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Abstract. The propagation of Galactic cosmic ray nuclei having energies between 10(nMe¥ind several Pghuc is

strongly believed to be of fusive nature. The particles emitted by a source located in the disk do not pervade the whole
Galaxy, but are rather confined to a smaller region whose spatial extension is related to the heightfiigive dialo, the

Galactic wind and the spallation rate. Following the pioneering work of Jones (1978), this paper presents a general study on the
spatial origin of cosmic rays, with a particular attention to the role of spallations and Galactic wind. This questifierindi

and to a certain extent disconnected, from that ofattigin of cosmic rays. We find the regions of the disk from which a given
fraction of cosmic rays detected in the solar neighborhood were emfttsar{aces). After a general study, we apply the results

to a realistic source distribution, with the propagation parameters obtained in our previous systematic analysis of the observed
secondary-to-primary ratios (Maurin et al. 2002a). The shape and size offttsestaces depend on the species as well as on

the values of the propagation parameters. For some of the models preferred by our previous analysis (iffusiogestbpe),
thesef-surfaces are small and in some extreme cases only a fraction of a percent of the whole Galactic sources actually con-
tribute to the solar neighborhood cosmic ray flux. Moreover, a very small number of sources may be responsible for more than
15% of the flux detected in the solar neighborhood. This may point towards the necessity to go beyond the approximations of
both homogeneity and stationarity. Finally, the observed primary composition is dominated by sources within a few kpc.

Key words. ISM: cosmic rays

1. Introduction The goal of this paper is to go one step beyond by provid-

i ) . ing a general study on thepatial origin of cosmic rays, i.e.
The propagation of charged cosmic ray nuclei, in the energysnswer the question “from which region of the Galaxy were
range going from a few 100 Me¥uc and a few PeMUC, i gmitted the cosmic rays detected in the solar neighborhood?”.
strongly dfected by the Galactic magnetic field. It is dfdt  his question is dferent, and to a certain extent disconnected,
sive process, so that the cosmic rays emitted by a single SOUER, that of theorigin of cosmic rays (“What are the astrophys-
spread out in time, pervade the whole Galaxy, and can escgpg opiects which are responsible for the acceleration of cos-
the Galaxy when reaching its boundaries. Those coming frof: rays27) which is still much debated. We believe that it is
a source located far from the Sun have a larger probability gk, etheless an interesting question, for several reasons. First,
escaping than reaching the solar neighborhood. Itis the OpRRs fing that the answer may cast some doubt on the validity of
site for nearby sources, so that the cosmic ray fluxes in the sqjat stationary model, upon which most studies on cosmic rays
neighborhood are more sensitive to the properties of the locgl pased. Second, it gives some clues about the spatial range
sources (as opposed to the remote sources). Offetelike oy ong which the cosmic ray studies are blind to the sources.
spallations and Galactic wind further limit the distance cosm’_qna”y, this study may be of interest to optimize the propa-
rays travel before being detected. Some consequences Ofg%‘ﬁon codes based on Monte-Carlo methods, by focusing the

Galactic wind were studied in Jones (1978) where convectNgmerical éfort on the sources that really contribute to the de-
escape was compared to escape through the top and bot{g@. 4 flux.

boundaries of the Galaxy.
The reader who does not want to go through the pedagog-

ical progression can go directly from the general presentation

Send g@print requests toR. Taillet,

e-mail:taillet@lapp.in2p3. fr of the method in Sect. 2 to its applicatior) in rea}listic cases in
* Appendices A-C are only available in electronic form abect. 7. For the others, théect of escape is studied in Sect. 3
http://www.edpsciences.org and that of spallations and Galactic wind is studied in Sect. 5.
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Then, Sect. 6 studies thé&ect of a realistic source distribution.

Finally, the fully realistic case is considered in Sect. 7. The re-

sults and the perspectives are discussed in the last section. For

convenience, we will use the wordsurfaces to describe the

surfaces in the thin disk within which the sources form the frac-
tion f of cosmic rays detected at the observer location.

2. Description of the method Fig. 1. Geometry of the dfusive volume.

A stationary point source emits particles thatute in a given

volume. At the boundaries of this volume, the particles are freg|ye of f, there are many €ferent surfaces, delimited by dif-
to escape and the density drops to zero. Afterfacently long  ferent closed contours, fulfilling this condition. We focus on

time, the stationary regime is eventually reached and the defe smallest of these surfaces, which is precisely delimited by

sity profile is established inside thefidisive volume. If sev- ap jsodensity contour. We also use the tegmprobability for
eral sources are present (or even a continuous distributionQf quantityP {rs < rjim|ro}

sources), their contributions add linearly at each point.
The question we wish to answer is the following: a cosmic

ray being detected at the positionof an observer (in practice, 3- The escape through the diffusive volume

this will be the position of the Sun, and we refer to this position boundaries

as thesolar neighborhooy] what is the probability density

The region in which dfusion occurs is limited by surfaces
dP {emitted rs, s+ drgobserved o}  dP{rgro} 1 (hereafter thdoundariey beyond which diusion becomes in-
drs T drg @) efficient at trapping the particles, so that they can freely escape

hat thi . itted f | q %t a velocity close t@. The density outside the filisive vol-
that this cosmic ray was emitted from a source located at e is very small, and it is very reasonable to suppose that

positionrs? Such a question falls among classical problems e boundaries arabsorbers i.e. they impose a null density
statistics. A rigorous theoretical frame is provided by the Baygg _ 5
approach that summarizes the proper use of conditional pr '

bilities. A cruder but sicient (and valent) treat e "1t is well-known that the shape and location of the bound-
apriiues. A cruder bu cient (and equivalent) treatmen Saries play a crucial role for ffusive propagation. This section

given k?y the frquency interpretation. The probability Writteghows that the cosmic rays emitted from standard sources in
above is simply given by the disk are not sensitive to the radial extension of the Galaxy,
dP{rdro} dN[rs— ro] /drs but only to its top and bottom edge. To this aim, it isfszient

drs - N[> ro] ’ () to concentrate on pureftlision and to neglect spallations, the
Galactic wind and reacceleration. Indeed this is a conservative
; X , case as thesdfects can only make theftlision process even
dN[rs — ro] /drs is the density of paths going from {0 r'o. esgsensitive to the presence of the boundaries (see below).

