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NORIKURA OBSERVATORY
SCIENTIEFIC ANCEISEE] T Y R EIEEER™T

1999 - 2005

INTRODUCTION

Norikura Observatory (36.10°N and 137.55°E) was
founded in 1953 and attached to ICRR in 1976. It is
located at 2,770 m above sea level, and is the highest
altitude manned laboratory in Japan. Experimental
facilities of the laboratory are made available to all the
qualified scientists in the field of cosmic ray research and
associated subjects. The AC electric power is generated by
the dynamo and supplied throughout the observatory. In
1996, two dynamos of 70 KVA each were replaced with
the new ones. The observatory can be accessed easily by
car and public bus in summer (July-September). The 50th
anniversary of Norikura Observatory was celebrated in
2003.

The feasibility of the automatic operation of Norikura
Observatory during winter period has been tested since
winter 2004 in order to study the possibilities to reduce
maintenance and labor costs without seriously damaging
to the use of researches. A long-distance (~40km) wireless
LAN system (11M bps) was set up in 2003. Two new

Fig. 1. Norikura Observatory.

easy-to-handle and easy-to-maintain dynamos of 125
KVA each were installed in 2003 and 2005 as well. The
unmanned operation of Norikura Observatory was

successful in the first winter, during which the battery
backed-up solar panels and/or wind power generators kept
supplying the electricity to the wireless LAN and on-
going cosmic-ray experiments.

Present major scientific interests of the laboratory is
focused on the modulation of high energy cosmic rays in
the interplanetary space associated with the solar activity
and the generation of energetic particles by the solar
flares, both of which require long-term monitoring. This
research has been carried out by the group of universities,
where ICRR provides them with laboratory facility. A part
of the facility has been open for the environmental study
at high altitude such as the aerosol removal mechanism in
the atmosphere or for the botanical study of the high
altitude environment.

COSMIC RAY PHYSICS

For the modulation study [2], two small experiments have
been operated continuously for a long time. One is a
neutron monitor operated to study the correlation of solar
activity and the cosmic ray flux. The other is a high
counting muon telescope consisting of 36 m? scintillation
counters to study the time variation of cosmic rays with
energies of 10-100 TeV over 20 years. The neutron
monitor data are open to researchers worldwide as a world
observation network point (WDC). The 5 years from 2000
corresponded to the solar maximum (2000) to a declining
phase in the solar cycle 23. The sun spot number in 2004
is approximately one fourth of the those at maximum.
Nonetheless, there occurred active cosmic-ray phenomena
associated with Coronal Mass Ejection (CME). As regards
solar cosmic rays, although many ground level
enhancement (GLE) phenomena took place every year,
such GLEs were observed only by neutron monitors in
Japan, as the maximum cosmic-ray energy was several
GeV in the GLEs and the magnetic rigidity cutoff in Japan
is approximately 10 GeV for charged particles initiating
secondary muons. The sunspot numbers in the solar cycle
23 was smaller than those in the previous cycle 22,

indicating less solar activities of cycle 23. Although the
GLEs above 10 GeV were not observed in cycle 23, the
total number of GLEs were greater in cycle 23 than in
cycle 22. This suggests that the charged particle
acceleration associated with CME was less frequent in the
cycle 23 than in the cycle 22. On the other hand, Forbush
decreases in galactic cosmic rays caused by CME in the
Sun were observed frequently in cycle 23, though the solar
activities have been in a declining phase since 2000. The
worldwide observation of Forbush decreases may
contribute significantly to space weather study.

In addition, space weather observation is actively made by
a 25 m? muon hodoscope at Norikura Observatory [1, 2, 3,
4,5,6,7, 8]. A loss cone anisotropy is observed by a
ground-based muon hodoscope in operation at Norikura
Observatory in Japan for 7 hours preceding the arrival of
an interplanetary shock at Earth on October 28, 2003. Best
fitting a model to the observed anisotropy suggests that the
loss cone in this event has a rather broad pitch-angle
distribution with a half-width about 50° from the
interplanetary magnetic field (IMF). According to
numerical simulations of high energy particle transport
across the shock, this implies that the shock is a “quasi-
parallel” shock in which the angle between the magnetic
field and the shock normal is only 6°. It is also suggested
that the leadtime of this precursor is almost independent of
the rigidity and about 4 hour at both 30 GV for muon
detectors and 10 GV for neutron monitors (see paper [7]).

