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Abstract: The discovery of direct evidence for the acceleration of high enerpatticles at the shell
supernova remnant RXJ1713.7-3946 underlined the need to caltheéatesmic ray (CR) distribution in
the Galaxy on a spatial grid fine enough to resolve the changes in the GRydgue to these kind of
objects. It was shown before by [1] that the discrete nature (both respad time) of supernovae (SN) as
sources of Galactic CR leads to their spectra changing in space and tsuléngein a range of possible
CR spectra at a given location in the Galaxy. As the most frequent SIS tigpend Il are found within
spiral arms, one can expect differences in the range of possibbtrape and outside spiral arms. In
particular one would expect a significant change of the ratio of secptalarimary cosmic ray isotopes.
We present a study on the variation of the local interstellar boron to caabiorduring the motion of the
Sun in and out of spiral arms in its journey around the Galactic center.

Introduction due to spallation may be described by
The recent discovery of direct evidences for the ac- oN S = k(pA—-Q(z)coN. (1)
celeration of high energetic particles at the shell su- ot

pernOVa remnant RXJ1713.7-3946 [2] Underlined Considering the geometry Of our Ga|axy, we ¢
the need to Calculate the CosmiC I’ay (CR) diStribu- sume a diffusive volume in the form of a Cy"r
tion in the Galaxy on a spatial grid fine enough to  der with radiusk and heighH, with the Galac-
resolve the changes in the CR density due to thesetjc disc in the mid-plane perpendicular to the t
kind of objects. As has been shown by [1], the dis- cylinder-axis. Thus the use of cylindrical coorc

crete nature of supernova remnants (SNR) as CRnates is appropriate. The Laplacian in these cc
sources leads to CR primary spectra fluctuating in dinates is given as
space and time. Taking into account that the most

frequent SN types Ib and Il are found within spiral 10N 0°N 10°N  0°N
arms [3], it was further found that the CR proton - T or T Ir2 + r2 o2 + 922 )
flux in the inter arm regions is smaller than inside

the spiral arms [4]. Ineqg. 1

We investigate the secondary to primary ratio in- 0.6

side and outside of spiral arms at the Galactocen- ¢ = { o (6/60) for ¢ > ¢ 3)
tric distance of the Sun, which has been adopted ko (¢/Co) ™" for ¢ < Go

from [5] as 7.2 kpc. . e - . -
is the diffusion coefficient (where€ is the rigid-

ity and (o = 3GV), and the ternf2(z)co the rate
The Model of catastrophic losses. For the source tefrwe

assume stochastically distributed SN events, m
The propagation of Galactic CR nuclei in the diffu- €led as point sources with a linear increase anc
sion model taking into account catastrophic losses exponential cut-off for the CR acceleration.
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Eq. 1 is transformed by the ansatz

1 In (Qnm?)
N = = - 4
& ; Zm: (n, (O‘nmR))z @ 1004

X (Anm - 08 (np) + Bpm - sin (ng))

15.0

in a series of PDEs with one spatial dimen- 5.0

sion. These are solved numerically using a Crank

Nicholson scheme (see [1] for a full description of & o0
4

the method).

—5.01

Calculations

—10.04

For our calculation of the distribution of pri-
mary CR {2C) and secondary CR'B, pro- 5O
duced from'2C) we adopt the parameteks = ' ' " kpe ' '

0.073kpEMyr—1, ¢, = 3GV and H=4kpc as

given by [6] for their model without reacceleration. g e 1: Distribution of CR sources. Spiral moc
Note that while [6] use a gas dlstrlbu_tlon ba_lsed ON from [5]. The diamonds mark the positions f
measurements, we assume a gas distribution vary~hich the rages of possible spectra in figs. 3
ing only perpendicular to the Galactic disk. We \\ara calculated.

calculated the evolution of the CR primary and sec-

ondary distribution for a time span of 10 Myr and

a total of 130000 transient point sources cluster- of the'2C and''B flux at 100 GeV/nucleon insids
ing in spiral arms, starting from the steady state Spiral arms. Whereas inside the spiral arm‘the

solution of eq. 1 for a continuous source with the flux varies by almost a factor of two due to tt
shape of the envelope of the source distribution and Stochastic appearance of nearby sources,' tBe
a source strength being the total source strengthflux shows almost no variations. In the interai
averaged over time. We use the geometry for the region our calculations show no or little variatiol
Galactic spiral arms as given by [5], with the arm for both, primary">C and secondary B produced
width obtained by [7] for the free electron distri- from *2C.

bution, as the envelop of stochastically distributed In fig. 3 and in fig. 4 we show the ranges of possil
CR sources. The radial source distribution is taken spectra inside and outside spiral arms € and
from [8] and rescaled to the Galactocentric dis- !B, respectively. In both figures, the dark gri
tance of the spiral arm model. The distribution of band shows the range where 68% of the spectre
CR sources is plotted in fig. 1, where we also give |ocated, the light gray band gives the 95% ran
the positions for which the ranges of possible spec- The solid line marks the averaged spectrum.

tra, given in fig. 3 and 4 were calculated. As already suggested from fig. 2, fig. 3 shows tl
For this calculation we considered 63820 coef- in our calculations, the CR primary flux exhibi
ficients of the double sum in eq. (4), which yields non-negligible fluctuations of the order of som
aresolution of 75 pc in Galactocentric radiuand ~ what less than a factor of two inside the spiral ar
azimuthy at the position of the Sun. The numer-  Also the averaged spectrum in the inter-arm reg
ical grid used inz direction (perpendicular to the s only about 60% to 70% of the averaged spectr
galactic plane) has a step size of 40pc, the time inside the spiral arm. On the other hand, it is ob
step is 1kyr. The computations were performed ous from fig. 4 that the flux of secondary CR sho
at the CHPC, Meraka Institute, CSIR Rosebank, almost no variations and changes little in and o
Cape Town. side spiral arms. One thus can expect a chang
The results of our calculations are shown in fig. 2 the boron to carbon ratio inside and outside sp
to fig. 4. In fig. 2, we give the temporal variation
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Figure 2: Temporal variation of the primar{?C, left panel) and secondary (B, right panel) CR flux at
100 Gev/nucleon inside spiral arms.
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Figure 3: Range of possibléC spectra inside (left panel) and outside spiral arms (pginiel) (see text).
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Figure 4: Same as fig. 3 but f6fB
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arms by about a factor of two for the model param-
eters used in our calculation, as given by [6].

Summary

We present calculations of the CR primary and sec-
ondary distribution for CR sources clustering in
spiral arms, which demonstrate that the CR pri-
mary flux changes inside and outside spiral arms
by about a factor of two, whereas the CR secondary
flux shows almost no changes inside and outside
spiral arms. These findings imply that the CR sec-
ondary to primary ratio changes inside and outside
spiral arms by up to a factor of two for the param-
eters used in our calculations. A full study of the
dependence of our findings on the model parame-
ters is outside the scope of this report and will be
given elsewhere.

From our calculations we can conclude that, at
least for the parameters used, cylindrical symmet-
ric models for CR propagations may be inadequate
to compute secondary to primary ratios, as for the
correct interpretation of the CR secondary to pri-

mary ratio the position of the Sun with respect to

the Galactic spiral arms has to be taken into ac-
count.
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