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Abstract. Recent analyses have shown that if the sources of cosmic-rays are discrete, as are supernova remnants, then the
spectra of cosmic-ray electrons vary greatly with location and time and the locally measured electron spectrum may be not
representative of the electron spectra elsewhere in the Galaxy. We have continued the earlier studies by investigating the impact
of the star forming region Gould’s Belt on the local electron spectrum at GeV to TeV energies. Our results indicate that if the
electron sources in Gould’s Belt are continous, the local electron spectrum would be slightly hardened with a spectral index
increase of ∆s ≈ 0.07 due to the higher SN rate in the Belt. If the electron sources are discrete, which is the more probable
case, the local electron spectrum above ∼30 GeV is variable with similar amplitude as without Gould’s Belt. By the method of
Monte Carlo, we have also studied the correlation of the local electron flux with that in nearby molecular cloud complexes. The
high energy electron flux above 30 GeV near the Orion, Monoceros, Cassiopeia, Cepheus, and Perseus clouds does not vary in
coordination with the local flux, but a correlation between the electron flux in the Taurus and Ophiuchus clouds and that in solar
vicinity is indicated by our study, implying that the spatial correlation length is of the order of 200 pc at electron energies of
100 GeV and higher. This would permit hard γ-ray spectra from inverse Compton scattering to be produced in the more distant
clouds, in agreement with the GeV excess observed towards Orion and Monoceros, without affecting the emissivity spectra of
the very nearby clouds as in Taurus and Ophiuchus.
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1. Introduction

The recent detections of non-thermal X-ray synchrotron radi-
ation from the supernova remnants (SNR) SN1006 (Koyama
et al. 1995), RX J1713.7-3946 (Koyama et al. 1997), IC443
(Keohane et al. 1997; Slane et al. 1999), Cas A (Allen et al.
1997), RCW86 (Borkowski et al. 2001), and others together
with the subsequent detections of SN1006 (Tanimori et al.
1998) and RX J1713.7-3946 (Muraishi et al. 2000) at TeV en-
ergies support the hypothesis that at least Galactic cosmic-ray
electrons are accelerated predominantly in SNR. To date there
is no corresponding observational evidence for nucleon accel-
eration in SNR (Reimer & Pohl 2002), though pion decay is the
most probable explanation for TeV-scale γ-ray emission from
SNR such as Cas A (Aharonian et al. 2001), inside which the
magnetic field strength is thought to be 0.1−1 mG (Berezhko
et al. 2003).
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SNR are transient phenomena, which happen stochastically
in space and time. Therefore steady-state models of cosmic-
ray electron propagation in the Galaxy may be inadequate and
time-dependent transport calculation may be required. The lat-
ter show (Pohl & Esposito 1998), that the spatial distribution
of sources modifies the steady-state local electron spectrum,
while the randomness in time induces a time variability in the
local electron flux at higher energies that stems from the fluc-
tuations in the number of SNR within a certain distance and
time interval. Thus the discreteness of sources does not only
cause a cutoff in the electron spectrum (Cowsik & Lee 1979),
but makes it variable with time and thus unpredictable beyond
a certain energy.

While for steady-state models the observed electron spec-
trum requires an electron source spectral index of s = 2.4
(Skibo 1993), in a time-dependent calculation the observed
spectrum is inside the range of possible local spectra with
source index s = 2.0. This implies that the spatially averaged
electron spectrum in the Galaxy, e.g. probed by line-of-sight
integrals of leptonic emission through the Galactic plane, can
be much harder than would be deduced in steady-state mod-
els. Pohl & Esposito (1998) have argued that in this case the
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observed excess of gamma ray emission above 1 GeV (Hunter
et al. 1997) can in fact be explained as a correspondingly hard
inverse Compton component. Based on a numerical solution
of the transport equation Strong et al. (2000) find that the best
fit of the spectrum of diffuse Galactic γ-rays is derived for an
even harder electron injection spectral index s = 1.8, for which,
however, the locally measured electron spectrum can not be
reproduced (Strong & Moskalenko 2001). An electron source
spectral index s = 2.0 thus appears an appropriate choice. It
would also correspond to the average radio synchrotron spec-
tral index < α >= 0.5 in shell-type SNR (Green 2001).

