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Age of cosmic beryllium and grammage inferred by the
unstable-to-stable beryllium isotopic ratio
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Abstract. A few millions of ® Be and!® Be trajectories orig- 'Y Be/? Be ratio up to an energy of 1.7 GeV/u (Mitchell et
inated in the galactic disk are generated by a simulation codal., 1999).

using a simple configuration of the galactic magnetic field. This calculation complements the results on age and gram-
The grammage and age of beryllium are studied as a funcmage of Beryllium reported in two previous papers (Brunetti
tion of the position of the beryllium sources in the disk. The Codino 1997; Codino and Vocca 1999).

10 Be /9 Be ratio versus energy is calculated and compared

with the experimental data.

2 Results of calculation

A brief description of the parameters of this calculation fol-
lows. The magnetic field in the disc is decomposed in a regu-

The simulation of cosmic-ray trajectories in the galactic mag-12" componentand a chaotic component. The field strength of
netic field allows a simple, direct, even visual analysis of € régular componentis 3.@. The pattern of the magnetic
many features and basic properties of galactic cosmic raysf.!eld lines is based on qbservatlonal Qata,_ which favor sp_lral
Cosmic-ray trajectories are segments of deformed helixes cofig!d structures. Accordingly, a spiral field is adopted. Cylin-
necting the sources placed in the interstellar medium to thélrical, galactocentric coordinates¢ andz are used where
observing sites which are placed in the solar cavity. This? i the elevation from the galactic midplane, r is the dis-
paper deals with the propagation of cosmic Beryllium in the {2nce from the symmetry axis agds the azimuthal angle as
galactic disk using the method of trajectories. This calculationShoWn in Fig. 1. The Bulge is a symmetric ellipsoid with the
reports a relationship between age, grammagé 4ie/° Be major semiaxis I_ymg inthe galactlc_: midplane, 4 _kpc long and
ratio versus beryllium energy and also illustrates how com-& Minor semiaxis of 3 kpc. The disk has a radius of 15 kpc
plex is the interpretation of Be /9 Be ratio determined by gnd a constant thlckngss of 250 pc. The Ioc_:al galactlc zone
measurement. The approximations used in the simulation al'S @ SPhere with a radius of 100 pc concentric with the solar
gorithms that determine the trajectories of the cosmic ray<aVIty: This spherf is positioned at the coordinatesl4 pc,
are given elsewhere (Codino et al. 1995, Brunetti and Codind’ = 8200 pc ana = 90 degrees (see Fig. 1). The interstellar
1997). gas density is taken as pure hydrogen uniformly distributed
The dominant factor affecting the age and grammage of" thf galr_:tctlc disk. The mean hydrogen density IS 1 atom
cosmic Beryllium is the shape of the galactic magnetic field. ™ (galsser 1990). .The smulapon code determines the
The influence of the galactic magnetic field on grammagepmbab'“ty that a cosmic Beryllium intercepts the local zone

and age of cosmic rays has been already investigated in thfé)r agly initial position ing}he dis.c volume_. The StabIGGiSO'
energy range 0.1-100 GeV using circular, spiral and eIIipti-toloe Be and the unstable” Be with a half-life of 1.6 x 10

cal field structures with a chaotic component (Codino 1998 .years are used in this calculation. If a uniform distribution of
Brunetti Codino 2000) ‘beryllium sources filling the entire disc volume of 529 kpc

is used, the probability for a cosmic Beryllium of entering
the local zone is abou—?, and accordingly, the computing
i(m(_a for an adequate number of trajectories becomes exceed-
gly long. In order to increase the number of trajectories in
the local zone, the beryllium sources are positioned along the
Correspondence toA. Codino (Antonio.Codino@pg.infn.it)  magnetic field line which encounters the center of the local

1 Introduction

Many experiments have measured tA&e/° Be ratio or
the surviving fraction of° Be (see for example, Connell 1997,
Lukasiak 1997, Webber and Soutoul 1998). Presently, a ballcli
borne experiment (Isomax) aims to accurately measure th
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zone as shown in Fig. 1. This magnetic field line is called the limited thickness of the disc and the position of the

principal field line. Note that if the beryllium sources are sources.
positioned well aside from the principal field line, the proba- ) o ) )
bility of arriving at the local zone becomes negligible. The results discussed above indicate that the interpretation