We finally notice that the latter number determines the degyoeover, we consider the case of a homogeneous source dis-
sity of cosmic rays that reach the positiof) when a source is yip, ion located in the diski(rs) « 6(2), which also leads to a

placed ars. We can thus write conservative result if compared to a realistic radial distribution
dP{rslre}  dN[rs—ro] _ of sources.
drs * drs = Ne(ro). ©) We first consider the pure fliusion equation with a Dirac

. ) ) . source term
where the densit\N,(ro) is the solution of the propagation

equation for a point source located atThe normalization fac- —KAN(r) = 6(r — rg). (5)

tor in this relation is obtained by imposing tha® (rs actually S

is a probability density, i.e. is normalized to unity. We reféf? unbounded space, the solution is given Ny(ro) =

to the contours on which the probability density is constant &6#7KlITo — Tsll. The influence of the boundaries is estimated

isodensity contours by solving this equation in three situations: first we consider
If the sources are distributed accordingu@s), the proba- ©nly a side boundary, then only a top plus bottom boundary,

bility that a cosmic ray detected & was emitted from a sur- @nd finally all the boundaries.

faceS is given by

f w(rNr(ro)dre 3.1. Boundatries influence
P{SIro) = =2 g

where N [— r,] is the number of paths reaching, and

fs w(rs)Nrs(ro)drs‘ @ our Galaxy can be represented as a cylindrical box with ra-
ot dial extensiorR and height. (see Appendix A for further de-
This probability contains all the physical information about thiails). The probability density#(rs|ro)/drs can be computed
spatial origin of cosmic rays. We define tliesurfaces, inside for arbitrary source and observer positiarsandr,, using a
which the sources contribute to the fractibrof the detected Fourier-Bessel decomposition of the density. In our case, the
flux, by the relationP {S|ro} = f. Actually, even for a given observer is located near the Sun, at a Galactocentric distance
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Fig. 3. Geometry of the dfusive volume in the limiR — .

! 3.1.2. Top and bottom boundaries

|

' The influence of the = L boundaries, in the case of an in-

Fig. 2. Geometry of the diusive volume in the limit. — oo. finite disk R — o) is now considered. In this limit, the sum

over Bessel functions can be replaced by an integral and we

Ro ~ 8.5 kpc. Unless the diusive halo height is very large, theobtain (see Appendix B.3)

top and bottom boundaries locatedzat +L are nearer to us d2 oo

than the side boundary locatedRt 20 kpc. As a result, we dP_(rg|O) « f Jo(X) tanh( ) dx, (8)

expect the fect of the side boundary to be smaller. The first 0 s

simplified situation we consider is that of an observer locateghich allows to compute thag,-probability P (rs < rjim|O)

at the center of the Galaxy. (In the case of an infinite disk, i.@s before, which is a function af, /L only. These integrals

R — oo, this amounts to a mere redefinition of the origin of thare somewnhat intricate to compute numerically, due to the very

disk). slow convergence. In this particular case, the accuracy of the
With r, = 0, the solution for a point source in this particulanumerical calculation can be checked fas L, as a detailed

geometry is given in Appendix A. The probability density that study of the function (8) shows that in this limit
particle reaching the observer was emitted from a point located

at a distance from the center is thus given by (with = rs/R) L (O) ~ i %2 I's e s/2L @)
, " O™ 4nKrg L '
UPcy(rs|O) = d rsz X Z J°(§‘p5) x tanh(iL/R) Itis also noticeable that the quantity
2nR — §I7(4)
_1 NE 0
hnd a f =1- = h
« Z tanzh@“. L/R) , (©6) esd['s) NL== ﬁ Jo(X) { —tan ( e )} dx
- F(&)

o gives the fraction of cosmic rays emitted from a distandhat
normalization being obtained by imposiffg dP(rgdO) = 1. has escaped theftlisive halo before reaching us.
Thern-probability is given by

2 Ji(Cirim /R 3.2. Summary: The effect of boundaries on primary
Peyi(r's < im|O) = {Z %&/)) ta”h@iL/R)} species
i=1 5 Y1\5l
_ o0 , -1 Figure 4 shows the probability density computed above as a
xr'% {Z tan?@—.L/R)} (7) function ofrs for unbounded space, for the cylindrical geome-
= () try with several halo sizess, i.e. Eq. (7), and for the two limit-

This probability is independent of the value of thefaion ing cases correspondinglto— co orR — co. We also show, in
codficientK. Table 1, the radii of thé-surfaces, in the two cas&s= 20 kpc

andR — oo. It can be noticed that even if the source distri-
. bution is infinite in extent, the finite size of the halo limits the
3.1.1. Side boundary guantity of cosmic rays that reach a given point. The mean dis-

The escape from the side boundary (located at R) is dis- tance from which the cosmic rays reach the center is given by
entangled from the escape from the- +L boundary by first (I's) = L4L. This dfect dominates over the leakage through
considering the limil. — 0. For the sake of simplicity, we the side boundarys = R, and it will be even more negligible
will, as above, only study theflect of this boundary on ob- in realistic situations, as (i) the source density is small near the
servations performed at the center of the Galaxy. In the linfieige of the disk, (ii) when the spallations and Galactic wind

L — oo, we have cothfL/R) ~ 1 in expression (6). This givesare considered, most cosmic rays are destroyed or blown out of
for therjm-probability, the disk before they have a chance to reach this side boundary.

- An important consequence is that as long as the observer

Z M and the sources are not too close to the side boundary, the den-

r..m i Sl 5N 2(é“i) sity only depends on the relative distance to the source in the

Pr(rs < Niml0) = =" —3 ' disk, so that it may be assumed, for numerical convenience,
Z > that the observer is either at the center of a finite disk, or in
=g4 ‘]1(5' an infinite disk. In all the paper, i.e. for standard sources in the
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Table 1. This table indicates the radiug, inside which a given fractiori(r;m) = P(rs < im|O) of cosmic rays reaching the center were
emitted from, for severdl and in the case of the infinite disk aRd= 20 kpc.

f(r”m) =50% f(r”m) = 90% f(r“m) =99%
R=o0o R=20kpc R=cw R=20kpc R=o R=20kpc
L=o - 6.2 kpc - 14.1 kpc - 18.2 kpc

L=20kpc 12.6kpc 6.1 kpc 39 kpc 14 kpc 68 kpc 18.2 kpc
L=5kpc  3.1kpc 295kpc  9.5kpc 8.6 kpc 17 kpc 14.6 kpc
L=1kpc 0.63 kpc 0.63 kpc 1.9 kpc 1.9 kpc 3.4 kpc 3.4 kpc