In the earlier studies the supernova rate was assumed con-
stant in the Galactic plane. However, the Sun is located in a
region of enhanced star formation activity, known as Gould’s
Belt, in which the supernova rate is three to five times larger
than the local rate in the Galactic disc (Grenier 2000). As the
fluctuations in the local high-energy electron spectrum arise
from the small number of SNR actually contributing to it, one
would be interested to know whether Gould’s Belt can signifi-
cantly damp the variations in or harden the electron spectrum.
For that purpose we have calculated the following using a kine-
matic model for the geometry and expansion of Gould’s Belt
(Grenier & Perrot 2001; Perrot & Grenier 2003):

– the electron spectrum in the solar vicinity both for the
steady-state and for the time-dependent case (Sect. 2);

– the electron spectra near seven local molecular cloud
complexes, namely Orion, Monoceros, Taurus, Perseus,
Cepheus, Cassiopeia, and Ophiuchus. In particular, we have
calculated the correlation of the electron spectra at those
clouds with that in the solar vicinity. Studies of the high-
energy γ-ray emission observed toward these molecular
clouds have recently been published. The presence or ab-
sence of a GeV excess in these various clouds is compared
with the results of the correlation study (Sect. 3).

2. The local cosmic-ray electron spectrum

2.1. The propagation model

Because effects of the spatial and temporal structure of the elec-
tron sources appear only at higher particle energies, at which
the radiative loss time is short, we may describe the propaga-
tion of electrons at energies higher than a few GeV by a sim-
plified, time-dependent transport equation

∂N
∂t
− ∂
∂E

(bE2 N) − D Ea ∇2N = Q (1)

where we consider continous energy losses by synchrotron
radiation and inverse Compton scattering, a diffusion coeffi-
cient D Ea dependent on energy, and a source term Q. The
Green’s function for this problem can be found in the litera-
ture (Ginzburg & Syrovatskii 1964).
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In the case of discrete sources the injection term Q is a sum over
all sources. For an individual source commencing operations at
time t0 and injecting for a time period τ we can write
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and r is the distance between source and observer. N is the con-
tribution to the electron spectrum provided by a single source
(SNR) at distance r which is (was) injecting electrons for a time
period τ starting at t0. The total spectrum can then be obtained
by summing the contributions from all individual sources.

For sources in the Galactic disc, the location and explo-
sion time was assumed random with a uniform space distribu-
tion inside a disc with radius rs = 15 kpc and half-thickness
zs = 80 pc. The sun is located 16 pc above the Galactic plane
(Hammersley et al. 1995; Freudenreich 1998). The distribution
of sources in Gould’s Belt is described below.

For each volume element δV the expected number of super-
novae within the (short) time interval δt is

Nλ = η δV δt (7)

where η is the supernova rate per volume element, which in the
case of the homogeneous disc distribution is

η =
1

Vtot tinj
(8)

where Vtot is the total volume of the source distribution and
tinj = 55 years is the inverse of the Galactic supernova rate
(Cappelaro et al. 1997). For Gould’s Belt, η itself is a time-
dependent quantity, determined by the enhancement of the to-
tal supernova rate in the Belt and the expansion of the structure.
At a given time the number of supernovae in the volume ele-
ment δV is a Poissonian random number with mean Nλ. The
final electron spectrum is then derived by summing over the
contributions of the individual SNR per volume element and
summing over all relevant volume elements.

In a typical simulation 1000 “random” spectra are calcu-
lated, from which the distribution of possible spectra and, by
simple averaging of the time-dependent solutions, the time-
averaged spectrum are derived. The effect of solar modulation
is taken into account for all simulated spectra using a force-
field parameter Φ = 400 MeV (Gleeson & Axford 1968).

