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The imprint of Gould’s Belt on the local cosmic-ray electron
spectrum
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Abstract. In arecent paper Pohl and Esposito (1998) demon-sient features, which happen stochastically in space and time.
strated that if the sources of cosmic-rays are discrete, as arEherefore steady-state models of cosmic-ray electron propa-
Supernova Remnants (SNR), then the spectra of cosmic-ragation in the Galaxy may be inadequate and time-dependent
electrons largely vary with location and time and the locally transport calculation seem to be required.
measured electron spectrum may not be representative of the Because effects of the discreteness of sources show up
electron spectra elsewhere in the Galaxy, which could be subenly at higher particle energy, at which the electron energy
stantially harder than the local one. They have shown thatoss time is short, we may describe the propagation of cosmic-
the observed excess ofray emission above 1 GeV can in ray electrons at energies higher than a few GeV by a simpli-
fact be partially explained as a correspondingly hard inversdied, time-dependent transport equation
Compton component, provided the bulk of cosmic-ray elec- ON 9
trons is produced in SNR. — — —(bE*N)-DE"“V’N =Q (1)
. ot OF
As part of a program to model the Galactjeray fore- _ _
ground we have continued the earlier studies by investigat"here we consider continous energy losses by synchrotron
ing the impact of the star forming region Gould’s Belt on the re_ldlatlon and inverse Compton scattering, a diffusion coeffi-
local electron spectrum. If the electron sources in Gould'sCientD £ dependent on energy, and a source tefmirhe
Belt were continous, the local electron spectrum would beGreen’s function for this problem can be found in the litera-
slightly hardened. If the electron sources are discrete, whiciure (Ginzburg and Syrovatskii, 1964).
is the more probable case, the variation in the local electron 5 (t 4 E_E/) s
spectrum found by Pohl & Esposito persists. G bEE (r=1") @
bE? (47 \)*/? P 4N

with
1 The local cosmic-ray electron spectrum D (an _ E/aq)
\ =
The recent detections of non-thermal X-ray synchrotron ra- b(1 ~a)
diation from the supernova remnants SN1006 (Koyama eln case of discrete sources the injection t&pris a sum over
al., 1995), RX J1713.7-3946 (Koyama et al., 1997), IC443all sources. For an individual source showing up at tige
(Keohane et al., 1997; Slane et al., 1999), Cas A (Allen etand injecting for a time period we can write
al., 1997), and RCW86 (Borkowski et al., 2001) and the sub- s
sequent detections of SN1006 (Tanimori et al., 1998), Rx@i = 90 E"76(r) O(t —t0) ©(to + 7 —t') )
J1713.7-3946 (Muraishi etal., 2000), and Cas A (Aharonian\/\/ithout loss of genera"’[y we can set 0 and obtain
et al., 2001) at TeV energies support the hypothesis that at
least Galactic cosmic-ray electrons are accelerated predomiN =qE™
nantly in SNR. 0
The Galactic distribution and spectrum of cosmic-ray elec- x / dt’
trons are intimately linked to the distribution and nature of —5E
their sources. Supernovae and hence their remnants are trajjere
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Fig. 1. The locally observed electron
spectrum in the upper panel compared
with the range of possible spectra in
Golden et al. 94 1 the calculation of Pohl and Esposito
WO5 S - S (2998) for a homogenegus.popqlation
5 N N R~ | of sources in the Galactic disc with an
initial spectral index ofs = 2.0 at the
sources. For each experiment ther1
uncertainty range is indicated by a grey-
shaded band which connects the data
points at the mean energies of the cor-
responding energy bins. The range of
possible spectra in our model is given
by the grey-shaded bands in the lower
panel. At each energy the locally ob-
served spectra will be in the dark grey
shaded region during 68% of the time,
and during 95% of the time they will be
within the light grey shaded region. The
10 L L S white dash-dotted line shows one of 400
random spectra as a particular example
1 10 100 1000 of what may be observed. The white
Energy in GeV dotted line indicates the time-averaged
spectrum.
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andr is the distance between source and obsereis the  modulation has been taken into account for all model spectra
contribution to the local electron spectrum provided by a sin-using a force-field parametdr = 400 MeV (Gleeson and

gle source (SNR) at distancavhich is (was) injecting elec- Axford, 1968). While in steady-state models the observed
trons for a time period- starting atty. The local spectrum electron spectrum requires an electron source spectral index
of electrons can now be obtained by summing the contribu-of s = 2.4, it is in the range of possible local spectra with
tions from all individual sources. The actual location and s = 2.0 in the time-dependent calculation. This implies that
explosion time of a supernova is random. Therefore we carthe average electron spectrum in the Galaxy, e.g. probed
only use a random number generator to calculate possible Ioby line-of-sight integrals of leptonic emission through the
cal electron spectra, given a spatial and temporal probabilityGalactic plane, can be much harder than would be deduced
distribution for the occurence of supernovae, and thus dein steady-state models. Pohl & Esposito have shown that
termine the probability distribution of the local cosmic-ray the observed excess of gamma ray emission above 1 GeV
electron flux at each energy. (Hunter et al., 1997) can in fact be explained as a correspond-

The spatial distribution of sources modifies the local elec-INdly hard inverse Compton component. A cosmic-ray elec-

tron spectrum, while the randomness in time induces a timdron source spectral index= 2.0 would also correspond to
variability in the local electron flux at higher energies, that the average radio synchrotron spectral ingex >= 0.5 in
stems from the fluctuations in the number of SNR within ashell-type SNR (Green, 2001).