! SRR secondary component. This is obtained if one discardsin
a xxxx dPe(r)=1/(47r,) 1 the termsA’™ and A% of Eq. (A.6). The net result will be
N 9P (1 4 {1 an overestimation of the distance the secondaries come from
ol (1) =(1=p,)/ (4r,) | since their destruction is discarded two times; once under their
—— dPy(r.) 1 primeval primary form and once in their secondary form.
. dP(r) i We find, in the cas® — o (see Appendix B.3), and for a
1 homogeneous distribution of sources,

PredlslRo) foo Ho¥ tanhz(ﬁ') dx.
o X

d2rg rs

Unormalized Probability

The resulting integrated probabilities are shown in Table 2. The
source of the primary that will give the secondaries observed at
a given point is located farther away than the sources of the
primary we detect (compare Tables 2 and 1). This may be of
importance if for instance the source composition or the source
intensity varies with position: in the ubiquitous secondary-to-
primary ratio, the numerator is sensitive to sources located on
B TN VT a greater range than the dgnominator. Moreovgr, these_secon-
o 2 4 6 8 10 12 1a 18 18 5o Udaries s_et the size _of afffective “Ioc_al" zone outside of which
r, (kpc) the particles reaching the solar neighborhood have never been.
The local observations tell nothing about the propagation con-
Fig. 4. Cosmic ray probability density as a functionref(distance of ditions outside of this zone. One could object that this con-
the_&(rs) source in thg disk), for several valueslofind for a disk Qf clusion is mainly based on thisurfaces which refer to the
radiusR = 20 kpc. Big stars are for unbounded model, dotted line ig, ;rces contributing to observed CR, but that the cosmic rays
for a spherical boundary at radiissmall stars are for top and bottomy o 5 -hing ys from these sources actually sample (via random
boundaries, and solid lines are for cylindrical boundaries. o
walk) a much larger volume. This is actually not the case, as a
particle wandering too far has a very small probability to ever
disk, we will consider the limiR — o, i.e. we use the integral come back to us. This point can be made more quantitative, as a

representation described in Appendix B.3. simple reasoning shows that the probabifyAC B] that a par-
ticle emitted inA and reachind has passed throughis given
4. Secondary and radioactive species by P[AC]P[CB], which is closely related tta(rc) x Na(rc).

This later quantity is small as soon@ss too far fromA or B.
4.1. Progenitors of stable secondaries

As can be seen in Appendix A.3, the secondary distributieh2. Radioactive secondaries
from point-like primary sources is related very simply to th . . s
primary distribution itself. One could find strange to spea% ':he Acgse (;fbar:/vrlijtr;s;able species with a lifetimefor-
about secondaries as we have not, for the moment, includeHa( -5) can be enas

spallations in the model. The right picture is the following: a o Jo(Zips)
primary emitted ats propagates and from time to time crosse@rad{I's|O} o dps Z ,
i=1 \[Rzrrad/K + (.2 J%@I)

(10)

the disk (mostly filled with hydrogen, densitysu). During

this crossing, there is a probabilitysm.v.0prim—sec tO Create a 1 dq )

secondary, that in turn propagates in thédiive volume until Wherelad = 77 =y "5 This expression can be transformed

it reaches (or not) the experimental setup. This will be takéi§ing the identity (Lebedev 1972)

into account properly in the next section. However, in orderto 4 foo ~ap
0

e
have a compact expression, a crude estimation can be obtai = pIo(gip)do ~ f
by neglecting the influence of spallations on the primary ang/¢? + a2 P 0

1 e
- pJdo(&ip)dp.
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Table 2. This table indicates the radius inside which a given fracfitm,,) of secondary cosmic rays reaching the center were emitted from,
for severalL and in the case of a disk of radiés= 20 kpc. The last line shows that for smhllthe dfect of the side boundary is completely
negligible.

f(r“m) =50% f(r“m) =90% f(r“m) =99%
R=00 R=20kpc R=o R=20kpc R=0 R=20kpc
L=o - 8.6 kpc - 15.3 kpc - 18.5 kpc

L=5kpc 5.5kpc 5.3 kpc 12.5 kpc 12 kpc 25 kpc 17.2 kpc
L=1kpc 1.1kpc 1.1 kpc 2.5 kpc 2.5 kpc 4.4 kpc 4.4 kpc

The approximation in the last step is valid if the exponenti&ormulae (11) and (13) can be used Wijth < ress This dfect

term decreases with fast enough (i.ex is large so that the is discussed by Aharonian et al. (1995) to show that a nearby
upper limit can be set to 1 in the integral). We then recognizeurce may be necessary to explain the high energy electron
in (10) the Fourier-Bessel transform of exjafo)/p, so that fi- flux observed on the solar neighborhood.

nally the normalized probability reads

exp(_rs/lrad)
2n fs. Irad

4.4. Summary: Pure diffusive regime, an upper limit

dprad{rs|o} = dzrs’ (11)

The important conclusions at this point are that i) most of the
where the following typical length has been introduced stable primary cosmic rays that reach the solar neighborhood
were emitted from disk sources located within a distance of the
lag = /= =017 kpex K |_T_.(12) order ofL, such that the’} = 20 kpc boundary can reason-
I'rad 0.03 kp& Myr~* '\ 1 Myr ably be discarded ii) the secondary species composition is de-
) _ _ termined by sources located farther away than those determin-
Indeed, this result can be derived much more straightforwarghy the primary composition; iii) radioactive species may come
starting from the stationary equatief AiN(r) + I'raaN(r) =0 from very close if their lifetime is so short thafKy7o < L,
(with a source at the origin) in unbounded space. This is alg@yn energy electrons and positrons definitely do.
in full agreement with the expression given in Appendix B

These conclusions are expected to be stronger when spalla-
(see also Sect. 4'.1) of Do_nato et al. (2002), where we fouf?gns, Galactic wind and a realistic source distribution are taken
the same expression starting from the propagator of the n

) . o o account. All theseféects will limit even more the range
stationary dffusion equation in unbounded space.