The propagation parameters used in the simulations are
mostly the same as in Pohl & Esposito (1998). The total en-
ergy density of the ambient photon fields plus that of the per-
pendicular component of the magnetic field strength is taken to
be 3.5 eV/cm3. The changes in the Compton cross section in



M. Pohl et al.: Gould’s Belt and cosmic-ray electrons 583

Fig. 1. The present extent of Gould’s Belt shown as projection onto
the Galactic plane. The position of the sun is indicated by the big filled
circle.The coordinates are righthanded heliocentric with x pointing to-
ward the Galactic Center. The small circles indicate the positions of
the molecular complexes (O: Orion, P: Perseus, Ca: Cassiopeia, T:
Taurus, Ce: Cepheus, Op: Ophiuchus). The Monoceros complex lies
beyond Orion.

the Klein-Nishina regime of optical and near-infrared photon
fields are neglected.

Our calculations depend somewhat on the choice of dif-
fusion coefficient. At high energies, electrons and nuclei will
scatter off the same turbulence except for the helicity, and
thus their diffusion behaviour is expected to be similar. In
Pohl & Esposito (1998) the spatial diffusion coefficient was
D = 4×1027 cm2 s−1 at 1 GeV and assumed to increase with en-
ergy to the power a = 0.6, in accord with results for a 2D diffu-
sion model fit to the local spectra of 13 primary and secondary
cosmic ray nuclei at rigidities between 1 GeV and 103 GeV
(Webber et al. 1992). In the past few years a number of new
studies of cosmic-ray propagation have been published, which
suggest that the diffusion coefficient has a higher value than
previously thought. Since we are mostly interested in the high-
energy regime, it will be useful to compare the results of dif-
ferent studies for the diffusion coefficient at 300 GeV, which
allows us to include reacceleration models, for the reacceler-
ation is only important around a GeV and below. Typical re-
sults (in units of 1029 cm2 s−1) in the most recent literature are:
D(300 GeV) = 2.6 for a 4 kpc halo in a reacceleration model
(Maurin et al. 2001), D(300 GeV) = 1.8 for a disk-halo model
and D(300 GeV) = 3.3 with stochastic reacceleration (Jones
et al. 2001), D(300 GeV) = 3.2 for a 3 kpc halo in a diffusion-
convection model and D(300 GeV) = 2.1 in a reacceleration
model (Strong & Moskalenko 1998). In this paper we will use
the average of these results, which is D(300 GeV) = 2.6, cor-
responding to D(1 GeV) = 8.5 × 1027 cm2 s−1, i.e. a factor of
two larger than in the study of Pohl & Esposito (1998).

Fig. 2. The present day state of the Belt model projected onto the xz-
plane. The coordinate system and the labels are as in Fig. 1. The z-axis
points to the North Galactic Pole.

For a 3 kpc halo this choice of diffusion coefficient implies
that electrons with energies higher than 2 GeV loose their en-
ergy before they reach the escape boundary. We are interested
in electrons of substantially higher energy, and thus the neglect
of an escape term in Eq. (1) is justified.

The injection spectral index of electrons is s = 2.0, which
corresponds to the mean synchrotron spectral index of individ-
ual SNR (Green 2001). The electron injection rate, Q, is ad-
justed to match the observed local electron flux at 15 GeV.
All SNR are assumed to provide the same electron injection
rate over the same period of time, namely τ = 5 × 10 4 years.
The evolution of any real SNR may be extremely complex,
particularly because of the varying properties of the ambient
medium. Generally, the acceleration efficiency will decrease
with time, but the accelerated particles can only slowly escape
to the upstream region, i.e. to the interstellar medium. A typi-
cal SNR will therefore inject particles for a substantially longer
time than indicated by the deceleration time scale of its for-
ward shock. Our choice for the SNR lifetime, τ, is a somewhat
conservative estimate, because a smaller lifetime would lead to
larger fluctuations in the cosmic-ray electron spectra.

