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AAbstract: We started daily observation of Be-7 concentration at Mt. Chacaltaya with the altitude of 5200 m from 2009 September 
to observe the 27-day periodic variation relating to sun’s rotation. The seasonal variations of the Be-7 concentrations are clearly 
shown with a minimum in January of the summer and a maximum in July of the winter. The ratios of the minimum to the maximum 
are 31%. The daily profiles are different between the Be-7 and Pb-210 concentrations. The wavelet analysis showed the Be-7 concen-
trations indicate a 27-day periodicity during the summer season in Southern hemispshere.
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1 Introduction

Cosmogenic nuclides in the atmosphere are useful tools 
for observing solar modulations of cosmic rays and/or 
air-mass motions in the earth. In addition they are appro-
priate for investigating time variations of total cosmic 
rays coming to all of the earth although modest time 
resolution, because the cosmogenic nuclides are pro-
duced from interactions between the primary cosmic rays 
and the elements of the atmosphere. Since galactic cos-
mic rays invading the heliosphere are modulated by the 
solar magnetic field and, in turn, by solar activity, the 
concentrations of cosmogenic nuclides in the atmosphere 
should indicate the 11-year solar modulation.
The long lived nuclides of C-14 and Be-10 are powerful 
for reconstructing time variations of cosmic rays such as 
11-year solar modulation and the earth environment of 
the past. However, when we try to estimate the solar 
activity in the distant past using cosmogenic nuclides, it 
is important to know in detail the relationships between 
the time variations of the cosmogenic nuclide concentra-
tions, the sun spot number SSN which is an indicator of 
solar activities, and the cosmic rays at the present time.
In addition to the 11-year modulation, determining the 
time variation of the concentrations according to the 27-
day cycle of the sun’s rotation is the important objective 
in our investigation, relative to solar activities, although 

this variation might be obscured by meteorological influ-
ences.
The Be-7 with the half-life of 53 days is reliable when 
used to investigate time variations shorter than one year 
for phenomena like 27-day solar rotation and air-mass 
motion. Moreover, Be-7 is a well-known atmospheric
tracer that is unaffected by artificial effects, such as 
atomic bomb experiments, and the measurement of ra-
dioactivity is comparatively easy.
We have been continuously observing daily Be-7 concen-
trations in the surface air since 2000 to investigate 11-
year solar modulation for the cosmogenic nuclides [1].
The observation location was Yamagata, northern Japan 
(38.25° N, 140.35° E), which has an altitude of 168.33 m
above sea level. From 2000 to 2010, the solar activity
varied almost from the maximum to the minimum. The 
yearly profile of Be-7 concentrations for these 11 years  
represents the time variation of the galactic cosmic rays 
due to solar activities. Also, the daily Be-7 data set al-
lowed the relationship between the time profiles of the 
Be-7 and the cosmic rays to be investigated in detail,
eliminating the seasonal variations with a smoothed data 
set. 
However, the observation of the surface Be-7 concentra-
tions at middle latitude and low altitude like Yamagata, is 
inferior to that at a high altitude when we elucidate a 
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relationship between the 27-day sun’s rotation between 
the variation in Be-7 concentration. 
Therefore, we attempted daily observation of Be-7 con-
centration at Mt. Chacaltaya at which the altitude is 5200 
m. In addition to the high altitude, the latitude near to the 
equator is very attractive to investigate the air-mass mo-
tions of upwelling and falling air from stratosphere in 
Hadley cell. Moreover, as the observation started from 
the September 2009, we can expect to look at the rela-
tionship between the time variations in Be-7 concentra-
tions and solar activities from the 24th

This paper describes the periodic variation related to the 
sun’s 27-day rotation, focusing on the solar modulation 
of galactic cosmic rays. 

solar cycle.

