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SCR vs GCRSCR vs GCR
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Daily fluence of SCR and GCR for  
20/01/2005 (dots – GOES data).

How can one seperate them?How can one seperate them?
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Lunar soil Lunar soil –– a spectrometera spectrometer

Lunar soil acts as a natural 
spectrometer – deeper layers 
correspond to more energetic GCR, 
while upper layers to GCR+SCR (Jull et 
al., GCA, 1998).

Only time integration is possible.

Meteorites – can be time stamped, but 
upper layer are destroyed.
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Lunar samples: LongLunar samples: Long--term averagesterm averages

Jull et al., GCA, 1998
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Atmosphere as a spectrometerAtmosphere as a spectrometer
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CRII in the polar atmosphere for 20/01/2005 (computed by Usoskin & Kovaltsov, 2006)
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Severe SPE+FD, polar region Severe SPE+FD, polar region 
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CRII and cosmic rays in the 
polar region in January 2005, 
normalized to the quite pre-
event period.
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Severe SPE+FD, midSevere SPE+FD, mid--latitude region latitude region 
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The same as before but for 
mid-latitudes (Pc=3 GV). 
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Nitrates Nitrates –– a proxy for SCRa proxy for SCR

“Odd nitrogen” NOx (e.g., N, NO, NO2, NO3, 2N2 O5, BrONO2, 
ClONO2, HO2NO2, and HNO3) is produced in the polar stratosphere 
by cosmic rays (e.g., Jackman et al. [1990, 1993], Vitt et al. [2000]). 

In the polar stratosphere SCR play a crucial role.

This ”odd nitrogen” nitrates that can precipitate and be kep in 
ice/firn.

Thus, record of nitrates in polar ice – a proxy for SCR flux.

High time resolution individual SEE (groups of SEE)

Works by Dreschhoff & Zeller; Shea, Mccracken et al.
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Nitrate dataNitrate data
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Nitrate data in Greenland ice (1576-1992) – Dreschhoff & Zeller (1990, 1994), Zeller & Dreschhoff (1995)
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Nitrate series timingNitrate series timing

Katla Volcano, Iceland, 03/11/1660
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SEE in nitrate seriesSEE in nitrate series

Carrington flare 01/09/1859
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Some SEE in 19Some SEE in 19--th centuriesth centuries

McCracken et al., 2001
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List of nitrateList of nitrate--defined SEEsdefined SEEs

70 events identified by McCracken et al., 2001



14

Probability of SEE to occurProbability of SEE to occur

McCracken et al., 2001
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SEE in cosmogenic isotopesSEE in cosmogenic isotopes

Cosmogenic isotopes are produced by CR in the Earth’s atmosphere. 
Usually only GCR are considered. What about SCR?

This question has been discussed since long but the results are controversal for 14C. 

General agreement is that strong SEP events can be detectable in 10Be signal,  but there is a 
need for quantitative evaluation of the effect.

A thorough quantitative study of a possible SCR signal in terrestrial 
comsogenic isotope data has been performed recently (Usoskin et al., 
GRL, 33(8), L08107 2006).
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Iosotope productionIosotope production
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Differential yield functions: 
global 14C (Castagnoli & Lal, 1980); 10Be
polar (Webber & Higbie, 2003); polar NM
(Clem & Dorman, 1999). 

14C is close to NMs (no net SCR signal in annual NM data since 1951), also the attenuation due to the 
carbon cycle no SCR signal is expected in 14C
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1414C global production by GCR and SCRC global production by GCR and SCR

Annual production of 14C in the Earth atmosphere by GCR and SCR.
SCR are hardly detectable in 14C data.
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1010Be polar production by GCR and SCRBe polar production by GCR and SCR

Major SEE can be observed by 10Be data.

0.001

0.01

0.1

0 500 1000 1500

Φ (MV)

10
B

e 
pr

od
uc

tio
n 

(a
t c

m
-2

 s
ec

-1
)

SCR, 1956

SCR, average

GCR

Solar cycle range

SCR, 1989



19

Modelled productionModelled production
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Measured and modelled Measured and modelled 1010BeBe

1-2-1 smoothed measuredmeasured (Greenland Dye-3, Beer et al., 1990) and modelled polar 10Be: GCR (Usoskin et al., 2006) 

and SCR+GCR.  Dates of nitrate-based SEEs are shown by * (McCracken et al., 2001).

Not all SEP events Not all SEP events peaks in peaks in 1010Be.Be.
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5.55.5--year intermittent periodicityyear intermittent periodicity

2 4 6 8 10 12
0

1

2

3

4

5

6

7

8

 

 

FF
T 

P
ow

er
Period, Years

 modelled GCR
 modelled GCR+SCR
 measured 10Be

period of 1840-1910

0.6

0.8

1

1.2

1.4

1840 1850 1860 1870 1880 1890 1900 1910

10
Be

 (1
04  a

t/g
)



22

ConclusionsConclusions

Long-term averages of the SCR flux can be estimates using lunar samples. The result 
indicate that the present level of solar activity is much higher than the average.

70 candidates for major SEEs (F30>109) have been identified in 1561-1950 using nitrate 
data in polar ice.   

SCR may significantly contribute into the polar 10Be production. Ten episodes in 10Be 
data have been identified during 1750-1950, which can hold a signature of severe SEP 
events. The combination of GCR and SCR may be responsible for a 5.5-year periodicity 
in 10Be series found during some periods. Cosmogenic isotopes can miss SEE if they 
accompanied by strong FD.

A thorough study of the 10Be data combined with the data on nitrates in polar ice may 
allow for an estimate of very strong SEP events in the past. 

14C does not provide a suitable tool to study SCR in the past and its production rate 
represents solely variations of GCR due to solar modulation.
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Energy spectraEnergy spectra
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Differential energy spectra of cosmic rays: GCR for solar maximum and minimum, SCR for the year 1956, and SCR
averaged over last solar cycles.

SCR spectrum is parametrized through the characteristic exponent over rigidity: 
JSCR(P)=Jo* exp(-P/Po)

Typical values of Po are within the range of 50-350 MV.
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1414C production by GCR and SCRC production by GCR and SCR
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Differential production functions of global 14C by GCR (solar maximum) and SCR (average for the last cycles).  
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1010Be production Be production 

Differential production of polar 10Be by GCR (solar maximum) and SCR (average for the last cycles).
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SCRSCR--produced isotopesproduced isotopes

0.01

0.1

1

10

0 200 400 600 800 1000

Po (MV)

SC
R

/G
C

R

10Be

14C

Ratio of SCR-to-GCR signal in cosmogenic isotopes for F(>30 MeV)=109 cm-2.
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1414C during cycle No.13C during cycle No.13

According to 10Be and polar nitrates data, the strongest SCR signal was during solar cycle 
No.13 (1889-1901). 

Caluclations suggest for detectable SCR production of 14C: 
mean annual 14C production due to SCR during 1890-1900 is ~0.24 (at cm -2 sec-1):

10% of the GCR-produced 14C
10 times the average SCR production during last cycles;

In 1895, 14C production would be ~1 (at cm -2 sec-1) ~40% of the GCR-production. 

This period (cycle 13) was claimed to be the only period with a possible contribution of SCR 
(Peristykh & Damon, 1998; Konstantinov et al., 1992).

We know of no other SEP candidates during the last 200 years to produce an essential 
amount of 14C. 
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Nitrate series timing: seasonal cycleNitrate series timing: seasonal cycle
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