2.2. The effect of Gould’s Belt

The most prominent local system of star-forming regions is
Gould’s Belt (Pöppel 1997), an expanding disc-like region
tilted at about 18◦ to the Galactic plane and about 600 pc in
diameter, in which the supernova rate per area is three to five
times higher than the Galactic rate at the solar circle (Grenier
2000). Based on its stellar content and on its expansion char-
acteristics the age of this structure can be estimated to be 30 to
40 Myr. Figures 1 and 2 indicate the geometry of Gould’s Belt
at the present day in heliocentric coordinates.

The kinematical expansion of Gould’s Belt can be modelled
assuming an initial explosive event (Grenier & Perrot 2001;
Perrot & Grenier 2003). The nature of that explosive event is
unclear. Most likely in view of the inclination of Gould’s Belt
is the impact of a massive high-velocity cloud on the Galactic
plane (Comerón & Torra 1992; Comerón 1999). The dynamical
model was fitted to the velocities of the local H  and CO clouds
that participate in the expansion. When available, an estimate
of the distance to the clouds was used, based on Hipparcos
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Fig. 3. The time-averaged local electron spectrum for a homogeneous
Galactic disc distribution of SNR (dotted line) and for a Gould’s Belt
distribution of SNR (dashed curve), both with the same SN rate per
area. The solid line shows the weighted sum of both, the weights cor-
responding to the supernova rate being a factor of 3.2 higher in the
area covered by Gould’s Belt than in the local Galactic disc. The ef-
fect of Gould’s Belt is a spectral index increase ∆s ≈ 0.07 between
10 GeV and a TeV.

measurements. This model describes the lateral expansion of
an inclined, cylindrical shock wave that sweeps momentum
from the interstellar medium. Because of the Galactic differ-
ential rotation, the initially circular section of the Belt becomes
rapidly elliptical. Additionally, a warp of the Belt is observed as
a consequence of the pull exerted by the Galactic gravitational
potential and of the ambient interstellar density gradients. The
thickness of the Belt was fixed at 60 pc since it best fits the
data.

The age of the Belt is considerably higher than the time
window of interest in this analysis, namely the radiative en-
ergy loss time of electrons with energies higher than 10 GeV.
Given the slow expansion of Gould’s Belt over the last ten mil-
lion years, the details of the initial geometrical evolution are
not important for the present analysis. The important parame-
ters are the inclination and the elliptical size of the Belt, and
to a lesser extent the warp and the age of the Belt. Those pa-
rameters have been found in agreement with other estimates
(Olano 1982; Moreno et al. 1999) and with the positions of
massive stars in the Belt (de Zeeuw et al. 1999). Test simula-
tions with modified models of Gould’s Belt indicate that the
results reported here are indeed insensitive to the particulars of
the expansion model, as long as the present extent of the Belt is
as shown in Figs. 1 and 2 and the coasting velocity of the rim
fits the observed velocities of the local H  and CO clouds that
participate in the expansion.

We have assumed that enhanced SN activity commences
without delay in the regions which are over-run by the expand-
ing front of Gould’s Belt, hence the Belt is treated as a thick
disk as opposed to a quasi-circular shell. So, supernovae are
assumed to randomly occur with a uniform space distribution
inside the expanding Belt. In reality this may not be true, in
which case the effect of Gould’s Belt would be less than cal-
culated here. The supernova rate in the local Galactic plane is
assumed to be 25 kpc−2 Myr−1, as in Pohl & Esposito (1998),

whereas it is taken as 80 kpc−2 Myr−1 in the area covered by
the Belt (Grenier 2000), so that the supernova rate per volume,
η, is the sum of that for a homogeneous disc (Eq. (8)) and that
for Gould’s Belt.