The Sun is the nearest site to the Earth capable of
accelerating particles up to high energies. When the Sun
becomes active, flares are frequently observed on its
surface. The flare accelerates the proton and ion to high
energy and they are detected on the Earth soon after the
flare. Among the particles generated by the flare, high
energy neutrons provide the most direct information about
the acceleration mechanism as they come straight from the
flare position to the Earth without deflected by the
magnetic field.

In 1990, Nagoya group constructed a solar neutron
telescope consisting of scintillators and lead plates, which
measures the kinetic energy of incoming neutrons up to
several hundred MeV. This telescope observed high
energy neutrons associated with a large flare occurred on
the 4th of June, 1991. The same event was simultaneously
detected by the neutron monitor and the high counting
muon telescope of Norikura Observatory. This is the most
clear observation of solar neutrons at the ground level in
almost ten years since the first observation at Jungfraujoch
in 1982.

Fig. 2. New Solar-Neutron Telescope of Nagoya Group.

A new type of the large solar neutron telescope (64 m?
sensitive area) was constructed by Nagoya group in 1996.
It consists of scintillators, proportional counters and wood
absorbers piled up alternately. This takes a pivotal role
among a worldwide network of ground based solar
neutron telescopes of the same type in Yangbajing in
Tibet, Aragatz in Armenia, Gornergrat in Switzerland,
Chacaltaya in Bolivia and Mauna Kea in Hawaii. The Sun
is being watched for 24 hours using this network.

The Sun reached the maximum activity in 2000 and the
active phase continued for the next few years. All the
telescopes in Norikura Observatory, neutron telescope,
neutron monitor, muon telescope and muon hodoscope,
have been operated almost continuously through the solar
cycle 23 in order to obtain comprehensive information on
the solar flare phenomena. Important hints for
understanding the mechanism of cosmic-ray acceleration
near the solar surface will be obtained by these
measurements, especially by energy spectra measured by
the timing information of arriving neutrons and muons.

Furthermore, the relation between the electric fields
induced by thunderclouds is studied recently[10]. The
electric fields with thunderclouds change the intensity of
secondary cosmic rays observed on the ground. This effect
has been investigated using several detectors located at
Norikura Observatory where excesses of 1 % and more of
the average counting rate are observed when the
observatory is covered with thunderclouds. A frequency
analysis of the time series of days with such excesses for
the period 26 October 1990 to 15 January shows the
expected summer maximum in the rate of occurrence and,
surprisingly, a 26-day variation. An electric field mill was
installed to help determine the relationship between the
intensity variations and the strength and direction of the
field near the detector system: the excess is usually
observed when a negative electric field (accelerating
negative charges downward) greater than 10 kV/m is
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present in the atmosphere above the observatory. Based on
Monte Carlo simulations, it is predicted that excess
counting rates measured without charge discrimination
will be expected as a consequence of the excess of
positive muons among the secondary cosmic rays.

In addition to the long-term cosmic-ray observations
mentioned above, various kinds of short-dated
experiments are carried out every year taking an advantage
of the high altitude of the observatory. A few examples
include a search for super heavy particles with plastic
plates, a precise measurement of atmospheric gamma rays
and muons, collection of cosmic dusts contained in the
snow and the performance study of the balloon borne
cosmic ray experiments.

ENVIRONMENTAL STUDY

One of the interesting topics is atmospheric environment
especially relating with atmospheric aerosol particles and
water soluble gases. Because of its height, AC power
supply, accommodation facility, and accessibility of
cargos, the cosmic ray observatory at Mt. Norikura
provides a very unique opportunity for atmospheric
observation, especially for free-tropospheric conditions.
(The atmosphere lower than a few kilometer is highly
affected by the ground. This height level is named as
‘atmospheric boundary layer’. The height of the boundary
layer is about 4 km in daytime and about 2 km in
nighttime around Norikura area. The atmosphere higher
than this atmospheric boundary layer is called ‘free
troposphere’.) Originally, atmospheric observation at the
cosmic ray observatory was initiated to study cosmogenic
radionuclides with Prof. Suzuki at Shizuoka University.
During early stage of the research at Mt. Norikura, a local
effect of air contamination was recognized. To reduce air
contamination from diesel exhausts and other activities
around the observatory, an atmospheric observation hut (6
m?) was installed at the west end (windward) of the
observatory in September 1999. From year 2000,
continuous monitoring (mostly mid-May to mid-October)
of meteorology was started, number-size distribution of
aerosols, dew point, aerosol chemical composition, ozone
and radon concentrations, and column amount of aerosols
from sky radiometer and ceilometer. Monitoring of ozone
and radon concentrations was extended during 2 winters
from 2001 to 2003. During summer season, also collected
were rain, fog, water-condensed aerosol samples. These
samples combined with other parameters were used in
several thesis (master) works and provided useful
information about future seeds of hygroscopic study of
aerosols. During the past 5 years, the following results [11,
12, 13] were obtained at Mt. Norikura.