2 Sampling and Measurement

The daily Be-7 concentrations in the atmosphere have 
been continuously observed at the cosmic ray center of 
IIF at Mt. Chacaltaya. This sampling site is located at
Bolivia in South America (16.34° S, 68.12° W) and the
altitude is 5200 m. The sampling was carried out using a
high-volume air sampler (HV-500F) manufactured by the 
Shibata-Kagaku Company, which was operational under 
all weather conditions. The volume intake rate of air was
regulated to approximately 450 L/min and the total in-
take air volume is 620 m3

The filter was placed in a plastic capsule and held for a
few weeks to reduce the influence of shorter-lived radio-
nuclides. The radioactivity of the Be-7 (gamma ray: 
477.6 keV, half-life: 53.28 days) and Pb-210 in the filter 
was measured with a high-purity germanium (HPGe) 
gamma-ray detector. The detector was surrounded by 
shielding materials consisting of old lead, old iron, oxy-
gen-free copper.

for 23 hours per day. The Be-
7s attached to the aerosols were trapped in a glass fiber 
filter sheet with a cross section of 110 mm in diameter
(ADVANTEC GB-100R). The collection efficiency was
99.99% for particles with a diame��������	
���	

The detector system was placed at a 20 m underground 
laboratory room in ICRR, Tokyo University.
The measuring time was between 1.5 and 3 hours for one 
sample. The average net count of the Be-7 peak was

approximately 200 counts. Hence, the daily Be-7 concen-
tration error was typically less than 10%.

3 Result and Discussion

At Mt.Chacaltaya the average concentration of Be-7
from 2009 October to 2010 September was 5.4 mBq/m3.
The concentration is similar to that of 5.6 mBq/m3 at 
Yamagata for same duration. However, the production 
rate above Mt. Chacaltaya calculated by EXPACS simu-
lation program is approximately 78% of that above the 
Yamagata because of the higher cut-off rigidity, although 
the altitude of Chacaltaya is very higher than that of 
Yamagata. This indicates that an intrusion component
from the upper atmosphere such as stratosphere is more 
effective for the Be-7s at Mt. Chacaltaya.

Figure 3. Profiles of the monthly Be-7 and Pb-210 con-
centrations at Chacaltaya 
The seasonal variations of the Be-7 concentrations are
clearly shown in figure 2 at both the sampling cites of 
Chacaltaya and Yamagata. At Chacaltaya the Be-7 con-
centration was a minimum in January of the summer and 
a maximum in July of the winter.  Meanwhile, at Yama-
gata the minimum and maximum of the Be-7 concentra-
tions are in August of the summer and in February of the 

Figure 2. Profiles of the monthly Be-7 concentrations 
at Chacaltaya and Yamagata

Figure 1. The high volume air sampler at Mt. Chacaltaya
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spring, respectively. The Be-7 concentrations of the hot 
season are thin in both the hemispheres and they are 
thick for the cold season. The ratios of the minimum to 
the maximum are 31% and 37% at the Chacaltaya and 
theYamagata, respectively. 
Pb-210 is a radionuclide of earth origin. As the nuclide is 
a daughter of Rn-222 with the half-life of 3.8-day in 
Uranium series, the Rn-222 gas emitted from the ground 
disintegrates and becomes quickly to the Pb-210 in the 
atmosphere. As the half-life of Pb-210 is 22-year, Pb-
210s float in the air and attach to aerosols as well as Be-7.
Figure 3 shows seasonal variation of the Pb-210 concen-
trations at Chacaltaya compared with one of the Be-7
concentrations. Although the behaviors of both the con-
centrations are similar at the summer and the winter, the 
profiles are mutually different a little. Considering that 
the Pb-210 is rather a representative for the local air-
mass motion near the ground at Chacaltaya, the differ-
ence between both the profiles might indicate a part of 
global air-mass motion.  In particular, the Be-7 concen-
trations from the September to the December correspond-
ing to the spring to the summer show rather greater varia-
tion compared with the Pb-210 concentrations. It implies 
an intrusion of air-mass from the stratosphere is effective 
at the season and hence the cosmogenic Be-7s produced 
at the upper atmosphere presumably fall down to the 
Chacaltaya. Although Feely et al showed the effect of 
precipitation for the minimum concentration of Be-7 [2],
the difference between the Be-7 and the Pb-210 concen-
trations is supporting that the Be-7s are reducing at far 
way prior to its arrival at Chacaltaya compared with the 
Pb-210.

