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l. Introduction

Perez-Peraza et al.,(1983) gave theoretical arguments
supporting the establishment of charge transfer between the
accelerated ions and source matter at least during the in-
jection process. Among the arguments given, was the fact
that the effective charge of ions is much higher at low vel=-
ocities, that it is predicted at laboratory scale by the
well known semi empirical expression of effective cxarge.
As a matter of fact, if instead of assuming that the target
particles are at rest(§=1) we consider that the target med-
ium has a finite temperature things which are different, It
must be taken into account that nuclei begin to accelerate
with their local charge states(Qp), according to the source
temperature, so the effective charge must be normalized to
match QL at the level of the ion thermal velocity. In Fig.l
we illustrate the evolution of charge equilibrium for ions
of iron in atomic and ionized hydrogen, It is shown how the
assumption § =1 is much lgwer at low velocities than either
withj] = y OF With§ =314, and how these two last are in
turn lower than when they are normalized to their corres-
ponding Qr(T). It can be seen that the difference in charge
at low velocities is quite drastic such that at E>7MeV/n,
iron is completely stripped. Because the 'similitudes' bet-
ween galactic cosmic ray source abundances and solar parti-
cles abundances averaged over several events(Perez-Peraza,
1981), it must be expected that similar phenomena determine
the charged spectrum of energetic particles, whatever the
kind of source involved. So it is worth to investigate whe-
ther the accelerated ions undergo charge transfer or not in
astrophysical source., This may be translated in the evalua-
tion of the relative importance between the mean free path
for charge-changing processes and the characteristic length
of the acceleration step.

2, Particle Charge Transfer During Their Acceleration

Following Perez-Peraza et al.,(1983) the conditions for
the establishment of electron loss and capture respectively,
when an acceleration process is modulating the velocity v
of particles in the source are

a ¢ 2(v2v3"2)No/ (3-2n) (u/2)""t = € (1)

a ¢ 2(v32_y3-2M)Ng/(3-2n) (/2)"") = B (2)

where « is the acceleration efficiency of the Fermi(n=0.5)
or the Betetron(n=1) processes, p=atomic mass unit, V. =
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cross velocity where the cross sections for electron catpure
and loss are equated and o is the corresponding cross section.
Introducing the threshold value a. for the acceleration effi-
ciency be able to overcome the Couloumb barrier, the criteria
described in the previous expressions are hence translated
to the restrictions E/ac>1l and €'/ac>l; therefore for a given
acceleration process and a fixed density N, these criteria
reduce to the correct evaluation of the cross section e(v)
(and so of vg) and to the evaluation of a; through the ade-
quate energy loss rate. With regard to o of low charge and
highly charged nuclei, we employed those given in the lite-
rature (Nikolaev,19655. So, in sources of atomic matter if we
have hydrogenic ions, q » (2-1), them the cross velocity for
protons is the Boha velocity, v,, whereas for heavier ions
(2>1), ve = 1.27 2Y-43y,, On the other hand when q <(Z=1)
aa iavis expected in sources of atomic hydrogen v.=1,53
qve . For a source of plasma we used for nydrogenic ions
>(Z-13(high T), the cross-section of Bethe and Salpeags
?T957) for radiative capture, and obtained Ve=0,039 ZVr
When the source is a piagga ?; relatively low T, q<(Z-1)
we obtained v.=0,039 ql:242-1/3y,, Concerning the evalua-
tion of ag, tge rates of Coulomb losses with explicit temp-
erature dependence, have been previously discussed by Pérez-
Peraza and Lara (1979); for the Fermi and Betajron meﬁhanisms
in a source of Stignic hyrsgeg @e = 3.38x10"+°N q0.52/A and
Qe = 4,5x10"7NqY- h/‘l‘o' AL 7 respectively, whereas in a
source of ignjized rogen we_optained respectively =
3188510'$4§8°66 glogg/T8-86 AO'Ba and a, = 0,28 N6-9,c
qle87/1l. 0.6 Introduction of the adequate o and v,
in our criteria for v>v. and v<{v. respectively, allows us
to determine whether the accelerated ions undergo electron
loss or not, and whether they undergo electron capture or
not. It is worth to point out that the establishment of
one charge-transfer process during acceleration does not
necessarily entail charge equilibrium: the acceleration
efficiency may be relatively low to allow for electron loss
at v>vg, but enough high to inhibit electron pick-up, and
conversely in the range v<v..

3. Results and Conclusions

Nuclei up to Fe were analysed_for typjcal parameters_gf
astzophysical sources, T = (5%103-2,5x10%)°K and N=(1-1015)
cm™~, The establishment of charge equilibrium is shown in
Fig.2 with point-dashed lines, In the range v>v. electron
capture and loss are also systematically estabiished up to
a certain energy for which electron capture is not allowed
any more, This restricted range of charge equilibrium is
illustrated in Fig.2 with dashed lines, Establishment of
electron loss alone, with no capture allowed is shown with
solid lines in Fig.2, Electron capture in the domain v<v,
is established at T>100 OK, So, this means that light ele-
ments do not capture in the domain (v<vc), since at those
temperatures their thermal velocities are higher than their

Vo
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respectives vge, and thus
they begin to capture in the
JCHARGE | QUIL BUAUM N ATUMIC ANDIONIZL I ELhnn 1 range of electron loss pre—'
dominance, Pure electron'.
capture in the domain v<v¢
: and electron loss v>v. are
| Crlu 08— shown in Figs.3 and 4 with
i r solid lines. The domain of
- charge equilibrium is illu-
strated with dashed lines
in Figs.3 and 4, The first
implication of our results
: ] is the fact that the well
Qs Z[-Eeml 1300/ known semi-empirical expre-
: . ssions of effective charge,
€, ool BR(3ky e ) to describe the charge equi-
710" libriuﬁ do ngt apply 1nh
- Y astrophysical sources when:
Cocerol- o T acceleration only allows for

CFFECTIVE CHARGE (™)
o

Tt 10 the establishment of one
) S wE e charge-~changing process, In
| e ooy trevn the evaluation of energy

Fig. losses during acceleration

(solid line in Fig.5), we
0.33 arbitrarily used

qz = Z[1 ~fexpf-ap~*°“)], normalized to Qr at the level of
the ion thermal velocity,_in the range where 0813 electron
loss is established and q{ = QL exp ?—a(ﬁ-ﬂth) . 3] in the
low energy domain wheg gnly electron capture is established:
where Bth = (3 KT/pA) /2, "with regard to the mass spectrum
of the accelerated particles it must be emphasized that,
the fact that the heavier the element the wider the tempe-
rature and energy domain and the higher the probability for
establishment of electron capture, favourizes the enrich-
ment of heavy elements, because the decrease of gffective
charge entails a decrease of Coulomb losses, (qg /A) at
low energies.In Fig.5itis illustrated the comparison bet=-
ween the energy loss curve with realistic charge-changing
processes during acceleration, in contrast with the assump~
tions of establishment of charge-equilibrium, and that of
preservation of local charge through all the energy domain.
The fact that at vd>ve electron loss is established for all
elements argues "~ against the determination of the mass
spectrum In a sécondary acceleration state where they enter
with relatively high energies, since q approaches Z and
Coulomb barriers are thus more restrictive for heavy lons.
Our results rule out the direct measure of solar particle
charge states to diagnose the source temperature.
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