(1) Polluted air pumping effects over
central Japanese Alps in summer

Under the clear sky conditions in summer, polluted air
from mountain valley area is lifted up about 4km of
altitude (1km above the mountain top) over Mt. Norikura.
The height of observatory is within the atmospheric
boundary layer in the daytime, and is out of (higher than)
the atmospheric boundary layer in nighttime. The ratio of
aerosol volume concentration for daytime (polluted valley
wind) to nighttime (clean free-tropospheric) conditions
was about 10. The air pumping effects over central
Japanese Alps carry about 10 time higher concentration of
aerosols to the free-troposphere over Japan in summer.
Under the high-pressure system centered over the
northwest Pacific in typical summer condition, backward
air trajectories were originated from the northwest Pacific
to Mt. Norikura and forward trajectories returned to the
north Pacific with some deviations to east Russia and the
Kurile Islands. The air pumping effects over mountain
area provide a strong pollution source mechanism to the
free-troposphere over the western Pacific region including
East Asia.

(2) Seasonal variation of aerosol chemistry
in free troposphere

An automated aerosol sampler was installed at the site in
September 2000 to obtain seasonal aerosol samples. The
sampler collected aerosols from mid-May to mid-October
in 2001 and 2002. Results of its analysis showed seasonal
changes in major and minor constituents of aerosols
associating with changes of dominant air mass type over
Japan.

(3) Vertical profiles of aerosols and clouds
near the top of the atmospheric boundary
layer

Ceilometer (lidar with small output energy) was installed
in summer 2002, and was operated in 4 summer seasons.
The aerosol and cloud profiles near the top of the
atmospheric boundary layer have been observed. Some
events of Asian dust, and of smoke from Siberian forest
fire at lower free troposphere have been detected.

BOTANICAL STUDY

It is predicted that ecosystems in high-latitudes and alpine
regions are sensitive to global climatic warming. The
significant increasing trends in air temperature are found
in the Hida Mountains, where Mt. Norikura is located.
Thus, effects of climatic change caused by global warming
on alpine ecosystems must be urgently studied in the
alpine region of central Japan. The Hida Mountains,
strongly influenced by cold-air masses from Siberia in

winter, receive some of the heaviest snowfall in the world.
Due to heavy snowfall, dynamics of alpine ecosystems
may be peculiar to the Hida Mountains. However, few
studies have been made because of difficulty in approach
to the alpine study site. The inter-university research
program of ICRR, gave an opportunity to make an
intensive study all year around in the alpine region on Mt.
Norikura [14, 15].

(1) Tree line dynamics

The tree form of evergreen sub-alpine fir (Abies mariesii)
is studied at the upper distribution limit (2500m above sea
level) on Mt. Norikura. Leader stems degenerate above the
maximum snowpack line (3-4m high) , whereas branches
below the snowpack line grow densely. In winter, leaves
above snowpack line were severely damaged by
environmental stresses, such as abrasion by windblown
snow particles, desiccation, photo inhibition. Longevity of
leaves was shortened to 4-5 years due to high mortality
rate in winter. In contrast, leaves below snowpack line
were protected from environmental stresses and their
longevity was 11 years. As a result, biomass below the
snowpack line takes more than 80 with climate change
should have unfavorable effects on tree line Abies
mariesii.

(2) Alpine region

Pinus pumila, an alpine prostrated pine, is dominant in the
alpine regions (2500~3000m above sea level). At wind-
protected sites, Pinus pumila grows vigorously with the
tree height of 1-2m. They were beried in snowpack
throughout the winter. At the wind-exposed ridge, growth
is suppressed with the tree height of 0.2-0.5m. Throughout
the winter, the surface of the pine community was exposed
due to strong wind at the ridge. Leeward leaves were
sound, because pine stems with high elasticity were
prostrated and buried in snow. Thus, alpine pine can catch
and accumulate snow to protect itself. This feature may be
advantageous to alpine trees in comparison with sub-
alpine trees (Abies mariesii). On the other hand, at the
windward side (western), cuticular layer covering
epidermal cells of leaf was abraded probably due to wind-
blown snow and ice particles. By spring, abraded leaves at
the windward side were dead caused by desiccation and
photoinhibition. Even Pinus pumila community could
reduce its habitat in small snowfall condition caused by
global warming. Impact of global warming due to so-
called greenhouse gases like COz, CHs and others on
vegetation ecology is among the most serious
environmental issues. To investigate how plants response
to global warming, an experiment of greenhouse effect on
vegetation has been continued at a high mountain, Mt.
Norikura (3,025 m a.s.l.), central Japan, since 1997. Five
open-top chambers which are small greenhouses with a