certain distance and time interval. Thus the discreteness of

sources does nqt onI_y cause a_cutoff in the eIectrqn SPESS5 - The imprint of Gould’s Belt on the electron spectrum
trum, but makes it variable with time and thus unpredictable

beyond a certain energy (Pohl and Esposito, 1998). In the earlier calculations the supernova rate per area was as-

In Fig.1 we show the range of variability in comparison sumed uniform throughout the Galactic plane. In this paper
with the measured local electron spectrum for a homogewe investigate the impact of a local, non-uniform SNR distri-
neous distribution of SNR in the Galaxy. The effect of solar bution on the local cosmic ray electron spectrum. The most
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Fig. 2. The steady-state local electron spectrum for a homogeneou§19: 3. The ratio of the steady-state local electron spectra for SNR
Galactic disc distribution of SNR in comparison with that for SNR in Gould’s Belt and for a homogeneous Galactic disc distribution of
in Gould’s Belt, both with the same SN rate per area. Here the life-SNR, both with the same SN rate per area.

time of SNR was assumed= 30000 yrs.

comparison with that for a homogeneous Galactic disc distri-
prominent local star-forming region is Gould’s Beli#pel, bution of SNR. The flux variability amplitude is marginally
1997), an expanding disc-like region tilted at about 1@  smaller for the Galactic disc distribution plus Gould's Belt,
the Galactic plane and about 600 pc in diameter, in whichbecause in this case we expect more local SNR than in the
the supernova rate per area is three to five times higher tha@arlier calculation, and therefore the relative width of the
the Galactic rate at the solar circle (Grenier, 2000). Based orfPoissonian distribution, which governs the variability ampli-
its stellar content the age of this structure can be estimatetide, is smaller. At the same time the cosmic-ray electron
to be 30 to 40 Myr. Assuming the evolution of Gould'’s Belt source power per SNR required to sustain the observed local
to be entirely determined by kinematical effects following an electron flux is slightly reduced te 60% of the SNR source
initial explosive event, its expansion history can be modelledpower in the old calculation.
(Grenier and Perrot, 2001). This model can serve as a proba-
bility distribution of supernovae in space and time to be used
in Eq.1 for the source terr. 3 Discussion

In Fig.2 and Fig.3 we show the results for the average
(steady-state) local electron spectrum. At higher electron enin this paper we have investigated the effect of Gould's Belt
ergies the radiative energy losses permit only local SNRs tas a local system of enhanced star-forming and hence super-
contribute to the local electron flux. Thus a locally enhancednova activity on the local cosmic-ray electron spectrum un-
SNR rate is increasingly important with increasing electronder the assumption that the electron are solely produced in
energy. Consequently, the contribution of SNR in Gould’s SNR. We have seen that on average the local electron spectra
Belt has a slightly harder spectrum than that of Galactic disowould be slightly harder than in the case of a homogeneous
distribution of SNR, as has the summed electron spectrumGalactic disc distribution of SNR. At the same time the vari-
The hard spectrum of electrons from the Gould’s Belt SNRability induced by the discrete nature of SNR in space and
is entirely a geometrical effect. Here we have assumed thatime would be only marginally reduced compared with the
enhanced SN activity commences without delay in the re-case of homogeneously distributed SNR (Pohl and Esposito,
gions which are over-run by the expanding front of Gould’s 1998).
Belt. In reality this may not be true, in which case the effect Consequently, the electron source spectra in SNR must be
of Gould’s Belt would be less than calculated here. We haveslightly softer byAs ~ 0.07 than previously thought. Hard
also assumed that the SN rate per area is constant within thelectron source spectra and the correspondingly hard inverse
Belt disc. Compton gamma-ray spectra have been discussed as a pos-
We have then calculated the range of possible local elecsible explanation of the excess of Galactic GeVays ob-

tron spectra for the time-dependent case, shown in Fig.4 irserved with EGRET. Our results do not rule out this hypoth-
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Fig. 4. The range of possible spectra
for a homogeneous Galactic distribu-
tion of SNR (top, the same as in Fig.1)
compared with the range obtained for a
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Galactic distribution plus Gould’s Belt
(bottom). The level of variability is
marginally smaller in the Gould’s Belt
case.

esis, but certainly reduce the available parameter space fdorkowski, K.J., Rho, J., Reynolds, S.P., Dyer, K.K., Ap.J., 550,

such models.

334, 2001.

The conclusions presented here rely on the assumptioﬁainzburg V.L., Syrovatskii S.1.The origin of cosmic-raysPerga-

that cosmic-ray electron are solely produced in SNR, as a

consequence of which the local electron spectrum above 5

GeV may show deviations from power-law behaviour such as

mon Press, 1964.

leeson, L.J., Axford, W.I., Ap.J., 154, 1011-1026, 1968.

reen, D.A., inHigh Energy Gamma-Ray Astronojrigds. F.A.
Aharonian & H.J. \blk, AIP Conference Proceedings 558, 59—

bumps and dents. New electron measurements in the energy ;4 5g01.
range above 100 GeV are urgently required to possibly degrenier, I., A&A, 364, L93-196, 2000.

tect such spectral structures and thereby confirm an electro
origin in discrete sources.
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