To sum up, Eq. (11) is valid as long 4gq < R and tha;(’;he particles can travel before reaching the solar neighbor-

lrag < L: the propagation of the unstable species can be then ™

considered akocal, with a typical scald;q. This is no longer

the case if the lifetime = yrq is large, which is the case at high

energy because of the relativistic factgreven if the proper 5. The effects of spallation and convection
lifetime 1o is short. Ther;,-probability is straightforwardly ]

derived. As on these typical scales, the source distribution c&#d- Pure convection

safely taken to be constant, the distanggis expressed as

The difusion of cosmic rays may be disturbed by the presence
Fim = —lrag X IN(1 = ). (13) of a convective wind of magnitudé, directed outwards from

the disk. For numerical convenience, a constant wind has been
It means that the sources that contribute to the fracfion considered, although other possibilities (especially a linear de-
(50-90-99)% of the radioactive species measured flux are Ipendence) are probably more justified on theoretical grounds
cated inside the disk of radiugy = (0.7-2.3-4.6) X l;oq. The (see discussion in Maurin et al. 2002a). THEeet is to blow
effect of a local underdensity around the Sun is discussed lathe particles away from the disk, so that those detected in the
solar neighborhood come from closer sources (compared to the
no-wind case). With an infinite halo, the probability density in
the disk is given by
Cosmic ray sources also emit electrons and positrons. In con-
trast with the nuclei, these particles are light, so that they ag@wind (|0} foo kJo(Krs) dk

0

4.3. Electrons and positrons

subject to much stronger energy losses, due to synchrotronta= ;,—— &
> : : : o drs Ve + K VVZ/K2 + 42
diation and inverse Compton. This results in dieetive life- o ¢
time given by (e.g. Aharonian et al. 199h)ss ~ 300 Myr x o L f xJo(x) dx ’ (14)
(1 GeV/E). The results given in the previous section on ra- F's Jo rg/ryw+ v/(rs/rTw)? + X2

dioactive species can be applied to this case, with a scale length
where the characteristic radiug = 2K/V. has been defined.

loss ~ 1 kpex /1 GeV K ) The expression in Eq. (14) is a functionrgfr,, only. The devi-
% E 0.03 kpc Myr? ation from a pure Irs law, as well as deviations due to escape,
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Fig. 5. Deviation from the pure /rs density profile N(rs)/(1/47Krs),  Fig. 6. Integrated probability that a particle detected at the origin was
due to the variousfeects studied here: escape from the +L bound- emitted inside the ring of radius, in the three situations considered.
aries, spallations and Galactic wind. In this latter case, the choitiee solid dark line is obtained when only the leakage through the
Fscale = 2rw has been made to show the similar behavior at lagge Z = +L boundaries is considered, in which case the radii scale as
The case of a radioactive species has also been shown. It should/bgaieWith rscae= L. T_he dotted, re§pectively dashed, Iing is optained
noticed, however, that in most interesting cases, the scale léngth when only the spalla_lt|ons, re_spgctl\_/ely only the convective wind, are
is much smaller than the others, so that in this case the propagatiofdgsidered. The solid grey line indicates the probability that the pri-

dominated by radioactive decay and spallations and Galactic wind ¢a@ry progenitor of a secondary detected in the solar neighborhood
be safely discarded. was emitted from within a given distance.

radioactive decay and spallation (see next section), is shown,in - . . .
. e this gas. This interaction may result in a nuclear reaction (spal-
Fig. 5. Therjin-probability is given by

lation), leading to the destruction of the incoming particle and

_ © Jo() " r2 r2 to the creation of a dlierent outgoing particle (secondary). We
P‘LVESO(< lim) = f O dm "—;“ + X2 — "—;“ present two approaches to the problem éfudion in presence
o 4 Tw M Mw of a spallative disk. When the halo is infinite in extent, the so-
- \/m !ution may be obtained by usi_ng t_he interpretaf[ion clifuﬁion
+%In lim /7w lim /"W dx. (15) in terms of random walks. This will be treated in Appendix C.
X ) In the general case, the Bessel developments can be used as be

fore. Starting from Eq. (A.5), the expression for the probability
Some values are indicated in Table 4 and plotted in Fig. 6. density is readily obtained. The limit — oo is noteworthy, as
It is interesting to note that theffect of Z,, is similar the resulting expression isolates the influence of spallations:
(though not rigorously identical) to thefect ofL (see Fig. 5).
As a matter of fact, this was noticed by Jones (1978) who stu@ﬂ’frf; {rs|0} . f"" kJo(Kkrs)
0

ied the propagation properties in a dynamical halo and provided d?rg 2hTine + 2kK
a very simple picture (along with a rigorous derivation) of the 1 * xJo(X)dx
effect of the wind. Consider a particle initially located at a dis- = 47Krs fo ro/Tsp+ X

tancez from the disk. It takes a timgz ~ Z2/K to diffuse back

in the disk. In the meantime, convection sweeps the particlevimere the quantitys, = K/(h[inel) has been defined. Would
a distancez, = Vctgir ~ VcZ2/K. Both processes are in com+here be no spallation, the/rl; behavior would be recovered.
petition and the particle will not reach the diskzjf > z. This The term 2. has the &ect to kill the contributions of
define an ffective halo size.* ~ K/Vc. This is our parame- k < kspin the integral, withks, = hliner/ K. It leads to a decrease
terry up to a factor 2. of the integral on scales> rgp = 1/ksp. Some typical values,
for K = BKoR? (see Sect. 5.5) witkg = 0.03 kpé Myr!
ands = 0.6 are given below at 1 Ggxuc and 100 Gemuc.
The heavy species are more sensitive to spallations, so that they
The Galactic disk contains interstellar gas mostly made of hgeme from a shorter distance. This could in princigfeet the
drogen. When cosmic rays cross the disk, they can interact witlean atomic weight of cosmic rays if the composition of the

5.2. Pure spallation
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Table 3. Some values of the inelastic cross section and the associatedWhen all the &ects above are considered, Eq. (A.5) gives

spallation scale length.
daP{rg0} 1 [~ XJo(X) dx
b O Fe ®re r_sfo m
o (mb) 44 309 760 Psp+ Pw + Vpg + X2 coth p#
rsp (kpc), 1 GeVnuc 10.2 1.45 0.59
rsp (kpc), 100 Geyhuc 115 16.4 6.7

wherepsp = r/rsp, pw = I'/tw €tp. = r/L. The smallest of
these three numbers indicates the dominéiett Various im-

sources is not homogeneous (see e.g. Maurin et al. 2003a).%r§gabll|t|es are shown in Table 4. For a radioactive species,

. - ; spallations and the Galactic wind have a negligilffect
Sect. 7.1) for the results with realistic propagation parameters. . .
. On propagation as long &gq (see Sect. 4.2) is smaller than
For small values ofs/rsp, the convergence of the previ-

. : - . . gpandry,.
ous integral is slow, and other forms obtained by integration b}/ v

parts, as developed in the Appendix B.3, might be preferred.