Although the seasonal profiles of the Be-7 and Pb-210 
concentrations are roughly similar, the daily profiles of 
both the concentrations are different as shown in figure 4. 
The variation in Be-7 concentrations is sometimes spiky 
compared with that in the Pb-210 concentrations. 

Figure 5. Ratio of the Be-7 concentrations to the Pb-210 
concentrations at Chacaltaya

Figure 5 shows the ratio of the Be-7 concentrations to the 
Pb-210 concentrations. It shows a kind of fluctuation like 
pulse with more than two times amplitude on the stable 
component value. This fluctuation implies intrusions of 
Be-7s with thick concentrations from the upper atmos-
phere.
Finally, the periodicity was investigated for the daily Be-
7 and Pb-210 concentrations using wavelet analysis. 
Figure 6 shows a contour map of the periodicity as a 
function of days. The beginning and ending of the time 
series correspond to the date of 2009/9/27 and 2010/9/20, 
respectively. When we focus to the 27-day which is the 
rotation period of the sun, in the duration from120 to 200 
the contour of 27-day period was thick.  It shows for 
January to March and the region of minimum for the Be-
7 and Pb-210 concentrations. 
As shown in figure 7, the contour for the Pb-210 concen-
trations shows a thin region during 100 to 150 at the 
periodicity of 32-day. Hence, it indicates that the peri-
odicity of the 27-day for the Be-7 concentrations is not 
able to be explained by air-mass motions near to the 
ground level at Chacaltaya. 

Figure 6. Wavelet analysis of the Be-7 concentrations

Figure 4. Profiles of the daily Be-7 concentrations at 
Chacaltaya 
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Figure 7. Wavelet analysis of the Pb-210 concentrations

Summary

Determining the time variation of the Be-7 concentra-
tions according to the 27-day cycle of the sun’s rotation
is the important objective, relative to solar activities, in
addition to the 11-year modulation, although this varia-
tion might be obscured by meteorological influences.
Basing the observation of daily Be-7 concentrations in 
the surface air since 2000 at Yamagata Japan located in 
the middle latitude, we started daily observation of Be-7
concentration at Mt. Chacaltaya at which the altitude is 
5200 m from 2009 September to observe the 27-day 
periodic variation. The sampling site is advantageous in 
the air-mass flow from the stratosphere by the high alti-
tude and for monitoring the Hadley cell by the equator 
region.
The daily sampling was continuously carried out using a
high-volume air sampler (HV-500F) at the cosmic ray 
center at Chacaltaya. The total intake air volume is typi-
cally 620 m3 for 23 hours per day. The Be-7s attached to 
the aerosols were trapped in a glass fiber filter sheet with 
a cross section of 110 mm in diameter (ADVANTEC 
GB-100R). The radioactivity of the Be-7 and Pb-210 in 
the filter was measured with a high-purity germanium 
(HPGe) gamma-ray detector at the 20 m underground 
laboratory of ICRR.

The seasonal variations of the Be-7 concentrations are
clearly shown with a minimum in January of the summer
and a maximum in July of the winter. The ratios of the 
minimum to the maximum are 31%. The daily profiles 
are different between the Be-7 and Pb-210 concentrations.
The variation in Be-7 concentrations is sometimes spiky 
compared with that in the Pb-210 concentrations, imply-
ing intrusions of Be-7s with thick concentrations from 
the upper atmosphere.
The wavelet analysis for the time series of the Be-7 and 
the Pb-210 concentrations showed a thick region with the 
periodicity of 27-days for the Be-7 concentrations during 
the January to March. As the periodicity was very weak

for the Pb-210 concentrations, the flow of the Be-7s at 
upper atmosphere is presumably controlled by solar ac-
tivity.
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