size of maximum open-top diameter, the maximum basal
diameter and the height of the chamber were 47 cm, 85 cm
and 30 cm, respectively, were set over alpine plant
communities consisting of small woody plants and
herbaceous vegetation. At places inside and outside of the
chambers, seasonal changes in vegetation growth and
phenology were observed every month. Using automatic
data-recorders, some climate elements such as air and
ground temperatures, humidity and rainfall have been
observed every hour. Some results through the experiment
were quite remarkable. Due to the temperature
enhancement of about 0.8°C for air temperature and about
0.3°C for ground temperature, plant growth rates and
phenological changes showed notable differences between
inside and outside of the chambers. The responses to
warming, however, were different by different plant
species. The results suggest [16, 17] that dominant species
in plant community should be replaced by the species with
a high physiological response to warming and with a
growing form extending tree crown.

REFERENCES

[1] “Precursors of geomagnetic storms observed by the
muon detector networ”, K. Munakata, J. W. Bieber, S.
Yasue, C. Kato, M. Koyama, S. Akahane, K. Fujimoto,
Z. Fujii, J. E. Humble, and M. L. Duldig, J. Geophys.
Res., Vol. 105, No. A12, pp. 27, 457-27,468 (2000).

[2] “Solar cycle variations of modulation parameters of
galactic cosmic- rays in the heliospher”, K. Munakata,
H. Miyasaka, I. Sakurai, S. Yasue, C. Kato, S.
Akahane, M. Koyama, D. L. Hall, Z. Fujii, K.
Fujimoto, S. Sakakibara, J. E. Humble, and M. L.
Duldig, Adv. Space Res., Vol. 29, No. 10, pp.
1527-1532 (2002).

[3] “A 1.7 year quasi-periodicity in cosmic ray intensity
variation observed in the outer heliosphere”, C. Kato,
K. Munakata, S. Yasue, K. Inoue, and F. B. McDonald,
J. Geophys. Res., Vol. 18, No. Al0, p.1367, doi:
10.1029/2003JA009897 (2003).

[4] “Exploration of the heliosphere by cosmic rays”, K.
Munakata, published as the chapter 2 of Advances in
Solar-Terrestrial Physics, pp.101-116, edited by H.
Oya, published by TERRAPUB, Tokyo (2004).

[5] “Cosmic-ray modulation in the heliosphere: global and
near-earth measurements and modeling”, K. Munakata,
Rapporteur paper in 28th International Cosmic Ray
Conference, Vol.8, edited by T. Kajita et al., pp.
251-276, Univ. Acad. Press, Tokyo (2004).

[6] “Geometry of an interplanetary CME on October 29,
2003 deduced from cosmic rays”, T. Kuwabara, K.
Munakata, S. Yasue, C. Kato, S. Akahane, M. Koyama,
J. W. Bieber, P. Evenson, R. Pyle, Z. Fujii, M.
Tokumaru, M. Kojima, K. Marubashi, M. L. Duldig, J.

>

28

29



E. Humble, M. Silva, N. Trivedi, W. Gonzalez and N.
J. Schuch, Geophys. Res. Lett., Vol.31, L19803, doi:
10.1029/2004GL020803 (2004).

[7] “A “loss-cone” precursor of an approaching shock
observed by a cosmic-ray muon hodoscope on October
28, 2003”7, K. Munakata, T. Kuwabara, S. Yasue, C.
Kato, S. Akahane, M. Koyama, Y. Ohashi, A. Okada,
T. Aoki, H. Kojima and J. W. Bieber, Geophys. Res.
Lett., Vol. 32, L.03S04, doi: 10.1029/2004GL021469,
2005.

[8] “CME-geometry and cosmic-ray anisotropy observed
by a prototype muon detector network”, K. Munakata,
T. Kuwabara, J. W. Bieber, P. Evenson, R. Pyle, S.
Yasue, C. Kato, Z. Fujii, M. L. Duldig, J. E. Humble,
M. R. Silva, N. B. Trivedi, W. D. Gonzalez and N. J.
Schuch, Adv. Space Res., doi:10.1016/j.asr.
2003.05.064, 2005, in press.

