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Introduction: The origin of short-lived radioactive
nuclides (SLRs) which were present in the protosolar
nebula is a central question related to the origin of the
first solids and to the chronology of the events which
occurred during the first few million years (Ma) of the
Solar system. Some of these nuclides, 10Be (and 7Be)
and 36Cl, have indubitably an irradiation origin
whereas 60Fe, which is a neutron-rich nuclide, must be
a stellar product [1,2]. The main questions which are
actively studied, either from meteorite analysis or from
theoretical modeling, are : (i) what is the fraction of
other SLRs (essentially 26Al but also 53Mn, 41Ca) which
could be produced by irradiation together with Be and
Cl isotopes, (ii) what is the distribution of the irradia-
tion produced SLRs in the protosolar nebula, (iii) what
are the physical conditions of the irradiation and the
potential consequences on the evolution of gas and
grains in the accretion disk and (iv) what are the con-
sequences on the chronologies based on the SLRs ?

The case for Li-Be-B elements: The major nu-
cleosynthetic source of Li-Be-B elements is spallation
reactions which occur at energies typically higher than
a few MeV [3]. CAIs and chondrules exhibit Li and B
isotopic variations [4-9] that are indicative of the pres-
ence in the protosolar nebula of freshly nucleosynthe-
sized isotopes of Li, B and of Be, including the two
short-lived isotopes 10Be (T1/2=1.5Ma) and 7Be (T1/2=53
days). The strongest evidence is for 10Be which was
present at a level of 10Be/9Be≈1x10-3 when CAIs
formed. The large Li isotope variations observed in
several CAIs are best explained by the presence of 7Be
(with a 7Be/9Be≈6x10-3), though the evidence is at pre-
sent not as strong as for 10Be. Variations of the
10Be/9Be ratios seem present among CAIs and 26Al and
10Be are decoupled in hibonites [10]. The differences in
Li and B isotopic ratio between CAIs, chondrules and
bulk chondrites is a hint for an heterogeneous distribu-
tion of irradiation products in the protosolar nebula.

The case for 36C l :  36Cl (T1/2=0.3Ma) has a
branched decay (98.1% to 36Ar and 1.9% to 36S) and,
though hints for 36Ar excesses were previously re-
ported [11], very clear 36S excesses positively corre-
lated with the Cl/S ratios were only recently reported
for secondary halogen-rich phases in CAIs and chon-
drules [12,13]. The best estimate of the 36Cl/35Cl at the
time of formation of these Cl-rich phases (e. g. sodalite

grains) is ≈4x10-6. Because of (i) the short half-life of
36Cl, (ii) the fact that 26Al and 36Cl are found decoupled
in the Pink Angel CAI and (iii) the low production
yields of 36Cl by type II supernovae or by AGB stars,
local irradiation by the young active Sun seems the
only viable mechanism to produce the observed 36Cl
[13]. This would imply that these irradiation processes
lasted for several Ma since the estimated age of forma-
tion of sodalite is ≈3.5Ma after the crystallization of
CAIs. This is not inconsistent with the duration of high
X-ray luminosity for YSOs of near solar mass [14].

Irradiation models: Several scenarios have been
proposed for the origin of the irradiation produced
SLRs : (i) production by trapping of galactic cosmic
rays in the presolar cloud [15], (ii) irradiation by solar
energetic particles of grains and gas of chondritic or
solar composition [10,16,17] and (iii) irradiation, in the
framework of the X-wind model, of protoCAIs in the
reconnection ring [18,19]. These various models show
the strong effect of the chemistry of the target, of the
fluence and the energy spectra of the solar cosmic rays,
on the production yields. They show that the co-
production of 10Be, 26Al, 53Mn, 36Cl and 41Ca is feasible
at the levels observed in meteorites. The co-production
of 7Be at the observed level would require extremely
short irradiation times (one to a few years) and high
fluences.
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