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Summary: The event-integrated fluences of ener-
getic solar protons up to 2004 at the Earth have been
determined and compared to previous data. The cur-
rent solar cycle has been very active, and very large
fluxes of solar protons have been observed that have
had serious effects in the solar system and will have
produced many radionuclides in the surfaces of mete-
orites. Such huge events are not expected again until
about 2008 or 2009.

Introduction: The fluxes of solar energetic parti-
cles (SEPs) are used for many studies, such as the
study of the Sun and recent histories of extraterrestrial
samples. High solar-proton fluxes are a very serious
radiation hazard in the inner solar system and have had
serious effects on interplanetary spacecraft and on ma-
terial exposed to these energetic protons.

Modern fluxes of solar protons need to be known
to compare with those inferred from long-lived or sta-
ble cosmogenic nuclides in lunar samples [1]. In
1997, modern solar particle events were more intense
than during previous periods. Since then, the solar
cycle (number 23) that started in 1996 has been a very
active one, continuing the trend. Fluxes of energetic
solar protons through 2001 were reported in [2].

In 2002 and especially in 2003, there were several
solar particle events (SPEs) with very high fluxes of
solar protons. These recent SPEs have affected space-
craft, including Mars Odyssey at the end of October
2003, when the spacecraft went into a safe mode and
its MARIE instrument ceased to work [3]. The event-
integrated fluences of solar protons in these recent
solar particle events were compiled and the results for
the current solar cycle compared here to those for the 4
previous solar cycles.

Event-Integrated Solar-Proton fluxes: The web-
sites for solar-proton-flux data from the GOES satel-
lites in geosynchronous orbit were used to get the flu-
ences of energetic solar protons integrated over several
SPEs, including the very large one around Halloween
in 2003. Fig. 1 gives the event-integrated fluxes of
solar protons >10 and >30 MeV from 1996 until the
end of 2003. Also shown is the smoothed monthly
sunspot number.

Year 2002 was an active one with many events
producing energetic solar protons observed at Earth.
There were not many SPEs in 2003, as might be ex-
pected for a period of fairly low sunspot number
(about 75). However, as documented by [4], there still
can be huge fluxes of solar protons whenever the sun-
spot number is above about 50, as was the case for

near the end of 2003. The year 2004 only had a few
mild SPEs, and their fluences have not been compiled
and are not shown in Fig. 1.
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Fig. 1. Sunspot numbers and event-integrated fluxes
of solar protons for solar particle events from 1996
through 2003 (most of solar cycle 23). The curve is
the smoothed monthly sunspot number (with a dashed
curve for estimated values) and the vertical lines are
the event-integrated fluxes of solar protons >10 MeV
(dashed lines) and >30 MeV (solid lines).

Discussion: These results for solar cycle 23 are
combined with previous results since 1954 [1,2] in Fig.
2. The number of very large SPEs (fluences above
~10" protons/cmz) was the largest since solar cycle 19
(1954-1964). (As noted in [5], the fluences for 1956-
1962 probably are ~0.6 of those shown here.) Thus
the number of very big solar particle events since 2000
has been unusually high and the fluences of energetic
solar protons have been very high.

The effects of these very large SPEs since 2000,
especially on spacecraft, have often been noted else-
where. Some comments were made in the popular
press that the huge SPE near Halloween 2003 was un-
expected. However, as can been seen in Fig. 2 and
noted by [4], very large SPEs can occur almost any
time during a solar cycle. The only time when very
large SPEs are absent is during the 2 years on either
side of the minimum in the monthly smoothed sunspot
number, when this number is less than about 50. The
next solar minimum is expected in 2006, so there
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should not be any very large SPEs from now until
about 2008 or 2009. This is good news for spacecraft,
including Mars Odyssey, which was hit by several
large SPEs. The reduced level of solar activity since
the start of 2004 has also allowed the intensity of GCR
particles in the inner solar system to increase, which is
enhancing the fluxes of gamma ray made by GCRs in
Mars and measured by the Mars Odyssey Gamma Ray
Spectrometer.

Meteorites that have fallen recently or that fall dur-
ing the next year or so should have fairly high concen-
trations of shorter-lived radionuclides, such as 312 day
*Mn and 2.6 year 22Na, made in their outer centimeter
[cf., 6]. The presence of such solar-proton-produced
radionuclides in recent falls would indicate that the
sample was from with ~1 cm of the original surface of
the meteorite. Such near-surface samples are very rare
as usually much of a meteoroid is removed by ablation
during passage through the Earth’s atmosphere. One
of the very few falls with high concentrations of solar-
proton-produced radionuclides was Salem [7,8].
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Fig. 2. Sunspot numbers since 1954 and integrated
fluxes of solar protons since 1956. See caption for
Fig. 1 for details.
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