[9] “Acceleration below Thunder Clouds at Mount
Norikura”, by the Tibet hybrid experiment”, Y. Muraki
et al., Proceedings in the 28th International Cosmic
Ray Conference, (31 July - 7 August 2003, Tsukuba,
Japan), Vol.7, pp 4177-4180.

[10] “Effects of atmospheric electric fields on cosmic
rays”, Y. Muraki et al., Phys. Rev. D, 69, 123010-1-13
(2004).

[11] K. Osada, M. Kido, C. Nishita, K. Matsunaga, Y.
Iwasaka, M. Nagatani, H. Nakada, Changes in ionic
constituents of free tropospheric aerosol particles
obtained at Mt. Norikura (2770 m a. s. 1.), central
Japan, during the Shurin period in 2000, Atmos.
Environ., 36, 5469-5477,2002.

[12] “Atmospheric diffusion process based on time change
of 222Rn vertical profile”, K. Yoshioka, Journal of
Aerosol Research, Japan, 17, 267- 275, 2002 (in
Japanese).

[13] “Free-tropospheric aerosols based on airplane and
mountain observations”, K. Osada, Journal of Aerosol
Research, Japan, 15, 335-342, 2000 (in Japanese).

[14] “Diurnal changes in needle gas exchange in alpine
Pinus pumila during snow-melting and summer
seasons”, A. Ishida, T. Nakano, S. Sekikawa, E.
Maruta, T. Masuzawa, Ecological Research 16,
107-116 (2001).

[15] “Effects of high light and low temperature during
harsh winter on needle photodamage of Abies Mariesii
growing at the forest limit on Mt. Norikura in Central
Japan”, J. Yamazaki, A. Ohashi, Y. Hashimoto, E.
Negishi, S. Kumagai, T. Kubo, T. Oikawa, E. Maruta,
Plant Science 165, 257-264 (2003).

[16] “Chemistry of surface water at a volcanic summit
area, Norikura, central Japan: Multivariate statistical
approach”, K. Anazawa and H. Ohmori, Chemosphere,
45, 807-816 (2001).

[17] “Experimental research on vegetation response to
artificial warming on a mid-latitude high mountain,
central Japan”, H. Ohmori, J.H. Iguchi, T. Ohta, A.
Terazono and K. Hikita, Geogr. Rev. Japan, 77,
301-320 (2004).

INTRODUCTION

Norikura Observatory (36.10°N and 137.55°E) was
founded in 1953 and attached to ICRR in 1976. It is
located at 2,770 m above sea level, and is the highest
altitude manned laboratory in Japan (Fig. 1). Experimental
facilities of the laboratory are made available to all the
qualified scientists in the field of cosmic ray research and
associated subjects. The AC electric power is generated by
the dynamo and supplied throughout the observatory. The
observatory can be accessed easily by car and public bus
in summer (July-September). The 50th anniversary of
Norikura Observatory was celebrated in 2003.

Fig. 1. Norikura Observatory.

Norikura Observatory gave manned operation to the
observations by the qualified scientists all the year until the
year 2003. However, the feasibility of the automatic
operation of Norikura Observatory during winter period
has been tested since winter 2004 in order to study the
possibilities to reduce maintenance and labor costs without
causing serious inconveniences for the researches. A long
distance (~40km) wireless LAN system (11M bps) was set
up in 2003. Two new easy-to-handle and easy-to-maintain
dynamos of 125 KVA each, as shown in Fig. 2 were
installed in 2003 and 2005 as well. The unmanned
operation of Norikura Observatory has been mostly
successful in winter, during which the battery backed-up
solar panels and/or wind power generators kept supplying
the electricity to the wireless LAN and on-going cosmic-
ray experiments.

Present major scientific interests of the laboratory is
focused on the modulation of high energy cosmic rays in

Fig. 2. A dynamo of 125KV.

the interplanetary space associated with the solar activity
and the generation of energetic particles by the solar flares,
both of which require long-term observation. This research
has been carried out by the group of user universities,
where ICRR provides them with laboratory facility. A part
of the facility has been open for the environmental study at
high altitude such as aerosol-related mechanism in the
atmosphere, observation of total ozone and UV solar
radiation, for botanical study in the high-altitude
environment, etc..