However, in this particular case, the identity 5.4. The number of disk-crossings in the general case
0o 00 oy a2 Several properties (energy losses, amount of reacceleration,
j(; xdxJo(¥)/(x + @) = ﬁ ydye™™ /(1 +y7) secondary-to-primary ratio) of the cosmic ray flux detected in
the solar neighborhood are determined by the number of times
yields the more useful form a given cosmic ray has crossed the disk since it was created.
The distribution of disk-crossings is computed in Appendix C
d?Df‘flo {rs|O} 1 ® ye¥s/ls in the case of an infinite @fusive volume and in the absence of
d2re - AnKrsg fo (1 + y?)3/2 dy. (16) Galactic wind. In the most general situation, the mean number

of crossings (though not the entire distribution of crossing num-
This expression is in full agreement with Eq. (C.3) obtainggkrs) can be computed as follows. Each time a particle crosses
with the random walk approach (see Appendix C). For largge disk, it has a probabilitg = 2hcineinism of being destroyed
values ofrs/rsp, the convergence can be checked by comparifg a spallation. The numbe@\(r) of surviving particles can thus

the results to the asymptotic development be obtained fronNo(r), the number of particles fiusing with-
out spallations, as
“ xJ(X) 1 9 225 P
o dXx S -t
0 X+« [0 a a N(r) — No(r) X (1 _ p)ncross,

Finally, therii, - probability can be computed as before so that the number of crossing is readily obtained from the den-

o0 dx . sities with and without spallations as
Pi‘flo(< Miim) = f —5 |1- exp{—xﬂ}]
0o (1+x?) I'sp IN(N(r)/No(r))
Nerosd) = m (18)
Some values are indicated in Table 4. P
Notice that this expression applied to Eq. (16) leads to Eq. (C.2)
5.3. Comparison and combination of the different whenL — oo, Ve = 0, and whenp is small. As the surface

density of the disk is Bngy ~ 1073 g cnT?, the mean column
density crossed by the particle (callgcammaggis given by
To summarize, thefiect of spallation and Galactic wind de-

effects

pends on the two parameters: 2(rs) = NerosdTs) X 2hnigy ~ 20 g cnT? x ncris(irs).
2K K(E) 10 km st _ _ _
fw = v © 5.87 kpcx 0,03 ko Mur1 : v ; The evolution of the grammage with the distance of the source
¢ DS Kpe Myr ¢ (17) s displayed in Fig. 7. Thefiect of escape, spallations and
Fep = K 317 kpex K(E)/s 100 mb Galactic wind is shown.
®” hlinel 0.03 kpc Myr~? o As a cross-check, it can be noticed that in this approach, the

e N ) mean grammage
Ther;m-probability is displayed in Fig. 6 as a functionmf,.

The dfect of the Galactic wind is very similar to that of the fz( )dgo r4/0
s

top and bottom boundaries, whereas tifie@ of spallations (X)spatial= dir }dzrs

is quite diferent. In the latter case, the ctitm the density is ®

a power law inrg and decreases much more slowly than thgelds the right order of magnitude for the usual grammage
exponential cutfi due to the wind or to escape. As a result, theerived from leaky box analysis-@ g cnt?). Moreover, the
99%-surfaces are much larger than the 90%-surfaces. This kaowledge ofncos{r's) allows to estimate the magnitude of en-
also be seen in the first three lines of Table 4. ergy losses and reacceleration rates.
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Table 4. This table indicates the radius of sevefasurfaces, for several values bf V., and o,e. We have introduced.;, = L/10 kpc,

V10 = V:/10 km st ando 9o = 0-/100 mb.

L(kpc) Ve(kms?t) e (Mb)  Rsgos(kpe)  Roos(kpc)  Rogee(KpC)
Liox 10 0 0 6.3xL1g 19xLyg 34 %L
00 10x Vyo 0 4.9/Vig 18.6/Vio 41/Vio
00 0 100x 0190 3.7/0100 30.8/0100 3180100
5 0 0 3.1 9.5 17
5 10 50 2.05 6.8 13.1

40

35 L=2 kpc, V=0, 0=100 mb

L= inf, V=0, 0=100 mb

L= inf, V=10, 0=100 mb

30

grammage (g/cm?)

25

20

N PRI B R S
4 5 6
rs (kpc)

Fig. 7. Grammage crossed as a function of the origin, for some
the models discussed in the text and for a typical valuKof=
0.03 kp& Myr.

5.5. The energy dependence

The difusion codicient actually depends on energy. A com.,
monly used form (see Maurin et al. 2002b for a discussion) is

R 5
K= Koﬂ(m)

whereR stands for the rigidityKo ~ 0.01-0.1 kp& Myr~!
and ¢

~

6. Realistic source distribution

For the sake of definiteness, we will consider from now on that

the cosmic ray sources for stable primaries are located in the

disk and that their radial distributian(rs) follows that of the

pulsars and supernovae remnants, given by
(rs) (rs)wexp(ﬁx )

wsN(l's) = | 5= BX——],

R Ro

with R, = 8.5 kpc,a = 2,8 = 3.53 for Case & Bhattacharya
(1998). This distribution is now closer to the distribution
adopted by Strong & Moskalenko (1998) £ 0.5and3 = 1), a
flatter distribution designed to reproduced ragliaay observa-
tions (see Fig. 16). This distribution can be inserted in Eq. (4),
which is then used to compute thesurfaces. These surfaces
are displayed in Fig. 8 for three casés+£ 2 kpc,L = 5 kpc
andL = 10 kpc). For large halos, the source distribution acts
as a cutff and greatly limits the contributions from peripheric
Galactic sources.

The results are not muchfacted by taking an angular de-
pendence into account. Considering for example the spiral arms
modelling of ValEe (2002), Fig. 8 shows that the extension of
the f-surfaces is almost noffacted by these small scale struc-
tures. In the rest of this paper, the purely radial distribution (19)
is assumed.

