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Introduction: Material derived from the interstellar medium, 

or injected from a supernova remnant or AGB star, or made via 
spallation by relativistic baryons in the solar nebula, can all con-
tribute isotopically anomalous material to the solar nebula. The 
local spallation of material by an energetic young Sun [1] is an 
attractive source of short-lived radionuclides (7,10Be, 41Ca, 26Al) 
inferred to have been present in various CAIs, gas-rich grains and 
chondrules [2]. In situ spallation requires MeV particle fluences 
~105 times above levels of contemporary cosmic ray and solar 
energetic particle (SEP) fluences [3,4,5]; but X-ray observations 
of pre-main sequence (PMS) stars’ flaring levels can give direct 
empirical constraints on the viability of the spallation model.  

Data: The high sensitivity and resolution of the Chandra X-
ray Observatory launched in 1999 permits detailed characteriza-
tion of the magnetic flaring of 1 Mo PMS analogs of the early 
Sun, especially in the Orion Nebula Cluster (ONC) where ~1000 
stars with ages ~0.5-2 Myr are concentrated in a single field. Re-
sults from other PMS populations are very similar. Two 12-hour 
exposures made in 1999 and 2000 show that the mean X-ray lu-
minosity of a complete sample of 43 0.7<M<1.4 Mo ONC stars is 
<log Lx>=30.3 erg/s in the 0.5-8 keV band, ~103 above the aver-
age active Sun level today. Twenty-eight of these stars exhibited 
intraday variability. While it is difficult to distinguish individual 
flares from quiescent levels from these short exposures, we esti-
mate that 1 flare with 29.0<Lx,peak<31.5 erg/s with X-ray energies 
1032 to >1036 ergs occurs every 1-2 days in PMS solar analogs. 
This is 101.5 times stronger and 102.5 times more frequent than 
seen in the contemporary Sun. The estimated enhancement in 
MeV proton fluences is 10 times above the X-ray fluence, or a 
total of 105 times above SEP levels. We also hope to present pre-
liminary results from the Chandra Orion Ultradeep Project 
(COUP) based on a 10-day nearly-continuous exposure of the 
ONC made in January 2003, to derive impulsive flare precursors 
to the long-duration events and the frequency distribution of flare 
intensities and durations, improving particle fluence estimates. 

Discussion: All young solar analogs exhibit huge elevations 
in magnetic flare levels, with estimated baryon fluences consis-
tent with the requirements of a nebular spallogenic origin for sev-
eral short-lived meteoritic isotopic anomalies. These are sup-
ported by radio continuum studies of enhanced gyrosynchrotron 
emission in PMS stars [6]. However, the location and geometry 
of the flaring magnetic fields is uncertain and additional model 
assumptions must be made to assure that the flare particles effi-
ciently impact nebular solids to produce the observed distribution 
of isotopic anomalies [5].  
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