COSMIC RAY PHYSICS

Space weather observation [represented
by Kazuoki Munakata, Shinshu University]

Space weather observation is actively made by a 25 m?
muon hodoscope at Norikura Observatory [1, 2, 3,4, 5, 6,
7,8,9].

The anisotropy observed with the global muon detector
network (GMDN) provides us with a unique information
of the spatial gradient of the GCR density which reflects
the large-scale magnetic structure in the heliosphere. The
solar cycle variation of the gradient gives an important
information on the GCR transport in the heliosphere, while
the short-term variation of the gradient enables us to
deduce the large-scale geometry of the magnetic flux rope
and the interplanetary coronal mass ejection (ICME).
Real-time monitoring of the precursory anisotropy which
has often been observed at the Earth preceding the arrival
of the ICME accompanied by a strong shock may provide
us with useful tools for forecasting the space weather with
a long lead time. By using a selfsupporting power system
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utilizing the solar panels and batteries, we keep a 25 m?2
muon hodoscope running at the Norikura Observatory as
an important component detector of the GMDN. The total
power consumption of this detector has been suppressed
as low as 36 Watt by replacing all amplifier boards with
those using CMOS ICs and by introducing a new
recording system using the FPGA. This new system, in
which the observation has been automatically carried out
by a PC connected with the Internet, also enabled us to
monitor the data on the real-time basis for the space
weather study.

Solar neutron observation [represented by
Yutaka Matsubara, Nagoya University]

Observation of solar neutron has been conducted

at the Norikura Observatory since 1990. Neutron is

used to clarify the acceleration mechanism of high

energy particles in association with solar flares, because
the neutron is not reflected by the interplanetary magnetic
field. The 64m? solar neutron telescope was constructed in
1996, which is one of 7 solar neutron telescopes deployed
at different longitudes to make up a network of 24 hour
observation of solar neutrons[10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22]. The Norikura 64m? solar neutron
telescope has been operated by solar batteries and wind
power generators since 2004.

This collaborative work has started since fiscal 2007
succeeding to the previous project titled ‘Observation of
solar neutrons by using a new method’. Although solar
cycle 24 has started since 2008, the solar activity has
continued to be inactive, and no new solar neutron event
has been detected by the network since 2006. The last
solar neutron event was on September 7, 2005. This event
is unique because it indicates ions were accelerated or
trapped at the acceleration region longer than electrons.
The summary of 11 solar neutron events detected until
2005 shows that it may not be probable that a very
efficient acceleration such as the shock acceleration works
for ions at solar flares. This is given by deriving the energy
spectrum of neutrons at the solar surface for each solar
neutron event with a power law. Power law indices
obtained span from 3 to 7. The energy spectrum of the
original ions is softer than that of neutron. Therefore an
efficient acceleration has not been detected by the
observation of solar neutrons so far. This work continues
in solar cycle 24 to accumulate more events to obtain
definite results related with particle acceleration at the
solar surface.

New neutron telescope [represented by
Yasushi Muraki, Konan University]

Another effort aiming at observation of highest energy
solar cosmic rays started at the Norikura Observatory. The
Sun is an accelerator of protons and electrons in the
universe. In association with large solar flares, protons and
electrons are accelerated into high energies. It is known
that protons are accelerated over 50 GeV in the largest
solar flares[23]. These high energy particles produce the
Ground Level Enhancement (GLE). In order to understand
the acceleration mechanism of protons, we have prepared
several solar neutron telescopes at the high altitude
laboratories in the world. They are located at Gornergrat
(3,135m), Mt. Aragats in Armenia (3,200m), Tibet
(4,200m), Mauna- Kea in Hawaii (4,200m), Mt.
Chacaltaya in Bolivia (5,250m), and at Mt. Sierra Negra in
Mexico (4,900m). We have constructed a solar neutron
telescopes at Norikura Observatory (2,770m) in 1990 and
operated it until 2004[24]. However due to the lack of
power supply during the winter time since 2005, the first
solar neutron telescope (36 m?) has not been operated.
From 2008 to 2009, we have decided to make a new solar
neutron telescope to utilize the large amount of the plastic
scintillator (0.5m3), as shown in Fig. 3, left at the
observatory.

The new solar neutron telescope with use of the recycled
plastic scintillator consists of main target where neutrons
are converted into protons and of the anti-counters
surrounding the target. The signals of neutrons converted
into protons are observed by using one photomultiplier
from bottom side to reduce the electric power.
Furthermore a lead plate with the thickness of lcm is
located over the target and the lead plate is sandwiched by

L.