(= Ry) 19)

. Application to the propagation parameters
deduced from the observed B/C ratio

The previous sections present a complete description of the
origin of cosmic rays in a stationaryftlision model (energy

losses and gains are discarded). To each process by which a
cosmic ray may disappear before it reaches the solar neigh-

0.3-1. The previous results were given foborhood is associated a paramete(escape through the top

K = 0.03 kp@ Myr~?, typical for a proton with an energyand bottom boundaries)y (convection)ys, (destructive spal-

of 1 GeV. This implies that the parameteys rsp are larger at
higher energy. They eventually become larger thaso that

lation). The relative importance of these parameters may be
measured by the two quantitigg, = L/rw andysp = L/rsp.

at high energy escape dominates. At low energy, the relat@@e can distinguish three regimes which determine tfe-di
importance of spallation and convection can be evaluated $ign properties of the system: i) the escape through the bound-
comparingr,, andrs,. However, it must be noticed that everfries dominates fop, < 1 andysp < 1; ii) convection dom-
whenr,, is greater thamsp, the Galactic wind may have a norinates fory,, > 1 andyw 2 xsp, iii) spallations dominate for
negligible d@fect on the cosmic ray spatial origin because thep > 1 andyw < xsp.

cutoff due tor,, is much sharper (see Fig. 6). Moreover, the in-

We now use the sets offtlision parameters consistent with

fluence of the Galactic wind on the spectrais important becauke B/C data given in Maurin et al. (2002a) (hereafter MTD02)

of the induced energy changes (adiabatic losses).

to evaluate realistic values for these quantities.
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Iso—contours 99% parameters, e.g. through th¢g@Bratio. Last, the Fe group pro-
vides another test of the secondary production via the sub-
Fe/Fe ratio. The evolution gfs, for these species is conform to
what is very well known from earlier leaky box inspired stud-
ies: for heavier nuclei, spallation dominates over escape and
for this reason, the induced secondary production is particu-
larly sensitive to the low end of the grammage distribution.

To summarize, the left panel shows the evolution from
convection-dominationto escape-domination as a functigh of
ands, the dfect of the wind being negligible abovel 00 GeV
whateveré (yw = 10). The right panel gives the evolution
from spallation-domination to escape-domination as a function
of R, 6 and the species under consideration. Tffieat of spal-
lation is more important for heavy than for light nuclei, but this
difference is too small to produce an evolution of the average
logarithmic mass for high energy TeV) cosmic rays (Maurin
et al. 2003a).

e et ] 7.2, Spatial origin in realistic diffusion models
-10 -5 0 5 10 at 1 GeV/nuc
(kpc)

Fig. 8. 99%-surfaces foR = 20 kpc and three caseds,= 2 kpc, L
5 kpc andL = 10 kpc.

From the previous discussion, it appears that spallations and
Galactic wind play a role at low energy. The results will be
shown for the particular value 1 G#&wc which is interesting
for various astrophysical problems. First, once modulated, it
corresponds to about the very lowest energy at which exper-
imental set-ups have measured Galactic cosmic rays. Second,
In MTDO2, we provide for each configuratian(source spec- tbe low energy domain is the most favorable window to observe
tral index),s (diffusion spectral index) ant (diffusive halo P (resp.d) from exotic sources (see companion paper Maurin &
size) the correspondinigo, Ve andV; (Alfvienic wind respon- 'Eaillet 2003), as the background corresponding to secondaries
sible for reacceleration) that fit best the ratitCBIn this study, P (resp.d) is reduced. Last, these energies correspond to that
V. is not very important since it only changes the energy of tt¢é the enduring problem of the filuise GeVy-ray radial dis-
partides: a cosmic ray emitted at 1 G/e\dc and gaining afew tribution. This was first qUOted by Stecker & Jones (1977) and
hundreds of MeYhuc during propagation will be detected at &urther investigated by Jones (1979) taking into account the ef-
slightly larger energy, for which the results given here will ndgct of a Galactic wind.
be very diferent. This becomes even more true beyond a few From the sets of diusion parameters that fit the/® ra-
GeV. Reacceleration will be ignored throughout this study, &s, the values of the parameterg andrs, are computed (see
well as energy losses, for the same reason. Moreover, the Vi@ble 5) for the four nuclei shown in Fig. 9 and for three values
ues ofKp, V; andV, do not depend much oa (see Fig. 9 of § = [0.35,0.6,0.85]. From these values, the 50-90-99%-
of MTDO02), so thaty, and ysp depend mainly ord andL. surfaces are derived and displayed in Fig. 10, for protons and
They depend on rigidity, througdk(E), as can be seen in Fig. 9Fe nuclei. The fect of § (Fig. 12), of L (Fig. 13) and of the
whereyy andys, are displayed as a function éffor several species (Fig. 11), are considered separately. As regards the first
species, several valueslofind several rigidities. two effects, thef-surfaces are smaller: (i) for greater values
The left panel displaygw(s, L) for three rigidities: 1 GV, of ¢, mainly because theffect of the wind is then greater,
10 GV and 100 GV. Up to several tens of GV, convectioand (ii) for small values ot as in this case escape is more
is in competition with escape; afterwards escape dominatigportant.
The noticeable fact is that models corresponding t& 0.45 As regards the lastfkect, it can first be seen from Fig. 13
are escape-dominated, whereas convection dominates onlytifiait the heavier species come from a shorter distance (because
larges at low energy. It appears that all other parameters beitig spallations are more important). The secondary species can
constantywing is fairly independent ot. (indicating a similar be treated simply by using a source function obtained by mul-
relative importance of convection and escape for the modéfslying the primary density by the gas density. It would be
reproducing the BC ratio, see MTDO02). However, the spatiabtraightforward to apply the previous techniques to a realistic
origin does depend oo andr,, and not only on their ratio. gas distribution (taking into account, in addition to the fairly
The right panel of Fig. 9 plotgsy(d, L) for R = 100 GV flat HI distribution, that of molecular pHand ionized HIl which
and 1 GV for various nuclei. Protons are the most abundaare more strongly peaked in the inner parts, see e.g. Strong
species in cosmic rays. Boron and CNO family are importaft Moskalenko 1998 for a summary and references) and to
because they allow to constrain the value of the propagatiofer the contours inside which the secondaries are created.

