Cosmogenic nuclides analysis of the Laschamp geomagnetic excursion in
the Dome Fuji ice core, Antarctica
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The cosmogenic long-lived radionuclides tell us the history of the past cosmic rays. The
production rate of cosmogenic nuclides varies because the change in geomagnetic field intensity and
the solar activity strongly influences galactic cosmic rays especially at lower part of energy that
reach on the Earth's surface. The most promising cosmogenic nuclides having long half-life are 14C
(Tyz = 5730 yr), °Be (T2 = 1.5 Myr), 26Al (Tiyz = 710 kyr) and 36Cl (Tyz = 301 kyr). In the
atmosphere, 14C and 1°Be are produced from nitrogen and oxygen, and 26Al and 36Cl are produced
from argon. Among these nuclides, only 14C and 36Cl can be produced by low energy neutrons with
reactions of 14N(n, p)14C, 35Cl(n, y)36Cl and 36Ar(n, p)36Cl, although 35Cl and 36Ar are minor
component in the atmosphere. The dependencies of production rates on solar modulation and
geomagnetic field intensity were estimated using pure physical model (Masarik and Beer, 1999).

The galactic cosmic rays consist of proton (87%), alpha-particles (12%) and heavier nuclei (1%).
The proton differential energy spectrum at the Earth can be written in the form (Castagnoli and Lal,
1980):
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where 7'(MeV) is the proton kinetic energy, K, its rest energy of the proton in MeV, @ is the solar

modulation parameter (MeV), which varies from ~ 300 MeV during the minimal solar activity up to



~ 1000 MeV during the maximum, 4 = 9.9 X 108, m = 102
780 exp(-2.5 x 104 Eo), y= 2.65.

The curves for different @ values are shown in Figure
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especially the low energy products of 14C and 36Cl because the cut-off effect becomes lower.

One of the most valuable records of cosmogenic nuclides is polar ice sheet. The ice cores taken
from both polar regions provide us the long time history of the cosmogenic nuclides fluxes as well as
the many climatic information. Previous investigations show that the evidence of the correlation of
the 14C in tree ring and the 1°Be in the ice core (e.g. Finkel and Nishiizumi, 1997, Yiou et al, 1997,
Beer et al, 2002, Muscheler et al, 2005, Horiuchi et al, 2008), and the 205-yr DeVries cycles of the
sun are also confirmed in the 19Be during MIS 3 (Beer et al, 2002).

In this thesis, we have tried to detect the peaks of three cosmogenic nuclides (19Be, 26Al, 36Cl)
concentration during the geomagnetic field excursion in the Antarctic ice core. Especially, 26Al and
36C1 without reports are clarified. This study focuses on the estimation of changing the energy
spectrum of cosmic ray during the Laschamp geomagnetic excursion using the difference of the
change in three cosmogenic radionuclides concentration peaks and/or the change in the amplitude
according to the solar modulation cycles reconstructed from the Dome Fuji ice core, Antarctica.

In this study, the first deep ice core drilled at the Dome Fuji station during 1995-1996 was used. A
part of this ice core samples are preserved the Institute of Low Temperature Science, Hokkaido
University. The samples from 700 — 850 m depth corresponding to 34 -45 kyr BP of DFGT-2006 age
(Parrenin et al, 2007) were cut out from this ice core and the surface was thinly cut down with a
ceramic knife. The resolution of samples are about 1 m for AMS which corresponding approximately
about 75 years of this depth.

As the results, the distinct 19Be peaks are found that can be attributed as the Laschamp
excursion (Fig. 2). The two 19Be profiles of the Dome Fuji and the Dome C (Raisbeck et al, 2007) are
very similar each other. The linear relationship to the core depth was found from corresponding

10Be sub-peaks (Fig. 3). This relation can be allows any data from both cores directly compared
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Fig. 3. Comparing with 1°Be fluxes from Dome Fuji and Dome C. The Dome C data
were taken from Raisbeck et al., 2007.

In the 36Cl results, large discrepancy was found in this period (Fig. 2). Moreover, in the some of

depths, concentrations of 36Cl were higher than the 19Be results. The 36C1/1°Be ratios also scattered
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Fig. 4. The ratios of 36Cl/1Be and 26Al/1°Be compared with 1°Be. The blue line

was higher than the spallation indicates the present production ratio calculated by Masarik and Beer, 1999.
The red line also indicates the present value reported by Horiuchi et al., 2007.
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The quantitative evaluation of the energy spectrum of cosmic rays is not yet performed because of
the lack of the nuclear data of 36Cl from Argon. More measurements both upper and deeper part of

this core are needed to understand between the 36C] anomaly and geomagnetic excursion.
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