Fig. 3. 0.5-m? plastic scintillation counter for a new neutron
telescope.

two layers of the plastic scintillator to identify gamma-
rays from neutrons. The new solar neutron telescope has a
function to reject charged particles with an efficiency of
90%. Therefore the new solar neutron telescope has
capability of 1/3 of the 64m? large solar neutron telescope
located at the same place. We are waiting large solar flares
over our detectors.

Particle production and acceleration
mechanism in thunder clouds [represented
by Harufumi Tsuchiya, Riken]

High-energy radiations from thunderstorms have been
observed by flight measurement, high mountain
observations and ground-based measurement. There are
two types of those radiations associated with
thunderstorms. One is short-duration radiations with
duration of 1 ms or less. The other is long-duration
emissions lasting for a few seconds to a few minutes, or a
few tens of minutes on rare occasions. It is believed that
both emissions originate from electrons accelerated in
strong electric fields formed in lightning and thunder
clouds. However, compared with the former, the latter has
remained less understood due to lack of a large sample of
observations.

To investigate production mechanism of long duration
emissions and the relevant electron acceleration, we
installed at Norikura Cosmic-ray Observatory a radiation
detection system and environmental sensors to measure
light and electric fields during 2008-2010. The radiation
system consists of a spherical Nal scintillator and a thin
plastic scintillator that is placed just above the Nal
counter. During the period, the system detected one long
duration bursts as well as five short-duration events.

Figure 4 shows the long-duration event observed during
thunderstorms on 2008 September 202°. The event lasted
for 90 sec. Figure 4(Bottom) represents

an observed photon spectrum extending from 10 keV to 10
MeV. This indicates that electrons can be accelerated to at
least 10 MeV in a quasi-stable thundercloud electric field.
In addition, we compared the observed spectrum with
model ones, and concluded that a gamma-ray source is
located 60m -130m (at 90% confidence level) apart from
our detector. Given these results, the observed emission
was found to consist of not only gamma rays but also
electrons. This was the first simultaneous observation of
gamma rays and electrons in long duration bursts.
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Fig. 4. (Top) Count rates per 30 sec observed by the >10
keV Nal scintillator and (Middle) by the > 100 keV
plastic one. (Bottom) The photon spectrum
observed by the Nal scintillator.

Study of air fluorescence [represented by
Naoto Sakaki, Aoyamagakuin University]

Observation of night sky background is carried out at Mt.
Norikura for basic study of ultra high energy cosmic-ray
physics.

The JEM-EUSO mission is going on in order to study
ultra high energy cosmic rays (UHECRs), especially
above 1020eV. A 2.5m telescope with 60° FoV will be
attached to the International Space Station in 2017 and
detect fluorescence in near UV band from extensive air
showers induced by UHE-CRs. Observation of UHECRs
from a satellite orbit has not been done yet, so that the
knowledge of background light intensity is important to
realize the observation. We have measured it from a
balloon altitude, but the opportunity is limited. We started
the background measurement at Mt. Norikura. Two 1 inch
multi-anode photomultipliers (MAPMTs) developed for
EUSO was used with UV filters. The center wavelengths
of the filters were 337, 350, 358, 370, 380, 391, 400nm
with 10nm band width. In addition BG3 filter was used to
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Fig. 5. Spectrum of night sky background measured at
Mt. Norikura compared with those at La Palma and
Namibia.

detect light in wider range from 330nm to 430nm. The
MAPMTs were collimated to 7° FoV. The data was taken
with the photon counting method.

We have observed several nights for three years. The
intensity at zenith was almost constant at 600-800
photons/ns st m? for BG3 filter. The spectral intensity was
about 1.5-2 times larger than those measured at La Palma
and Namibia. The estimated portion of star light and
zodiacal light was ~30% and artificial light and night glow
at upper atmosphere may be the main components at Mt.
Norikura. Night sky background measured at Mt.
Norikura is shown in Fig. 5.

ENVIRONMENTAL STUDY

Atmospheric aerosol particles and water
soluble gases [represented by Takashi
Shibata, Nagoya University]

One of the interesting topics is atmospheric environment
especially relating with atmospheric aerosol particles and
water soluble gases. The cosmic ray observatory at Mt.
Norikura provides us very unique opportunity for the
observations of atmosphere at free-tropospheric
conditions with its high altitude, AC power supply at the
site, accommodation facility, and easy accessibility. From
year 2000 to 2007, we conducted continuous monitoring
(mostly mid-May to mid-October) of meteorological
parameters, number-size distribution of aerosols, aerosol
chemical composition, ozone and radon concentrations,
and column amount of aerosols from sky radiometer and
ceilometers. We also collected rain, fog, water-condensed
aerosol samples. These samples combined with other
observed parameters were used in publications [26, 27,
28] in the following subjects:

(1) Polluted air pumping effects over central Japanese
Alps in summer

(2) Seasonal variation of aerosol chemistry in free

troposphere

(3) Vertical profiles of aerosols and clouds near the top of
the atmospheric boundary layer.