7.1. Evolution of ., and x s, with 6
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Table 5.Values ofr,, andrs, for the sets of parameters that, for a givegive the best fit to the observed®ratio. The mean square valué(r_"’)
of the distance to the sources is also shown.

p, p B-CNO Sub-Fe, Fe
6 = 0.35/0.6/0.85 - -

L =10 kpc rw (kpc) 0/5.171.6 ©0/3.41/0.89 0/3.260.83
rsp (KPC) 33.510.24.0 4.271.070.35 1.4¢0.370.12
\/@(kpc) 6.434.67/2.50 5.2%.921.11 4.0¢2.030.57

L = 6 kpc rw (kpc) 0/3.641.15 00/2.400.64 00/2.3(/0.60
rsp (KPC) 24.77.42.9 3.100.800.26  1.080.270.09
\/@ (kpc) 4.933.51.88 3.962.180.82 2.991.630.54

L =2 kpc rw (kpc) 0/1.4Q0.46 ©/0.920.26 ©0/0.880.24
rsp (KPC) 9.72.91.2 1.270.370.10 0.420.100.03

V(r2)(kpc) 2.071.440.78 1.630.870.33 1.210.570.19

o o
NI Lo
3 a
i 3
x 99 %
90
™
S
x(kpc)
1 = 1
Fig. 10. (50-90-99)%-surfaces (protons and Fe nuclei are consid-
— - ered), in a typical dfusion model with. = 6 kpc ands = 0.6.
10 FE a-a-a L=2kpc 10 "».“:
[ m-8-0 L=6kpc R ]
—— =10 kpc ]
NS
oYl S P U N R R o2l b OB p sub-Fe
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.3 0.4 05 06 0.7 0.8 09 1

x(kpc)
Fig. 9. Left panel;yw (5, R) as a function of the dliusion spectral index
¢ for different rigiditiesR; from top to bottomR = 100 GV,R =
10 GV andR = 1 GV. The parametey,,, as well agysp, is not very
sensitive to the halo sizk. Right panel;ys,(d,R) as a function ot
for R = 100 GV (upper curves) ard = 1 GV (lower curves) for four

5 5 oyox(km !Kj

©

Fig. 11. 99%-surfaces for several species. The left panel corresponds
to primary species (protons, CNO and Fe) while the right panel cor-

speciesp (o ~ 40 mb),d_(o- ~ 100 mb), B-CNO ¢ ~ 250 mb) and . . i
Fe ( ~ 700 mb). For the latter species we plotted the same thre reipé) Egz ;(tjr;e_p(;%genltors of secondary species (B and sub-Fe), for

values as in left panel. The behavior for other species is similar so that
we only plotted the case = 6 kpc.

This fraction is presented in Fig. 14 for the particular model
L = 6 kpc,s = 0.6, for protons and Fe nuclei. It can be read that
The corresponding-surfaces are not shown here, as theyr example, it takes 7.6% (resp. 1.5%) of the Galactic sources
would be quite similar to those of the primaries (see left panely, make 90% of the protons (resp. Fe nuclei) reaching the solar
What we do display in the right panel are theurfaces of the pejghborhood.
primaries that lead to given secondaries, as these progenitorsrigyre 14 also shows that a very small fraction of sources
determine the secondary-to-primary ratios (see Sect. 4.1). may contribute to a non negligible fraction of the fluxes. For

example, the sphere of radius- 100 pc centered on the solar
7.3 Effective number of sources neighborhood contains only®x 107° of the sources but for

L = 6 kpc ands = 0.6, it is responsible for about 5% of the
From the previous results, it appears that only a fraction of tpeoton flux and 18% of the Fe flux. The mean age of the cosmic
sources present in the disk actually contribute to the flux in theys is given byt) ~ (r?)/2K ~ 7-400 Myr (see Table 7). For a
solar neighborhood. In this paragraph we present the fractgupernova rate of three per century, the total number of sources
fs of the sources which are located inside gifesurfaces. responsible for the flux is2 x 10°-10’. This tells us that in
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Table 6. Fraction fs (in %) of the Galactic sources contributing to
a given fraction (90% and 99%) of the cosmic ray flux at the solar
position, for protons and Fe nuclei, for thefdsion models studied
before.
p Fe
¢ = 0.35/0.6/0.85 -
L=10kpc 90% 22.A3.33.9 9.62.2/0.24
99% 56.740.7/16.4 3%14.51.77
L=6kpc 90% 14.7.62.3 5.631.50.17
Fig. 12. 99%-surfaces for severd| in the case. = 6 kpc. The left P 990/;) 40 g;g/g 6 22 gg 2//1 48
I|c;anel ?o_rresponds to protons while the right panel corresponds to [=2kpc 90% 2.91.60.83 1.70.240.025
€ nuctet. 99% 9.35.93.8 4.71.770.27

L=10 kpc

L=6

/"@

Table 7. Mean cosmic ray agé) ~ (r?)/2K in Myr for the models
studied in this paper.

(=2 O p Fe
\Ly oo T % oo 5 = 0.35/0.6/0.85 -
L=10kpc  106392/332 76/ 74/17
L=2kpc _ 77130/108  2422/7

Fig. 13.99%-surfaces for severh| in the cas@ = 0.6. The left panel

corresponds to protons while the right panel corresponds Fe nuclei,
P P anp P 7.4. Radioactive species, e* and e~ and the local

bubble

Donato et al. (2002) emphasized that the existence of a local
underdensity rf < 0.005 cnt®) around the solar neighbor-
hood greatly fiects the interpretation of the flux of radioac-
tive species at low energy (we refer the interested reader to this
paper for a deeper discussion and references on the local in-
terstellar medium). The most importarffext of this hole is
that it exponentially decreases the flux by a factor e&pk.aq)

(a £ 65-250 pc is the radius of the local underdense bubble
andl,q is given by Eg. (12)). This can be easily understood as
there is almost no gas in this region, hence no spallations, lead-
ing to no secondary production. The local bubble is obviously
not spherical, but this approximation isfBaient at this level.
This attenuation factor is straightforwardly recovered starting
from the probability density as given in Sect. 4.2, if correctly
normalized to unity. To this end, the sources (here spallation of
primaries on the interstellar medium) are considered to be uni-
formly distributed in the disk, exceptin the empty regioa a.

The probability density is zero in the hole whereas outside, it

0.8

0.6 -

Fe nuclei

o4 protons

contribution to the flux f

0.2

Co il ol

Lol

Lo

0 Ll
107° 107 107° 1072 107"

fraction of sources f, is given by
Fig. 14. Fractionfs (in %) of the Galactic sources contributing to the expl_(f«— )/l d)
fraction f of the cosmic ray flux at the solar position, for protons andthOée - eXp(l ) APag = zﬂ: | ra . (20)
rad s- Irad

Fe nuclei, for the particular fiusion modeL = 6 kpc,s = 0.6.