In Fig. 2is given the grammage traversed in the interstella®’ the measurements of tHéBe/ Be ratio requires a de-
medium by® Be and'® Be for three different positions of the tailed mapping of the source dlStI’IbUtIOhlln Fhe d!sc vqlume
sources as a function of the kinetic energy. The distances ofd the effective pattern of the magnetic field lines in the
the sources from the local sphere aré.3, —2.2 and—0.8 Galaxy. -
kpc which correspond to angles of -30, -15 and -5 degrees, |1 N€ grammage and age reporte% in Figs. 2 and 3 are
respectively (see Fig. 1). In Fig. 3 is reported the time takerstraightforwardly related to thé’ Be/° Be ratio shown in

by the? Be (solid line) and'® Be (dashed line) to reach the Fig. 4. This calculation has been only made for 3 partic-

local galactic zone from the 3 distances-of.3, —2.2 and ular positions of the beryllium sources in the energy range
0.8 kpc along the principal field line. from 0.2 to 100 GeV/u but may be repeated for any desired

Fig. 4 reports thé® Be /9 Be fraction versus energy in the SEt Of source positions. .
same conditions of Figs. 2 and 3. Note that the energy in 1 he relationship between age, grammage difge/* Be

Fig. 4 is the initial energy of Beryllium at the source, and not rat?o shows the flexibility and. l_JsefuIness of the .me.thod. of
that of the Beryllium arriving at the local galactic zone. There rajectory. Thus, a source positioned along the principal field

is a slight shift between the two energies in the low energy!)ine at agistance of -4.3 kpc from the local zone, emanating
interval, close to 0.2 GeV/u. For simplicity, the curves in D¢ and "Be of 2 GeV/u with equal abundance, would yield

Fig. 4 assume an equal production®dte and'” Be at the a'%Be/Y Be ratio of 0.74. A closer source placed at -0.8 kpc

sources. Accordingly, a comparison with the experimentalfrom, the solar cavity WOUId, yielda rgtio of 0'94_" )

data needs to take into account the production cross sections 't IS clear thoat a comparison of this calculation with mea-
of 9Be and '° Be via Carbon, Oxygen, Nitrogen and other Surements of’ Be/° Be ratio requires a precise spatial dis-
heavier nuclides interacting with protons in the interstellar ribution of beryllium sources in the disc. For a uniform
medium. The surviving fraction df Be may be also used for  distribution of beryllium sources the age and grammage of
a comparison with observations. At the energy of 0.3 GeV/uBerylllum has been calculated in a previous paper (Codino
the surviving fraction ot° Be calculated here is 0.667 for the ar?d. Vocca 1999). From the rgsglts §hoyvn In f'glj'r?s 2,3 and
source positioned at= +15 degrees. The surviving fraction 4 it is evident that a source distribution in the vicinity of the

of 19 Be becomes 0.776 at 0.9 GeV/u and 0.946 at 10 Ge\/y Solar cavity, within a few kiloparsecs along the principal field
for the same source. line and around it , dominates th&Be/* Be ratio.
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5 GeV/u, also uniformly generated, traverse only

g cm2. This results from a combination of parame-
ters such as the regular magnetic field, the nuclear cross
sections of cosmic rays with the interstellar medium,
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Fig. 1. Projection of the disk onto the
galactic midplane. The disk radius is
15 kpc and that of the Bulge kpc.

A field line of the spiral magnetic field
rooted in the Bulge and terminating at
15 kpc (solid line) is called principal
field line.This line intercepts the center
of the local galactic zone.Note that the
distance from the local zone along the
principal field line is taken negative for
negativep angles

Fig. 2. Grammage swept out byBe
and 1°Be versus kinetic energy. The
beryllium sources are positioned along
the principal field line at a distance of
-4.3, -2.2 and -0.8 kpc from the local
zone.
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Fig. 3. Age of ?Be and !°Be versus
kinetic energy. The beryllium sources
are positioned along the principal field
line at the distance of-4.3, —2.2 and
—0.8 kpc from the local zone.The bump
in the age curve of Be ( solid curve)
is due to the relativistic, gentle rise of
velocity with the kinetic energy.

Fig. 4. The ratio'® Be/° Be versus en-
ergy. The beryllium sources are posi-
tioned along the principal field line at
the distance of-4.3, —2.2 and —0.8
kpc from the local zone. Note that in
this calculation the production SfBe
and !° Be by spallation of heavier nu-
clei in the interstellar medium is taken
with equal abundance.