Ceilometer (lidar with small output energy) was installed
in summer 2002, and was operated in 6 summer seasons.
The aerosol and cloud profiles near the top of the
atmospheric boundary layer have been observed. Some
events of Asian dust were detected.

Observations of total ozone and UV solar radiation with
Brewer spectrophotometer [represented by Mahito Ito,
Japan Meteorological Agency] Observations of total
ozone and UV solar radiation with Brewer
spectrophotometer on the Norikura mountains are
made[29, 30, 31].

Aerological Observatory started this research as a joint
project with the ICRR. Purpose of this study is based on
the concept of developing Regional Brewer Calibration
Centre in Asia and study of total ozone, total sulfur oxide
and global/diffuse UV included solar radiation on the high
mountains. Observation results by using Brewer
spectrophotometers and other instruments for the
observation period of three summer seasons of recent
three years between 2009 to 2011 are summarized as
follows;

(1) Daily means of ds (direct-sun-observation) O3 (total
ozone) at Norikura for the observation periods were
approx. 280 to 290 milli-atm-cm (i.e., total integrated
amount of ozone above the observation site being 2.8mm
to 2.9mm at 1 atm) and were running on the lower values
of approx. -3 to -6% compared to the value at Tsukuba
(36.06 N, 140.13 E, 39 m a.s.l.) at almost same latitude.
Day-today variations at Norikura were also small against
Tsukuba. On the other hand, daily mean of ds SO» (total
sulfur oxide) values were not recognized at Norikura.

(2) Absolute calibration of Brewers for ds O3 and ds SO»
observations could be carried out at Norikura in the clear
day within the zenith-angle range from 7.928 (maximum)
to 1.028 (minimum) in unit of air mass at Norikura, where
one air mass unit is defined to be the distance traversed in
the atmosphere by solar light perpendicular to the ground.
O3 and SO, Extra-Terrestrial Coefficients (=ETC), i.c.,
instrumental coefficients of Brewers could be produced as
about 10 samples. As an example of the calibration in
2011, the average of O3 ETC of Brewers was identical
within 1% to the currently used coefficient.

(3) In comparison to the data acquired at Tsukuba, the
average of daily total GLyv (global UV = all-sky UV
integrated above the horizon) at Norikura measured in the
wavelength range CIE (corresponding to the Erythema
UV region defined by a committee “Commission

Internationale de L’Eclairage”) for the observation periods
indicated the intensities of approx. +23 % in 2009 to -6 %
in 2011. The low intensity in 2011 was due to the bad
weather on the Norikura Mountain. In the case of clear
days, the GLUV at Norikura indicated high intensities of
approx. +35 to +52 % against the values at Tsukuba. On
the other hand, the GLyv increased in the short wavelength
range at Norikura against the average at Tsukuba. The
altitudinal increasing rate of GLyv in the clear day
indicated the calculated amounts of approx. +13 to +18 %
per 1,000 m.

This joint project had been clarifying the low total O3,
high UV in clear day, low turbidity and etc. at Norikura
against the value at Tsukuba. Those environmental
conditions are useful for the inter comparison and the
absolute calibrations with Brewers. The continuous
observations with Brewers and other instrument are very
important for the clarification of the seasonal variation and
the coefficient trends.

Effect of snow cover on pine shrub Pinus
pumila in the alpine region [represented by
Emiko Maruta, Toho University]

High mountainous habit is one of the most severe habits
for plant life and sometimes dwarf shrubs cannot survive.
In the alpine regions of Japan, the dwarf shrub Pinus
pumila (Japanese name : Haimatsu) forms communities
together with small alpine plants, whereas dwarf shrubs
occur only in the transition zone between the alpine region
and the subalpine forest in Europe and North America.
This characteristic of alpine vegetation is considered to be
owing to winter heavy snow in the alpine regions of Japan.
The purpose of this study is to elucidate how snow cover
protects Haimatsu from winter environmental stresses in
the alpine region of Mt. Norikura[32, 33].
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