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Summary:  The event-integrated fluences of ener-

getic solar protons from 1996 up through 2005 at the 
Earth have been compiled and compared to previous 
data.  The current solar cycle has been very active, and 
very large fluxes of solar protons have been observed.  
The average solar-proton fluxes for the current solar 
cycle have been the highest observed using satellite 
measurements, since about 1976.   

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 [1,2].  Mod-
ern solar particle events (since 1956) were more in-
tense than during previous periods.  Since then, the 
approximately 11 year solar cycle (number 23) that 
started in 1996 has been a very active one, continuing 
the trend.   

Since 2000, there were several solar particle events 
(SPEs) with very high fluxes of solar protons [cf., 3].  
These recent SPEs have affected instruments and 
spacecraft, including Mars Odyssey, causing them to 
turn off, fortunately usually into safe modes with even-
tual recovery.  They also have activated material ex-
posed in space, such as the Genesis capsule [4].   

The fluences of solar protons in the current solar 
cycle were compiled and compared with other data.   

Event-Integrated Solar-Proton fluxes:  The web-
site for solar-proton-flux data from the Geostationary 
Operational Environmental Satellites (GOES) was 
used to get the fluences of energetic solar protons inte-
grated over the 80 largest SPEs for energies above 6 
energies.  Data from events with closely-spaced multi-
ple peaks were combined.  This evaluation of the data 
for fluences >10 MeV is in good agreement with data 
through 2002 from GOES satellites [5], with some 
minor disagreement for the weakest events where dif-
ferences in background corrections can affect the data.   

As recommended by the GOES investigators and 
the GOES website, measurements from GOES-8 were 
used until early 2003, and data from GOES-11 were 
used from the middle of 2003.  Data for one weak 
event in 2003 were from GOES-10.  GOES-8 data up 
to 2002 agree with those from other satellites [5].  For 

the year 2004, the GOES-11 data agree with data from 
the Interplanetary Monitoring Platform (IMP) 8 satellite 
[6] for energies >10 and >30 MeV.  The event-
integrated solar-proton fluences for the 25 largest 
events (based on the >30 MeV fluences) are in Table 
1.  Fig. 1 gives the event-integrated fluxes of solar 
protons >10 and >30 MeV from 1996 until the end of 
2005.  Also shown is the smoothed monthly sunspot 
number.   

Solar cycle 23 started in 1996, the first SPE above 
a threshold of ~106 protons/cm2 was in late 1997, and 
only on 7/14/2000 (near the sunspot peak) did one of 
the largest events ever occurred.  Large events have 
occurred until Jan. 2005.  The Jan. 2005 event was 
fairly large for being about 2 years from the expected 
end of the solar cycle, as the four year period around 
the minimum in solar activity (when the smoothed 
sunspot number is below 50) is not expected to have 
large solar particle events [7].  However, it was about 
an order of magnitude smaller than the largest events.   

 
Table 1.  Event-integrated solar-proton fluences (in 
protons/cm2) for the 25 largest events in solar cycle 23 
(1996-2006) above 3 energies.   

     Dates    >10 MeV    >30 MeV    >60 MeV 
11/6-12/97 4.59E+08 1.54E+08 5.56E+07 
4/20-29/98 1.62E+09 3.48E+08 3.19E+07 

4/20-5/11/98 1.06E+08 2.80E+07 8.57E+06 
8/22-31/98 5.66E+08 4.69E+07 6.18E+06 

9/30-10/4/98 5.61E+08 4.32E+07 3.73E+06 
11/14-19/98 1.38E+08 3.16E+07 6.67E+06 
7/12-24/00 1.65E+10 4.31E+09 7.35E+08 
11/8-23/00 1.08E+10 3.19E+09 6.69E+08 

11/24-12/6/00 4.97E+08 4.61E+07 4.61E+06 
4/1-8/01 6.62E+08 9.77E+07 1.26E+07 

4/15-17/01 5.12E+08 1.45E+08 6.17E+07 
4/18-25/01 1.93E+08 4.50E+07 1.44E+07 
8/16-27/01 2.85E+08 9.72E+07 2.72E+07 
9/24-30/01 7.42E+09 1.22E+09 1.54E+08 
10/1-11/01 9.79E+08 8.58E+07 2.34E+06 
11/4-14/01 1.52E+10 3.40E+09 4.86E+08 

11/18-30/01 8.16E+09 8.50E+08 4.57E+07 
12/26/01-

1/6/02 6.29E+08 9.47E+07 2.31E+07 
4/17-5/1/02 2.87E+09 6.79E+08 9.67E+07 
8/14-27/02 3.52E+08 5.42E+07 1.50E+07 

10/26-11/1/03 1.41E+10 3.63E+09 6.28E+08 
11/2-15/03 1.66E+09 2.30E+08 3.60E+07 
11/7-17/04 5.15E+08 4.36E+07 4.69E+06 
1/15-22/05 3.63E+09 1.04E+09 2.56E+08 
9/7-22/05 2.16E+09 3.14E+08 5.39E+07 
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Fig. 1.  Sunspot numbers and event-integrated fluxes 
of solar protons for solar particle events from 1996 
through 2005 (almost all 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 fluences of solar protons 
>10 MeV (dashed lines) and >30 MeV (solid lines).   
 

Solar cycle 23 was dominated by the four largest 
events – 7/14-24/2000, 11/8-23/2000, 11/4-14/2001, 
and 10/26-11/1/2003.  These four events contribute 
60% of the total for the solar cycle for >10 MeV and 
70% for >30 and >60 MeV.  The 10 largest events 
contributed about 90% of the total fluence, and the 25 
largest events (those in Table 1) contributed 97% of 
the >10 MeV fluence and 99% of the >30 and >60 
MeV fluences.   

The spectral shapes for these events were similar to 
those observed during previous solar cycles.  Using an 
exponential rigidity spectral shape [8], the cycle total 
fluences have a shape parameter R0 of about 64 MV.  
An exponential rigidity spectral shape fits the data 
from >10 MeV to >60 MeV.  Only data for >100 MV 
deviated, possibly because of backgrounds.  The R0 
values varied among events (from about 25 to 100 
MV) and even varied between yearly summed flu-
ences.   

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 
~1010 protons/cm2) was the largest since solar cycle 19 
(1954-1964).  (As noted in [9], 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 fluxes of energetic 
solar protons have been very high.  For 11 years of 
solar cycle 23, the average fluxes >10, >30, and >60 
MeV are 271, 59, and 10 protons/cm2/s.  These aver-

age fluxes for one solar cycle are larger than any since 
solar cycle 19 (1954-64), which are fairly uncertain 
and need to be re-determined [cf., 9].  An evaluation 
like this one needs to be done for 1985-1995.  Also, 
comparisons of the GOES results with those for IMP-8 
and other satellites (e.g., ACE) need to be done.   

The effects of these very large SPEs since 2000, 
especially on spacecraft, have often been noted else-
where [e.g., 3].  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 [cf., 7].  The 
next solar minimum is expected at the end of 2006, so 
there should not be any very large SPEs from now 
until about 2008 or 2009.  As noted in [3], meteorites 
that have fallen recently or that fall during the next few 
years should have fairly high concentrations of 
shorter-lived radionuclides, such as 2.6 year 22Na, 
made in their outer centimeter  
 

 
Fig. 2.  Sunspot numbers since 1954 and event-
integrated fluences of solar protons since 1956.  See 
caption for Fig. 1 for details.   
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