromgth anyexponential or gaussian scale height; 3) sources spread
biases due to the instrument exposure and the bright intersteltea “thick Galaxy” with a gaussian radial scale length of 9.3 kpc
background does influence their apparent spatial distributi@md an exponential scale height of 0.4 kpc, typical of radio pul-
To assess their correlation with various structures, a maximusas [(Lyne et al. 1985); 4) sources distributed in the interstellar
likelihood test was applied that takes these biases into accommetdium as mapped by the NHN(HI+2H,) column-densities
(Grenier 1997). Animportant degree of freedom is the unknow@renier 1997); 5) sources in the Gould Belt as traced by the
luminosity functiondN/dL « L“ of the parent sources. Thecolumn-densities of stars with spectral typeB3, fitted from
flatter the function, the sharper the longitude and latitude profilde Yale Bright Star catalogue data according to the function
of any Galactic population because more sources remain visiblg(l, b) oc exp(-0.5*sirt[b — b..(1)]/sin?s), with the resulting
to large distances. This effect being quite strangvas kept as width 6 = 12.0° &+ 0.4° and median latitudé, ({) of the star
a free parameter over a wide range of value8:5 < o < 0. distribution displayed in Fig. 1. Distributions 4) and 5) provide
EGRET exposure maps above 100 MeV for the 4.5-year simdependent ways to trace the Belt through its young stars as
vey (Hartman et al. 1999), the observed isotropic backgroungll as its clouds since the latter dominate the interstellar maps
of (2.1 £ 0.3) x 107°y cm~2 s~! sr!, and the interstellar at medium latitudes.
background model (Hunter et al. 1997) of the EGRET survey The reliability of the analysis was checked by applying it to
were used to model the source visibilitydf by 5° bins across the 67 active galactic nuclei discovered by EGRET and spread
the sky. over the sky. For them, an isotropic distribution indeed yields
To allow for possible extragalactic sources among thke best fit and no Galactic component, however large in scale
unidentified ones, linear combinations of an isotropic andheight, is detected: the maximum log-likelihood value remains
Galactic component were tested (and nicknamed as in Tablecbnstant within 0.1 for all the models tested in Table 1467
The choice of Galactic distributions cover the various sites like8/sources are attributed to the isotropic component, ® to
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the local Gal., thick Gal., NH, or Belt components. Th& 96 =51 <€ counts
sources attributed to a halo component are not significant. 1
luminosity index of the parent populationds= 1.7 £ 0.3.
Results obtained for the 67 unidentified sources are d
played in Table 1. Modelled source counts in the isotrop ;s
and anisotropic components, and N, respectively, were
summed over the given latitude intervals. The probabili
P,[2]1] is determined from the log-likelihood increase betwee
two models, witho left free. It is the chance probability that a 101
random fluctuation from model 1 yields as good a fit as model
The dramatic improvementin the fit for any Galactic model ow
a pure isotropic population shows that oves0 sources have a
Galactic origin. The fitimproves very significantly fromaspher ]
ical halo to a flatter Galactic distributior2, [GAL|HAL| = Ty
2 x 10~°, and even more so with the tilted geometry of the Be _|_ ~’—
clouds or stars?’, [BELT|HAL] = 2 x 10~1°. The good quality B ——
of the BELT fitis illustrated in Fig. 1 & 2. The fact thatthe LOC ~ 0° 15° 30° 450 600 750 b

and GAL models yield equally good fits implies a large frac-,

tion of nearbysources: no contrast in longitude is detected tha®: 2. latitude profiles of the persistent unident_ified_ EGRET sourc
Y 9 \gr sses), of the best fit “Iso+Belt” model (thick line), and of th

would require dIStf.ingeSdOf a f.ewl kpc. to rt]he SourcesaObser ISOtropic contribution to this model (dotted line). The “Iso+Local Gal.
source counts are indeed equivalent in the centre an antlcem{ﬁel (dashed line) yields a significantly poorerR;(BELT|LOC} _

quadrants in Fig. 1. Not only are the sources local, the signifis ;(-6) ith systematic deviations from the data over wide latitud
cant likelihood increase between the LOC and BELT fits, withyngs.