The quantityP%(rs < rjim|O) is obtained directly from the no

hole case (see Sect. 4.2) by replacigg by rf | = rim + a

It means that the sources that contribute to the fracfion
models with the largest 18% of the Fe flux can be due to only(50-90-99)% of the flux of the radioactive species are located
5 sources. The approximation of stationarity and of continuobstweera andrf = = (0.7-2.3-4.6) x l;aq + a. Hence, the hole
source distribution is likely to break down with such a smatinly plays a marginal role for the origin of a radioactive species
number of sources. Conversely, for small values (dreferred (unlesd;aq < @), whereas the result for the flux is dramatically
by many authors), this approximation is probably better. different.
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Radioactive species ¢.€ andr3C = 0.443 Myr, it leads to5" © ~ 0.80-0.75-0.61
9 T R o andkgg’SA"C' ~ 0.51-0.42-0.22. For'“C, the attenuation is
N S |4, k¢ < 1 around 1 GeYhuc, so that this species is heavily sup-
=3 1 S pressed. However, it should be present around 10-100riEeV
2o s [, 1 (as«¥C ~ 1 at these energies), with the advantage that solar
Egj I 0w | o EN {1 modulation is less important at these energies.
~ 0 N 4 . . . . .
Nos | ol % 1 The flux of radioactive species directly characterizes the lo-
N [~ | caldiffusion codficientKg if the local environmentis specified.
0.2 05 1 L=104p . . .
| © This would in turn allow to break the degeneracy in propaga-
" d=¢ tion parameters that one can not avoid at present. Last, even
04 L2, -85 - . . :
e 03 F pe 1 though the surviving fraction of a radioactive does depend on
o0 the halo sizd., we emphasize that it is a very indirect way to
0.05 o 02 ———eee————0 derive the propagation parameters. In the forthcoming years,
Eume (GeV/nuc) E(GeV) new measurements of radioactive species that do not depend

Fig. 15. Realistic values of.ay/ \7o/1 Myr andriess for two extreme ©ON L (€.9. DyPAMELA andAMs) should provide a promising
halo sized_ and difusion slopes. As all results in this section, propa-Path to update our vision of cosmic ray propagation.

gation parameters fit/® and are taken from MTDO02.
8. Summary, conclusions and perspectives

We saw in a previous section that the high energgied € The question of the source distribution is very present in cos-
behave like unstable species. Their typical lengk can be mic ray physics. With the occurrence of the old problem of
compared tdyqq short pathlengths distribution in leaky box models (see for ex-

ample Webber et al. 1998), Lezniak & Webber (1979) studied a
lradkPC) 512 [ R o | Ko(R/1 Gvy | diffusion model with no-near source in the solar neighborhood.
\ro/1 Myr ' 16V 0.03 kp& Myr* "’ Later, Webber (1993a, b) propagaigtike sources with dif-
(21) fusion generated by a Monte Carlo random walk for the same
FroedKPC) ~ 1 GeV>< Ko(R/1 GV) . purpose. Brunetti & Codi_no (2000) foIIc_)W_ this Ii_ne but the_y
o8 E 0.03 kp& Myrt introduce random walks in a more realistic environment, i.e.
circular, elliptical and spiral magnetic field configurations. In
The dependence in the propagation model is similar for baifmore formal context, Lee (1979) used a statistical treatment
expressions and is contained in the last term. There is a big @f-means and fluctuations (see references therein) to charac-
ference, though, as the typical distances travelled by radioggize amongst others the possibility that nearby recent sources
tive nuclei scale as/R, whereas they scale ag 4E for elec- may dominate the flux of primaries. Finally, it is known that the
trons and positrons. present cosmic ray models are not able to reproduce accurately

Realistic values fotag andriess are presented in Fig. 15.for example proton-inducegrays measurements. To illustrate
At high energy, the Lorentz factor enhances the lifetime of rehis point, we plot in Fig. 16 the radial distribution of protons
dioactive nuclei, making their origin less local, whereas thshtained with the same filision parameters as used above.
energy losses are increased for electrons and positrons, mdéne of the models shown match the data. One is left with
ing their origin more local (99-90-50% of 100 GeVee two alternatives: either modifying the source distribution (for
come from sources located in a thin disk with radifi ~ example, the distribution of Strong & Moskalenko 1998 yields
1.1-0.55-0.38 kpc). For 100 GeV'eand €, all models fitting - a better agreementy), or giving up the assumption that tie-di
B/C have the same value féR’, because at 100 G¢Mic, sion parameters apply to the Galaxy as a whole (Breitschwerdt
spallations and convection are negligible (Maurin et al. 2002@}.al. 2002). It is thus of importance to understand to what ex-
As a consequence, for GeV energiggss increases more tent the cosmic rays detected on Earth are representative of the
rapidly for smalls than it does for larges. To study the fect distribution of the sources in the whole Galaxy.
of local contributions to the spectra of end €, Aharonian We provide an answer to this question under the two
et al. (1995) used the valug = 0.6 and compared to otherimportant hypotheses that the source distribution is contin-
works withé = 0. As these authors noticed, the modelling ifous and that we have reached a stationary regime: most
the whole energy spectrumdsdependent, but our study givesof the cosmic rays that reach the solar neighborhood were
the range compatible with/B studies. emitted from sources located in a rather small region of the

Finally, radioactive nuclei are a very important tool foGalactic disk, centered on our position. The quantitative mean-
cosmic ray physics. They come from a few hundreds of pang of “rather small” depends on the species as well as on
sec, and their fluxes are very sensitive to the presence aha values of the diusion parameters. For the generic val-
local underdense bubble, through the attenuation facter uess = 0.6 andL = 6 kpc chosen among the preferred val-
expta/lad). For example, for a typical bubble of size = yes fitting BC (see Sect. 7), half of the protons come from
100 pc and an energy 800 MgWic (interstellar energy), sources nearer than 2 kpc, while half of the Fe nuclei come
ko35 ~ exp(=0.33+/1 Myr/zo) if 6 = 0.35, whereasogs ~ from sources nearer than 500 pc. Another way to present this

exp(- /1 Myr/o). With 73%8¢ = 2.17 Myr, 7241 = 1.31 Myr result is to say that the fraction of the whole Galactic source
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2r the approximations of both continuity and stationarity. In par-
L ticular, it could be that only a dynamical model, with an accu-
rate spatio-temporal description of the nearby sources, provides
L=10 kpe a correct framework to understand the propagation of Galactic
cosmic rays. The contribution from nearby sources would be
very different in the low energy<{GeV/nuc) or in the high en-
I SO\ ergy regime {£PeV) compared to the stationary background.
12 B % Second, as discussed in Sect. 4.1, tHeudion parameters de-

Lo TN S v rived from the observed /B ratio have only a local validity,

A and one should be careful before applying them to the whole
Galaxy, since the cosmic rays are blind to most of it.
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