In Fig. 3 we show the results for the time-averaged (steady-
state) local electron spectrum, which is obtained by averag-
ing the 1000 simulated spectra for the time-dependent case. At
higher energies the radiative energy losses permit only nearby
SNRs to contribute to the local electron flux. Thus a locally
enhanced SNR rate is increasingly important with increasing
energy. Consequently, the contribution of SNR in Gould’s Belt
yields a slightly harder spectrum than that of the Galactic SNR
alone. The hard spectrum of electrons from Gould’s Belt SNR
is entirely a proximity effect.

In Fig. 4 we compare the range of possible local electron
spectra for a homogeneous Galactic disc distribution of SNR
with that with the addition of Gould’s Belt. The flux variability
amplitudes are very similar with and without the inclusion of
Gould’s Belt. That would be different, had we chosen a smaller
diffusion coefficient, for in that case the increase in the number
of local sources would lead to a smaller variability amplitude.

The electron source power per SNR is nearly the same as
that needed for Galactic disc supernovae only. Gould’s Belt re-
duces the power requirement to ∼65%, but the higher diffusion
coefficient used in this paper mandates an increase of the SNR
source power to ∼140%, so that the balance of the two is a re-
duction to ∼90% of the SNR power needed in the original paper
(Pohl & Esposito 1998). The power was P � 2 × 10 36 erg/s for
50 000 years of SNR lifetime or W � 3 × 1048 erg in terms of
total energy. In both cases, the locally observed electron spec-
trum is in the range of possible spectra, though with Gould’s
Belt the probability is lower, because the calculated spectra are
on average slightly harder.

3. The electron spectrum near local molecular
cloud complexes

We can calculate the time-averaged electron spectra at local
molecular cloud complexes and, in the time-dependent case,
the correlation of these spectra with that observed locally.
Again we use a random number generator to stochastically
place supernovae in space and time following the given proba-
bility distribution, here the Galactic disc plus Gould’s Belt. In
each run, we calculate the electron spectrum at various loca-
tions using the same set of supernovae, and thus derive the lo-
cal electron spectrum, F�(E), as well as those near the molec-
ular clouds, Fmc(E), where mc indicates the molecular cloud
complex in question. After N = 1000 runs we can calculate
the relative deviation of the time-averaged spectrum, < F mc >,
near those clouds (mc) from the time-averaged local spectrum,
< F� >, as

∆mc =

(
< Fmc >

< F� >

)
· (9)
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Fig. 4. The observed local electron spectrum (top) compared with the
range of possible spectra for a homogeneous Galactic disc distribution
of SNR with an initial spectral index of s = 2.0 at the sources (mid-
dle) and with the range obtained for a Galactic disc distribution plus
Gould’s Belt (bottom). At each energy, the locally observed spectra
will be in the dark-grey shaded region during 50% of the time, in the
medium-grey shaded area during 90% of the time, and during 99%
of the time within the light-grey shaded region. The white dash-dotted
lines show one of 1000 random spectra as a particular example of what
may be observed. The white dotted lines indicate the time-averaged
spectrum.

We can also calculate the absolute dispersion in the local elec-
tron flux

σabs =

√√√
1
N

N∑
n=1

(
F�(n)− < F� >
< F� >

)2

· (10)

It can be compared with

σmc =

√√√
1
N

N∑
n=1

(
Fmc(n)− < Fmc >

< Fmc >
− F�(n)− < F� >

< F� >

)2

(11)

Table 1. The seven molecular cloud complexes and their representa-
tive positions.

Molecular complex Longitude Latitude Distance Ref.
Perseus (P) 158◦ −21◦ 350 pc a
Taurus (T) 165◦ −9.5◦ 140 pc a
Orion (O) 208◦ −16◦ 500 pc b
Monoceros (M) 215◦ −12◦ 830 pc b
Cassiopeia (Ca) 131◦ 11◦ 350 pc c
Cepheus (Ce) 110◦ 17◦ 300 pc c
Ophiuchus (Op) 355◦ 17◦ 125 pc d

a Ungerechts & Thaddeus (1987).
b Maddalena et al. (1986).
c Grenier et al. (1989).
d de Geus et al. (1990).