a chance probability?, [BELT|LOC] = 3 x 10~¢, gives strong
support to their origin in the inclined Belt system. On the other

hand, the sources @ > 5° were shown to be distinctly fainterof —1.1 & —2.0, respectively. Moreover, the luminosify, /Ly
and softer than those at lower latitudes and a subse20fwere ratios>> 50 observed assuming statistically 1 or 2 faint ROSA
pointed out along the Belt (Gehrels et al. 2000). Together thegfurce in an EGRET error box, are clearly at variance with
findings provide compelling evidence that a distinct populatiqginteractions in the accretion flow (Colpi et al. 1986), unle
of 20 to 40 EGRET sources belong to the Gould Belt. Based Abn-thermal acceleration is advocated (in micro-quasar jets
their spatial distribution only, they could be as numerous as #flese luminosity ratios are also at variance with standard acc
+ 5at|b| > 5°. The luminosity index of their parent populatioring binary systems. | found no spatial coincidence with a W
isa=22%+0.3. star or the numerous O stars at mid latitude despite their hig
supersonic winds with kinetic powers of 202 W. Eight pul-

sars are known iy rays, 7 bright young ones at kpc distance
in the Galactic disc, and a faint, older one inside the Gould B
With luminositiesZ., of 1 to 15 x 10%® W over 4r sr at 500 pc (Geminga). So, the present sample is strongly biased to hi
(for E~2 spectra), the sources cannot be unresolved gas clurhpainosity and youth. The stability of most of the Belt source
irradiated by the local cosmic-ray flux: the required mass ¢fompkins 1999| Gehrels et al. 2000) is consistent with a p
~ 10* M, at 500 pc cannot have escaped the radio and #ar origin. Born with large velocities (Lyne & Lorimer 1994),
surveys, even when considering radio beam dilution from uni®alactic pulsars rapidly migrate away from the plane to mi
solved clouds (Grenier 1997). Nor can they be sle2@ km/s), latitudes. The outer gap modél (Yadigaroglu & Romani 199
old neutron stars, accreting gas from a dense cloud: they aréoatbeamed emission predicts that 4-5 Galactic pulsars sho
least 162 times too rare[(Grenier 1997) and the maximurbe detectable gb| > 5° in contrast with the 40 5 sources
Bondi-Hoyle accretion power of 2 x 10?®> W that results associated with the Belt. Similarly, the wide-beam com
from the formation of a surrounding HIl region by the neutonized polar-cap model (Sturner & Dermer 1996) predicts
tron star UV radiation, is 10 times too low (Blaes et al. 19952 Galactic pulsars detectable [af > 10° as opposed to 25
The accretion power reached for fasta00-400 km/s), highly + 5 sources linked to the Belt. These discrepancies can
magnetized (1 G) neutron stars with long periods in the inbe resolved by increasing the Galactic pulsar birth rate
tercloud medium (163 H cm™3), though increased by Kelvin- more than 30% for fear of overproducing sources at low |
Helmbholtz instabilities in the shocked gas, is also orders of matsde (Yadigaroglu & Romani 1997), nor by using larger scal
nitude too low|(Harding & Leventhal 1992). Isolated accretingeights or velocities which are not supported by the radio da
black holes with masses of 10dMColpi et al. 1985) and 35 M Given the enhanced SN rate in the Belt and its inclin
(Dermer 19977) have been proposed, but they would be too rgemmetry, | propose that the sources associated with the
inthe Belt: for mass progenitors25 M@ (Timmes et al. 1996), be relics of Belt supernovae in the form of few Myr old
black holes are 3to 9 times fewer than neutron stark fodices pulsars. Detecting 20 to 40 Belt collapsed stars as EGR

4. Nature of the sources
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sources requires the product of the beaming fractiddy/4r launched in 2005, will be able to detect their periodicity in the
and pulsar age be of order 1-1.5, for instadx® /47 = 0.5 ~-ray signal, if any. As supernova relics, the Belt sources would
over 2 or 3 Myr.AQ/4r ~ 0.1 is predicted for the main bring useful constraints on the initial star mass spectrum at large
polar-cap beanj (Thompson et al. 1997), and values of 0.1-@nésses and on the abundance of explosive nucleosynthesis prod-
are possible for the outer-gap fan beam depending on pulsats in supernova remnants.

age (Romani 1996). Yet, one should bear in mind the extreme

closeness of the Belt objects. Theray luminosity, L., AcknpwledgementSNith sincere thanks to C. Dermer, N. Gehrels, A.
scales with the spin-down poweE, as L, o EY2 over Harding, P. Michelson, J. Paul and D. Thompson.

4 decades inE (Thompson et al. 1997). Extrapolating from
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