which would indicate the difference of the relative variation of
the electron spectrum at the cloud and in the solar vicinity. We
know that for two fluctuating quantities δ1,2

< (δ1 − δ2)2 >=< δ2
1 > + < δ

2
2 > − < 2δ1δ2 > (12)

where the last term on the right hand side describes the ac-
tual correlation. Applied to Eq. (11) we see that if the elec-
tron spectrum Fmc(E) varies independently of the local one,
F�, (i.e. < δ1δ2 >= 0), σmc would be somewhat larger than
σabs, depending on the dispersion in the spectrum at the molec-
ular cloud. If, on the other hand, the spectrum F mc varies in
coordination with the local one, F�, σmc would be smaller than
σabs, for the absolute dispersions in the spectra at the clouds
and in the solar vicinity are similar.

We calculate the electron spectrum in each cloud complex
only for one representative position, which is determined by the
peak in column density of molecular gas, for the actual calcula-
tion of sufficiently many spectra is rather time-consuming. The
coordinates of the representative positions of all seven cloud
complexes are given in Table 1.

Figure 5 shows the relative deviation of the time-averaged
spectra near the seven clouds from the local spectrum. For all
clouds but one the average spectrum is softer than that in the so-
lar vicinity, which is caused by two effects: first, the more cen-
tral to the Gould’s Belt the cloud is located, the higher is the
contribution of the electrons from Gould’s Belt itself, which,
as shown in Fig. 3, has on average a harder spectrum than the
contribution of the disk. Second, the larger the distance of the
cloud from the Galactic midplane is, the softer are the spectra.
That is, because very close-by electron sources are underrep-
resented. For Orion and in particular for Monoceros both ef-
fects add up to make their spectra softer on average, whereas
Taurus is located at a favorable position for both effects, and the
average spectrum there is correspondingly harder than that in
the solar vicinity. However, the differences in the average elec-
tron spectrum are small compared with the temporal and spatial
fluctuations of the spectra (Fig. 4), the spectral index varying
at a level of ∆s � 0.08 between a few GeV and one TeV.

Figure 6 shows the amplitude of differences in dispersions,
σ, in the electron spectra at the reference positions of the clouds
and in the solar vicinity. Most interesting are the results for
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Fig. 5. The ratio of the time-averaged electron spectrum at the refer-
ence positions for the seven clouds to the local average electron spec-
trum. The reference positions for Orion and Monoceros are located
above the thin disk distribution of Galactic supernovae, as a conse-
quence of which the average spectra are softer and the flux is less than
in the solar vicinity at all energies.

electron energies higher than 10 GeV because at lower en-
ergies the variability is caused by the rare supernova explo-
sions in the immediate vicinity of the reference locations. For
Monoceros, Orion, Cassiopeia, Cepheus, and Perseus σmc is
larger than σabs, indicating that the spectra near those clouds
are not correlated with that measured locally. For Taurus σTau

is slightly less than σabs for energies higher than 50 GeV, and
for Ophiuchus σOph is significantly less than σabs, indicating
that the spectra at the two clouds vary in coordination with that
in the solar vicinity. Thus at the nearby clouds (D � 140 pc
and D � 125 ps, resp.) we find the electron spectra correlated
with that in the solar vicinity, whereas at the other, more distant
clouds (D � 300 pc) we see no evidence of a correlation. The
correlation length for the variations in the electron spectrum
must therefore be lc ≈ 200 pc at energies around 100 GeV and
higher. This result is independent of a possible variation or dis-
persion in the injection spectral indices of electrons.

Having shown that the cosmic-ray electron spectra near the
five molecular clouds with distances D � 200 pc and that in the
solar vicinity are uncorrelated, we can conclude that inverse
Compton scattering of locally emitted infrared radiation near
those molecular clouds can yield hard γ-ray spectra, even if
the electron spectrum in the solar vicinity is rather soft. On the
other hand, the electron spectra at the Ophiuchus and Taurus
complexes should be similar to that measured locally, hence no
GeV excess should be observable toward these clouds, if it is
caused by inverse Compton scattering.

The particular molecular cloud complexes selected here are
nearby and fairly isolated at medium Galactic latitudes. Using

Fig. 6. The amplitude of differences, σmc, in the electron spectra at the
molecular clouds and in the solar vicinity. For comparison the thick
solid line shows the total dispersion in the local electron spectrum,
σabs. For Taurus and Ophiuchus σmc is smaller than σabs, indicating
that the spectra at the two clouds vary in coordination with that in the
solar vicinity.

EGRET data it is possible to derive the local diffuse γ-ray
emissivity spectra for these cloud complexes and to compare
them with the line-of-sight integrated spectra in the Galactic
plane. The question is: are the diffuse γ-ray emissivity spec-
tra for the molecular cloud complexes in question compatible
with a spatially variable cosmic-ray electron spectrum under
the constraints of the Galactic supernova rate and Gould’s Belt
and the hard inverse Compton model for the GeV excess?

The limited spatial resolution and count statistics of
EGRET data do not permit a detailed analysis of the γ-ray spec-
tra of small scale structure in the interstellar medium. Published
studies of the diffuse γ-ray emission from isolated molecular
clouds are usually based on fitting a model to the γ-ray data,
which consists of a template for the distribution of atomic hy-
drogen, another template for molecular hydrogen based on the
distribution of the CO line intensity, an isotropic component,
and possible point sources. The γ-ray spectra thus derived then
are intensity-weighted averages of the actual spectra in differ-
ent parts of the cloud complexes.

Contributions from inverse Compton scattering and
cosmic-ray interactions with ionized hydrogen are often ex-
pected to be smooth and hence subsumed with the isotropic
emission. At least for the inverse Compton component in line-
of-sights near molecular clouds this may be a misperception,
for the up-scattering of (structured) far-IR emission near dense
molecular clouds may be more important than interactions with
the isotropic microwave background, depending on the electron
spectrum and on the far-IR energy density. The related γ-ray in-
tensity would then correlate at some level with the gas column
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density. The infrared radiation field of a molecular cloud falls
off approximately ∝1/r2 with distance from the cloud, r. The
enhanced γ-radiation would therefore be observed as a halo
around the cloud.

If, on the other hand, the cloud coincides with a strong
source of cosmic rays, the correlation length, l c � 200 pc, of
the high-energy electrons indicates that the expected structure
in the γ-ray intensity distribution would be much larger than
that of the molecular gas itself.

Thus a possible signature of enhanced inverse Compton
emission in the γ-ray intensity map would have an angular dis-
tribution that is different from that of the CO and H  line in-
tensity. If one uses only templates for point sources, isotropic
emission, the diffuse H , and the highly structured CO, the fit-
ting routine would have no choice but to associate the IC inten-
sity with whatever template fits best, in many cases presumably
the H  distribution.

Studies of the high-energy diffuse γ-ray emission observed
toward isolated, molecular clouds with EGRET are therefore
limited in that it is not possible to unambiguously attribute a
spectral feature like a GeV excess to inverse Compton emis-
sion. What we can say, though, is that if there is no GeV ex-
cess in the data, there is also none in the inverse Compton
spectra.

If the GeV excess was caused by cosmic-ray nucleons, it
ought to be visible in the spectrum associated with the CO tem-
plate, for it is unlikely that the high-energy cosmic rays would
be excluded from the inner cores of the molecular clouds.

The γ-ray spectra observed toward the nearby clouds
Ophiuchus (Hunter et al. 1994) and Taurus (Digel & Grenier
2001) do not show any evidence for a GeV excess. These com-
plexes are located less than a correlation length, lc, away, so
that inverse Compton scattering could not produce excess GeV
emission, in line with the observational result.

The γ-ray spectra observed toward the more distant
Cepheus (Digel et al. 1996), Orion (Digel et al. 1999), and
Monoceros clouds (Digel et al. 2001) show evidence for a GeV
excess of similar amplitude as that observed toward the inner
Galaxy. The excess emission is significant only in the spectra
of the H  template. In the cases of Cepheus and Monoceros
the uncertainties in the γ-ray spectrum associated with the CO
template are too large to permit meaningful conclusions, but
for Orion there is simply no evidence of excess emission in the
GeV-scale γ-ray spectrum of the CO template. The spectrum
observed toward Perseus (Digel & Grenier 2001) is in good
agreement with that expected for the locally observed cosmic-
ray spectra, and no evidence for excess GeV emission can be
found.

Thus, a GeV excess is observed only toward clouds, which
are significantly more distant than one electron correlation
length, lc. If observed, it is generally associated with the
moderately structured H  template and not significant for the
highly-structured CO, indicating it is probably not caused by
cosmic ray nucleons. The γ-ray spectra observed toward the
isolated, nearby molecular cloud complexes are therefore con-
sistent with the hard inverse Compton model for the GeV
excess.

4. Summary

In this paper we have investigated the effect of Gould’s Belt as
a local system of enhanced star-forming and hence supernova
activity on the local cosmic-ray electron spectrum under the
assumption that the electrons are solely produced in SNR. We
have assumed that enhanced SN activity commences without
delay in the regions which are over-run by the expanding front
of Gould’s Belt. Hence the Belt is treated as a thick disk as
opposed to a shell. In reality this may not be true, in which
case the effect of Gould’s Belt would be less than calculated
here. We have also assumed that the SN rate per area is constant
within the Belt disc.

The time-averaged local electron spectra would be slightly
harder than in the case of a homogeneous Galactic disc dis-
tribution of SNR. Consequently, the electron source spectra
in SNR may be slightly softer than previously thought with a
change in spectral index ∆s � 0.07. At the same time the vari-
ability induced by the discrete nature of SNR in space and time
would be essentially the same as that in the case of homoge-
neously distributed SNR. The probability of finding the locally
observed electron spectrum in the range of possible spectra is
thus somewhat reduced, because the calculated spectra are on
average slightly harder. Hard electron source spectra and the
correspondingly hard inverse Compton γ-ray spectra have been
proposed as a possible explanation of the excess of Galactic
GeV γ-rays observed with EGRET (Pohl & Esposito 1998).
Our results do not rule out this hypothesis, but reduce the avail-
able parameter space for such models.

We have also calculated the correlation of the local elec-
tron flux with that near seven local molecular cloud com-
plexes, namely Orion, Monoceros, Taurus, Perseus, Cepheus,
Cassiopeia, and Ophiuchus. At the nearby clouds Taurus and
Ophiuchus (D � 140 pc and D � 125 pc, resp.) we find the
electron spectra are correlated with that in the solar vicinity,
whereas at the more distant clouds (D � 300 pc) we see no
evidence of a correlation. The correlation length for the varia-
tions in the electron spectrum must therefore be l c ≈ 200 pc at
energies around 100 GeV and higher. This would permit hard
inverse Compton γ-ray spectra to be associated with some of
these cloud complexes. Published studies of the γ-ray emissiv-
ity spectra towards the regions of sky in question indicate that a
GeV-excess is evident in Monoceros, Cepheus, and Orion, but
only in the spectrum associated with atomic hydrogen. There
is no evidence for a GeV-excess in the γ-ray emission ob-
served toward the nearby clouds Taurus and Ophiuchus, as well
as toward Perseus. Our findings are in good agreement with
these observational results, thus indicating that the hard inverse
Compton model of the GeV-excess is viable.

The conclusions presented here rely on the assumption that
cosmic-ray electrons are solely produced in SNR, as a conse-
quence of which the local electron spectrum above 50 GeV
may show deviations from power-law behaviour such as bumps
and dents. New electron measurements in the high-energy
range are urgently required to possibly detect such spectral
structures and thereby confirm an electron origin in discrete
sources.
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